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[Text] Basic information cn modern radionavigation and radar equipment for maritime
vessels is contained in this second volume of the handbook; the classification and
characteristics are given for the instruments, as well as the complement and compo-
sition of the equipment and functional schematics of the units. The major require-
ments for the installation and operation of equipment under shipboard conditions

are set forth.

N The handbook is intended for a wide circle of engineering and technical workers in
design and planning organizations, as well as cpecialists engaged in the operation
4 of the equipment on seagoing and river fleet vessels and those of the Ministry of

the Fishing Industry.

The handbook can also be useful to students in the higher educational institutes
and technical schools, and students taking courses in marine training institutions
for their course and diploma design work.

Foreword

Because of the rise in the tonnage and the increase in the speeds, sizes and inertia
of modern vessels, the requirements place on marine navigation have increased sub-
stantially. The radionavigation instruments used on the ships of the merchant mar-
ine and fishing industry fleets are becoming extremely important, where these ins-
truments make it possible to reduce the number of accidents which incur large mater-
ial losses, and in some cases, create a real threat to safeguarding the environment.

Volume 2 of the handbook on marine equipment for radio communications and radio
navigation is devoted to modern domestic radio navigation instruments used on

-1 -
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ships of the merchant marine and fishing industry fleets. Functional and structural
configurations are treated here, as well as the operational and technical character-
istics and rules for technical operation of radio navigation instruments.

The shipboard oral indicating "Rybka" and "Barkas" radio direction finder as well
as the visual dual channel "Rumb" radio directicn finder are treated in Chapter 1.

Chapter 2 contains a description of the marine "“Pirs-1D" and "Pirs-1IM" display
receivers which are used to determine the location of a vessel by means of signals
transmitted by the shore stations of the '"Decca' phase radio navigation system.

- The marine KPI-5F display receiver used to determine the location of a ship based
- on signals from shore stations using the "Loran C" pulse-phase radio navigation
system is treated in Chapter 3.

Descriptions of the marine "Lotsia", "Mius" and 'Nayada" navigation radars and the
"Okian'" and "Okian-M" automated navigation radars are given in Chapters &4 and 5.

Specific features of the operation of "Istra" doppler navigation radars for
measuring the berthing speed are treated in Chapter 6.

Chapter 7 is devoted to the marine '"Mgla" infrared night vision scope and the
"Gorizont" television system.

Each chapter of the handbook concludes with recommendations for the insulation,
mounting and operation in a ship of the radio navigation instrument being discussed.

The development of ship navigation hardware in the last decade is characterized
by the widescale introduction of digital computer equipment and the use of new
principals for putting together complete sets of equipment which increase the
operational capabilities of the instruments. The realization of digital proces-
sing circuitry for radio navigation data makes it possible to employ optimal pro-
cessing techniques and represent the navigation information in a form convenient
for the ship navigator.

Developmental work was completed and trial operation was started with the

"Yenisey" radar set at the moment work was finished on this handbook. The develop-
ment of situation displays using the "Briz-Ye" and "Kron" computers is drawing to
a close; the production of these computers will start in 1981. Developmental work
is underway at the present time on a more sophisticated '"Biryus' navigation set.

Unfortunately, not all of these navigation sets have been included in this edition
of the handbook. However, the authors have taken into account the trends noted in
the development of ship navigation hardware and have attempted to give a more

2 detailed treatment of those questions which will assist the reader in overcoming
difficulties in studying radar-computer systems not included in this handbook.

_ The work was done by a collective of authors. Chapter 1 was written by 0.V.
Kononov, Chpater 2 by A.V. Zherlakov, Chpater 3 by Yu.Ye. Gornostayev, Chapters
4 and 6 by A.M. Bayrashevskiy, Chapters 5 and 7 by N.T. Nichiporenko and §4.2
by A.A. Il'in.

Send all comments to Izdatel'stvo "Sudostroyeniye", Ulitsa Gogolya 8, Leningrad
191065.
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PART ONE MARINE RADICNAVIGATION SYSTEMS

Marine radionavigation systems (MRS) are shipboard measurement equipment which

- serves to receive, process and display navigation information contained in electro-
magnetic field signals received either from radiation sources external to the ship
or produced by shipboard radiation sources and reflected from external objects.

Radio navigation systems are used for the navigation of maritime transport and
fishing industry ships, where these systems operate in the radio frequency bands
shown in Figure B.1 (the boundaries of che frequency bands can be changed on the
basis of international agreements).

The major tasks of navigation are solved by means of radionavigation systems: ship
navigation from one region to another Ly the shoirtest, safest and most economically
advantageous route. Of great importance in this case are problems of determining
ship position 'at sea and the safe divergence from oncoming vessels. Radionaviga-
tion systems are also used when sailing in confined water (channels, narrow places,
etc.), when docking large tonnage ships in ports, during oceanological, hydro-
graphical and geodesic research at sea, whenpiloting ships through ¢hannels, sail-
ing in ice, etc.

Radionavigation systems are recommended for maritime transport vessels, where
these systems assure the determination of position with an accurracy, the values
of which are given below:

Precision in Determining

Navigation Region Ship Position
Confined water 0.1-0.5 cable lengths
Coastal waters ' 0.1-0.25 miles’

Open sea 1.0-2.0 miles

Radionavigation systems are classified according to several criteria. Depending
on the service region and the operating range (D) they are subdivided as follows:

a) Close range navigation systems (D < 100 miles), coastal sailing, piloting a
ship, docking, etc.

b) Intermediate operational radius systems (D < 400 miles);
¢) Long range navigation systems (D = 1,500 to 2,500 miles);

d) Global systems (ranges encompassing all ship navigation regions of the world).

_3-
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B P R VI T Y

Marine radionavigation systems, in being radio instrumentation equipment, are
intended for determining the following ma, 7 navigation parameters:

a) Directions (bearings, course angles, etc.);

b) Distances;

c) A linear combination of distances (difference or sum);
d) Speed;

e) Precise time.

_ The subsequent processing of these parameters determines the line of position of
a ship at sea or its orientation relative tc other ships or objects on shore.

A classification of marine radionavigation systems is given in TableB.l as a func—
tion of the primary measurement and processing of the radio signals which contain

information on the navigation parameters indicated above.

The navigation parameters measured by marine radionavigation systems are incorpor-
ated in radio signals which are mathematically described by the following expres-
sions [1]: :

v

_ e=W{(r, g, r) E,,,(i—%)sin[m,([_L)_%]I (B.1)

where e is the electromagnetic field intensity at the installation point of the
shipboard antenna;

W(r,o0,e) 1is the attenwation functiom for the intensity e due to the travel of
signals over the path;

r 1is the distance between the shore station and the ship;

o,e 1is the effective conductivity and dielectric permittivity along the
path respectively;

v is the radio wave propagation velocity;
. En 1is the amplitude value of the field intensity;

we, Yo are the frequency and phase of the radio signals respectively.

. _49
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Figure Bl. Band of frequencies used for radionadvigation systems.

Key: 1. Directional radio beacons;
2. Omnidirectional radio beacons; .
3. Corrections for the "Omega" differential radio
navigation system;
4. Radio buoys;
5. Radio beacons for takin bearings.

Radionavigation systems are broken down into pulsed (the s.gn.is are transmitted
at intervals separated in time, as pulses) and CW radionavization systems,
according to the nature of the transmitted and received signals (B.1).

5.
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TABLE B.1

Navigation
Parameter
Being

- Measured

Direction

Distance

Difference in
ranges

Speed

Time

TUNn URrILIAL UdL UINLIY

Radionavigation
System Classifi-
cation

Goniometric

Range finding

Difference range
finding (radionaviga-
tion systems with
time and frequency
gating. Pulse-phase
radionavigation
systems)

Radionavigation.:
systems and radars
using the doppler
effect

Name of the Shipboard Equipment

The "Rybka" and "Rumb" (visual
dual channel) radio direction
finders; the "Okean-M",
"Lotsiya', "Don", "Mius', etc.
radars.

The "Omega" (range finding mode)
radionavigation system display
receivers, radars (see above) and
YAl'fa", "Yenisey" and "Briz"
collision warning systems

"pirs-1M", Pirs-1D", KPI-4,
KPI-5F, "Omega" radionavigation
display receivers and display
receivers of satellite navigation
systems.

Navigation satellite display
receivers (differential method),
"Istra" radar (docking) and other
radars (see above).

"Omega', "Loran~C" and naviga-
tion satellite radionavigation
system display receivers (in the
precise time measurement mode).

The riavigation parameter which is contained either in the time delay of the radio
signals relative to each other (radic navigation systems using time gating, radars)
or in the phase relationships of the received radio signals (phase radionaviga-
tion systems, radio range finders, etc.) is determined as a function of the
measurement of the radio signal voltages (see B.1).

6
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CHAPTER 1 GONIOMETRIC MARINE RADIONAVIGATION SYSTEMS
1.1. Marine Radio Direction Finders and Their Classification

nadio direction finder is the term for a radio receiving device which makes it
possible to determine the directiom of arrival of radio waves. The angle
between the center line of a ship and the direction to a radio beacon, called
the relative radio bearing (RKU), and the angle between true north and the
direction to a radio beacon, called the observed radio bearing (RP) are deter-
mined using a radio direction finder.

Because of the simplicity of the device, the high reliability and the compara-
tively low cost, radio direction finders find wide applications in vessels of
the maritime and fishing fleets.

Radio direction finders make it possible to solve the following navigational
problems:

a) Determine the radio bearings to radio navigation beacons, omnidirectional
radio stations and commercial fishing sonobuoys;

b) Pilot a ship using equal signal zones produced by directional radio beacons;
¢) Take DF readings on ships transmitting distress signals.

Radio direction finders must be installed on all ships in accordance with inter-
national regulations to assure seafaring safety and protect human lives at sea.

Proper operation of a radio direction finder is possible when such factors as
the following are taken into account, which degrade the accuracy of radio
direction finding:

—-The subjectivity in determining the gudibility minimum of a signal;

——The necessity of carefully cancelliné out the out-of-phase signal components
("an indistinct minimum");

--The influence of space radio waves &t night {("the nighttime effect");

--The necessity of carefully determining and compensating for the radio deviation;
—~The change in the position of the signal audibility minimum during maneuvering

and rocking of the vessel.

Marine radio direction finders are broken down into aural and visual types
according to the method of indicating the bearing.

In aural radio direction finders, a bearing is taken on radio beacons and radio

stations aurally based on the minimum of the signal audibility. These types of

instruments include radio direction finders with a rotating loop and goniometric
radio direction fiunders.

The further development of radio direction finding equipment has led to the
design of various types of radio direction finders with visual display of a

-7 -
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bearing, of which the following find application at the present time:

~-Automatic radio direction finders with a tracking goniometer search coil (ARP);
- --Visual radio direction finders with cathode ray tube displays (VRP).
In automatic radio direction finders with a tracking system, it is necessary
only to tune the receiver to the frequency of the radio beacon or radio station
for which the DF bearing is being taken, after which the bearing is determined
automatically. Radio direction finders of this type have substantial drawbacks

which limit their application in ships of the maritime fleet. These include the
following:

--The appearance of false bearing readouts in the presence of interference from
radio stations on adjacent frequencies;

--The considerable inertia of the tracking system, which leads to direction find-
ing errors when a vessel is rocking;

-~The poor interference immunity, which causes arbitrary fluctuations of the
meter in the pauses between radio beacon signals.
Visual radio direction finders with CRT displays are broken down into two types:
1) Dual channel visual radio direction finders with a CRT (DVRP);

- 2) Radio direction finders which sketch the directional pattern on the screen of

the CRT (VRP).

At the present time, dual channel visual radio direction finders have become the
most widespread on ships of the merchant marine, where these finders have the
following distinctive features:

--The channels of the radio direction finder can be manually balanced using
signals from the radio beacon on which the bearing is being taken;

~--The capability of estimating direction finding quality;
--The existence of a narrow bandwidth in the receiver (300 to 600 Hz).
Single channel radio direction finders using CRT's with the directional pattern

outlined on the screen have proven themselves quite well in operation, where
these finders are distinguished by the following:

--Simplicity in taking a radio bearing;
--Low inertia of the bearing indication;

-~The capability of estimating the direction finding quality.
1.2. The "Rybka" Marine Aural Indicating Radio Direction Finder
Function and Operational and Technical Characteristics

The "Rybka" aural radio direction finder is used on ships of the commercial
fishing and merchant marine fleets, and makes it possible to do the following:

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500060001-9



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500060001-9

FOR OFFICIAL USE ONLY

--Determine radio bearings to navigation radio beacons, omnidirectional radio
stations and fishing industry sonobuoys;

--Pilot a ship using equal signal zones produced by directional radio beacons;

—--Take RDF bearings on ships transmitting distress signals.

The following are included in the basic equipment set of a radio direction
finder: loop antenna, antenna mast, "inclined beam" or "whip" type omnidirec-
tional antenna, goniometric receiver, radio operator signal panel and junction
box. . '

The equipment complement of a radio direction finder depends on the structural
design of the goniometric receiver unit, the diameter of the loop antenna, the
type of selsyns used to track with the pv:ocompass and the voltage of the ship-
board power mains.

A type RA loop antenna is made from two mutually perpendicular shielded loops.
The RA-1.2-4 loop has four turns with a diameter of 1.2 m while the RA-0.6-6
loop has six turns with a diameter of 0.6 m. The turns of the loop winding are
housed inside shielding duraluminum tubes with a diameter of 30 mm. The upper
loop assembly is made of an insulating material. The center taps of the winding
are connected through capacitors to the chassis, something which makes it
possible to check the insulation resistance of the loop circuit with respect

to the loop housing without disconnecting the center tap of the loop winding.

The antenna mast is fabricated from duraluminum pipe with a diameter of 84/76 mm
and a height of 1.6 m. The mast has an upper flange and guys with turnbuckles
for fastening to a deck. The loop antenna is secured to the upper flange of the
mast with bolts.

The "inclined beam" type omnidirectional antenna is made from copper antenna
- cable 6 to 8 m long.

The junction box is intended for connecting all of the cables to the goniometric
receiver unit. To provide for spray protection, all of the cables are brought
into the junction box through packing glands.

The goniometric receiving unit contains the receiver, the goniometric unit, the
compensating device and the power supply. :

The OP-120F converter converts the shipboard power mains direct current to single
phase alternating current at a voltage of 127 V at a frequency of 50 Hz.

The signaling panel is intended for signaling the position of the ship antennas.

The overall dimensions of the components of the equipment set and their weight
- are given below:
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Overall Dimensions, Weight,
mm kg
The goniometric receiver 470 x 253 x 360 30
- Loop antenna:
600 mm diameter 680 x 680 x 900 14.5
1,200 mm diameter 1,280 x 1,280 x 1,592 21.5
Auxiliary antenna 6000 3
Signal panel 242 x 129 x 100 3.5
Antenna mast 1600 9
b | Storage battery ‘ 481 x 257 x 165 35
0P-12QF inverter 314 x 178 x 234 12
Connecting cable - 14

The "Rybka" radio direction finder has the following specific features:

a) It provides for radio direction finding at medium and intermediate wavelengths;
b) It is produced in a desk top and console design;

c) It is made with transistors, nuvistors and micromodules;

d) Provides for sensing by means of a meter with a pointer.

The major operational and technical specifications of the radio direction finder
are given below:

Frequehcy bands which can be received:

Medium wave, KHz 255 - 535
Intermediate wavelengths, MHz 1.60 - 3.35
Signal modes which can be received Al, A2, A3

Mean arithmetic radio direction finding error, degrees,
in the following frequency bands:

255 - 535 KHz 1
1.6 - 3.35 MHz 3
Readout accuracy of a bearing on the scale, degrees 0.5

Sensitivity, microvolts:
In the A2 and A3 modes for a signal/noise ratio of
3:1, in the following frequency bands:

255 - 535 KHz o2
1.6 - 3.35 Mz 1
In the Al ., oy mode for a signal/noise ratio of
15:1 in the following frequency bands:
255 - 535 KHz 0.5
1.6 - 3.35 Mz 1

Channel selectivity, dB:
Adjacent channel rejection for frequency offset
of + 10 KHz 50

10
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Image frequency rejection 60
Intermediate frequency rejectioun 60
- Intermediate frequency bandwidth, Hz:
. . 5500
Wide
Narrow 300
Graduation error in the tuning scale, % 0.5
Manual gain control, dB 70
Electrical compensation for the radio deviation
coefficient D* in the 255 ~ 535 KHz frequency band,
- degrees +(2--20)
Length of the connecting feeders for the antenna, m:
The D-1200 loop 15
- Auxiliary 7
Antenna insulation resistance, MOhm 10
Power consumption:
From the 127/220 VAC mains at a frequency of 50 Hz,
VA 35
From the 24, 110 or 220 volt DC mains, watts 200 -
From the 24 volt emergency storage batteries, watts 30
Duration of continuous operation from the emergency
storage batteries, hours 10
Rated operating life, hours 8,060
Weight of the complete radio direction finding set, kg 158

A block diagram of the "Rybka" radio direction finder is shown in Figure 1.1,

With the action of an electromagnetic field from a transmitting radio stationm,
currents are induced in the loop and omnidirectional antennas of the radio
direction finder which flow through the field coils of the goniometer and pro-
duce magnetic fields in them. An antiradar filter, a PLF, is used to eliminate
interference from shipboard radars. A search coil rotates inside the field
coils, where an e.m.f. is induced in the search coil which depends on the angle
between the plane of the search coil and the resulting magnetic field of the
goniometer. The voltage is fed from the main search coil to the input resonant
circuit of the radio frequency amplifier, the UVCh, which consists of an ampli-
fication stage with a bandpass filter in the load and an aperiodic amplifier
stage.

The voltage from the RF amplifier output and from the first local oscillator,
G, is fed through a buffer aperiodic amplifier to the first ring mixer. The
first intermediate frequency (IF = 1,198 KHz) is fed to the single stage ampli-
fier for the first IF having a bandpass filter in the load, and then to a

*D is the quaternary ratio deviation coefficient.
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second frequency converter consisting of a crystal controlled second local
oscillator (1,413 KHz), an aperiodic buffer amplifier and a second ring mixer.
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Figure 1.1. Block liagram of the '"Rybka" radio direction finder.

Key: 1. Compensating unit;

2. Antiradar filter;
3. Deviation compensator;
4. Goniometer;
5. Radio frequency amplifier;
6. Intermediate frequency amplifier;
7. Lumped selectivi*y filter;
8. Power supply;
9. Regulator;

10. Ship power mains;

11. Audio amplifier;

12. Dynamic loudspeaker;

13. Oscillator;

14. AM detector;

15. Telephone headsets,

The second intermediate frequency of 215 KHz is fed from the output of the
second ring mixer to a three stage second IF amplifier: the first stage has a
lumped selectivity filter, a FSI; the second stage has a crystal filter (when

a narrow bandwidth is used) or has a bandpass filter (when a broad bandwidth is
used); and a third stage with a single tuned circuit in the load.

The second IF voltage is fed from the output of the third stage to the AM detector
AD.

When receiving nondecaying Al signals, the voltage from a third oscillator is
additionally fed to the detector through an aperiodic buffer amplifier where

the frequency of this oscillator varies in a range of 216 to 218 KHz. The audio-
frequency output signal in this case is obtained as a result of the beat fre-
quency resulting from the second intermediate frequency and the third oscillator
frequency.

12
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= The audiofrequency signal from the detector output is fed to a three stage

: audiofrequency amplifier, the UNCh, the first two stages of which are designed
in an aperiodic circuit configuration, while the output stage uses a push-pull
transformer circuit. The amplified audiofrequency signal is fed to a dynamic
loudspeaker, DGr, and two pairs of TA-56M type low impedance telephone. sets.

The power supply BP provides for the operation of the radio direction finder
from the 127, 220 or 24 volt AC mains, from 110, 220 or 24 volt DC mains as
well as from the emergency 24 volt storage batteries.

The voltage of the shipboard power mains is fed through the mains filter and the
SHIP POWER switch to the power transformer of the rectifier, which is designed
in a bridge configuration with parametric voltage regulation.

The +16 and -16 V voltages for powering the relays and lighting circuits are
taken directly from the rectifier, while the regulated +10 and -10 V voltages
for powering the entire radio receiver circuit are taken from the parametric
regulator.

Controlling the "Rybka" Radio Direction Finder
The operational controls and indicating dials used by the navigator when working

directly with the radio direction finder are located on the front panel of the
goniometric receiver (Figure 1.2).
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Figure 1.2. The front panel of the "Rybka'" radio direction finder.

Key: A. Input fine tuning; F. Storage battery;
Reception pattern; G. Set minimum;
B. Tuning; H. Take bearing;
N C. Off; I. Beat frequency oscillator;
D. Power check; J. Operating mode: Ay ,....us
E. Telephone headsets; Al wide> A2 As3s
-~ 12a-
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Key [cuat.]: K. Volume;
L. Gain reserve [spline key operated RF gain controlj.

The DF BEARING signal light serves for monitoring the position of the shipboard
antennas and comes on after they are isolated.

The SET MINIMUM control 1 is intended for rotating the sighting pointer to the
position of the minimum of the radio beacon signal audibility.

The scale for the relative radio bearings, 2 (the stationary scale), with divi-
sions of 1°, serves for reading out the relative radio bearing.

The scale for the observed radio bearings, 3 (the moving scale), with scale
divisions of 1°, serves for reading out the observed bearings.

Control 4, INPUT FINE TUNING, is intended for fine tuning the radio direction
finder to the radio beacon frequency based on the maximum loudness of the
radio beacon call signs.

Switch 5, RECEPTION PATTERN, has four fixed positions and serves to switch the
radio direction finder to the following modes: 'watch duty reception'", "direc-
tion finding", "sensing'".

Frequency tuning scale 6 has numerical scale graduations for the medium wave band
(outside scale) with intervals of 2 KiHz, and intervals of 20 KHz for the inter-
mediate frequency band (inside scale).

Meter 7 makes it possible to monitor the power supply voltage and visually
observe the minimum of the radio beacon signal audibility.

The POWER SUPPLY CHECK switch has six fixed positions and serves to turn on the
radio direction finder and check the supply voltages.

TUNING control 8 is intended for precise tuning to the radio beacon frequency
using the frequency tuning scale or based on maximum audible loudness of the

radio beacon call signs.

TUNING control 9 serves for coarse tuning to the radio beacon frequency using the
frequency tuning scale.

Bandswitch 10 has two fixed positioms:

Band I (medium wave): 255--535 KHz
Band II (intermediate wavelengths): 1.6--3.5 MHz.

Telephone jacks 11 serve for connecting two pairs of headsets.

The GAIN RESERVE control (spline key) is intended for changing the sensitivity of
the radio direction finder.

The VOLUME control serves for continuous control of the volume of the radio
beacon signal being received.

- 13
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The OPERATING MODE switch has three positions. In the first two switch positions
("A1 parrow and "A1 ide"), the telegraph signals of radio beacons and radio
stations operating in the Al mode are received, while in the third position, the
gignals of radio beacons and radio stations operating in A2 and A3 modes are
received with a wide bandwidth.

Loudspeaker 12 serves for hearing the radio beacon signal.

The BFO control serves to obtain a desirable tone for the beat frequency in the
headsets when receiving the signals of radio beacons operating in the Al mode.

Controls which are not normally used during operation are placed under a cap on
the front panel of the goniometric receiver, where these controls are used when
preparing the radio direction finder for operaticn.

The SHIP POWER switch is used for selecting the power supply voltage.

The DEVIATION COMPENSATION switch makes it possible to compensate for the radio
deviation coefficient D in a range of from -2° to 20°,

The ZERO SET control serves to match the scales of the radio direction finders
to the gyrocompass repeater.

The GONIOMETER AXIS LOCK makes it possible to stop the goniometer rotor when
zero setting the goniometer indicator.

- Technical Operation Regulations

The following are to be done during watch duty reception:
--The Power Check switch is set in the "RECEIVE" position;
--Switch 5, RECEPTION PATTERN, is set in the "0" position;

--The OPERATING MODE switch is set in the 'Al wide Position when receiving the
signals of radio beacons operating in the Al mode, or in position "AyA3" when
receiving the signals of radio beacons operating in the A2 or A3 modes;

--The bandswitch is set to the requisite position;

--The VOLUME control is set to the position in which noise is heard in the head-
sets;

--Using the coarse and fine tuning controls, one tunes to the frequency of a
radlo beacon for the maximum radio beacon signal loudness;

-—Us;ng the BEAT FREQUENCY OSCILLATOR control, the desirable beat frequency tone
is obtained in the headsets;

~--Maximum volume of the radio beacon signal is obtained by using control 4,
INPUT FINE TUNING.

In the case of direction finding and sensing, the following are to be done:
1-1,4-,-
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{ —-Switch 5, RECEPTION PATTERN, is set to the "»" position;
--Using control 4, INPUT FINE TUNING, maximum volume is obtained;

--The pointer is set to the position of minimal radio beacon signal audibility
with control 1, SET MINIMUM:

~—The RECEPTION PATTERN switch 5 is set sequentially to the positions of the
- green and red cardiod patterns; if the least audibility is obtained in the
rad cardiod position, then the pointer must be rotated through 180°;

——Check the correctness of the sensing determination using the indicating meter
when the POWER CHECK switch is set in the "receive" position. The green
cardiod position of RECEPTION PATTERN switch 5 should correspond to the least
deflection of the meter needle;

——Switch RECEPTION PATTERN switch 5 to the """ position and by alternately
rotating the SET MINIMUM control and the RECEPTION PATTERN switch, obtain the
lowest minimum of the audibility (the sharpest silence angle) and the minimal
deflection of the meter needle in the "receive" position of the POWER CHECK
switch;

—-Determine the bearing (or the relative radio bearing) as the average arithmetic-
al value of two readings made at the boundaries of the silence angle. For
example: the silence angle is bounded by readings of 61 and 67°; the true
reading will be (61° + 67°)/2 = 64°;

—-After taking the readings, check the radio deviation correction using the
residual radio deviation curve.

1.3. The "Barkas" Portable Marine Aurally Indicating Radio Direction Finder
Function and Composition of the Equipment Package

The "Barkas" portable radio direction finder is intended for small fishing
vessels and makes it possible to do the following:

<-Determine the radio bearings to navigation radio beacons and omnidiiectional
radio stations as well as fishing sonobuoys;

--Take radio bearings on ships transmitting distress signals.

The operational and technical characteristics of the radio direction finder are
given below:

Received frequency bands:

Medium wave, KHz 250 - 550
Intermediate wavelengths, MHz 1.6 - 3.35
Types of signals which can be received Al, A2, A3, A3A,
A3H
The precision in setting the tuning frequency, % 1

Mean arithmetic radio direction finding error,
in degrees, in the following frequency bands:
250 - 550 KHz 1

-.-;L'S—-.
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1.6 - 3.35 MHz 7

Sensitivity for reception with an omnidirectional

antenna and a signal/noise ratio of 20 dB, in

uV/m, in the following frequency bands;
250 - 550 KHz 500
1.6 - 3.35 MHz 700

Channel selectivity in dB:
Adjacent channel reduction for a frequency

difference of +10 KHz 40
Image frequency rejection 40
The intermediate frequency bandwidth in Hz 3000

Power consumption in watts ' 3
Continuous operational time from an 8KNG-Ts

storage battery, hours 6
Mean time between failures, hours 1500
Weight of the radio direction finder, kg 7

The following are included in the delivered equipment set of the radio direction
finder: the receiver and indicator unit, type TA-56M headsets, type 8KNGTs-1D
storage batteries, a cable with a filter, a base and a charger and discharger
unit.

A block diagram of the radio direction finder is shown in Figure 1.3.

The radio direction finder consists of the antenna rotating unit, the antenna
amplifier, the radio receiver, the headsets TF and the KNGTs-1D type batteries
or "Rubin-1" drycell. ’

The antenna rotating unit has two antennas: a directional antenna which takes
the form of two mutually perpendicular ferrite rods .with antenna coils wound
on them, and an omnidirectional antenna in the form of a shortened whip with a
capacitive load.

The antenna amplifier is designed in a resistance coupled amplifier configuration
using a field effect transistor with a high input impedance, which provides for
matching to the omnidirectional antenna. The amplifier load is the input
resonant circuit consisting of an inductance coil and a variable capacitor. The
signal from the input circuit is fed to the radio frequency amplifier input,
where this amplifier is designed around a K2US241 integrated circuit with a
bandpass filter as the load in the collector circuit.

The frequency converter and first local oscillator are designed around a single
K2ZhA242 integrated circuit. The first local oscillator uses a capacitive
feedback circuit. The voltage from the frequency converter is amplified by a
four stage IF amplifier (the IF section), made using four identical K2US242
integrated circuits. The load of the first stage is an electromechanical filter

- 16 -
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Figure 1.3. Block diagram of the "Barkas'" radio direction finder.

Key: 1. Antenna steering unit;
2, Radio frequency section;
3. Intermediate frequency section;
4, Electromechanical filter;
5. Low frequency section;
6. Regulator;
7. Oscillator;
8. AM detector;
9. Receiver;
10. Panel I3
) 11. Resistor bridge;
= 12. Panel II (power supply);
13. Regulator

which governs the bandwidth and selectivity of the IF amplifier. The remaining
- three IF stages provide for the requisite gain in the channel.

The voltage from the output of the last IF amplifier stage is fed to an audio-
frequency amplifier unit (the audiofrequency section). The following are
assembled on the board for the audiofrequency section: a voltage regulator,

the second local oscillator, the AM detector and an audiofrequency amplifier.

The voltage regulator, which is designed around a K2PP241 integrated circuit,

is intended for stabilizing the operating points of the radio frequency ampli-
fier, converter and first local oscillator stages. The second local oscillator
is intended for receiving Al signals and restoring the carrier when receiving

A3A and A3H signals. The oscillator is turned on when the radio direction finder
operates in a telegraph mode and is designed around a K2ZhA242 integrated circuit
using a crystal controlled oscillator.
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Figure 1.4, The front panel of the 'Barkas" radio direction finder.
Key: A. CAUTION! INPUT NOT PROTECTED!

B. Signal mode switch; G. Monitor switch;

C. Tuning; H. Azimuth scale light;
D. Tuning light; I. Antenna rotate;

E. Gain control; K. Operating mode switch.

F. Tuning scale, KHz;

The detector stage combines the functions of an AM detector and a converter.

In a telephone mode, it is used to segregate the envelope of amplitude modulated
- signals, while 'in a telegraph mode, it serves to obtain the beat frequency
between the intermediate frequency and the second local oscillator. The detec-
tor is designed around a K2ZhA242 integrated circuit in a common emitter con-
figuration. The detector load is the input impedance of the audio preamplifier.
The audio amplifier consists of a preamplification stage, designed around
transistors in a cascode circuit configuration, and a final stage using KT-312V
transistors in a push-pull circuit. The audio amplifier is loaded into one
pair of low impedance TA-56M headsets. A 200 pA microammeter is used to monitor
- the output voltare of the radio direction finder, where the audio frequency

voltage detected oy a diode and smoothed by a filter, which is located on panel

I in the resistor bridge, is fed to the microammeter.

The power supply voltage is monitored by the microammeter, which is connected
through an electrical scale extension circuit for the instrument, located on
panel II.

The cover compartment of the radio direction finder is broken down into two
parts. The voltage regulator which provides for operation of the radio direction

. - 18 -
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finder from the ship batteries is housed in one portion while the back—up power
source (a "Rubin-1" battery) is housed in the other section.

The front panel of the radio direction finder is shown in Figure 1.4. The
operational controls, monitor and indicating instruments used by the operator
when working directly with the radio direction finder are located on the face
and side walls of the housing: the TUNING control, SIGNAL MODE switch, band-
switch, AZIMUTH LIGHT button, ANTENNA ROTATE control, OPERATING MODE switch,
the indicating meter 3, the MONITOR button, telephone jacks 4, the TUNING SCALE
in KHz, the TUNING LIGHT button and the GAIN control. A 24 volt plug is placed
on the back panel to connect the cable when getting power from shipboard storage
batteries as well as two toggle switches: ON--OFF when powered from the ship-
board storage batteries and INTERNAL-EXTERNAL when powered from the external
source (shipboard storage batteries) or the internal source (two "Rubin-1"
batteries).

Operating Modes

Watch Duty Reception. In this mode, the OPERATING MODE switch is in the "Q"
position. Only the signal from the omnidirectional antenna is used which is

fed to the antenna amplifier and then through the switch to the input tuned
circuit of the RF amplifier. 'The directional pattern of the antenna has the
shape of a circle. 1In this mode, one tunes to the frequency of the transmitting
radio station and listens to it.

Direction Finding Mode. In this case, the OPERATING MODE switch is in the "«"
position. The main directional antenna is used for reception. The signal from
‘this antenna is fed through the switch to a balancing transformer and then to
the input circuit of the RF amplifier. The antenna directional pattern has the
shape of a figure eight. In this mode, one takes DF bearings on radio beacons
and radio stations at the moment of the signal audibility minimum when rotating
the ANTENNA ROTATE control.

Sensing. In this case, the OPERATING MODE switch is alternately set in positions
1 (red dot) and 2 (green dot). The signal from the auxiliary directional

antenna is fed through the switch to the balancing transformer and then to

the input circuit of the RF amplifier, while the signal from the nondirectional
antenna is fed to the same input circuit directly through the switch. The signals
from the auxiliary directional and omnidirectional antennas are added together.
The resulting directional pattern has the shape of a cardiod, the minimum of
which is shifted in space through 180°. The unambiguous direction to the radio
station or radio beacon is indicated by the pointer of the colored marker which
matches the color of the marker on the OPERATING MODE switch for which the

output voltage and the audibility are a minimum.

Technical Operation Regulations.

During watch duty reception, the following is to be done:
--Set the OPERATING MODE switch to the "0" position;

- 19 -
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--Set the SIGNAL MODE switch to the "Tg" ["telegraph'] position;
—-Set the requisite band by means of switch 4;
--Set the GAIN control to the position for which noise is heard in the headphones;

--Tune to the frequency of the beacon on which a bearing is being taken using
the TUNING control for the maximum signal loudness and maximum deflection of the
meter needle.

When taking a bearing and making the sense determination, the following is to
be done:
--Set the OPERATING MODE switch to the "«" position;

--Using the ANTENNA ROTATE control, set the pointer to the position for minimal
signal audibility from the radio beacon;

--Sequentially set the OPERATING MODE switch in the 1 (red dot) and 2 (green
dot) positions;

--If the least audibility is obtained in position 1, then the pointer must be
rotated through 180°;

—-Determine the direction to the radio beacon using the color marker on the
pointer, which matches the color of the marker on the OPERATING MODE switch
for which the signal audibility is minimal;

--Throw the OPERATING MODE switch to the "~" position and determine the boundaries
of the silence angle;

--Using the azimuth scale, determine the relative radio bearing as the average
arithmetic value of the two readings made at the boundaries of the silence
angle;

--After taking the readings, take into account the radio deviation correction
using the residual radio deviation curve.

1.4. The "Rumb" Dual Channel Marine Visual Radio Direction Finder

Function and Complement of the Complete Equipment Package

The visually indicating "Rumb" RDF is intended for merchant marine vessels and

makes it possible to do the following:

—--Determine radio bearings to navigation radio beacons and omnidirectional
radio stations;

~-Pilot ships using the radio signal zones produced by directional radio beacons;

--Take radio bearings on ships transmitting distress signals.

The composition of the equipment package of the radio direction finder depends
on the variant of the receiver and indicator unit, the dimensions and type of
the loop antenna as well as the presence of an antenna mast and the shipboard
power mains voltage.

- 20 -

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500060001-9



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500060001-9

FOR OFFICIAL USE ONLY

The basic radio direction finder package contains the following units: a loop
antenna, an antenna mast, an "inclined beam" omnidirectional antenna, an antenna
amplifier (AU), a receiver and indicator unit as well as a power supply and
radio operator signal panel.

The "Rumb" radio direction finder has the following specific features:

1) It possesses ''visual selectivity”, which makes it possible to take bearings
on the signals of two to three radio stations which simultaneously fall within the
passband of the radio direction finder;

2) It makes it possible to continuously monitor the balance of the channels during
direction finding;

3) Provides for nonsearch detection of radio beacon signals because of the use
of a crystal controlled digital tuning display.

The major operational and technical characteristics of the radio direction finder
are given below:

The frequency bands which can be received are:

i Medium wave, KHz 250 ~ 545
Intermediate wavelengths, MHz 1.6 - 2.85
Types of signals which can be received Al, A2, A3

Precision in setting the frequency from the
digital display, KHz 0.5

Mean square direction finding error, degrees, in

the following frequency bands:
250 - 545 KHz 1
1.6 - 2.85 MHz 3

Sensitivity when receiving with the 1,200 mm
diameter loop, a feedline with a length of L =
30 m and a signal/noise ratic of 10:1, in uv/m,
in the following frequency bands:

) 250 - 545 KHz 25
1.60 - 2.85 MHz 25
Channel selectivity, in dB:
- Image frequency rejection 60
Intermediate frequency rejection 80
Intermediate frequency bandwidth, Hz:
Wide band for the audio channel 3,000
Narrow band for the visual channel 500

Radio deviation compensation, in degrees, for the
following coefficients:
A : +5
D from -8 to +20

The length of connecting feedlines, in m, for the
following antennas:

- 21 -

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500060001-9



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP32-00850R000500060001-9

Loop antenna 30 - 70
- Auxiliary antenna 10
Antenna insulation resistance, MOhms 10

Power consumption from the 127/220 volt, 50 Hz
mains, in VA 120

Weight of the complete radio direction finder set,
in kg 96

A block diagram of the "Rumb" radio direction finder is shown in Figure 1.5.

The voltages from the longitudinal and transverse loop antennas are fed to the
. input unit of the display receiver. The input unit matches the antenna and
feedline to the input amplifier of the radio frequency section, the BVCh,
accomplishes the cross switching of the loop antennas between the I and II
receiver-amplifier channels and amplifies the omnidirectional antenna signals.

A block diagram of the input section is shown in Figure 1.6. In the "bearing"
operating mode, contacts two and three of relay Rl on board Ul open the omni-
directional antenna circuit. In this mode, the signals are fed from the loop
antennas to the diode switchers DK1 of board Ul, which in the case of operation
in the first band. are fed through the closed contacts 5 and 4, and 6 and 7 of
relay R2 of board U2 and relay R2 of board U3 to the primary windings of trans-
formers Tr2 and Tré4.
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Figure 1.5. Block diagram of the "Rumb" radio direction finder.

JoITO0HOU

. AU = antenna amplifier;

. BTsI = digital display;

BSK = audio channel section;

Receiver-indicator unit;

UVCh = radio frequency amplifier;

. UPChl = intermediate frequency amplifier 1;
UPCh2 = intermediate frequency amplifier 2;

. VU = output amplifiers;

Qutput switcher;

Key:

.
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Key [cont.]: 10. ELT = cathode ray tube; 16. BNCh = low frequency sec-
11. PLF = antiradar filter; tion;
12. Input switcher; 17. BIP = bearing indicating
13. Input section; block;
14, Radio frequency amplifier; 18. Gl, G2 = local oscillators
15. BVCh = radio frequency 1 and 2;

section; 19, PKU = switcher circuit
board;

20. Intermediate frequency 2.

In the second band, diode switchers DKl of board Ul are connected through the
closed contacts 5 and 4, and 6 and 7 of relay Rl of board U2 and relay Rl of
board U3 to the windings of the matching transformers Trl and Tr3. The signal
is fed from the output windings of transformers Tr2 and Tr4 when operating in
the first frequency band and from the output windings of transformers Trl and
Tr3 when operating in the second band through emitter followers EP3 and EP4 of
board U4, and EP3 and EP4 of board U5 in the first case, and through emitter
followers EP1 and EP2 of board U4 and EP1l and EP2 of board U5 in the second
case to the corresponding selection and amplification channels of the high fre-
quency section (see Figure 1.5). The diode switchers DK1 - DK2 of board Ul are
switched by a square wave pulsed voltage at a frequency of 15 Hz, as a result
of which the output windings of the transformers Trl and Tr3 are cross switched
between inputs I and II of the amplifier channels.

In the "watch duty" and "check" operating modes, the signal is fed from the
omnidirectional antenna through contacts 2 and 3 of relay Rl of board Ul to the
input of the broadband amplifier, which consists of three stages and has as a
load the primary windings of Trl and Tr2 of board Ul.

The secondary windings of these transformers are connected to diode switcher
DK2, and the subsequent signal path is analogous to the "bearing" mode.

The signals from the input section (see Figure 1.5) are fed to the radio fre-
quency section, BVCh, which contains two identical amplifier stages for the
signals from the longitudinal and transverse loop antennas. The radio frequency
amplifier UVCh, which is incorporated in the radio frequency section, performs
the following functions: :

- a) Provides for signal selection and amplification at the frequency which is
tuned inj;

b) Provides for image frequency and 750 KHz intermediate frequency rejection;

c) Converts the amplified signal f; to the first intermediate frequency fip =
750 KHz;

d) Controls the gain in steps.

A block diagram of the RF amplifier is shown in Figure 1.7. The RF amplifiers
of the first and second amplification channels are made with two identical
shielded strips. Two ganged sections of the five section block of variable
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Figure 1.6. Block diagram of the input section.

Key: 1. U = 20 volts, f = 15 Hz, from the bandswitch;
2. From the loop antennas;

Diode switcher 1;

Board U2;

. Board U4;

From the omnidirectional antenna;

[ )RV, B S ROt}
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Key [cont.]: 7. From the OPERATING MODE switch;

8. Emitter follower 1;

9. Emitter follower 2;

10. Board U3;

11. To the high frequency section [RF front end] of
channel I;

12. To the high frequency section of channel II;

13. Relay R2.

) 1) (4 ) © M

5]

2 750 KHz
o5 1 Borzod .
RE— A1 a1 oyt [ D L [ B Tnryoutput
S8

=~ B8zod

-——}(—-ll_ _/H’(— r
. (9

(8) § ' yz | w2
Eé_. H2 == N2 |~ PY2 [~ [>
RS

Figure 1.7. Block diagram of the RF amplifier.

=

Key: Band I input;

Tuned circuit 1;

Emitter follower 1;

. Gain control 1;

Amplifier 1;

Mixer 1;

Tuned circuit 3;

Band II input;

Heterodyne oscillator 1 input.

woNoOTUVBLPWN

capacitors are used to tune the RF circuits for bands I and II in both channels.

The radio frequency signal is fed from the input section to the input resonant
circuit K1 when band I is switched on (to tuned circuit K2 when band II is
switched on). The signal at a frequency of f] which is segregated by tuned
circuit K1 is fed to emitter follower EP1l, then to the 1:10 step gain control
RU1 and thereafter to amplifier Ul, which is loaded into tuned circuit K3.

The signal from amplifier Ul and the signal from the first local oscillator Gl
are fed simultaneously to the input of balanced mixer Sml.

The converted signal at a frequency of fyp; = 750 KHz is isolated in tuned cir-
cuit K3 and fed to the input of the first intermediate frequency amplifier

board.

The first intermediate frequency amplifier UPChl (see Figure 1.5) performs the
following functions:
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a) Amplifies the IFl signal;

b) Converts the amplified IFl signal at fIFl = 750 KHz to the IF2 signal:
fIFZ = 33.3 KHZ;

¢) Provides for continuous gain control of the IF1 signal.

A block diagram of intermediate frequency amplifier 1 is shown in Figure 1.8.

(1) (2) (3) (4) (5) (6)
DY a1 Py1 >4 >¥ an

(7). Peaynupobna ycunerus A

(g p2=78a3ny
»
(12) (13) (14)
Brogd 1
(91 AR T ¥ py2 b
4"1—‘1
, ~Z 75___£D.1 Bzod 9Ny 2
=27 v
’ J 11
(10)fompons | an
Figure 1.8. Block diagram of intermediate frequency amplifier 1.
Key: 1. Amplifier 1; 9. Intermediate frequency 1 input;
2. Emitter follower 1; 10. Monitor;
3. Gain control 1; 11, Intermediate frequency ampli-
4. Amplifier 2; fier 2 input;
5. Amplifier 3; 12, Mixer 1;
6. Emitter follower; 13. Amplifie~ 4;
7. Gain control; 14. Gain control 2.
8. Local oscillator 2 =
783.3 KHz;

In the "bearing" operating mode, the IFl signal is fed from the output of mixer

Sml to the amplifier stage Ul, which is loaded into a resonant circuit, and

then to emitter follower EPl, which matches the output impedance of the resonant

circuit and the input impedance of gain control circuit RUl. Following the

RU1l circuit, the signal is amplified by resistance coupled amplifiers U2 and U3
- and thereafter fed to gain control circuit 2.

The signal level is continuously adjusted by a factor of 25 times in gain control
circuits 1 and 2, RU1l and RUZ.

The signal is fed from the output of circuit RU2 to tuned amplifier U4, which
is loaded into a resonant circuit, and then to the mixer stage Sml, to which
the local oscillator signal of G2 is fed simultaneously. The signal is fed from
the output of mixer stage Sml to the input of intermediate frequency amplifier 2.
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In the "monitor" mode, relay Rl of the board for intermediate frequency ampli-
fier 1 connects the inputs of the first intermediate frequency amplifiers of
both amplifier channels in parallel.

The low frequency section (see Figure 1.5) performs the following functions:

a) Amplifies the IF 2 signals within a passband of 500 Hz (narrow band) and
3 KHz (broadband);

b) Generates the voltages which control the input and output switcher circuits,
blank the trace and compensate for the D radio deviation coefficient;

¢) Compensates for the D radio deviation coefficient.

(7) YanononocHsid

) . G010
- — (2) (3 (&) " (5) (6)
oqia D 91 42 Y3 Y4 95 | Boimod
(1) i A e > e > e B Dl e B} > =ynuz
T (9)
1
] (10X g0 5 | 17y
%’:’:0 eHue ey Kanmpons
(11) 1 Monitor
(14)
12" 1= K1 {302 [(15)
’ —,
Monit
B /8/‘}171).[703:' - ;‘
(13%75:%50”“”5”/'”“ KR <] Pic. 1.9.  dynkigonanntian

(16) cxema Y42,

Figure 1.9. Block diagram of intermediate frequency amplifier 2.

Key: 1. D compensation; 10. Amplitude balance;
2. Emitter follower 1; 11, Input bias;
3. Amplifier 1; 12. Interm»diate frequency 2;
~ 4. Amplifier 2; 13. Wide band output;
5. Amplifier 3; 14, Tuned circuit 1;
6. Amplifier 4; 15. Emitter follower 2;
7. Narrow band output; 16. Amplifier 6;
8. Amplifier 5; 17. Amplitude balance circuitry.
9. Intermediate frequency

amplifier 2 output;
The functional circuitry of the low frequency section consists of two boards
for the intermediate frequency amplifiers (of the first and second channels),
the switcher board, the PKU as well as the boards for the compensation of the
D radio deviation coefficient (gain imbalancing of the channels).

A block diagram of the second intermediate frequency amplifier is shown in
Figure 1.9. The IF2 signal is fed to tuned circuit Kl of the IF amplifier 2
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board, which is the load for mixer Sm2 of the IF amplifier 1 board of the high
frequency section.

The signal from tuned circuit K1 is fed through emitter follower EP2 simultan-
eously to amplifier U6 and to amplitude balancing circuit BA, which serves to
equalize the gain in both channels.

Following amplifier U6, the signal is fed through a filter to the broadband
output of the audio channel.

The signal is fed from the amplitude balancing circuit to the input of emitter
follower EP1l, and thereafter to the compensation circuitry for the radio
deviation coefficient D and simultaneously to tuned amplifiers Ul - U3, with
which the requisite passband is shaped and the requisite signal gain is obtained.
The signal is fed from the output of resistance coupled amplifier U3 to resis-
tance coupled amplifier U4 and then through relay R2 to the input of the tuned
amplifier U5. Relay R2 is actuated in the mode when checking the operability of
the indicator-receiver unit.

The signal is fed from amplifier U5 to the input of the bearing indication unit,
BIP (see Figure 1.5), and to the narrow band output of the audio channel section,
the BSK, which is intended for listening to the call signs of the radio beacons
and radio stations operating in Al, A2 and A3 modes for which the bearings are
being taken.

A block diagram of the audio channel section is shown in Figure 1.10. The
signal is fed to the audio channel section via the two inputs for channels I
and II when operating with a broadband response in the A2 and A3 modes, and
via the single input when operating with a navrow bandwidth in the Al mode.

Narrow Band .
7 Yanaa nenoca g Oscillator
i
(1) daod (2) ans {(3) ans
II(IZIIIZ(L an1 14 ¢ L ,
nal/ 11)(12)
800 Do 1 Doz 177 1 Do 4 1 D na/Y
Iimananel onp | & (13)
) @ () 6 (7)Y (8) (9) (10)

Figure 1.10. Block diagram of the audio channel section.

Key: 1. Channel I input; 8. Amplifier 3;
2. Emitter follower 1; 9. AM detector;
3. Emitter follower 3; 10. Amplifier 4;
4, Channel II input; 11. Loudspeaker;
5. Amplifier 1; 12. KI-55;
6. Amplifier 2; 13, Headsets.
7. Emitter follower 4;
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In the case of A2 and A3 operation, the signals from both channels of IF ampli-
fier 2 are fed separately to the inputs of emitter followers EP1 and EP2. The
phases of the voltages fed via the two inputs, are shifted by 90° by a phase
shifting R and C network prior to combining them, because of which, the intens-
ity of the sum signal changes insignificantly for any course angle to the radio
beacon on which a bearing is taken.

The sum voltage is fed from the phase shifting network to amplifier stages Ul
and U2 with resonant circuits in the load, which together with the output tuned
circuit of IF amplifier 2 provide for the specified passband.

The voltage is then fed to emitter follower EP4, and then to the untuned ampli-
fier stage U3. The amplified voltage is detected by amplitude detector AD and
fed to the audio amplifier U4, having outputs to a dynamic loudspeaker Gr head-
sets Tf and a KI-55 instrument.

(2)
8z0d BY [ nananu, Mnama BY
(1)=——— " [ nawana (3 . .
- Indicator
8K Hedunamap

Bxod BY Il naruna- flpame BY
y ™ [l narasa

[B)

N

Figure 1.11. Block diagram of the bearing indicator unit.

Key: 1. Channel I output amplifier input;

2. Channel I output amplifier board;

3. Output switcher board;

4. Channel II output amplifier input;

5. Channel II output amplifier board.
When operating in the Al mode, the voltages are summed beforehand in the IF
amplifier 2 stages, and then the total voltage is fed to the input of emitter
follower EP3. The voltage is amplified in stages Ul ~ U3 and fed to the AM
detector AD. The voltage from the third local oscillator G is simultaneously
fed to the detector through emitter follower EP5. A difference frequency signal
is obtained as a result of the mixing of these voltages.

Following detection, the difference frequency voltage is fed to U4, with outputs
for loudspeaker, headsets and the KI-55 instrument.

The bearing indication unit, BIP (see Figure 1.5), is intended for the power
amplification of the IF 2 signals, the cross switching of the channels, the
display of the bearing on the screen of the CRT and sense determination. A block
diagram of the bearing indication unit is shown in Figure 1.11. The second
intermediate frequency signal is fed from the low frequency section to the inputs
of the output amplifier boards of the first and second channels.
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The output amplifier consists of a preamplifier stage, a phase inverter stage
designed in a push-pull configuration, and a final stage, also using a push-
pull circuit.

The signals are fed from the output transformers of the output amplifier boards
to the output switcher board (VK), which switches the output circuits of both:
amplifier channels synchronously with the corresponding switching at the input,
which makes it possible to continuously monitor the balancing of the channels.

After passing through the diode switcher, the signals are fed from the output
transformers to the deflecting plates, and from the sense determination trans-
- formers to the modulator for the CRT (see Figure 1.5).

An antiradar filter, PLF, is inserted in the circuit of the omnidirectional
antenna to protect the receiver input against radar signals. A digital display
unit, BTsI, is used to visually observe the tuning frequency.

Operating Modes

Watch Duty Reception. Operating mode switch 18 is in the "watch duty" position
(Figure 1.12) [second position going clockwise]. Only the omnidirectional
antenna is used for radio reception. One tunes to the radio beacon frequency.

DF Bearing Mode. Operating mode switch 18 is set in the "bearing" position
[third position going clockwise]. The loop antenna is used for radio reception.

“After fine~tuning the receiver and setting the gain, the channels are balanced
by the two BALANCE controls, 7 and 8. Bearings are taken on radio stations and
beacons in this mode.

Sense Determination. Operating mode switch 18 is set to the "bearing" position
and the SENSE button is pushed on the BEARING POINTER control. The loop and
omnidirectional antennas are used for radio reception. The quadrant correspond-
ing to the direction to the radio beacon is traced on the screen of the CRT in
this mode. The bearing ambiguity is resolved in this mode.

The Monitor Mode. Operational mode switch 18 is set in the "monitor" position
[extreme clockwise position]. In this position, the operation of the set

is checked periodically by means of the OPERATING CHECK and VOLTAGE CHECK
switches and the meter 22.

Operating the "Rumb" Radio Direction Finder

The operational controls and readouts used by the navigator when working directly
with the radio direction finder (see Figure 1.,12) are located on the front panel

of the receiver-indicator unit.

The SWITCHER OFF push button [28] serves for hearing the call-signs of the radio
beacons more clearly.
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Figure 1.12. Front panel of the "Rumb" radio direction finder.
[See text for key]

The SENSE pushbutton [in the center of control 27] is intended for resolving
the ambiguity of the radio direction finder readout.

Pk

The BEARING POINTER control [27] serves for reading the relative radio bearing
and the observed bearing.

Moving pointer 1 has five parallel lines for the correct alignment with the
image on the CRT screen. The readout is accomplished using the center line of
the pointer.

Control 4 for the D radio deviation coefficient compensation makes it possible
to compensate in a range of from -8° to +20°.

The scale for the radio bearing angles (stationary scale 2) with scale divisions
of 1° serves for reading the relative radio bearings.

The observed radio bearing scale (moving scale 3) with scale divisions of 1°
serves for reading the observed bearings.

The monitor signal light for the position of the shipboard antennas, ANTENNAS
ISOLATED, comes on after the isolation of the ship's antennas and the switch
on the signal panel of the radio operator is set tothe "take bearing' position.

Digital display 6 for the tuning shows the tuned frequency of the radio direction
finder with a precision of 0.5 KHz.

The phase balance control 8, BALANCE, serves to equalize the phase shifts in
both channels.
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The gain balance control 7, BALANCE, is intended for equalizing the gains of
both channels. :

Loudspeaker 9 serve: for listening to the radio beacons on which the bearing is
being taken.

The switch Aj-Ay-A3 (10) has four positions. In the first three switch positioms,
narrow band reception is used for the telegraph signals of radio beacons and
radio stations operating in the Al mode. In the fourth switch position, the
signals of radio stations and radio beacons operating in the A2 and A3 modes

are received with a wide bandwidth.

The VOLUME control 11 serves for the continuous adjustment of the volume of
the signal being received.

The coarse tuning scale 12 has scale graduations for the medium wavelength band
(the outside scale) at intervals of 50 Khz, and for the intermediate wavelength
band at intervals of 0.2 MHz (inside scale).

The coarse tuning knob 13 serves for the rough tuning to the radio beacon fre-
quency and has a pointer for presetting to the approximate frequency on the
scale. The fine tuning knob 14 which is colocated with the coarse tuning control
serves for the fine tuning to the radio beacon frequency either using the

digital display or for a maximum of the ellipse or line image on the CRT screen,
or based on the maximum loudness of the radio beacon call-signs.

Bandswitch 15 has two fixed positions:
1250 - 545 KHz" is band I (medium wave);
"1.6 - 2.8 MHz" is band II (intermediate wavelengths).

Operating mode switch 18 has four fixed positions and serves for switching the
radio direction finder to the "watch duty reception", "DF bearing" and "check"
modes.

The LINE LENGTH control 16 serves for continuous adjustment of the gain and
obtaining the image of a line trace or ellipse with a length of 4 to 6 cm on
the screen of the CRT.

The coarse gain attenuator 17 has two positions: "1:1" and "1:10". When the
attenuator is switched from the "1:1" position to the "1:10" position, the
signal gain is reduced by a factor of about 7 to 15 times.

Telephone jacks 20 are intended for connecting headphones.

The monitor and indicating controls not used during normal operation and which
are used for monitoring the supply voltages, conditions in individual stages

and detecting defects in both channels of the radio direction finder are located

under a cover on the rear panel of the receiver-indicator unit (see Figure 1.12).

The OFF switch (deviation turned off) serves for disconnecting the elements
which compensate for the radio bearing deviation coefficient D (present cnly in
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the radio direction finder variant having a loop antenna, arranged at an angle
. of 45° to the DP [middle-line planel).

Pushbutton 21 for monitoring voltages makes it possible to monitor an additional
six supply voltages and operating conditions of the stages.

The VOLTAGE CHECK switch serves for selecting the supply voltage or condition
of the individual stages being monitored.

Meter 22 makes it possible to monitor the supply voltages and operational condi-
tions of the stages: The normal mode corresponds to a deflection of the meter
needle in a range of 60 to 80 scale divisions.

. The OPERATION MONITOR switch serves to check the correctness of operation and
detect defects in both channels of the radio direction finder.

Selsyn cutoff pushbutton 23 is used when matching to the gyrocompass repeater.

Control 24 for compensating for the A radio bearing deviation coefficient makes
it possible to rotate the CRT in a range of +5° (it is first necessary to loosen
the lock, and then make the adjustment).

The COURSE control 25 (setting the course) is intended for matching the radio
bearing scale to the gyrocompass repeater.

The FOCUS, BRIGHTNESS and BEAM CENTERING controls serve to change the focusing,
brightness and beam centering of the CRT respectively.

The SPKR OFF switch is intended for disconnecting the.loudspeaker from the audio
channel. :

Screws 19 and 26 serve to fasten the housing to the shock absorbers.
The small lights 5 are intended for lighting the scales.
Technical Operating Rules

The following are to be done during watch duty reception:
--The operating mode switch is set in the "watch duty" position;
~-The bandswitch is set to the requisite band;

--The Aj-Ay-A; switch is set in the position "ApA;" when receiving A2 and A3
signals, or in one of the three "A;" positions when receiving Al signals;

~--The requisite loudness is set using the VOLUME and LINE TRACE LENGTH controls;

--One tunes to the frequency of the target radio beacon based on the maximum
signal volume using the tuning controls;

--The desirable BFO tone is obtained in one of the three "Al" positions using
the Aj-Ay-A3 switch.
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- The following are to be done when balancing the channels:
--Set the operating mode switch in the “bearing' position;

--A 5 to 6 cm image is obtained on the CRT screen using the TRACE LENGTH control
and attenuator 17 (1:10);

--The two images on the CRT screen are combined using the combined BALANCE con-
trols (7 for the gain and 8 for the phase shifts):

a) One line is obtained on the CRT screen as a result of the combining when
receiving one signal;

b) When receiving out-of-phase signals, because of the influence of back-
scatter or multipath propagation, an ellipse is produced on the CRT screen
as a result of the combining;

c) When receiving two signals which are close in frequency, one parallelogram
is produced on the CRT screen as a result of the combining.

The following are to be done when taking a DF bearing and determining the sense:
--The operating mode switch 18 is set in the "bearing" position;

--One tunes to the frequency of the target radio beacon based on the maximum
image on the CRT using the tuning controls;

--It is recommended that the position of attenuator 17 (1:10) be left unchanged
when taking bearings on a group of radio beacons so as not to balance the
channels anew;

--Set the POINTER control so that the line on the azimuth pointer dial is
strictly parallel to the electronic trace or the major axis of the ellipse
on the CRT screen;

~-Press the SENSE button and determine the quadrant on the CRT screen within
which the target radio beacon or radio station is located;

--Determine the bearing or relative radio bearing using that portion of the
scale which is located within the quadrant obtained from the sense determin-
ation;

--After taking the readings, one must take into account the correction for the
radio bearing deviation using the residual radio deviation curve.

The following are to be done in the monitor mode:

--Sct the operating mode switch to the "monitor" position;

~-Check the major voltages and currents using the monitor meter by means of the
VOLTAGE CHECK switch;

~-Check the major units of the indicator and compensate for the radio bearing
deviation coefficients using the CRT screen and the OPERATING CHECK switch.
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1.5. Requirements Placed on the Installation, Alignment and Operation of Marine
Radio Direction Finders

A position is to be selected for the mounting of the antenna of a marine radio
direction finder which is the most remote location from the metal parts of the
vessel. Antennas for marine radio direction finders must be mounted as high

as possible above the hull of the ship and as far as possible from pipes, masts,
antennas and metal superstructures.

At medium wavelengths, the hull of the ship usually exerts the greatest influence
- on the amount of radio bearing deviation, while at short wavelengths, the masts,
B pipes and other antenna-like objects having a length of one-quarter or three-
quarter wavelengths of the target radio station or radio beacon have the greatest
influence.

Metal rigging within a radius of 9 m from the loop antenna is broken up into
unequal sections with lengths of from 2 to 6 m using insulators. In the case
where such segmentation is impossible, the rigging should be reliably grounded.

Having chosen several possible sites for the installation of the antenna system,
it is expedient to use a portable radio direction finder to study them and
select the position for which the radio deviation in the working frequency band
is the least.

At short wavelengths, clear-cut silence angles should be obtained for bearing
directions in all azimuths from 0° to 360° in an aural radio direction finder,
narrow image ellipses should be obtained in the visual dual channel radio
direction finder and clear-cut bearing readings should be obtained in other
radio direction finding systems.

The longitudinal frame of the direction finder is positioned in the midline
plane so that the engraving of the NOS [not further defined] is directed towards
the bow of the ship. The height of the whip or the vertical projection of the
slant antenna should run from 4 to 6 m. The distance between projections onto
the horizontal plane of the loop antenmna and the omnidirectional antenna should
not exceed 6 m, otherwise the quality of direction sensing is degraded in the
intermediate wavelength band. A spacing of the antennas is permitted in the
vertical plane within the limits of the difference of the feedline lengths from
the omnidirectional and loop antennas to the indicating receiver of no more

than 4 m.

An antenna amplifier is used where the length of the cable to the indicating
receiver unit is more than 8 m, regardless of the type of omnidirectional
antenna. An antenna box is used only in the case where an inclined beam antenna
is used with a feedline length of up to 8 m.

It is recommended that a receiver-indicator unit in a desk top design be set up
on a desk, while the console design is to be mounted in a navigator's console.
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- The ground terminal must be comnected to the hull of the vessel and the ground
buses of the shock absorbers. The power supply is installed in a vertical
position no further than 20 m from the receiver-indicator unit and is fastened
without shock absorbers. The signaling panel is to be placed in the radio room
in a vertical position, in a place convenient for actuation and observation.

After installing the radio direction finder, the insulation resistance of the

- antenna and feedline system is to be checked, the radio deviation is to be
determined and compensated and the correctness of the connection of the power
supply is to be checked and the unit is to be matched to the gyrocompass repeater.
The insulation resistance of the antenna and feedline system is checked with
a megnhmmeter with a test voltage of 500 volts. The loop RF feeders are dis-
connected from the receiver-indicator unit and the megohmmeter measures the
resistance between the center lead of the feedline and the chassis, which should
be no less than 20 MOhms. A drop in the insulation resistance down to 10 MOhms
is permitted at a temperature of 40° C and a humidity of 98%.

The correctness of the zero setting of the goniometer indicator is checked as
follows. The ends of the loops are disconnected or shorted in the junction box
and a bearing is taken on any radio station. When the relative radio bearing
is other than 0° or 180°, the goniometer axis is locked with the GONIOMETER
AXIS LOCK control, which is located under thas cover on the cabinet of the
goniometric receiver unit., The screw inserts are unscrewed with a special
wrench, the MINIMUM SET control and the top cover are removed. The fastening
screw is unscrewed and the azimuth pointer is set to 0° or 180°. After this,
the loops are reconnected.

The determination of the radio bearing deviation can be accomplished several
ways.

- 1. Using the radio transmitter of an auxiliary ship which makes a circle around
the RDF ship. In this case, the ship for which the radio deviation is being
determined remains in place. An auxiliary ship which continuously transmits
radio signals at the working frequency of a radio beacon makes a circle around
it at a range of 1.5 to 2 miles. At different relative bearings read out from
0° to 360° going clockwise, the relative radio bearing angles (RKU) from the
RDF and the relative bearings (KU) from the azimuth circle of the compass are
read out simultaneously at intervals of 10 to 15°. Then the value of the radio
deviation is calculated for all relative bearing angles using the following
formula:

f = KU - RKU [ =KY —PKY, (1.1)

the curve is plotted, and a radio deviation table is drawn up for the relative
radio bearings at intervals of 10 to 15°.

2. Using a shore radio transmitter or radio beacon.

In this case, the ship for which the radio deviation is being determined
approaches a shore radio transmitter (radio beacon) at a range of 1.5 to 2 miles
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and positions itself so that the radio wave intersects the shoreline at an

angle close to 90°. Then the ship makes a circle and does the same things as

in the first method. The radio deviation is a periodic function of the relative
radio bearing, and for this reason can be represented by a Fourier series:

[= A | Bsin(PKY) + C cos (PKY) -+ D sin 2 (PKY) 4
4- Ecos 2 (PKY) - . . . (1.2)

[PKY = relative radio bearing (RKU)].

The coefficient A is called the circular coefficient, the coefficients B and C
are the semicircular coefficients and D and E are the quadrantal coefficients
[quadrantal DF error]. The values of the radio deviation coefficients depend
on the type of secondary radiatcrs and their position relative to the loops of
the RDF. Metal structures, the vertical dimensions of which are considerably

- greater than the horizontal ones (masts, pipes, ship antennas) are called
antenna~like secondary radiators. Metal structures which take the form of a
closed resonant circuit for the induced current are called resonant circuit type
secondary radiators. Such resonant circuits can be produced by the parts of
metal rigging. The largest resonant circuit type radiator is the metal hull of
a ship.

The A coefficient appears when the bearing readout pointer is set incorrectly
and where resonant circuits are present, the planes of which do not coincide
- with the axis of the RDF loop.

The B coefficient is due to antenna-like secondary radiators located at the bow
of a ship (+B) or at the stern (-B).

The C coefficient is caused by antenna-like secondary radiators, located either
on the portside (+C) or to starboard (-C).

The D coefficient is caused by the ship's hull or by longitudinal and transverse
resonant circuit type secondary radiators.

The E coefficient is caused by resonant circuit type secondary radiators arranged
at an angle of 45° or 135° to the longitudinal axis.

Insulators are inserted to reduce the influence of secondary radiators in metal
rigging, or, on the other hand, a reliable contact is made between the metal
structures so as to eliminate the dependence of the level of the secondary
field on climatic conditions.

The quadrant radio deviation coefficients have the greatest values.

The quadrantal radio deviation coefficient D is compensated in the "Rybka" aural
radio direction finder in the first band in the following manner:

a) The value and sign of the radio deviation coefficient are determined;
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b) The cover on the cabinet is removed from the goniometric receiver;

¢) The DEVIATION COMPENSATION switch is set to the "+D2-8°", "+D8-20°", "-Dp2-3°"
or "-D8-20°" position depending on the sign and magnitude of the D coefficient
being compensated;

d) The locking screw is released and the adjusting screw of the variometer is
rotated until the azimuth pointer line is set opposite the division corresponding
to the value of the D coefficient being compensated;

e) The locking screw is clamped down and the cover of the case is closed.

The quadrantal radio deviation coefficient D is compensated in the "Rumb" visual
radio direction finder in the medium wavelength band as follows:

a) The value and sign of the radio deviation coefficient are determined;

b) The image on the CRT screen is made equal to 5 to 6 cm using the TRACE LINE
LENGTH control;

c) The double image is reduced to a line or an ellipse with a minor axis of
minimal length by means of the the BALANCE control;

d) The operating mode switch is set to the ''check" position;
e) The OPERATION CHECK switch is set to position "2";

f) The D coefficient compensation control is rotated so that the line or the
major axis of the ellipse on the screen of the CRT is set at a relative radio
bearing angle of 45° + D.

After compensating for the quadrantal radio deviation coefficient D, the residual
radio deviation is determined by the method treated earlier. The curve for the
residual radio deviation is drawn on a special company blank form and is used

for corrections during direction finding.

The power supply is turned on after checking the setting of the 220/127 volt
plug in accordance with the mains voltage. 1In the case where a direct current
main is used, the conformity of the type of voltage converter to the ship's
power mains is also checked. The plug on the power supply should be set for
127 volts. Prior to turning the direction finder on, the input voltage switch
on the power supply is set to the extreme left position, and after turning it
on, the nomimal voltage is selected.

To match to the gyrocompass repeater, it is necessary to open the cover of the
controls which are not used during normal operation, to cut off the power to the
selsyn by pressing the button and set the radio direction finder scale in
accordance with the gyrocompass readings by means of the existing control. With
an increase in the gyrocompass bearing angle, the scale of the radio direction
finders should rotate counter-clockwise.

Opposite rotation of the scale occurs because of the incorrect connection of
the two wires to the selsyn rotor winding. With correct matching, the error
in relative bearing angles from the radio bearing scale should not exceed + 0.5°.
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CHAPTER 2 PHASE RADIONAVIGATION SYSTEMS

2.1. The Classification and Specific Features of Marine Phase Radionavigation
Systems

Marine phase radionavigation systems are intended for determining a ship's
position at sea. The phase radionavigation systems used in the merchant marine
are difference range finding systems which measure the phase difference (the
difference in the ranges) of the signals from shore transmitting stations
operating in a CW mode. Phase radionavigation systems are broken down into
frequency gating ('"Pirs-1", "Decca") navigation systems and time gating (''Omega')
radionavigation systems according to the manner of segregating the radio signals
in the received channels of the shipboard indicator.

The "Decca'" Phase Radionavigation System. The '"Decca" radionavigation system
is intended for determining a ship's position (lines of position) by means of
measuring the difference in the ranges to shore transmitting stations operating
in a CW mode using coherent electromagnetic oscillations (which are interrelated
by an integer ratio). The operation of the system ('Decca' is a frequency
gating navigation system) is based on the principle of measuring the phase
relationships of the radio signals received by the marine indicating receivers
in the long wave band of 85 to 135 KHz.

The shore stations (Figure 2.1) operate in a coordinated program, forming networks
in which four stations are usually incorporated: the master, VShCh, and three
slaved stations: VM1, VM2 and VM3.

Figure 2.1. On the determination of the lines of position of a ship
in the '"Decca" radionavigation system.

Key: 1. Slaved station 3 (violet), 5f;
2. Line of position 2;
3. Line of position 1;
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Key [cont.]: 4. Slaved station 1 (red), 8f;
5. Slaved station 2 (green), 9f;
6. Master station, 6f.

The shore stations, using CW operation (without call-signs), transmit radio
signals at frequencies which are multiples of the base frequency of the network

= 2nf: 6f (master), 8f (slave 1), 9f (slave 2) and 5f (slave 3). For
convenience in identification, colors are assigned to the slaved stations (red,
greed, violet).

All-of the networks of the "Decca" radionavigation system (there are 49 networks
in service at the present time) have alphanumeric designations from zero to ten
and contain ten letters of the Latin alphabet in various combinations (for

- example, 3B, 6C, 10C, etc.).

If V is the propagation velocity of the electromagnetic oscillations (for the
"Decca" rad10nav1gat10n system, the computational velocity is equal to v =
299, 570 km - sec” ), then the distances r and r, from the master station and
slaved stations 1-3 to the ship C are determined by the time delays T = r/v
and 13 = ry/v (1 = 1, 2, 3) of the received radio signals:

U
U

master - Ubiy= Upcos6Q (¢ —1);

UnM——" U"COSHQ(I_Tl)y (2.1)

slave =

where Uy and U, are the amplitudes of the radio sigrals received from the
master and slaved stations; n is a coefficient which applies to the slaved
stations and takes on values of 8, 9 and 5.

The transmission of the radio signals by the slaved stations is matched to the
transmission of the radio signals by the master station. For simplicity in
the discussions, we shall not consider the time delay in the transmission of
the slaved station (baseline delay) with respect to the master station which
occurs in this case, since the latter is taken into account in the design of
the grid of isolines of the '"Decca" radionavigation system which are plotted
on the charts.

The received signals (2.1) in the shipboard indicating receiver are amplified
and reduced to a single comparison frequency MQ by means of multiplication by
the coefficients M/6 and M/n, where the quantity M is the least dividend for
6 and n. Since n takes on values of 8, 9 and 5 for the slaved stations, then
we have M equal to 24, 18 and 30 for the three pairs of stations (master and
slave station 1, master and slave station 2, master and slave station 3).

Consequently, the signals (2.1), which are equated in amplitude and reduced to
a single comparison frequency, assume the form:

U - UB||L='U0COSA1Q (1 —‘%);
master

U

(2.2)
Unm = Uqg cos M2 (l w%) .

slave
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where M sequentially takes on the values indicated above for the selected pairs
of master and slaved stationms.

The phase difference ¢ of the received radio signals (2.2) is measured in the
phase detectors (FD) in a marine indicating receiver:

r—r¢

\;;=‘MQ(1—L"‘—)—-MQ(t-——%—)=M'ﬂ———;—-- (2.3)

Thus, the differences in the ranges r — rj between the ship C and the master
and slaved stations or the lines of position, LP's, which are hyperbolas, at
the intersection of which the ship is positioned, are determined in this case.

The phase measurement process for Y is ambiguous, since only the fractiomal
portion of the total cycle of change in the voltages (2.2) is determined in
this case. For this reason, one must use the following instead of equation
(2.3):
2n
Y=2aN 4+ —(r—r),
Anm (2.4)

where N is an unknown number of total cycles of change in the voltages (2.2),
determined in the process of eliminating the ambiguity (UM); Ay is the compari-
son wavelength defined by the equality Ay = vIy.

What has been said can be illustrated by means of Figure 2.2. For the ships
Cl and C2, which are located on line of position LP1 (a hyperbola), the measured
phase difference is ¢ = 2r. For the ship C3 (LP 0), the phase difference is
y = 0. For ship C4, the phase meter readings yield the fractional portion of
the ‘-period 2m, to which one must add one complete cycle of the frequemcy (N = 1).

The shortest distance d between adjacent hyperbolas with phase meter readings
which differ by a complete period 2w is called the phase track width, while
the shortest distance b between the master and slaved stations is called the
baseline. The track width d is defined by the expression:

d==~_lmiv* .

2sm7 (2.5)

where vy is the angle between the directions from the ship to the master and
slaved stations. The least value of the track width occurs for a baseline of
(do = XM/Z).

’

Eliminating the multiple value ambiguity (UM) of the phase measurements of §
consists in determining the number of tracks (the number of complete cycles N).
The lines of position (position of the ship) are determined by adding the number
of complete cycles to the readings of the phase meters [see (2.4)].

The "Omega' Phase Radionavigation System. The "Omega" radionavigation system
is intended for determining a ship's position (lines of position) by means of
measuring the phase difference (range differences) to eight shore transmitting
stations operating in an established CW mode.

- 41 -

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500060001-9



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500060001-9

FOR OFFICIAL USE ONLY

=0 =2
g Lo The "Omega" radionavigation system

belongs to phase systems using time
gating of the radio signals and is
designed for determining the position
of a ship in practically all of the
navigating regions of the world. The
position of the shore transmitting
stations and the Latin indexes assigned
to each station are shown in Table 2.1.

The operational principle of the "Omega"
radionavigation system consists in
determining the lines of position of

a ship by means of measuring the phase
difference Y (the range difference ry -
rl) of the radio signals from two shore
stations by means of the shipboard
indicating receiver, and this regard,
is similar to the operation of the
""Decca" radionavigation system [see
(2.4)], where:

o

3)

am

(4)

Figure 2.2. On the determination of the
values of the phase differ-
ence ¥ as a function of a
ship's position.

Key: 1. Master station;
2. Slave station; W= 2aN -2 L2
3. Line of position 0; Am

4. Line of position I. To eliminate the ambiguity of the read-

out, it is necessary to determine the integer number of tracks N, for which a
special system operating mode is used.

TABLE 2.1.
Station Code Latitude Longitude
Crannun Hipexe InpoTa @ Naarora A
Letter

Hopaewekan (1) A 66° 25 i5°,0N 13° 09’ lO:.OOsl
Monpownsi (JInGepns) (2) B 6° 18’ 00",0N 10: 40: 00”,0W
anaiin C 21° 24’ 16",9N 157° 49 52',7W
Cenepuast Jlakota (4) D 46° 21’ 57",2N 98° 20° 08", 8W
o. Pewonbon E 20° 58" 26",5S RROT 24”,'2()51
/\plclrrullcx:m(6) F 43° 03’ 12”58 65° 11’ 27~,7W
Tpuminan(7) G 10° 42" 06",2N 61° 38 20°,3W
$I||n||cn:m(8) I 34° 36" 53",3N 129° 277 12" 50st

® Cranunst G Gyper samencna crananclt n Trxom oxeaite.

*Station G will be replaced with a station in the Pacific Ocean.

5. Reunion Island;
6. Argentina;

. 7. Trinidad;
8. Japan.

Key: 1. Norway;

2. Monrovia (Liberia);
3. Hawaii;
4, North Dakota;
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TABLE 2.2.
e e . (1) _
Hute Cpe, (2)
psan ficpegaun

Cranuns ua uacrove f= 10,2 ki’ | [IpoposkuTeantiocTs

Station B8 oanoM wunkac 10 ¢ nepeanaun, ¢
A (Hopnerus) (Norway) 0,0--0,9 0,9
B3 (JiuGepns) (Liber ia) b2, 1,0
C (Fanaiin) (Hawallt 2,3--3.4 1,1
D (Cenepuast Jlakora) (North Dak.) 3.6 4.8 1,2
E (0. Peiomon) (Reunion Is. 5,0--6,1 i
F (ApresTina) (Argentina) 6,3 7,2 0,9
G (Tpmimnan) (Trinidad) 7.4 8,6 1,2
11 (S{nonus) . 88 0.8 1,0

(Japan)

Key: 1. Transmission interval at the frequency f = 10.2 KHz in 1 cycle of
10 seconds;
2. Duration of the transmission in seconds.

The radio signals are transmitted by the shore stations at frequencies of 10.2
KHz (9f), 11.33 KHz (10f) and 13.6 KHz (12f), which are multiples of the base
frequency 1f = 1.133 KHz, i.e., in the infra-low frequency band (ILF).

The identification of the received signals in the shipboard indicating receiver
is accomplished through the permanently established time pattern for their
transmission by the shore stations, depicted in Figure 2.3. As can be seen
from this figure, the time intervals for the transmissions of the stations
(Table 2.2) have a strictly defined duration and set sequence, which makes it
possible to establish precisely from which station the signals are incoming

at the given point in time to the input of the shipboard indicating receiver.

The phase difference measurements are made at the single frequency of 10.2 KHz
(the "navigation" mode), while the 11.33 and 13.6 KHz frequencies serve to
eliminate the ambiguity (the UM mode).

The synchronization of the operation of the shore transmitting stations of the
"Omega'" radionavigation system with the standard precision universal time
(Greenwich time) is accomplished through the use of high precision atomic
oscillators with a relative frequency instability of 10714, For this reason,
high stability crystal oscillators (the relative daily instability is 1078y,
- which are used in marine indicating receivers, are synchronized with the precise
time signals of the shore stations of the "Omega' radionavigation system,
which increases the reliability of the phase measurements and makes it possible
to obtain precise readouts of Greenwich time (the precision time measurement
mode) .

To transmit the special measurement signals, the shore stations transmit addi-
tional frequencies in intervals free of the major frequency transmissions (see
the hatch-marked portions of the diagram in Figure 2.3), which can be used in
the range finding mode to determine a ship's position (the operational mode
called "po-po").

[
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TABLE 2.3.
Radionavigdtion Frequencyscrora o
Sys on eno.nmomasuj)
HINYUCHHN (vcxeronux pacuyernan (Ga3uc- ccmypmq“ux naodas
(1) cTanux (2) nas) (TOIMBIX ROPOKEK)
of (Bl (red) 24 (Blll -— BM,)
b oJlerkan 8/ (BM, - Kpacnau){ I = 4,2 k't :I]gf $% gﬁ,g
9f (BM, -— 3cacnan)f green — a
"Decca" 5f (BM: — donc- 4.2 KH4
TOBAS) ( le) B = master
purp station
9f -- 10,2 xl'n .
«Oueras 10f 11,33 kl'n 1f = 1,133 kl'n 10,2 kI'n
""Omega" 12 - 136 xFn 1.133 KHz| B = slaved
- - station
¢ Jinn upnesmonnankatopa ellupe-is, .
| _._*Far_the "Pirs-1" Display Receiver
(5) Pexum YM *
llupuna d Tounoi
AOpOXKH na Gase,
‘4) MU ‘6) nepuas cTyneis (7) ATOpAR cTynenb
dy -+ 0,236 (437 m) dy - 0,713 manmiles
(1,32 kM)
- dy -2 0,316 (585 m) dy, -~ 0,634 mmnmiles d 507 M miles
(1,174 xm) {10,5 km)
dy = 0,189 (350 ) dy - 114 muan
(2,112 km)
d = 24 Muan d == 72 Mmuan
8,0 (nsm 3f = 3,4 k) (ana If ==_1,133 kg
(for 3f = 3.4 KHz | (for 1£=1.133 KHZ
Key: 1. Transmissions of the shore stations;
2. Computational (base) frequency;
3. Frequency determining the grid of precise isophases (precision tracks);
4. Width d of a precision track on the baseline, miles;
5. Ambiguity elimination mode®;
6. First stage;
7. Second stage.

Eliminating Multivalue Ambiguity in Phase Radionavigation Systems. Phase radio-
navigation systems using frequency or time gating (the "Decca' and "Omega"
radionavigation systems) have readout ambiguity in the readings of the phase
indicators. The UM mode - ambiguity elimination in the operztion of marine

indicating receivers - is used to eliminate this. In this mode, the phase

measurements of the radio signals of the shore stations are made at lower fre-
quencies than the major frequencies used for determining the lines of position
of a ship.
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Figure 2.3. Time diagram of the radio signal transmission cycle
by the shore stations of the '""Omega" radionavigation
system.

In the "Omega" radionavigation system, the shore stations transmit additional
frequencies of 11.33 and 13.6 KHz for the ambiguity elimination mode besides
the main frequency of 10.2 KHz, Phase measurements are made in this mode in
a marine indicating receiver either at the difference frequency of 3.4 KHz
(the first ambiguity elimination stage), formed by the difference between

the 13.6 and 10.2 KHz frequency, or at a frequency of 1.133 KHz (the second
ambiguity elimination mode), formed by the difference between the 11.3 KHz
frequency and the main 10.2 KHz frequency.

The readouts recorded in this case from the indicators show the measured phase
difference Yy (the difference in the ranges to the shore stations), just as
for the main navigation frequency of 10.2 KHz (see Figure 2.2). The difference
consists in the fact that during phase measurements at lower frequencies (3.4
or 1.13 KHz), the width of the tracks d ("coarse" tracks) is several times
greater than the width of the precision tracks formed during measurements at
the main frequency of 10.2 KHz. Values of the track widths of phase radio-
navigation systems are given in Table 2.3 for measurements at different fre-
quencies. The fact is that during phase measurements in the ambiguity elimina-
tion mode at the 3.4 KHz frequency, the width of the coarse track at the base
is equal to 24 miles, i.e., is three times greater than the width of the pre-
cision track of d = 8 miles.

To eliminate the ambiguity (determine the number N of the precision track when
using charts with the isophase grid drawn on them), one works from the pre-
supposition that the ship's location is known from other navigational determin-

ations with a precision of no less than 12 miles (half the width of the coarse
track), and for this reason, the number of the coarse track is known beforehand.
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Consequently, in the case of phase measurements using the "Omega'" radionavigation
system indicating receiver at a frequency of 3.4 KHz, the fractional part of
the coarse track width is determined which is applied to the chart taking
into account the requisite corrections, laying off the distance from the known
- isophase line of the coarse track. In this way the number of the precision
track is determined which corresponds to measurements at the main frequency
of 10.2 KHz and the ambiguity is eliminated.

Ambiguity elimination can also be accomplished by a closure technique where
the ship's position is known sufficiently precisely from navigational determin-
ations or the coordinates of the location when leaving port are known, etc.

The ambiguity is eliminated in basically the same way in the "Decca" radio-
navigation system indicating receivers where the phase measurements are performed
at a frequency of 1f = 14.2 KH-.

2.2. The "Pirs-1D" Marine Indicating Receiver

The "Pirs-1D" marine indicating receiver is intended for determining a ship's
position at sea using the radio signals of the '"Decca' phase radionavigation

system.

The major technical specification for the indicating receiver are given below:

Supply voltage, volts 127 or 220 volts AC
Power mains frequency, Hz 50

Power consumption, V - A 400

Maximum temperature range, °C from -10 to +50
Humidity range, 7 95 - 98

Type of antenna Vertical
Antenna height, m >4

Number of working frequencies 63

Diurnal stability of the crystal oscillator (2--3) - 10~7
Number of received channels 5

Band of frequencies which can be received, KHz 70--130

Overall weight, kg 80.5

- Operational Principle of the "Pirs-1D" Indicating Receiver. The "Pirs-1D"
marine indicating receiver has increased interference immunity and operational
reliability thanks to the use of a highly stable crystal master oscillator,

0G, in the instrument as well as narrow band crystal filters in the measurement
channels.

Electromechanical compensation-tracking systems are used in the indicating
receiver, the elevated inertia of which as compared to the interference which
changes rapidly with time which accompanies the signals received from the

master and slave stations, assures low frequency filtering of possible errors
in the phase measurements.
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A measurement principle which is different from that of the foreign '"Decca"
radionavigation system indicating receivers is used in the "Pirs-1D" instrument,
where this principle consists in reducing the radio signals from the master
station at a frequency of 6f to frequencies of 8f, 9f and 5f of the slave
stations and then measuring the phase difference ¥ due to this at the nf
frequencies of the slave statiomns.

A block diagram of the "Pirs-1D" indicating receiver is depicted in Figure 2.4.

The Synchronization Channel. The master oscillator, 0G, which is installed in
a thermostatically controlled chamber, generates a highly stable reference
voltage at 6Fp, which is fed in the synchronization channel to the FAPCh

[phase locked loop, PLL] - a system for automatically fine tuning the phase

and frequency of the reference voltage 6Fj to the phase and frequency of the
radio signals from the master station. On the other hand, the radio signals

of the master station at 6f received by the ship's antenna A are fed following
preamplification in the RF amplifier to the mixer Sm, where the intermediate
frequency 6F is segregated out. The synchronization channel and measurement
channels of the indicating receiver are tuned to constant intermediate fre-
quencies of 100, 133.3, .150 and 83.3 KHz. This is achieved through the use

of a heterodyne frequency oscillator G, which generates a highly stable voltage
at one of 63 frequencies (6A), which are linearly related to the transmission
frequency of the master station of the selected network of the 'Decca" radio-
navigation system. The noise immunity during reception is also boosted through
the use of narrow band crystal filters which are tuned to the intermediate
frequency.

The following voltage is fed to the input of the phase locked loop system
following the mixer, crystal filter and intermediate frequency amplifier, the
UPCh: _
Usp = Uycos (6(.)!-]—69 —;—)
' \ (2.6)

where 6w corresponds to the intermediate frequency of 6F while 6Q (r/v) is
the phase shifts produced as a result of the time delay t during the trans-
mission of the radio signals from the master station to the ship [see (2.1)].

The master station signals 6f received on the ship can be considerably influenced
by interference of various kinds (for example, atmospherics, etc.), which are

of a random nature. A certain portion of this interference can pass through

the 6F crystal filter. For this reason, the continuous fine tuning of the fre-
quency and phase of the reference voltage at 6Fy from the highly stable master
oscillator OG to the phase and frequency of the 6F voltage from the master
station has the advantage that by virtue of the considerable inertia in the
elements of the PLL tuning system, the latter practically does not respond to
rapid random changes (as a result of the action of interference) in the received
signals. Along with this, the reference voltage 6Fp, which is tuned to the
phase and frequency of the 6F signals from the master station will not contain
this random interference and is subsequently used for the phase measurements.
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Key [cont.]: 5. Master oscillator;
- 6. Oscillator;

7. FvK [?channel phase shifter?];
8. FDG [?oscillator phase detector?];
9. Phase detector 6;

10. Phase detector 8;

11. Motor;

12. SmG [?local oscillator mixer?];

13. Reduction gearing;

14. SFPS [not further defined];

15. FVPS [not further defined].

The 6Fy voltage from the PLL passes through the divider D:6, where the ambiguity
which occurs in the value of the phase during division is eliminated by a
special discrete phase shifter, DF.

The Mair Channel. The main channel of the indicating receiver is intended for
fine tuning the phase of the reference frequency 1F; to the phase of the master
station signal 6f. The operation of this channel increases the reliability of
all of the phase measurements, since the reference voltage at 1Fy which is fed
from the PLL circuitry through the master phase shifter unit, the BVF, the
divider D:6 and the DF discrete phase shifter is then used in all operating
modes of the instrument both as the original master voltage which "remembers"
the phase of the master station, the VShCh. ‘

The main channel unit is similar to the synchronization channel unit. At the
output of this channel, the intermediate frequency 6F is fed to the phase
detector FD6, to which the master voltage 6Fy is also fed which is obtained
by multiplying the reference voltage 1Fg by six. Where there is a phase
difference yy between the voltages cited here, the compensation-tracking sys-
tem fine tunes the phase of the 6Fy voltage (and consequently also the phase
of the 1Fy voltage) to the phase of the 6F voltage of the master station.

The reference voltage 1Fg, which is tuned in the main channel to the master
station phase, has the form:

Usr = { _r_
1Fy ocos(ml-‘-n u)' (2.7)

The Phase Difference Measurement Channels. The "Pirs-1D" indicating receiver
is designed to determine a ship's position (lines of position) by means of
finding the phase differences ¢j, ¥ and ¢3 for the master and slaved station
signals in all three measurement channels (red, green and violet). The pro-
cesses which take place in this case are similar. For this reason, we shall
consider only the operation of channel I: the red channel.

The radio signals received by antenna A from slave station 1 [see (2.1)] are:

Ugy= U..cosSQ(l ~.’_l_)
v
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and following preamplification in the RF amplifier are fed to the mixer, where
they are mixed with the frequency 84 of the local oscillator. The 8F intermediate
frequency is fed to phase detector FD8 after passing through the crystal filter
and the IF amplifier, the UPCh:

Unpzl/oCOS(BO)l-FSQ-g'). (2.8)

On the other hand, the voltage 1Fy [see (2.7)1, which is fine tuned to the
phase of the master station, is fed to the Yx8 multiplier:

U,,po=UoCOS(8M+3Q-:T)- (2.9)

Reference voltage (2.9) is also fed to the red channel phase detector FD8. The
compensation-tracking system measures the phase difference ¥Y1. In accordance
with equations (2.8) and (2.9), this phase difference is equal to:

r—ry

h=8R 1, (2.10)

which makes it possible to find one line of position for a ship.

The measurements of the phase differences Y2 and Y3 in the green and violet
channels are made just as was explained above for the red channel.

The Measurement of the Phase Difference y by the Compensation-Tracking System.
Measurements of the phase differences y between the master and the slave stations
are made in the measurement channels of the "Pirs~1D" indicating receiver.
Compensation-tracking systems are used for this purpose (Figure 2.5), which
consist of phase shifters, phase detectors, motors and precise indicators

(phase meters). The tracking systems in the measurement channels are distin-
guished only by the use of reducers with different transmission ratios, and

for this reason, it is sufficient to treat the operation of such a system for
only 1 (the red) channel.

The reference voltage 1Fg is fed to the times eight multiplier, Yx8, and then
the 8Fy) voltage is fed through the phase shifter Fv8 to phase detector FD8. The
mismatch voltage which is proportional to the phase difference ¥, between the
8Fy voltage (tuned to the phase of the master station) and the 8F voltage
(having the phase of the signals from slaved station 1) is produced in this
detector. This mismatch voltage is fed from phase detector FD8 to the motor

M, which turns phase shifter Fv8 through the reducers as well as the pointers
(large and small) of the precise red indicator, the TIK.

The phase shifter Fv8 changes the phase of the 8Fj voltage until the mismatch
in phase detector FD8 is compensated. The readout is made from the TIK precise
indicator, where the large pointer indicates the fractional portion while the

small pointer indicates the whole number of periods (tracks) of the measured
phase difference ¥ [see (2.10)].
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Figure 2.5. The compensation-tracking system for phase measurements
("Pirs-1D").

Key: 1. Phase detectcr 8;
2. Phase shifter 8;

3. Motor;

4. Reducer;

5. Step~up gearing (x3);
6. x8 multiplier.

Thus, to determine a ship's position (lines of position), measurements of the
phase differences {¥;, J, and Y3 are made in the three measurement channels.
These measurements are made at frequencies of 80, 9Q and 5Q [see (2.10)]}. In
order to have the capability of utilizing navigation charts with the '"Decca"
radionavigation system hyperbola grids drawn on them, it is necessary to convert
the readouts of Yy, ¥, and Y3 to the readings of the "Decca" radionavigation
system indicating receivers which measure the phase differences at the compari-
son frequencies of MQ = 24Q, 18Q and 30Q [see (2.2)]. For this purpose, the
readouts of the phase differences {3, ¥» and y3 in the "Pirs-1D" are transmitted
to the large pointers through the step-up gearing (by factors of 3, 2 and 6
times in channels I, II and III respectively) (8Q - 3, 92 ¢ 2 and 50 - 6),

while they are transmitted to the small pointers, which calculate the whole
number of periods N (tracks) through step-down reducers (by factors of 8, 9

and 5 times). '

Consequently, the rotation angles of the small pointers of the TIK [precision
red indicator], TIZ [precision green indicator] and TIF [precision violet
indicator] are M times less (24, 18, 30) than the rotation angles of the
large pointers and one revolution of the small pointers corresponds to M
revolutions of the large pointers, i.e., contains 24, 18 or 30 tracks (one
revolution of the large pointer corresponds to a phase difference change of
2r: by one track).

The track zone in the "Decca" radionavigation system is the term for the
number of tracks in one revolution of the small pointer. Thus, for the TIK
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precise red channel indicator, 24 tracks are contained in the track zone, etc.
An additional internal scale with 10 Latin letters A, B,C,D,E, F, G, H, I
and J is used to identify the zones (see Figure 2.5), to which the small
pointer of the precision red indicator is coupled through a step-down 1:10

reducer.
- 12 volts
_'fzb
(1 P ey (2)
y8y3
a1
048

128 2
- +12 volts
(4
pg-07 \’
416U (12 )
6F, 1,
2 ol S o o
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Figure 2.6. Basic electrical schematic of the phase difference o
measurement circuitry in the "Pirs-1D" indicating

receiver.

Key: 1. RF amplifier 3; 11. Tachometric feedback;
2. RF amplifier 2; 12. Low frequency amplifier;
3. Phase shifter 8; 13. Output low frequency
4. Emitter follower 2; amplifier;

5. RF amplifier 1; 14. Tachogenerator;

6. Discrete phase shifter; 15. DG 0.5 electric motor;
7. Divide by 6; 16. Reducer.

8. Divide by 40;

9. Modulator;
10. Emitter follower 3;

- 53 -

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500060001-9



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500060001-9

FUK UFFICIAL UdE UNLY

For convenience in identifying the readings taken from the precise indicators,
the scale divisions for the small pointers of the red channel are graduated
from 1 to 23 (24 divisions, including the 0 graduation); the green channel
is graduated from 30 to 47 (18 divisions, including the 30 graduation); and
the violet channel is graduated from 50 to 79 (30 divisions, including the

- 50 graduation). The stable positions of the phase shifters to which the small
pointers must be set in the "yero set” mode are indicated by large numbers on
these scales (for example, the numbers 3, 6, 9, 12, 15, 18 and 21 in Figure
2.5).

A basic electrical schematic of the phase difference ¥ measurement circuitry of
the "Pirs-1D" indicating receiver is shown in Figure 2.6. The reference voltage
8F(, which is obtained by multiplying 1Fg by 8, is fed to the stator windings

of the phase shifter Fv8 (a BIF 0.19 type). Voltages are induced in the

rotor windings of Fv8 which are proportional to the sine and cosine of the

rotor rotation angle., After summing in a quadrature circuit consisting of
resistors Rj-R3 and capacitor C1, the voltage 8Fy is phase shifted through an
angle which depends on the rotor rotation angle. The 8Fy voltage then passes
from phase shifter Fv8 through the emitter followers EP1, EP2, RF amplifiers

1 and 2 and is fed to phase detector FD8.

On the other hand, the 8F voltage from the slave station 1, VM1, is fed to

this same phase shifter following amplification in RF amplifier 3. Phase
detector FD8 is a summing bridge configuration, and for this reason, taking
into account the action of diodes D1 and D2, we obtain a DC mismatch voltage
across capacitor Cy which is proportional to the phase difference y; between
the voltages 8F and 8Fy. The mismatch voltage is fed from capacitor Cy through
protective relay RV-0.7 to the modulator MOD, where it is modulated with a
frequency of 416 Hz, obtained by dividing the reference 1F( voltage by 40.

The mismatch voltage is fed from the low frequency output amplifier, UNChvykh,
to the control winding 1-2 of motor DG 0.5 after passing through emitter
follower EP3 and several low frequency amplifiers, UNCh's. This motor rotates
phase shifter Fv8 through the reducer R until the mismatch voltage is cancelled.
At the same time, the motor rotates the rotor of the tachogenerator TkhG,

which generates a negative feedback voltage which is applied to the low fre-
quency amplifier to stabilize the operation of the DG 0.5 motor. We will note
that relay RV-0.7 actuates in the ambiguity elimination mode (UM) and discon-
nects the modulator, MOD, from the circuit of phase detector FD8, so as not

to introduce errors into the readings of the precise indicators.

Eliminating Ambiguity in the "pirs—1D" Indicating Receivers. The phase measure-
ments of ¢ [see (2.4)] have an ambiguity of 2nN, where N is the number of
complete periods (tracks) determined in the ambiguity elimination mode. The
identification of the track number N comsists in finding the correct readout
using the small pointers of the precise indicators. An additional indicator
(phase meter) GI is used for this in the "Pirs-1D" indicating receiver (see
Figure 2.4), where this meter is also called the "coarse" track indicator,

which makes phase measurements only at the frequency 1F (or 1f).
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The master and slaved shore stations of the "Decca" radionavigation system
transmit radio signals in accordance with the special MP [multipulse] or MP + V
time diagram for the ambiguity elimination mode.

The time pattern for the MP + V transmissions of '"Decca' radionavigation system
shore stations (the mixed transmission cycle) is shown in Figure 2.7. The
transmission cycle begins at the outset of each minute with a short interruption
in the transmission of the master station (depicted in the figure with a thick
line), after which, the master station transmits signals simultaneously on
frequencies of 5f and 6f for 0.45 sec (from 0.15 to 0.6 sec), while the first
slave station 1 (red) transmits on frequencies of 8f and 9f. Then the second
pause in the transmission of the master station follows in the 10th second,
after which this station transmits signals on four frequencies (5f, 6f, 8f and
9f) for 0.45 sec (from 10.15 to 10.6 sec).

Then follows the third brief interruption in the transmission of the master
station, and the first slave station 1 (red) transmits signals at frequencies

of 5f, 6f, 8f, and 9f for 0.45 sec (from 12.65 to 13.1 sec). The master station
does not operate during this time interval. Then, as can be seen from the

time pattern for master station transmissions, depicted in the figure with

the thick line, there follows a fourth pause in the operation of the master
station, and the second slave station 2 (green) transmits at four frequencies
(5f, 6f, 8f, and 9f) between 15.15 and 15.6 sec (for 0.45 sec), while the master
station does not operate during this period.

The fifth interruption in master station transmissions occurs prior to the
transmission of the 5f, 6f, 8f and 9f ambiguity resolution signals by the
third slaved station 3 (violet), which follow from 17.65 to 18.1 sec (for 0.45
sec). In this time interval, the master station also does not operate.

After 20 seconds have elapsed following the short term interruption in trans-
missions, the master station transmits frequencies of 5f and 6f in the time
interval from 20.15 to 20.6 sec (for 0.5 sec) and simultaneously with it, the
second slaved station 2 (green) transmits frequencies of 8f and 9f.

A similar phenomenon occurs after 40 seconds have elapsed, with the only differ-
ence that simultaneously with the master station which transmits signals at
frequencies of 5f and 6f, no longer the second slave station transmits the
signals at frequencies of 8f and 9f, but rather the third slave station 3
(violet).

It is important to note that the transmission cycles for the ambiguity
resolution signals by the shore stations of the '"Decca'" radionavigation system
are of a symmetrical uniform nature and take place both with a repetition
period of one minute (this cycle is conventionally designated with the letter
V) and with a repetition period of 20 seconds (the multipulse, MP, transmission
cycle). The essence of the more reliable technique of ambiguity resolution,

- UM, by means of using the multipulse mode consists in the fact that in marine
indicating receivers using this mode (the "Pirs-IM", etc.), the 1f signals

-~ 85 -

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500060001-9



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500060001-9

FOR OFFICIAL USE ONLY

*9powWl UOTJIBUTWITD
A3Tn8Tque oay3l ur waisLs uorlel3rasuorpeI ,BII9(Q,, °4Yl JO
SUOTIEB]S 9I0US Y3l JO UOTSSTWSURI] A+JW 943l JO wexSelp awr] */*¢ 2an?rg

038 5.4 2590 2593 09S ugHY 20457
el hemesey jowesss b : T ——— R — ———
£ Wi mg W) #6
b - e i adl
icxg iZwe] bWE | me ows| | 28
Yyg W] W I1mg wluw +9
IyXe EWE| g _sm me #5
— — 1
' I’ ¢ ¢ P nt < Y ¢ ¥ Q. 4 2¢
099 185 5946 §'5 616 vec 6926 905 ¢ spuosas 3 :w.& 0 2
L ] 1B IR L .l. . s
W o ' g
c Y A . N sl | #0
ewg el g g el 6
o] ] g g mg 29
kg WG iWg| me _ mg +5
'
Jth o i'er s9er 9%r s u%er S92 808 sube Spuoo9s msw&%.ﬁ 27
[ - ] N N S Doy I —— S ——————— — o] gm.
r
m g W] WG me pus| | 46
._ g ZAE |18 mg g #6
kg W] asd mg uoTIBIS IAPIS = WE mg #9
| lewg Euwe) g mg uot3lel§ I193SBY = ME me #
i — — 1
1
Lq.ww Jes 6941 g6 st Vs 58's £ 60 56060 o1

<

*09s 3

- 56 -~

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP382-00850R000500060001-9



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500060001-9

FOR OFFICIAL USE ONLY

are scgregated from the sum of all four frequencies (5f, 6f, 8f and 9f) trans-
mitted simultaneously for 0.45 sec by each station in the network. The V and
MP cycles are easily distinguished in Figure 2.7, since the time intervals of
station operation in the V mode are depicted in the left half of the figure,
while the multipulse mode is shown in the right half.

The V transmission cycle is used in old models of indicating receivers and
- makes it possible to resolve the ambiguity once per minute. When the MP trans-
mission cycle is employed, the ambiguity is resolved for each pair of stations
- three times per minute.

The ambiguity resolution process consists of two stages (see Figure 2.4).

The first ambiguity resolution step consists in accounting for the additional
phase shift introduced into the 1F reference voltage when the master oscillator
0G voltage at 6Fy is divided by 6, where this oscillator is designed in a

phased lock loop configuration in each synchronization channel to fine tune

to the phase and frequency of the master station. This additional phase shift
will be a multiple of 60° and is determined by the quantity z(2w/6), where

z is an unknown integer, which can assume values from zero to five (z = 0, 1,

2, 3, 4, 5). To eliminate the ambiguity in the division and reduce the number

z to zero, the master station signals at frequencies of 5f and 6f are used

in the transmission cycle for the ambiguity resolution signals (see Figure 2.7).

These signals which are received by the antenna of the ship's indicating
receiver (see Figure 2.4), following conversions in the main and violet channels,
are fed to the mixer SmG following the intermediate frequency amplifier; the

1F difference frequency voltage is generated in the mixer. The 1F voltage is
then fed to the phase detector FDG of the compensation-tracking system, to

which the reference voltage 1Fy is also fed, which contains, as was indicated
above, the phase shift of z(2n/6) from the multivalued ambiguity of the divi-
sion of the phase of the reference voltage 6Fgp by 6.

The phase metering device YTy measures the phase shift z(2w/6) or the difference
voltages 1F and 1F;, and the readout on the white scale of the GI [coarse track
indicator] will not be equal to zero. This scale is graduated in numbers z

from zero to five. By rotating the DIVISION AMBIGUITY control clockwise, which
has six positions, and the discrete phase shifter DF coupled to it, the phase

of the reference voltage 1Fy is changed in portions which are multiples of

60° until the complete compensation for the phase shift z(27/6). The reading

of the white scale division of the coarse track indicator in this case will

be equal to zero, and the first stage in the resolution of the ambiguity is
completed.

The second stage of ambiguity resolutions [see (2.4)] consists in determining
the track number from the precise indicators, i.e., the number 27N of the
total cycles of measuring the phase difference y. The 8f and 9f signals trans-

mitted simultaneously for 0.45 sec by each slave station are used for this (see
Figures 2.4 and 2.7).
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Thus, the 8f and 9f signals of slave station 1 are used when resolving the

ambiy ity for the red indicator, the TIK [precise red indicator]. These signals
will be picked up by the antenna, and after undergoing conversion in the red

and green channels by means of frequency gating, they are fed to mixer SmG. The
difference frequency 1F is scgregated in the mixer SmG, where this frequency

has a phase shift corresponding to the time delay rl/v with the passage of the
radio signals over the distance ry from slave station 1 to the ship. The voltage
1F is fed to the phase detector FDG. On the other hand, the reference voltage
1F5, which is tuned to the phase and frequency of the master station, is also

feg to phase detector FDG. The compensation-tracking system, the action of

which is similar to that which was described above, measures the phase difference
¥Ty in the voltages 1F and 1F;, and a readout appears on the red scale of the
coarse track indicator, the GI, which corresponds to this phase difference. It
is important to note that the measurement of the phase difference yTI', is
accomplished at the base frequency 1F (1f), and therefore [see (2.4)%:

\|»r2=2nN,-}-2n~'—l}‘_—r-, (2.11)

where A is the wavelength correponding to the base frequency 1f = 14.2 KHz;

- N; is the unknown number of complete cycles of change in the phase difference
sz. The measured phase difference 129 likewise has an ambiguity of 27N;. The
hyperbolic grid of isolines plotted using formula (2.11) forms the so-called
"coarse" tracks, the width of which is several times greater than the width
of the precision tracks (see Table 2.3). Given the condition that the ship's
position at sea is known with an error of no more than three miles, i.e. with
a greater precision than half of the width of a coarse track, for which the’
reckoning or determination of the position by other navigation instruments is
used, the number Ny of the coarse track will be known beforehand. For this
reason, the reading taken from the red scale of the coarse track indicator
makes it possible to find the number N of the precision track. For this, the
small pointer of the TIK precision indicator (red channel indicator) is set
in accordance with the reading of the red scale of the GI [coarse track indi-
cator] and the ambiguity in the phase measurements of ¢; is thereby eliminated,

Similar operations must also be carried out to eliminate the ambiguity in the
readings of the precise indicators for the green and violet channels. For

this, the green and violet scale readings of the coarse track indicator are

set on the TIZ and TIF [green and violet precision indicators] (in the green

and violet channels), by turning the small pointers of these indicators manually
to the corresponding divisions. After setting the small pointers of the pre-
cision indicators, the ambiguity resolution is considered completed.

Eliminating the Phase Shifts Produced in the Measurement Circuits of the 'Pirs-
1D" Indicating Receiver (Zero Setting). In the "zero set" mode, possible
undesirable phase shifts in the signals of the master and slave stations are
eliminated in the measurement channels of the indicating receiver. A special
SFPS circuit (see Figure 2.4) generates test signals (called pilot signals)

in the form of a train of short pulses with a repetition rate of 1f, which

are fed to the measurement channels in the "Pirs-1D" receiver. If during the
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passage of the 1f signals voltages appear by virtue of the properties and
engineering features of the electronic circuits used in the instrument, where
these voltage give evidence of the appearance of phase differences, then the
readings of the precision and coarse indicators are corrected.

The processes which take place in the indicating receiver in the ''zero set' mode
are conveniently broken down into three steps.

The first step in the process consists in tuning the phase of the pilot signals
to the phase of the master station signals at the output of the main channel.
As can be seen from Figure 2.4, in the "zero set" position of the operating
mode switch, the pilot signals at 1f from the SFPS [pilot signal generating]
circuitry are fed through the RF amplifier to the circuitry of the main channel.
Because of the presence of narrow band filters in this channel, the 6f frequen-
cies are segregated from the 1f frequencies, where the former have the appro-
priate phase. The 6f signals are fed tothe mixer Sm, where they are mixed with
the 6A frequency of the local oscillator and are then fed through the crystal
filter and the intermediate frequency amplifier to the main channel phase
detector FD6.

On the other hand, because of the action of the synchronization channel and the
- FAPCh system [phase locked loop frequency and phase control system], the 6Fj

(1Fy) reference voltage is fed to this phase detector FD6, where this voltage

is tuned to the phase and frequency of the master station. The mismatch vol-

tage corresponding to the phase difference between 6F (1f) and 6F (1F0) '

is fed from phase detector FD6 to motor M of the compensation-tracking system,

which rotates the pilot signal phase shifter FvPS until this phase difference

is equal to zero. The tuning of the 1f pilot signal phase to the phase of

the master station signals (the phase of the 1F; reference voltage signals)

is accomplished in this way.

The second stage of the process in the "Pirs-1D" indicating receiver in the
"zero set" mode consists in taking into account possible additional phase
shifts in the measurement channels and eliminating possible errors in the
readings of the precision track indicators. In this case, the 1f signals,
which are tuned to the phase of the reference voltage 1F0 signals, are fed
from the pilot signal generator through the RF amplifier to the measurement
channels (red, green, violet). Because of the presence of narrow band filters
in these channels, the 8f, 9f and 5f harmonics are segregated from the 1f
signals, where the former have the same phase as the 1f signals. The segre-
gated signals then pass through the mixers Sm, the crystal filters, the inter-
mediate frequency amplifiers and are fed to the appropriate phase detectors.
On the other hand, the reference voltage 1Fy signals are fed to these same
phase detectors where these signals are tuned to the phase and frequency of
the master station. It is easy to see that the differences in the mismatch
voltages produced in the phase detectors correspond to possible phase shifts
in the 1f pilot signals because of their passage through the components of

the measurement channel circuits, and consequently, will be a source of errors
in the precise phase measurements. To take these errors into account, the

- 59 -

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500060001-9



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500060001-9

FOR OFFICIAL USE ONLY

¢xaryrTdue Aouenbaay Mo

¢ 12MOTTOT I9313TWY

f103TNPOR

*a9t3yTTdwe andiano Aousnbaiz moT ‘¢TI f1amOTT03 I9313TWY
fyognyo o13audewoilddTy 7T fHy AeTay

¢VJ9 ‘i1o3eTTIOSO a9@iaseR °TT $1030939p 9seyd
$1333TYs @seud QT $10309239p Snouoayduks

74 Ae1oy ‘6 fTouueyd UOTIBZTUOIYDUALS

« e e e e
— NG N0~

: L9
+19ATo091 SurleOTIPUT ,JT-SATd,, Y3 JO LIITNOATO
To13uco Louanboaxy pue aseyd OrjewoINE BY3 JO DTIBWAYDS DTSBY 8T 2an3td

ZH 91%
ova 9T

9 ()

- 60 -

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP382-00850R000500060001-9



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP382-00850R000500060001-9

FOR OFFICIAL USE ONLY

large pointers of the precision track indicators are set on the zero gradua-
tions, while the small pointers are set to any large division on the inside
scale.

The third step in the "zero set" process consists in taking into account possi-
ble errors due to supplemental phase shifts when the radio signals pass through
the measurement channels of the indicating receiver during phase measurements
with the "coarse" indicator, the GI. At first, the additional phase shift with
the passage of the pilot signals through the main and the violet channels is
taken into account. In this case, by pressing the ZERO I control, the 6F and
S5F (6f and 5f) are fed to the mixer SmG [coarse track indicator mixer] from

the main and violet channels, which produce the difference frequency 1F (1f).
The latter is fed to the FDG phase detector [coarse track phase detector], to
which the reference voltage 1Fy is also fed. With the appearance of an addi-
tional phase difference between the 1F and 1F voltages, the reading on the
white scale of the coarse indicator will differ from zero. A zero reading is
to be set on this scale using the ZERO I control.

Then the additional phase difference with passage of the 9F and 8F (9f and 8f)
pilot signals through the green and red measurement channels is taken into
account. By pressing the ZERO II control, the indicated frequencies are fed
to the SmG mixer, while their 1F difference frequency is fed to the FDG [coarse
track phase detector]. On the other hand, the 1F; reference voltage is fed
to this same phase detector, the FDG, through an additional phase corrector,
the FvK, which is inserted when the ZERO II control is pressed. With the
appearance of the phase difference between 1F and 1F;, a mismatch voltage is
produced in the coarse track phase detector and the white scale reading will

- not be equal to zero. This phase difference is taken into account by means of
the FvK phase shifter using the ZERO II control until the zero reading appears
on the white scale.

The FAPCh [Phase Locked Loop] System for Tuning the Phase and Frequency of the
6F; Reference Voltage to the Phase and Frequency of the 6F Voltage of the
Master Station, the VShCh. A two stage (primary and secondary) frequency
control system using a compensation-tracking system is employed in the "Pirs-
1D" indicating receiver in the FAPCh system, which consists of a master crystal
oscillator O0G (Figure 2.8), a phase shifter FAP, a motor M (a DG-05TA type)

and a variable capacitor C. After the instrument is turned on, a voltage of
-27 V is fed through contacts 3 and 4 of relay RZ to electromagnetic clutch

EM, which actuates, disconnecting the step-down 1/12 reducer from the motor

M, and the latter operates through the 1/100 step-down reducer (the broad
operating bandwidth of the FAPCh [PLL frequency and phase control]). Simultan-
eously, a voltage of 26 VAC at a frequency of 416 Hz is fed through contacts
2/5 and 8 and 9 of relay Rl to motor M. The latter starts to rotate and turns
the phase shifter FAP through the reducer, and couples the rotation through

the additional 40/1 step-down reducer to cams A and B of variable capacitor

C, returning it to the initial position. It is important to note that relay

Rl actuates only with the simultaneous closure of contacts 3 and 4, and 1

and 2, which contact cam B with a broad projecting lug and cam A with a

narrow tooth-like projection respectively, the position of which corresponds
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to the initial position of the capacitor C. With the actuation of relay R1,
capacitor C will be in the initial position, which also corresponds to the
first stage in the automatic frequency control of the phase locked loop system.

The actuation of relay Rl connects the windings of the motor M through contacts
1, 2, 5, and 4, and 7 and 8 to the output of the output amplifier. In this
case, the mismatch voltage between the reference 6F0 voltage fed from the
thermostatically controlled master oscillator OG through phase shifter FAP and
the emitter follower EP to the phase detector FD, and the 6F voltage of the
master station, which is also fed to the phase detector through the synchron-
ization channel, is fed from the low frequency output amplifier to the control
windings of the motor M. In the process of subsequent automatic frequency
control (the second stage), when the mismatch voltage appears in phase detector
FD, the motor M rotates the phase shifter FAP and the variable capacitor C
until the phase and frequency of the 6Fy voltage is completely synchronized
with the 6F voltage from the master station.

The second synchronization stage takes place within the range of rotation

of the capacitor C limited by the rotation of the cam with the broad lug.

When outside of this range, contacts 3 and 4 of relay Rl are open, relay Rl

is de-energized and the automatic frequency control process starts anew by
means of rotating capacitor C to the initial position, as was described above.
With the completion of the automatic frequency control and synchronization
process for the 6Fy and 6F voltages (the mismatch voltage from the phase
detector will be equal to zero in this case), the maximum voltage will be
picked off of the synchronous detector SD. This voltage is fed through the
breaking contacts 10 and 12 of relay R4 and the controller (modulator, emitter
follower, low frequency amplifier) to relay R2, which actuates, opening con-
tacts 3 and 4 in the power supply line for the electromagnetic clutch EM. The
motor M turns on to rotate the phase shifter FAP through the step-down 1/100
and 1/12 reducers with an overall transfer ratio of 1:1,200 (the narrow operat-
ing bandwidth of the PLL frequency and phase control). The PLL system shifts
from the search mode to the mode of tracking the phase and frequency of the
master station signals. In this case, the completion of the automatic fre-
quency and phase control synchronization process will be clearly seen from

the blinking light on the scales of the precision track indicators.

2.3. The "Pirs-1M" Marine Indicating Receiver

The modernized "Pirs—1M" marine indicating receiver differs in its structural
design from the "Pirs-1D" in the use of the MP [multipulse] mode in ambiguity
resolution (UM). The reliability of ambiguity resolution is increased in this
way, especially with an increase in the distance of the ship from the trans-
mitting stations of the selected network of the "Decca' radionavigation system.
A block diagram of the instrument is shown in Figure 2.9. 1In the multipulse
ambiguity elimination mode, each station in a network of the '"Decca'" radio-
navigation system transmits signals at frequencies of 6f, 8f, 9f, and 5f
simultaneously at intervals of 20 seconds (see Figure 2.7). By summing them,
one can segregate the fundamental frequency 1lf from which the number of

tracks N is identified.

- 62 -

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500060001-9



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500060001-9

FOR OFFICIAL USE ONLY

P

Antenna

- RF

LT

"operate"

(1)

HY/ib MP
2)

(11
wdﬂﬂ

Hyfb MP
(12)

-
1yny MP

( 19yE/70‘II(II

[}
H 1F,
OO r O — -7 -eH
- Padoma® Muoeoanaynocmb
,,Kﬂ(ﬂ/?l)l " o (7 )%III‘ ’,”O%I{L& ;E/Ié‘l/llﬂ , (93
Kz rai (6) ey

» Padoma* 64 THK
=S

(10)

22,

(23)

Figure 2.9. Block diagram of the "Pirs-1M" indicating receiver.

Key: 1. Synchronous detector 1;
2. Relay RV~0.7;
3. Motor M;
4. Phase shifter;
5. Master oscillator, 6Fg;
6. "Zero set";
7. FVPS = pilot signal phase
shifter;
8. Phase detector;
9. Ambiguity division;
10. TIK = red channel pre-
cise track indicator;
11. Varicap multipulse
phase shifter;
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FDG = coarse track phase
detector;

TIZ = green channel pre-
cise track indicator;
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Key [cont.]: 23. TIF = violet channel precise
track indicator.

The signals cited here are picked off from the secondary windings of transformers
Trl1--Tr4 inserted in the circuits of all of the measurement channels in the
“Pirs-1M" indicating receiver. The voltage obtained is fed through the emitter
follower EP to the peak detector PD, which limits the voltage on the down side,
where the short width pulses with a repetition rate of 1F are also segregated
out. These pulses are then converted to sine waves at the same frequency and
fed to the phase detector FDG [coarse track phase detector]. On the other
hand, the reference voltage 1Fy is fed to the phase detector from phase shifter
Yr. Using the phase measurements made by means of the compensation tracking
system, which consists of the FDG phase detector, the phase shifter yp and the
motor M, the ambiguity is resolved as was explained above using the readings

of the GI [coarse track indicator] scales.

A provision is made in the "Pirs-1M" indicating receiver for the adjustment

of the mutual phase relationships between the received 6f, 8f, 9f and 5f
signals, since it is possible to segregate the synthesized 1F voltage from the
sum of the four frequencies cited above given the condition that the latter

do not undergo any additional phase shifts when passing through the correspond-
ing measurement channels.

The phase relationships are adjusted in the "zero set' mode by means of changing
the phase of the local oscillator frequencies at 8A, 94 and 54, for which

three varicaps Fvyp [multipulse phase shifter] are used, the supply voltage

to which is delivered through the MULTIPULSE ZERO potentiometers.

The maximum deflection of the MULTIPULSE BALANCE meter needle corresponds to
the isolation of the synthesized 1F frequency, and consequently, the subsequent
reliable elimination of the ambiguity in the phase measurements.

The "Pirs-1M" indicating receiver set contains four units with the following
overall dimensions and weight (without the matching parts of the connectors):
——The receiver (P): 425 x 682 x 225 mm, 32 kg;
—-—The block of indicators (BI): 440 x 403 x 406 mm, 22 kg;
--The power supply (BP): 477 x 379 x 231 mm, 25 kg3
—-The antiradar filter (PLF): 76 x 48 x 335 mm, 1.4 kg.
. The following are included with the equipment set of the "Pirs-1M" indicating
- receiver (Figure 2.10):
- —-Fault detecting instrument (PON);
--Kit of spare parts, tools and accessories (19 modules);
—-Technical description;

--Connecting tcbles.
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A general view of the block of indicators of the "Pirs-1M" instrument is shown
in Figure 2.11. The following are arranged on the front panel of the block of
indicators: the scales of the precise indicators, the TI (E is for the red, A
is for the green and C is for the violet); WHITE, RED, VIOLET and GREEN scales
of the GI [coarse track indicator]; the ZERO and TRACK setting controls for
the pointers of the precision track indicators; the ZERO set control for the
WHITE scale of the coarse track indicator; the NETWORK NUMBER switch for select-
ing the network number; the OPERATING MODE switch; the HEAT signal light for
the thermostat heating system; the DIVISION AMBIGUITY switch; the ILLUMINATION
control for adjusting the filament current of the scale lighting lamps; the
D-PRESS button for operation in the combined variant; the meter indicator for
the multipulse phase balance; the controls for correcting the phase of the
local oscillator frequencies of the individual channels (K is for the red, Z
is for the green and F is for the violet); the light indicating switch for the
coarse track indicator.

Figure 2.10. The complete equipment complement of the "Pirs-IM"
indicating receiver with the fault detection instrument.

For convenience in operating the instrument on board ship, a fault detection
instrument (PON) is used in the "Pirs-1M" indicating receiver. The amplitude
and frequency, as well as the pulse width of the signals being checked, which
are picked off from the corresponding monitor plug connectors of the "Pirs-1M"
indicating receiver are monitored by means of the fault detection instrument
(Figure 2.12).

The main technical specifications for the fault detection instrument are given

_ below:
Maximum measurable signal voltages Up to 10 volts
Range of measurable frequencies 25 Hz--25 KHz
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Signal pulse widths which can be measured at

levels of 0.7 to 1.5 volts 800 us--800 ms

Deviation of signal amplitudes from the

nominal values +(20-~25)7%

Duration of continuous operation 6 hours

Supply voltage 127 VAC, 220 VAC,
+5%

Power mains frequency 40 Hz, 400 Hz, +27%

Power consumption 40 VA

Weight of the instrument 7 kg

Overall dimensions 346 x 223 x 212 mm

The following components are placed on the front panel of the fault detection
unit (see Figure 2.12): toggle switch Bl, ON-OFF, for turning the instrument
on and off; the 127 volt - 220 volt - control for setting the supply voltage;
the POWER male connector for the supply voltage input; switches B2, B3 and B4
for setting the test programs; the MEASUREMENT - RESET counter toggle switch;

- the FREQUENCY CHECK two place counter (the lamps Ll and L2 are dekatrons); the
AMPLITUDE CHECK meter; the CALIBRATE control for the meter; the TEST monitor
socket for the fault detection instrument; and a 0.5 amp fuse.
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Figure 2.11. The indicator block of the "Pirs-1M" instrument.

Key: 1. Operating mode;
2. Heat;
3. Network number; zero set; master station coarse
track sync;
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Key [cont.]: 4. Operate;

5. Heat [indicating llght],

6. Phase correction;

7. Coarse track indicator scale lighting: on - off;
8. Division ambiguity;

9. Scale lighting;

0

10. D-press.
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Figure 2.12. Exterior view of the fault detection instrument.

Key: 1. Type "Pirsl-1M", No. 709, PON [fault detection
instrument].

A block diagram showing the amplitude testing of signals is depicted in

Figure 2.13. The signal being checked is fed through switch B2 to the modulator
MOD, where it is modulated with an AC voltage at a frequency of 400 Hz, which
is fed through the matching emitter follower EP from a push-pull multivibrator.
Then, the signal being checked passes through an amplifier circuit and limiter
0, and is fed to the meter I. Based on the deflection of the meter needle,

one can judge whether the signal amplitude falls in the specified range. A
signal with a deviation of +(20 - 25)%Z of the nominal value is considered
normal, i.e., within the range of the first - sixth scale divisions. Signals
being monitored with voltages of up to 10 volts are checked with limiting with
respect to the maximum. For this, a voltage of -12.6 volts is fed to the
limiter through switch B4 in the "A" position.

A provision is made in the instrument for calibrating the meter I in a calibra-
tor K. The calibrating voltage of 0.6 volts is fed through switch B2. With
the deflection of the meter needle I from the fourth scale division, the needle
is returned to this position with the CALIBRATE control, for which a voltage

of -12.6 volts is fed through the potentiometer. When calibrating the meter,
program 41B is set with controls B2, B3 and B4 (see Figure 2.12).
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Figure 2.13. Block diagram of the circuitry for signal amplitude
testing.
Key: 1. Calibrator; 5. Emitter follower;
2. Signal being checked; 6. Pulse generator;
3. Modulator; 7. Limiter.

4, Emitter follower;

The frequency or width of the signal pulses is checked in accordance with the
block diagram shown in Figure 2.14 and consisting of the channel for the fre-
quency being measured, a reference frequency channel, a counter, reset and

- triggering devices as well as a controller.

The basic function of the circuitry consists in generating a time interval
equal to the duration of one period of the frequency being studied or width

of the pulse being checked, and turning on an electronic switch, K1, for this
amount of time in the reference frequency channel. The measurement process
consists in modulating (quantizing) the generated time intervals with the
reference frequency pulses and calculating the number of these pulses with a
two place decimal counter, which registers the value of the measured frequency
or the width of the signal pulse being studied.

Frequency Measurement. The frequency being measured (at a level of 0.7 volts)
is fed through switch V2a to the input of the channel for the frequency being
measured. It is then routed through the matching emitter follower EP7, ampli-
fier U7, and emitter follower EP8 to Schmidt trigger Tgb, where it is con-
verted to pulses, the width of which is equal to the period of the frequency
being measured. It is then fed through the D:8 divider and emitter follower

9 to the wafers V2g and V2v of switch V2. When measuring a frequency, switch
V2 is set in the "6" or "7" position.

The electronic switch K1 in the reference frequency channel is controlled
through emitter follower EP6 by Schmidt triggers Tg4 and Tg5 of the controller.
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When switch V1 is set in the "reset" position, the dekatrons L1 and L2 of the
counter are switched to the initial position, and the flip-flops of Tg2 [Schmidt
trigger 2] - the divider in the reference frequency channel, are set to the
position for half of a readout unit, which makes it possible to avoid the
readout error of +1 in the case of a multiple ratio of the reference frequency
and the frequency being measured.

When switch V1 is set to the "Measure' position, a triggering signal is fed
from biased multivibrator G to flip-flop Tgh, the flip-flop reverses its state,
also shifting flip-flop Tg5 which is coupled to it to the new state. The pulse
of the frequency being measured then incoming from emitter follower 9 shifts
flip-flops Tgh and Tg5 to the state where the feed of the blocking voltage
through emitter follower 6 to the electronic switch is terminated. The switch
turns on and passes the reference frequency pulses, which pass through switch
V2d, amplifiers Ul and U2, Schmidt trigger Tgl, emitter follower 1, the elec-
tronic switch K1, emitter follower 2, the flip-flop divide by 8 divider Tg2

and emitter follower 3. The two place decimal coui:ter (dekatrons L1 and L2)
count the number of reference frequency pulses. The next regular pulse then
coming from emitter follower 9 of the channel for the frequency being measured
shifts the flip-flops Tgh and Tg5 of the controller to the opposite state,

the switch is cut off and the pulse counting is terminated. With the arrival
of the next triggering pulse, the measurement process is repeated.

Measuring Signal Pulse Width. Measurements of signal pulse widths are made
by feeding the pulses to be tested (at a level of no less than 2.5 volts)
through switch V2a to emitter follower 7 and then to amplifier U5. Simultan-
eously with this, the pulses are fed through amplifier U7, where they are
inverted, and emitter follower 8 to amplifier U6. Positive pulses are taken
from amplifiers U5 and U6, where the pulse from the negative leading edge

of the input pulse is taken from U5 and the pulse from the positive leading
edge of this pulse is taken from the output of U6. To measure the width of
a positive pulse, switch V2 is set in the "8" position, and when measuring

a negative pulse, it is set in the "9" position. The pulses being measured
are then fed to flip-flops Tgh and Tg5, and the measurement process takes
place just as in the case of frequency measurement.

In the autocheck mode, the program number is set at 41B and a 400 Hz voltage

is fed through switch V2a into the channel for the frequency being measured,
where this voltage following conversion is fed from the output of emitter
follower 9 to switch V2d for the input of the reference frequency channel. The
counter readings should change continuously in this case. When the program is
set at 51B, the counter readout should not change.

The set of test programs and the readings of the AMPLITUDE CHECK indicator and
the FREQUENCY CHECK counter are given in the operating instructions for the
"Pirs-1M" indicating receiver.
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2.4. Requirements Placed on the Installation, Alignment and Operation of
Indicating Receivers Under Marine Conditions

The "Pirs-1M (or D)" indicating receiver is installed in a heated room in a
location convenient for servicing and use, while the indicator block, the BI,
is installed close to the operating position of the navigator (in a bulkhead

or on a navigator's table), and the receiver P and power supply BP are installed
in an insulated room at a distance of no more than 40 m (Figure 2.15) from the
indicator block. Moreover, when laying out the individual instruments included
in the complete indicating receiver package, one takes into account the
maximum permissible distances which depend on the design characteristics of

the connecting cables. The positions of the connectors (up or down) in the
installation of the instrument are shown in Figure 2.15., It is permissible

to replace the KNRE and KNRETE type cables with cables having the same number
of cores, the same cross-sections and similar shielding. If the units of

the "Pirs-1M" indicating receiver are located at distances of no more than

2.5 m from each other, then it is possible to use cables supplied by the manu-
facturing plant as part of the complete equipment package.
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Figure 2.15. Schematic showing the electrical connections for the
"Pirs-1M".
Key: A. To the map tracer;
B. Antiradar filter;
C. To the ship power mains, 220 VAC (or 127 VAC), 50 Hz.

A vertical marine omnidirectional antenna with a length of from 4 m to 6 m is
used to receive radio signals from the stations of the selected network of
the "Decca" radionavigation system. If the antenna has a length of more than

6 m, then it is permissible to incline it to the horizontal by no less than
80°. The capacitance of the antenna feedline should not exceed 2,350 picofarads.
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The antenna is to be located far away from the antennas of the ship's radio
transmitting equipment and fastened sufficiently tightly, since its rocking
can introduce additional errors into phase measurements.
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The checking of the operational status of the "Pirs-1" indicating receiver

is accomplished under marine conditions when using the instrument for naviga-
tion, as well as for preventive purposes every 200 hours of operation, but

no less often than once every three months.

The fault detection instrument is used in the '"Pirs-1M" indicating receiver

to check the power supply circuits (test the power supply voltages of the
instrument), the indicator block (check the reference frequencies) and the
receiver (check the reference frequency, intermediate frequency voltages, etc.).
The set of test programs and permissible values of the deviations in the
voltages being checked are given in the operating instructions for the instru-
ment.

In the case where defects are found which cannot be successfully eliminated
under shipboard conditions, the instrument is to be repaired and aligned by
specialists of the electronics radionavigation service for shipping.

The readiness of the "Pirs-1M" indicating receiver for use is established during
the start-up of the instrument and the subsequent performance of the following
operations (see Figure 2.11):

1. One hour before the start of operation of the instrument, throw the
OPERATING MODE switch to the "heat" position.

The thermostat of the crystal oscillator unit is heated, which is attested by
the fact that the green monitor lamp HEATING is on. When the requisite temper-
ature is reached (after 20 to 30 minutes), the light goes off. It is possible
for the light to come on repeated for short periods of time (1 to 5 minutes)
during the process of the subsequent adjusting of the thermostat temperature.

2. The twin NETWORK NUMBER switch is set to the number (outside scale) and
letter (inside scale) chosen from the network chart for the '"Decca" radio-
navigation system.
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3. The OPERATING MODE switch is set in the "Zero Set" position. After 1 to
3 minutes, the scale lighting for the E, A and C precision track indicators
should begin to blink and there should be continuous illumination of the
WHITE scale for the coarse indicator, where these are evidence of the comple-
tion of the process of fine tuning the master oscillator to the phase and
frequency of the master station of the network.

4. The greatest deflection of the phase balance meter needle is achieved by
rotating the PHASE CORRECTION after pressing the K, Z and F [red, green and
violet] controls.

5. Using the ZERO and TRACK controls, the large pointers are set to zero on
the outer scale while the small pointers are set to any of the large numbers
on the inner scales of the precise E, A and C indicators after these controls
are pressed. The zero graduation on the WHITE scale of the coarse indicator
is set using the ZERO control.

6. Having set the control to the ON position, turn on the light display for the
scales of the coarse indicator, the GI [coarse track indicator].

7. The OPERATING MODE switch is set in the "Sinkh VShChG" ["coarse track master
station synchronization'] position. The WHITE scale of the coarse indica-
tor, which has divisions of 0, 1, 2, 3, 4 and 5 will be illuminated for
2.5 seconds every 20 seconds. It is necessary to take the reading of the
WHITE scale which should be set equal to zero.

- 8. Rotate the DIVISION AMBIGUITY switch clockwise by the number of divisions
corresponding to the noted reading of the WHITE scale, making the reading
of this scale equal to zero.

9. The OPERATING MODE switch is set in the "operate' position.

The small and large pointers of the E, A and C precise track indicators, in
rotating, will come to stable positions which make it possible to record the
corresponding readings, since the scales of these indicators are continuously
illuminated. The RED, GREEN and VIOLET scales of the coarse indicator are
illuminated for 2.5 seconds each during a single cycle of 20 seconds in step
with the time pattern for the ambiguity elimination in the following sequence:
red, green and violet. The readings of the small pointers of the E, A and C
precise indicators are matched to the readings of these scales of the coarse
indicator at the moment they are lighted up. For this, for example, the small
- pointer is set to the reading of the division of the inside scale equal to
the readings of the RED scale in accordance with the reading recorded from the
RED scale of the coarse indicator using the TRACK control of the E precise
track indicator. Similar operations in determining the number of the precise
track (the setting of the small pointers) are also carried out for the A and
C precise indicators. 1In the "operate" mode, the WHITE scale is not lighted.

The track zone is set by means of the TRACK control by rotating the small
pointer through that whole number of revolutions for which the letter designating
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the given zone appears in the cutout in the dial plate of the precise track
indicator. In this case, the numerical index of the zone is determined from
the "Decca'" radionavigation system chart on which the dead reckoning position
of the ship is drawn.

i 10. The pointer readings are taken from the precise indicators and the corres-
- ponding lines of position are drawn on the navigation chart with the "Decca
radionavigation system hyperbola grid drawn on it.

During the first hour of operation, it is necessary to take care that the
readings of the small pointers of the precise track indicators do not differ
from the readings of the corresponding scales (RED, VIOLET, GREEN) of the
coarse indicator. Where necessary, the readings of the small pointers are
to be corrected every 30 minutes with a subsequent increase in this interval
up to 2 to 3 hours.

With a change in the number of the "Decca' radionavigation system network,
the operations presented above are repeated, starting with paragraph 2.
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CHAPTER THREE. PULSE _AND PULSE-PHASE RADIONAVIGATION SYSTEMS

3.1. The Classification and Specific Features of Marine Pulse and Pulse-Phase
Radionavigation Systems

Marine pulse and pulse-phase radionavigation systems (IFRNS) are a means of long
range radio navigation and are intended for determining a ship's position at great
distances from shore with a precision which assures navigational safety when sail-
ing the in the open sea. The "Loran-A" pulse radionavigation system and "Loran-C'"
pulse-phase system are the ones most widely used for the purposes of marine navi-
gation [5, 6]. These systems make it possible to measure the difference in the
distances from a ship to two stationary points: a pair stations which synchronously
transmit radio pulses. For a known radio wave propagation velocity, v, a defi-’
nite time difference At between the instants of arrival of the radio signals from
the shore stations corresponds to a particular difference in the distances Ar.
This time difference is called the radio navigation parameter and is measured by
means of a shipboard indicating receiver. The geometric locus of points of equal
difference in the distances from a ship to two stations forms an isoline in the
form of a hyperbola on the surface of the earth. Thus, these radionavigation
systems belong among difference-ranging, or hyperbolic systems according to the
kind of geometric quantity being measured.

Ship position is determined by the intersection of the two hyperbolas, correspond-
ing to the differences in the distances to the two pairs of shore stations. Each
pair of stations consists of a master (VShCh) and a slave (VM) station, separated
by a distance which is called the baseline b. The master stations start the
transmission of the radio pulses with a repetition period (repeating rate) T at a
carrier frequency of f, while the slaved stations receive these pulses and syn-
chronously retransmit them with a certain time delay tq.

The "Loran-A" radionavigation system is a system with unsynchronized (independent)
baselines, since each pair of stations transmits radio pulses with a repetition
period T and a carrier frequency £, which differ from the pulse repetition
period and carrier frequency of the other pair.

Two or more pairs of stations can be combined in a network, and in this case,

their carrier frequencies are chosen the same. In this case, the master or slave
stations are set up at one point, while in other cases, the master station of one
pair is colocated with the slave station of another pair, etc. The baseline length
for the majority of station pairs amounts to 300 to 350 miles.

At the present time, three carrier frequency channels are used for system opera-
tion in the medium wave band: 1. 1,950 KHz; 2. 1,850 KHz and 3. 1,900 KHz. The
repetition periods (repetition rates) of the radio pulses are combined in three
groups, designated by the letters -H (high), L (low) and S (special). Each
group consists of eight monotonically increasing (recurrent) repetition periods
designated by ordinals numerals N from O to 7. The precise value of any of

the 24 repetition periods T, expressed in microseconds, is determined by the
following expressions:
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Tyi == (300 — N) 100 wke;
Ty, = (400 — N) 100 wkes

Tg = (500 — N) 100 mxc.

The number of the frequency channel, the group of frequencies and the number of
the recurrent repetition period (frequency) or correspondingly the first, second
and third symbols in designating the pairs of stations. For example, the designa-
tion 185 defines a pair of stations operating in the first frequency channel
(1,950 KHz) with a recurrent value of the repetition period of 49,500 microseconds
from the S group of repetition periods.

The possibility of identifying the signals from the master and slave stations
within a single pair is accomplished because of the presence of a common delay
td in the moment of the transmission of the master station signal with respect to
the point in time of the transmission of the radio pulse from the slaved station:

t, =t +t +t/2

d b k

where tp is the radio pulse travel time from the master to the slave station;

tk is the code delay which serves to change the readout of the navigation
parameter in accordance with a specified program;

T/2 is the delay in the radiation of the signal by a time equal to half of
the repetition period.

At any point in the working zome of the system, the master station pulse is
always received earlier than the signal from the slave station, earlier by an
amount less than T/2; a unique readout :f the navigation parameter is achieved
in this way.

The "Loran-C" pulse-phase radionavigation system is a system with sym.:hronized
(dependent) baseline. The shore stations of the system are combined into net-
works, each of which consists of a master station M and several slave stations
(from two to five), which are conventionally designated with the letters W, X,

Y and Z. All of the stations in the network operate with the same signal repe-
tition period on one carrier frequency. The transmission of the signals by the
slaved stations is strictly synchronized with the master station signals. Thc_e
synchronization is accomplished both with respect to the envelopes of the radio
pulses and the high freuency modulation phase.

A pulse train transmission mode is used to boost the average power of the trans-
mitted signals to increase the system operational range (Figure 3.1). The
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packets (trains) of slave station pulses consist of eight pulses with a period of
1,000 microseconds. Besides the eight main pulses with a period of 1,000 micro-
seconds, there is also a ninth pulse present in the pulse train of the master
station, where this pulse is set off from the preseding pulse by 2,000 microseconds.
This pulse, which is called the marker pulse, serves for the identification of the
master station signals as well as for the transmission of service information to
the slaved stationms.

Phase coding of the pulses is introduced in order to eliminate the influence of
the space waves of the multiple reflection of each preceding pulse in a train on
the subsequent surface pulse which occurs in the pulse train mode. The essence of
phase coding consists in the fact that the initial phase of the radio pulses in a
train is shifted through 180° in accordance with a law which is different for the
odd and even trains. As a result of the alternate period storage of the pulse
trains, the sum of the components in the output voltage, which are due to the
space waves noted above, becomes equal to zero. The phase coding of the pulses

in a train also facilitate the automatic identification of the signals of a master
station and the tracking of it in the case of noise levels elevated above the
signals.

- All of the "Loran-C" radionavigation system networks operate on one carrier fre-
quency in the longwave band: 100 KHz. The signals of the various networks are
identified based on the repetition period T of the radio pulses. The repetition
periods are combined in groups designated as S, SH, SL and SS, each of which
consists of eight recurrent periods with ordinal numbers of O to 7. The precise
values of the repetition periods are defined by the relationships:

T = (500 --- N) 100 mxes Tgp - (800~ N) 10O mxe;
Topq == (600 - N) 100 mkc; T (1060 -- N) 100 mic.

[MKC = microseconds]

The signals of the slaved stations in one network are identified based on their
time position relative to the master station signals. The arrangement sequence
(in the general case) is as follows: W, X, Y, Z. The values of the code delays,
tk, introduced at the master stations, are chosen so that th. pulse trains of each
slave station can appear only in a definite time interval segment relative to the
pulse train from the master station. For this reason, the readouts of the navi-
gation parameter for each pair will fall in their own specified range.

The groups of repetition rages and the number of the recurrent frequency are
included in the designation of a network. For example, SL-7 defines the
"Loran-C" radionavigation system network operating with a pulse repetition
period of 79,300 microseconds from the group of SL repetition periods. The
conventional designation of a network is supplemented with the corresponding
letter to designate one of the stations in a network (M for the master and W,
X, Y or Z for the slaved stations).
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The "Loran-C" radionavigation signals are not only used for solving navigation
problems, but also for transmitting precise time signals.

Marine receiver—indicators are intended for the measurement of a radionavigation
parameter: the time difference At between the moments of arrival of radio pulses
from the master and slave statioms.

In the "Loran-A" pulse radionavigation system receiver-indicators, the quantity

At is measured by a pulse technique: by means of matching the envelopes of the
edges of the radio pulses. In the case of a signal to noise ratio of five, the
mean square measurement error ¢ does not exceed +1 usec. The pulse measurement
technique is sometimes limited when working with "Loran-C" radionavigation signals.
Such a measurement technique is realized in the first type of indicating receivers
» [5], which include the KPI-4 equipment.

The capabilities of pulse-phase radio navigation systems can be more fully realized
only in indicating receivers which utilize additional information on the phase of
the radio signal. Such devices include the second type of indicating receivers
with visual matching of the edges using the high frequency pulse modulating fre-
quency (ML-100), with automatic phase tracking and visual matching of the envelopes
of the leading edges (KFi-5F), as well as the third type of indicating receivers
with automatic measurement of the phase difference of the carriers at a "singular"
point in the radio pulses and using automatic signal search where the noise level
exceeds the signal level (TDL~601). The third type of indicating receivers
realizes the major advantages of pulse-phase radionavigation systems: they have
high measurement precision and unambiguous readouts: they execute a signal search
in the presence of noise. Marine indicating receivers, as a rule, are designed

for operation in both long range radionavigation systems.
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Figure 3.1. On the determination of the operational mode for the
transmission of pulse-phase radionavigation system
signals.

The sequential resolution of the following major problems precedes the obtaining
of a readout of the vadionavigation parameter from a pair of pulse or pulse-phase
radionavigation stations:
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1. The tuning of the indicating receiver to work with the signals of the
selected pair of radionavigation stations.

2. The detection of the signals from the selected pair and the identification of
the radio pulses from the master and the slaved stations.

3. The identification of the type of signals received from each shore station.

4. Measuring the radionavigation parameter using the most suitable portions of
the edges of the radio pulses.

5. Recording the readout, and if necessary, correcting the values of the time
- difference with a correction for the radio wave propagation conditionms.

Simplified variants of indicating receivers have become extremely widespread in
the merchant marine: equipment of the first and second types. In such equipment,
the problems enumerated above are solved by the operator and the measurement
results depend to a considerable extent on the level of his training and acquired
practical operating skills.

To tune the indicating receiver, the operator switches to the requisite frequency
band and sets in the designations for the selected pair of stations with the
corresponding switches located on the front panel of the indicator.

The signals from the pair of stations are detected and identified visually on the
screen of the CRT. With correct setting of the switches, signals from a pair of
"Loran-A" radionavigation station and a network of "Loran-C" radionavigation
stations stand still on the horizontal sweep line, while the signals of the other
pairs of "Loran-A" stations or "Loran-C'" networks move at different rates to the
right or to the left along the sweep lines.

The signals from the master and slave stations of the "Loran-A" radionavigation

systems are recognized using the following rule: the signals are to be placed on
different sweep lines so that the top pulse is to the left of the bottom pulse.

Then the top pulse will be the signal from the master station and the lower one

the signal from the slave stationm.

In "Loran-C" radionavigation systems, the master station pulse train is recognized
from the presence in the train of the ninth marker pulse, while the pulse packets
of the slave stations.are recognized based on their timewise position on the

sweep lines relative to the master station pulse train. To facilitate the ident-
ification operation, it is recommended that a reading be set beforehand in the
readout unit which corresponds to the calculated line of position. Then, if

the master station signal is set on the stationary pedestal at the start of the
upper sweep line, the moving pedestal appears at the point where the signal of

- the corresponding slave station is located.

The identification of the type of received signal (surface, space, combination) is
one of the most important operations, which has a significant influence on the
measurement results. It should be carried out taking into account the specific
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features of radio wave propagation in the working band of the radionavigation
system based on data on the range to the shore station, the propagation path, the
season of the year and time of day, as well as information on the mutual position
of the pulses on the CRT screen, their shape and time stability.

- When space wave signals are used for the measurements, the resulting readout is
to be corrected with the appropriate correction for propagation conditions, taken
from the radionavigation chart.

In the "Loran-A" radionavigation system, surface waves are received during the day
[6] with propagation over the sea at ranges of up to 600-700 miles from shore
stations with powers of 100 to 160 KW and at distances of up to 800 to 900 miles
in the case of 1 MW stations. At night, because of the increase in the level of
atmospheric noise, the reception range is reduced to approximately 500 miles. The
reception range is sharply reduced in the case where land areas are encountered
over the propagation path.

Space waves usually appear one to two hours before sunset, and are observed
during the entire night and one to two hours after sunrise. In the winter, iono-
spheric signals are observed around the clock at middle and high latitudes, with
the exception of two to three hours near noon.

Of the different kinds of ionospheric signals (E1, E2, D, F1 and F2), the more
stable E] waves received at distances of up to 1,400 to 1,500 miles from land
stations are used for position determinations. As compared to a surface wave,
the amplitude of an ionospheric wave increases, while the time delay decreases
with increasing range to the shore station.

- At distances starting at 300 to 500 miles, a composite signal is received which is
formed by the interference of the surface and ionospheric waves. As a rule, the
envelope of this signal has a "double peak" shape. Measurements using the composite
signal require the greatest care, since in the case of small surface wave ampli-
tudes, as well as with the influence of "gplitting" phenomena of the leading edge
and fading of the space wave, the 'double peak nature” of the resulting pulse can
be poorly pronounced, something which makes it difficult to ascertain the portion
of the edge corresponding to the surface wave. -

In the "Loran-C" radionavigation system, the reception range for surface waves in
the case of propagation over the sea depends primarily on the transmitted radio
pulse power, the level of atmospheric noise and the degree of influence of ion-
ospheric waves at the reception point [5].

Space waves at a frequency of 100 KHz exist at all times of the day. An excep-
tion is only the low latitudes (¢ < 30°), where daytime reflections are absent
during the summer. The amplitude of the Ej ionospheric wave rises up to the
amplitude of the surface wave at distances of approximately 500 miles during the
day and 400 miles at night with time delays equal to about 50 and 70 microseconds
respectively. With a further increase in the range to the shore station, the
amplitude of E] radio pulses begins to exceed the amplitude of surfaces waves,
while the delay in the arrival time of the reflected pulses, in falling off, tends
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towards constant values of 54.1 microseconds at night and 38.1 microseconds
during the day. Doubly reflected radio signals conventionally designated as
Eo appear at the same time.

It can be seen from an analysis of long wave band radio wave propagation condi-
tions that regardless of the time of day, starting at distances of 300 to 400
miles, one must anticipate the reception of a composite signal caused by the inter-
ference of surface and space wave radio pulses. The waveform of the envelope of
the resulting radio pulse is governed in the general case by the ratio of the
amplitudes and high frequency modulation phase difference. Working with the compo-
site signal entails considerable difficulties, as a rule, due to the complexities
of the visual rececgnition of the portion of the pulse edge which is due to the
surface wave.

Starting at ranges of 900 miles, the E] component will predominate in the envelope
of the resulting pulse, and with a certain amount of care, measurements can be
made just as in the case of purely reflected signal.

3.2. The KPI-5F Indicating Receiver

The KPI-5F indicating receiver is intended for the determination of a ship's
position using "Loran-A" and "Loran-C" radionavigation system signals, as well as
domestic pulse-phase radionavigation systems by means of using charts with a
hyperbolic grid or special tables.

Three units are incorporated in the indicating receiver set: the radio receiver,
the indicator unit and a synchronous filter. Additionally, the product complement
includes sets of interchangeable and spare parts, tools and accessories.

The major operational and technical characteristics of the indicating rec:iver
are given below:

Semi-Automatic,
with Visual
Search and Match-
ing of the
Signals on the
CRT Screen

Type of Indicating Receiver.

The number of station pairs which can be processed

simultaneously 1
The mean square instrument error in the measurements of

the navigation parameter for a signal/interference

ratio of 3, in microseconds:

At medium wavelengths 0.7
At long wavelengths 0.3
Receiver sensitivity for a signal/internal noise ratio of
unity, with respect to the peak values within the
receiver passband, microvolts:
In the long wave channel 7 and 14
In the medium wave channel 5 and 10
(For feedline lengths of 5 m and 10 m respectively)
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[Table, continued]}:
Semi-Automatic
with Visual
Search and Matching
Type of Indicating Receiver of the Signals on
‘ the CRT Screen

Receiver bandwidth at the 0.5 KHz level:

At long wavelengths 20 + 3
- At medium wavelengtha 17 + 5
Gain control range, in dB, no less than:
Manual 100
Balance 60
Probability of correct elimination of the ambiguity in
the phase measurements for a signal/interference ratio
of three, no less than 0.95
Time for measuring the navigation parameter based on the signals
from one pair of stations, in minutes, no more than 1.5

A simplified block diagram of the KPI-5F indicating receiver is shown in
Figure 3.2.

In terms of the principle for the realization of the navigational data, the
indicating receiver belongs among single channel devices with visual signal
search and superposition of their edges on a CRT screen [5].

The measurement of the navigational parameter, the time difference between the
moments of arrival of the master and slave station signals, is accomplished by
the compensation technique which consists in replacing (compensating for) the
time interval being measured with an artificially introduced time delay which is

- equal to it. This delay is inserted by means of a variable delay circuit and is
read out from the display. The equality of the time interval being measured and
the delay being generated is determined based on the coincidence of the leading
edges of the pulses on the CRT screen. To improve the measurement precision, a
provision is made in the indicating receiver for an automatic tracking system.
Tracking is accomplished in the operation of the "Loran-A" radionavigation
system using the doubly differentiated envelopes of the signals. In the "Loran-C"
radionavigation system, the tracking uses the zero crossing points (with respect
to the phase) of the pulse RF modulating frequemcy. By means of matching the .
edges of the envelopes and the CRT screen, uniqueness in the phase readout is
achieved with a precision of half of the RF pulse modulating period.

A self-monitoring mode is provided in the indicating receiver for checking the
operability of the equipment. The operability is monitored on the CRT screen,
as well as on the inidicating display.

The radio receiver (RPU) is intended for the selective reception of the radio-
navigation system signals from the background of interference and for amplifying
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Figure 3.2. Simplified block diagram of the KPI-5F indicating
receiver.
Key: Key: 1. RPU = receiver;
2. D = divider;
3. Cathode ray tube;
4, Self-test signals;
5. UP = Preamplifier;
6. DS = RF signal decoder;
7. AD = AM detector;
8. DTs = double differentiating network;
9. S11 = selector 1;
10. S12 = selector 2;

11. U = output amplifier;

12, UO = amplifier-limiter;
13. Sm = limitier;

14, SF = synchronous filter;
15. 0G = master oscillator;

16. From the SHIFT buttons;

17. ODCh = master frequency divider;

18. FPI = pulse train driver;

19. Self-test;

20. FPM = strobe and tracking marker driver;
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[Key to Figure 3.2, continued]:

21. GTN = sawtooth voltage generator;
22, UPK = channel shift control circuit;
23. SK = code comparator;
24, RSch = bidirectional counter;
25. Dsh = decoder;
26. Tg = flip-flop;
27. ILI = OR gate;
28. Mv = biased flip-flop;
29. PU = threshold gate;
30. UPN = push-pull sawtooth voltage amplifier;
31. Ip = A integrator;
32. IB = B integrator;
33. Visual display unit;
34. Synchronizer;
- 35. Digital display;
36. Tracking system;
37. VD = time discriminator.

them up to the levels needed for normal operation of the indicator. A block dia-
gram of the receiver is shown in Figure 3,3.

The unit has two operating bands: long wave and medium wave, as well as fixed
tuning to the frequency of the operating channels, The radio receiver is remote
controlled.

The long wave channel of the receiver uses a direct amplification circuit config-
uration for a frequency of 100 KHz. The 0.5 level bandwidth is 20 + 3 KHz. A
provision is made for the capability of operationally tuning the selective
circuits *+ 9 KHz off of the center frequency, something which improves the condi-
tions for recognizing the type of radio pulse being received (surface, ionospheric,
composite).

The medium wave channel cf the receiver is a superheterodyne circuit. The
intermediate frequency is 465 KHz. The bandwidth at the 0.5 level amounts to
17 + 5 KHz.

In the long wave channel, as well as in the IF channel for the medium wave band,
amplitude-phase and phase equalization respectively are used for the frequency
characteristics. This made it possible, along with retaining the high select-
ivity rejecting signals of radio services on adjacent frequencies, to increase
the rise time of the radionavigation system pulses at the receiver output, and as
a consequence, to increase the regsolution of the indicating receiver with
respect to ionospheric signals.
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[Key to Figure 3.3, continued]:

17. RF1l = rejection filter 1;

18. RF2-RF4 = rejection filters 2 - 4;
19. K4 = switcher 4;

20. Rejection filter tuning;

21. Channels 1, 2 and 3;

22. OD2 = diode limiter 2;

23. Medium wave filter;

24, "Attenuator On";

25, FP = bandpass filter;

26. P = convertor;

27, Fpch = intermediate frequency filter;
28. KTs = amplitude-phase correction circuit;
29. U = amplifier;

30. Common amplifier channel.

The signal from the antenna and feedline assembly is fed to the receiver through
an RF connector. To protect the front end stages against the effect of high

power interference from shlpboard radio transmitters, radars, etc., the circuitry
contains a discharger Rrl, a microwave filter Fgych, a diode thyristor limiter O
and two diode limiters (OD1 and OD2). The actuation threshold of the thyristor
circuit is about 20 volts, while the threshold for the bilateral diode limiters is
2 volts each.

When operating in the longwave band, the signal is fed to the input filter, Fin,
in the form of a tuned circuit formed by the inductance of a ceil, the capacitance
of the antenna, the distributed capacitances of the feedline and wiring, as well
as the capacitances of the tuning circuit board PP and the semiconductor control
capacitors, the varicaps. The varicaps provide for the capability of continuous
tuning of the resonant circuit by +9 KHz from the carrier frequency of the pulse—
phase radionavigation system 31gnals The control voltage is fed to the varicaps
by means of a potentiometer which is coupled to the RECEIVER--TUNE control, which
is located on the front panel of the indicating receiver. An input signal attenu-
ator is located on the input filter circuit board, where this attenuator is made
in the form of a capacitive voltage divider with an attenuation coefficient of
five.

The RF signal is fed through the emitter follower EP from the output of the
filter to the electronic gain control RE. Gain control is accomplished by chang-
ing the internal resistance of the field effect transistor channels with the
action of the regulating picked off of the potentiometers of the OVERALL--GAIN--
--BALANCE INDICATOR. The electronic gain control is matched by the emitter fol-
lower to the bandpass filter FPl, formed by a pair of overcoupled resonant
circuits. The signal is fed through the emitter follower from the output of the
filter to the electronic gain control circuitry (RE) and then through the emitter
follower to rejection filters RF1--RF4, which suppress the four sinusoidal
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interference components with frequencies in a band of from 85 to 135 KHz. Contin-
uous tuning of the rejection filters is accomplished by means of feeding voltage
to the varicaps which are picked off of the TUNE RF1-RF4 potentiomters, which are
located on the front panel of the indicator. These same voltages are simultane-

- ously fed to the switcher circuit K4, which serves to maintain the Q of the
resonant circuits of the rejection filters constant within the working band of
frequencies. In the "RF" position of the CHANNELS switch, the "Search" instruc-
tion is fed to switcher K3, based on which RFl is switched over to the noise gating
mode. The remaining rejection filters can operate only in a suppression mode.

Then the signal is fed through the emitter follower to the second bandpass filter
FP2, which is similar to bandpass filter FPl. The RF signal is fed from the filter
output through the emitter follower to the amplitude-phase equalization circuit,
the KTs, and then through electronic switch K5 to the common amplification channel
for the long wave and medium wave bands. Bandpass filters FPl and FP2 are tuned by
means of varicaps, which play the part of tuned circuit capacitors, and are ganged
with respect to frequency for tuning the input resomant circuit.

When operating in the medium wave band, the signal from the output of the tuning
circuit board PP is fed to the broadband dual tuned circuit bandpass filter, Fsy
[Fmedium wavel, which attenuates the signals of radio services on adjacent fre-
quencies. When the ATTENUATOR toggle switch is switched on on the indicator, the
input resonant circuit in the bandpass filter is shunted by means of electronic
switch K2, which provides for the attenuation of radionavigation system signals by
approximately 20 dB. The signals are then fed to the input filter Fip in the form
of a single resonant circuit, and then through the emitter follower to the elec-
tronic gain control RE. The RF signal is fed from the output of the gain control
circuit through the emitter follower to the bandpass filter FPgy [medium wave
bandpass filter], which takes the form of a three section resonant circuit filter
with external capacitive coupling. The frequency tuning of the filter is accom-
plished by means of feeding fixed voltages to the varicaps on instructions from
the CHANNELS switch in the "RF" [rejection filter], "DV" [long wave], and
"Ssv-1,2,3" [medium wave bands 1, 2, 3]. After passing through the emitter follower
and the electronic gain control RE, the signal is then fed through an emitter
follower to the frequency converter P to convert the received signal to the 465
KHz intermediate frequency signal. The converter is designed in a combined mixer
and local oscillator configuration. The frequency produced by the local oscilla-
tor is crystal controlled. The switching of the local oscillator frequencies is
accomplished by means of switching in the appropriate crystal by means of the
electronic switchers. The load on the frequency converter is the intermediate
frequency filter Fyp, which is formed by a pair of coupled tuned circuits with
external capacitive coupling. The filter is tuned to a frequency of 465 KHz, and
the signal is fed from its output through the emitter follower EP and the elec-
tronic gain control to the phase correction circuitry, and then on to two identi-
cal intermediate frequency filters, which are isolated from each other by means
of emitter followers. The filters are designed in a TM section bandpass filter
configuration. The signal is then fed through the electronic switcher K5, which
is controlled by instructions from the CHANNELS switch to the common broadband
amplification channel for the medium wave and long wave bands. This amplifier
chain contains two amplifiers U and an electronic gain control RE. These
stages are matched to each other by means of emitter followers EP.
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The signal is then fed to the output emitter follower which matches the output
of the receiver to the RF cable through which the RF pulses are fed to the indica-
tor unit.

The subsequent processing of the radio signals received from the shore radio sta-i
tions is accomplished in the indicator unit for the purpose of measuring the radio-
navigation parameter.

The complement of the indicator (see Figure 3.2) includes the master oscillator 0G,
synchronizer, visual display, tracking system and power supply circuitry.

The series produced "Giatsint" master oscillator (IG2.210.100) is used as the
master oscillator in the KPI-S5F, the 5 MHz frequency of which is established with
a precision of +1 - 10-7 after 15 minutes and +1.5 - 107° after two hours.

The operational time diagram for the indicator which is governed by the synchro-
nizer is intended for the solution of the following problems:

1. Synchronize the repetition rate of the CRT sweep with the repetition rate of
the signals from the shore stations.

2. Generate a pulse train for the measurement and readouts of the navigation
parameter.

3. Generate auxiliary sequences of individual pulses and trains needed for the
operation of the indicating receiver.

Included in the complement of the synchronizer (see Figure 3.2) is a master
frequency divider ODCh, a code comparison gate SK, a bidirectional counter RCch,
a decoder Dsh, a chanmnel shift control circuit UPK and a pulse train driver FPI.

The master frequency divider generates the sequence of channel A pulses (the
master station channel) from the sinusoidal voltage from the master oscillator
where this pulse train has a repetition period T equal to the repetition period
of the individual packets of radio pulses received from the shore stationms, as
well as a series of reference pulse trains for channel A which are needed for
the operation of the indicating receiver.

To measure the time delay of the slave station signal relative to the signals
from the master stations, the synchronizer generates a sequence of channel B
pulses (slave station), the time position of which can be shifted relative to the
channel A pulses by an interval fixed with a precision of 0.1 microseconds in
a range of 10,000 to 70,000 microseconds. This problem is solved by a digital
variable delay circuit by means of comparing the number codes of the frequency
divider and the bidirectional counter, and generating the output signals at the
points in time when the codes match [5]. 1In the initial state, the code of some
number is stored in the bidirectional counter. The number code in the decades of
the master frequency divider are periodically changed during the process of
dividing the voltage incoming from the master osicllator. At the points in time
when the number code written in the master frequency divider coincides with the
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number code written in the bidirectional counter, reference sequences of channel
B pulses are generated at the output of the code comparisom circuit.

The channel shift control circuitry provides for the capability of moving the
channel A and B pulse sequences in time at different rates relative to the
shore station signals, as well as moving the channel B pulse train relative to
the channel A pulse train by means of changing the division coefficients in the
master frequency divider and the state of the bidirectional counter.

The pulse sequence driver generdtes the sequences of pulses needed for the oper-
ation of the receiver, the visual display and the tracking system from the refer-
ence A and B channel sequences.

The decoder Dsh is intended for representing the number stored in the bidirectional
counter in a decimal code for display.

A block diagram of the synchronizer is shown in Figure 3.4. The master frequency
divider ODCh consists of the limiter-amplifier UO, seven frequency dividers (DChl-
DCh7) and four drivers (Fr9-Fr-12).

The limiter-amplifier provides for negative and positive peak limiting of the
5 MHz sinusoidal voltage and reduces it to a level which assures normal operation
of the first frequency divider.

The first frequency divider (DChl) is designed as a digital phase shifter. It
divides the master oscillator frequency by five and makes it possible to phase
shift the output pulses in any direction in a discrete step of 0.1 microsecond
upon instructions from the channel shift control circuit. The five subsequent
frequency dividers (DCh2-DCh6) are designed with identical circuits having divi-
sion factors of 10 and are intended for dividing the frequency down to a level
equal to the repetition rate of the shore station RF pulses. For the selected
values of the division factors, the pulse repetition period at the output of DChé
[frequency divider 6] is 100,000 microseconds, i.e., corresponds to the repetition
period of the group 8S "Loran-C" radionavigation system signals.

The repetition rates corresponding to the five groups of frequencies other than
the lowest frequency group SS (the H, L, S, SH and SL), are generated by means of
master frequency driver circuits (Frl2) by means of reducing the division coef-
ficient of the sixth frequency divider. The values of the recurrent repetition
rates are generated by means of the supplemental frequency driver circuit Frl0

by changing the division factor of the fourth frequency divider in the "Loran-C"
mode and the third and fourth frequency dividers in the "Loran-A" mode.

Frequency divider DCh7 having a division coefficient of cight generates the
signals needed to assure the specified shift rates for. the reference pulse trains
of both channels.

Driver Fr9 generates the chamnel A pulse train with a repetition period of 10

microseconds, having the capability of being shifted in time in discrete steps of
0.1 microseconds.
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Driver Frll generates signals with repetition periods of P/2 and T, needed
for the operation of pulse train driver and channel shift control circuits,
as well as for the generation of the recurrent frequencies.

The bidirectional counter RSch consists of six identical bidirectional count=~:
ers having a scaling factor of ten each (six decades). The number stored in
each of the first five decades is changed by means of the channel B shift
circuit (FP-B), while the numbers stored in the sixth decade is changed with
the action of the signal from the channel B set circuit (Ust-B). The codes
of the numbers written in bidirectional counters RSch2-RSch6, are compared
with the number codes written in the corresponding decades of the master
frequency divider (DCh2-DCh6) by means of five AND gates of equal capacity
included in the code comparison circuit SK.

The signals from the bidirectional counter flip-flops and the series of pulse
trains from the digital phase shifter are fed to the input of drivers Fr7 and
Fr8. These devices are included in the complement of the code comparison
circuitry and generate the channel B pulse trains with periods of 1 and 10
microseconds, the time position of which can be set relative to the corres-
ponding channel A pulse sequences in discrete steps of 0.1 microseconds.
The pulse train from the outputs of the equal value gates and drivers Fr7 and
Fr8 are fed to pulse train driver as the channel B reference sequences.

The decoder Dsh consists of six identical decoding circuits, each of which
makes it possible to display a decimal number on the seven segment display
corresponding to the code of the number stored in the bidirectional counter
decade coupled to it.

The channel shift control circuit UPK consists of the channel A and B

shift drivers (FP-A and FP-B), which provide for the dropout of the master
frequency divider and the bidirectional counter with different repetition
periods which depend on the positions of the MASTER FREQUENCIES, SUPPLEMENTAL
FREQUENCIES, and SWEEP switches. Reducing the repetition period of the drop-
out pulses leads to an increase in the shift speed of the reference sequences:
of channels A and B. The dropout commands can arrive at the UPK [channel
shift control circuit] from the SHIFT pushbutton switches or from the tracking
system SS.

The channel shift control circuitry also includes the channel B set

circuit (Ust-B), which provides for the elimination of possible intrusions

of channel B time sequences in certain states of the bidirectional counter,
and additionally sets the initial value of the requisite delay of the channel
B sequences taking into account the specific operational features of the
"Loran-A" and "Loran~C" radionavigation systems.

The pulse train drive FPI consists of three registers (Rgl-Rg3), three time
gates (S11-S13), setting pulse drivers for the first and second registers
(Frl and Fr2), driver Fr6 for the ZONE A and ZONE B pulses, pedestal generat-
ing circuits (Fr3) and pulse decoders (Fr5), as well as a pulse driver Fré4
for the tracking system SS, the visual display unit VU, the receiver RPU and
the synchronous filter SF. All of the output signals of the pulse train
driver are produced from the pulse trains generated by the registers.
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Key to Figure 3.4.:

. Dsh = decoder;

RSch = bidirectional counter;

Fr7 = driver 7;

Fr8 = driver 8;

SK = code comparator;

UO = limiting amplifier;

DChl = frequency divider 1;

From the master oscillator;

. ODCh = master frequency divider;

10. Fr9 = driver 9;

11. From the SUPPLEMENTAL FREQUENCIES switch;
12. UPK = channel shift control circuit;
13. Ust-B = channel B set circuit;

14. FP-A = channel A shift driver;

15. FP-B = channel B shift driver;

16. From the main frequencies switch;

|
O oONOUL S WN

- 17. S11 = selector 1;
) 18. Frl = pulse driver for register 1;
19. Rgl = register 1;
20. FPI = pulse train driver;
21. Rg3 = register 3;
22. 813 = selector 3;

23. From the SWEEP switch;

24. From the SF [synchromous filter];

25. To the synchronous filter;

26. To the RPU [receiver];

27. To the VU [visual display unitl];

28. To the SS [tracking systeml;

29. From the CHANNELS switch;

30. From the SHIFT pushbuttons and toggle switch;
31. I = integrators;

32. To the digital display.

The visual display unit (VU) (see Figure 3.2) is intended for solving the
problems of radionavigation system signal detection and recognition, moni-
toring the execution of the measurements of the navigation parameter and
the setting for the automatic tracking radio pulses. The visual display
unit is additionally used in a "self testing mode". Included in the visual
display unit besides the CRT and its power supply circuits are circuits for
generating the signals for the CRT, a synchronous filter and a tracking
system, as well as sweep generating circuitry.

The sweep generating circuit consists of a biased flip-flop Mv, a flip-
flop Tg, an OR gate, a sawtooth voltage generator GPN, a push-pull sawtooth
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voltage amplifier UPN, a threshold gate PU, as well as a strobe and tracking
marker driver FPM.

_ In the "operate" mode, the repetition rate of the sweep and its duration are
governed by the sync pulses which are supplied from the pulse train driver of
the synchrnoizer and fed through the OR gate, where these trigger the sawtooth
voltage generator. The generated pulses are amplified in the sawtooth voltage
amplifier and fed to the horizontal deflection plates of the CRT.

In the "Self testing" mode, the sawtooth voltage generator is triggered by a
flop~-flop, which in turn is actuated by pulses from the test points in the
indicating receiver. The duration of the sweep in this case is governed by

a threshold gate to which sawtcoth pulses are fed from the push-pull sawtooth
voltage amplifier. When they reach the threshold value, the biased flip-flop
is triggered, which uses its own pulses to return flip-flop TG to the initial
state.

The strobe and tracking marker driver serves to obtain square-wave positive
polarity pulses, which turn on the CRT during the forward trace of the beam,
and also generate a negative marker, which marks the position of the tracking
pulse on the CRT screen. The strobe and tracking marker pulses are fed to the
modulating grid of the CRT.

The signals fed to the vertical plates of the CRT are produced in the signal
driver for the CRT, which consists of the preamplifier UP, the divider D,
the amplitude detector AD, the decoding circuit DS, the double differentiat-
ing network DTs, the limiting amplifier UO, the mixer Sm, the final amplifier
U and two switching circuits (gates) S7Z1 and S72.

The kind of signal at the vertical plates of the CRT depends on the positions
of the SWEEP and TEST switches, which feed instructions to gate S72. Five
sweeps of different lengths at a repetition rate equal to the repetition rate
of the shore station pulses are produced on the screen of the CRT. With the
first and second sweep rates, the radio signals from the receiver output are
fed to the vertical plates through divider D, gate S12 and final amplifier U.

The first sweep (the longest one), the duration of which is equal to the repe-
tition period of the ground station signals, serves to solve the problem of
detecting and identifying the signals and presetting them on the auxiliary
rectangular pulses: the pedestals. By means of the separation pulses, the
sweep line is broken down into two parts with a length of T/2 each, which

are reproduced on the CRT screen in the form of two [horizontall lines. This
increases the sweep scale with a constant working tube diameter and simul-
taneously provides for the possibility of identifying the master and slave
station signals when working with the "Loran-A" radionavigation system.

The second sweep (of shorter duration) with a duration of 8,790 microseconds
is intended for the more precise placement of the signals on the peaks of
the pedestals and the preliminary amplitude equalization (balancing) of the
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signals. The auxiliary pedestals and sweep segregation pulses, which are

fed to the vertical plates of the CRT along with the radionavigation system
signals, are generated in the synchronizer SPI [pulse train driver] and are
fed to final amplifier U after they are mixed in the mixer Sm. The divider
D serves to adjust the ipput signal level of the final amplifier.

For the third sweep rate, the envelopes of the radio signals detected by
amplitude detector AD are fed through gate S72 to the CRT. This sweep is of
even shorter duration, 390 microseconds, because of which a large scale image
of the pulse signals is achieved. With the third rate, the lower and upper
sweep lines are combined, the signal type is identified (surface, ionospheric,
combination), and the pulse amplitudes are balanced more precisely and the
edges of the envelopes of the master and slave signals are combined.

The shift pulses which move the sweep lines down along the vertical for more
complete utilization of the working area of the CRT screen are fed from the
synchronizer through the mixer Sm and the final amplifier U to the vertical
plates.

There are two more sweep rates which are used when working with the "Loran-C"
radionavigation system. The fourth sweep with a duration of 50 microseconds
is intended for checking the correctness of the signal decoding. In this
case, the radio pulses are fed from the radio signal decoder DS through gate
S12 to the screen of the CRT. The CODE 1 - CODE 2 toggle switch (see

Figure 3.7b) serves to control the decoding circuitry.

With the fifth sweep rate ("FO"), the correctness of the resolution of the
phase readout ambiguity is checked by means of combining tle edges of the
radio pulse envelopes segregated from the signal and noise mixture by the
synchronous filter SF on the screen of the CRT. The duration of the fifth
sweep is equal to the duration of the third.

In the "self testing", the signals being tested are fed from the test points
of the indicating receiver through gate S72 to the CRT screen.

The signals for the tracking system are switched by means of the gate
circuit SZ1. 1In the "Loran-C" mode, the decoded radio signal from the de-
coding circuit is fed through gate SI1 to limiting amplifier UO. In the
"Loran-A" mode, the twice differentiated envelope of the radio pulse from
the differentiating network DTs is fed to the limiting amplifier.

The tracking system (SS) provides for automatic tracking of master and slave
station signals. The major elements :of the tracking system are the time
discriminator and two integrators Ip and IB. The signals from the limiting
amplifier of the visual display unit are fed to one input of the time
discriminator. The tracking pulses from the synchronizer pulse train driver
are fed to the second input. The time discriminator determines the amount
and sign of the mismatching of the tracking pulses and the signals from the
visual display unit.
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Figure 3.5. Block diagram of the synchronous filter.

Key: 1. Clock pulses;

2. Strobe pulse generator;

3. Channel A store;

4. Low pass filter;

5. Decoded radio signal;

6. Radio signal phase inverting amplifier;
7. Channel B store.

The error signal integrators for channels A and B take the form of
bidirectional counters, which calculate the difference in the samples of the
positive and negative mismatched signs. If the absolute value of the dif-
ference in the samples reaches a number which overflows the bidirectional
counter, then a pulse will be fed from the output of the integrator to the
synchronizer, the action of which causes the tracking pulses of the corres-
ponding channel to shift in the direction of a reduction in the amount of the
mismatch.

When receiving master station pulses, the error signal acts through the chan-
nel shift control circuitry, UPK, on the digital phase shifter of the master
frequency divider, tuning the repetition rate of the tracking pulses from the
synchronizer to the repetition rate of the signals from the shore station,
i.e., automatic frequency control is realized in the tracking circuit using
the master signals.

When receiving slave station signals, the error signal acts through the
channel shift control circuit on the first bidirectional counter of the syn-
chrnoizer and shifts the tracking pulses in time till they match the "singular"
peints of the slave station signals.

The synchronous filter SF is intended for segregating the leading edges of the
"Loran-C" master and slave station pulses from the mixture of signals and
noise.

A block diagram of the synchronous filter is shown in Figure 3.5, while the
time diagrams which explain its operation are presented in Figure 3.6.
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Figure 3.6. Time diagrams for the operation of the synchronous
filter: a. The RF signal; b,d. Strobe pulses;
c. Voltage across the store capacitors;
e,f, Voltage at the input and output respectively of the
low pass filter.
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The complement of the synchronous filter includes a phase inverting RF signal
amplifier FUR, a strobe pulse driver FSI, two stores BN for channels A and
B as well as a low pass filter FNCh.

The operational principle of the synchronous filter is based on charging 15
storage capacitors, which are connected by means of switching circuits to

the radio signal source at the points in time corresponding to the maximum

of the positive and negative half-waves of a radio pulse. The envelope of

the radio signal is generated from the voltages stored by the capacitors by
means of time gating and filtering the sequence of gated-out voltages by means
of a low pass filter.

The inverted and non-inverted radio pulses are fed from the outputs of the
phase inverting amplifier to the signal inputs of the stores for channels A
and B. Simultaneously, the strobe pulses which are formed from the clock
pulse train are fed from the strobe pulse driver circuit to the blocks of
stores, where these strobe pulses determine the moments of connection of the
storage capacitors to the radio signal source. Two groups of capacitors

(eight capacitors in the first and seven in the second) are used for gating
the noninverted and inverted radio signal sequences, and two corresponding
strobing pulse trains are generated, which move with a shift of 5 microseconds,
i.e., by the amount of a half-period of the RF pulse modulation frequency.

The timewise sequential connection of the groups of storage capacitors to the
low pass filter is accomplished by means of these same two strobing pulse
trains. The strobing pulses of the second group are used to connect the first
group of stores, while the strobing pulses of the first group are used to
connect the second group of stores to the low pass filter. Because of this
technique of connecting the storage capacitors to the low pass filter, the
radio signal envelope produced by them proves to be delayed in time relative
to the envelope at the output of the phase inverting amplifier by a half-
period of the RF pulse modulation frequency.

The electrical power supply circuit is intended for providing power to the
KPI-5F indicating receiver from the alternating current mains at a frequency
of 50 + 2.5 Hz and a voltage of 127 or 220 volts with fluctuations of +10%.

The power supply circuit complement includes eight power supplies which -
produce 10 DC voltage and 1 AC 6.3 volt square wave to power the CRT filament.
The main technical specifications of the power supplies are given in Table 3.1.

The power supplies are designed in a transformer--rectifier--filter--regu-
lator circuit configuration and are protected against short circuits in the
load circuitry.

The 1,500 volts and ~1,500 volts needed to power the CRT circuits are obtained
by converting the regulated DC voltage at 27 volts to an alternating current
square wave at a frequency of about 10 KHz. The voltage for powering the

CRT filament, as well as the voltages fed to the two high voltage 1,500--
1,500 volt rectifiers, designed in four-stage multiplier circuit config
urations are picked off of the converter output.
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TABLE 3.1
Output Load Ripple, Total
. . Voltage, Current, %, Instability,
Unit Using Power Volts Milli- No More %
amperes Than No More Than
Synchronizer, tracking +5 3,000 2.0 5
system and digital
display
Visual display +12.6 80 0.1 -
+100 60 -
-12.6 20 1.0
- Radio receiver -12.6 140 0.05 -
-50 60 -
_ Master oscillator, +27 400 - : -
visual display
and converter
for the high
voltage
rectifier
z CRT +1,500 0.15 - 10
- -1,500 1.0 - -
6.3 100 - -
- Synchronous filter -20 50 0.1 5
- 3.3. Recommendations for the Installation of the Indicating Receiver on a
Ship

An overall view of the KPI-5F indicating receiver set is showm in Figure 3.7.

The indicating receiver is produced in two colors: set 0Ts1.400.120 is gray-
blue, while set OTsl1.400.120 is of an ivory color.

The equipment is powered from the AC mains at 127/220 volts, 50 Hz. Where
the requisite power is lacking on a ship, one can use DC mains at 220, 110

or 24 volts with the appropriate converters, the presence of which is
stipulated when ordering the product. The mounting and installation of the
converters is accomplished in accordance with the documentation supplied

with them. The supply mains voltage may be measured with a 16413 multi-
meter or one of a similar class of precision which is no worse than 2.5.
Deviations in the supply mains voltage and frequency deviatioms not exceeding
+10% and +5% respectively are permitted.
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The overall dimensions and weight of the units of the equipment set are given
in Table 3.2.

TABLE 3.2
) Overall Dimensions, mm
Weight,
Name of the Designation Depth  Width Height kg,
Uni No More Than
nit
Radio receiver 0Ts2.003.025 218 450 165 8
Indicator
(with frame) 0Ts2.043.004 530 515 235 30
) Synchronnus
- filter 0Ts2.067.360 257 228 140 3.5

Set of tools,
spare parts
and accesor-
ies 0Ts4.070.228 504 406 166 8

It is necessary to observe the following major requirements when laying out
the equipment set:

1. The radio receiver is to be installed no more than 5 m from the antenna
input in an internal compartment of the ship, assuring free access to the
ccanector. The unit is mounted horizontally on brackets or on a bulkhead,
providing in this case for the possibility of sliding unit out of the hous-
ing and removing the cover from the chassis block.

2. The indicator unit is placed in the navigator's compartment in the
B immediate vicinity of the position where the navigation work is done, assur-
- ing free access to the controls whi:h are located both on the front panel
and on the side. A provision is to be made in the installation of the
indicator for the possiblity of removing the cover and sliding out the
circuit boards for repair.

3. The synchronous filter is housed in the navigator's compartment at a
distance of no more than 3 m from the indicator on a desk or bulkhead.
When installing the filter, a provision should be made for the possibility
of removing the covers.

3.4. Main Operating Rules for the KPI-5F Indicating Receiver

The Arrangement and Designation of the Meters and Controls. The major
N meters and controls are located on the front panel of the indicator, while
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the controls which are not normally used in operation are located on the

right side wall. The controls and meters are enumerated in Table 3.3 , with
the functions performed by them also indicated.

Figure 3.7. General view of the equipment complement of
the KPI-5F indicating receiver.
Key: a. Radio receiver; b. Indicator unit;
c. Synchronous filter.,
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TABLE 3.3

Meters and Controls

Functions WHich Are Performed

CRYSTAL - OFF toggle switch
WHITE CRYSTAL light

MAIN POWER - OFF toggle
switch

TUNE - RECEIVER potentiometer

The TUNE RF-1, RF-2, RF-3,
RF-4 [rejection filters
1-4] potentiometers

TEST switch

The CHANNELS switch [bandswitch]

(rRF, DV, sv-1, 2, 3)

[rejection filter, long wave,

medium wave bands 1, 2 and

MAIN FREQUENCIES switch

SUPPLEMENTAL FREQUENCIES switch

SWEEP switch (1, 2, 3, 4, FO)

ATTENUTATOR - OFF toggle switch

CAIN - BALANCE potentiometer

The GAIN - COMMON
potentiometer

The GAIN - FO potentiometer

CODE 1 - CODE 2 toggle
switch

AFC - OFF toggle switch

Turning the master oscillator on and off

Signaling the heating of the master
oscillator (the light goes out)

Turning the indicating receiver on and off

Tuning the receiver in the long wave band
+9 KHz {rom the carrier frequency of the
shore station. Identifying surface and
space waves

Suppressing interference from broadcast,
telegraph and special stations in the
long wave band

Checking the operation of the major units
of the indicating receiver

Narrow band interference search in the "RF"
position. Turning on 'Loran-A" channels
1, 2 and 3 in the medium wave mode and

3] "Loran-C" in the long wave mode

Selecting the main repetition rate of the
radio pulses

Selecting one of eight recurrent repetition
rates of the radio pulses

Changing the sweep rate, switching the
synchronous filter to the "FO" position
[ambiguity resolution of the phase
readout]

Reducing the amplitude of the received
signal

Equalizing the amplitudes of a signal pair

Adjusting the amplitudes of the master and
slave station signals

Adjusting the amplitude of a signal pair in
the "FO" position of the SWEEP switch

Decoding pulse-phase radionavigation
system signal packets

Actuating synchronization on the master
station signals and tracking of the
slave station signals
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TABLE 3.3
Meters and Controls Functions Which are Performed
The SHIFT (TO THE LEFT - TO Shifting the radionavigation system
THE RIGHT) pushbuttons and signals and pedestals with respect
the A-B toggle switch to the sweep lines
READOUT pushbutton Turning the digital display on when
taking a reading
The FOCUS potentiometer Focusing the image on the CRT screen
The BRIGHTNESS potentiometer Adjusting the image brightness
Digital display Indicating the reading in microseconds
The cathode ray tube Visual display of the signals

Preparing the Indicating Receiver for Operation. Prior to starting operation,
the position of the controls and meters of the indicating receive must be
checked and set to the initial positionms:

--The POWER MAINS - OFF toggle switch in the "Off" position;

—-The CRYSTAL - OFF toggle switch in the "Off" position;

--The CHANNELS switch [bandswitch] in any position;

--The TEST switch in the "0" position;

--The AFC - OFF toggle switch in the "AFC" position;

--The A-B toggle switch in the "A" position;

--The OVERALL GAIN potentiometer is rotated counterclockwise to the stop
(in the extreme left position);

--The equal channel gain mark on the GAIN - BALANCE potentiometer control is
set in the upper vertical position;

--The equal channel gain marker on the GAIN - FO potentiometer control is
set in the upper vertical position;

--The SWEEP switch is set in position "1";

~~The TUNE RF-1, RF-2, RF-3 and RF-4 potentiometers are det in one of the
B extreme positions;

--The ATTENUTAOR - OFF toggle switch is set in the "Off" position;
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—-The O mark on the TUNE - RECEIVER potentiometer control is set opposite
the mark on the front panel.

The Procedure for Turning the Indicating Receiver On and Off. The indicating
receiver is turned on in the following sequence:

1. Some 15 to 20 minutes prior to starting operationm, turn on the heat for
the master oscillator, for which the CRYSTAL - OFF toggle switch is set in

- the "Crystal" position. The small flight light comes on, which signals the
heating of the thermostate of the master oscillator. After 10 to 15 minutes
the light goes out and will come on again as necessary to automatically
maintain the specified temperature in the thermostat.

2. The POWER MAINS - OFF toggle switch is set in the "Mains" position after
. the master oscillator is heated up. After 1 to 2 minutes, two sweep lines

with two rectangular pedestals should appear on the screen of the CRT (in

position "1" of the SWEEP switch).

The indicating receiver is turned off in the following sequence:

1. The POWER MAINS - OFF toggle switbh is set in the "Off" position;

2. The CRYSTAL - OFF toggle switch is left in the "Crystal" position if the
indicating receiver is being turned off for less than one hour;

3. The POWER MAINS and CRYSTAL toggle switches are turned off sequentially
when the equipment is shut down for a long time.

Measurements Using "Loran-A'' Radio Navigation System Signals. The operations
are performed in the following sequence:

1. The indicating receiver is prepared for operation.

2. The master oscillator thermostat heating is turned on for 15 to 20 minutes
prior to the start of operation.

3. Using radionavigation suppor data for the navigation region and the radio-
navigation chart or special tables, two (or more) pairs of radiomavigation
system stations are selected.

Based on preliminary information on the ship's position and the radio wave ‘
propagation conditions, the possible type of signals incoming from each of
the stations of the selected pairs is determined beforehand.

4. Tune the indicating receiver for operation with the first pair, for which:
—-Set the CHANNELS switch in the "SV-1" ["médium wave 1"], 'SV-2" or "Sv-3"

position, corresponding to the first symbol (number) in the designation of
the selected pair of "Loran-A" radionavigation system stations;
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--Set the MAIN FREQUENCIES switch in the "H", "L" or "S" position, corres-
ponding to the second symbol (letter) in the designation of the selected pair
of "Loran-A" radionavigation system stations.

5. Set the POWER MAINS -- OFF toggle switch in the "Power Mains" position.
After two sweep lines with two rectangular pedestals appear on the CRT screen,
use the BRIGHTNESS and FOCUS potentiometer controls to adjust the brightness
and clarity of the image.

6. Solve the problem of detecting the signals of the selected pair of stationms,
for which the OVERALL GAIN potentiometer control is used to adjust the gain

of the receiver so that two stationary radio pulses (when receiving surface
waves) or two series of stationary pulses (in the presence of ionospheric
waves) - the signals of the selected pair of stations - are clearly seen
against the noise background in the sweep lines.

To facilitate the problem of detecting stationary pulses of a pair in the

presence of considerable interference, it is recommended that the signals

which are being detected be made to move and stop by briefly pressing one of
- the SHIFT buttonms.

7. Solve the problem of identifying the master and slaved station signals
from the arrangement of the pulses on the sweep lines. The pulses should be
on different sweep lines, where the pulse on the upper line should be to the
left of the one on the lower. With this arrangement, the upper pulse is the
master station signal while the lower pulse is the slave station signals. If
the signals are incorrectly arranged, one of the SHIFT buttons is to be
pressed. Observing the motion of the signals, release the button at the
moment they are correctly arranged.

8. Arrange the master and slave station pulses at the peaks of the stationzry
and moving pedestals respectively, for which:

—-Press one of the SHIFT buttons (TO THE LEFT or TO THE RIGHT). While observ-
ing the shift in the signals release the button at the moment when a single
pulse (surface wave reception) or the first of a series of pulses (where

space waves are present) of the master station are at the peak of the station-
ary pedestal near its leading edge;

9. Set the A - B toggle switch in the "B" position. Push the TO THE LEFT or
TO THE RIGHT button. While the observing the shift in the moving pedestal,
release the button at the moment when the leading edge of the pedestal comes
up and touches from below the single pulse or the first of the series of
pulses (where ionospheric waves are present) of the slave station.

9, Using the GAIN - BALANCE potentiometer control, set the am~litudes of
the first of the series of visible pulses approximately equal to the height
of the pedestals.

10. Set the SWEEP switch in position "2". The peaks of the pedestals
stretched out in two horizontal lines with the radio pulses on them will be
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seen on the screen. Taking into account the data obtained in performing
paragraph 3 of these instructions, set about the visual adentification of
the type of signals being received (surface wave, ionospheric, composite).

11. Usiug the TC THE LEFT or TO THE RIGHT control, bring the pulse or series
. of puises of the slave station precisely underneath the master pulse (or
erizs of pulses).

12. Set toggle switch A - B in position "A" and using the TO THE LEFT button,
move the radio pulses to the start of the horizontal lines.

13. Set the SWEEP switch in the "3" position. The sweep lines on the CRT
screen will merge into a single line. The stretched video pulses of the
master and slave statiors will be seen. A dark vertical marker in the left
portion of the sweep indicates the position of the tracking pulses of the
tracking system. :

14. Taking the specific features of 'Loran-A'" radionavigation system radio
wave propagation into account, continue the visual identification of the type
of signals received from the master and slave stations. Primary attention

is to be concentrated on the leading edges of the pulses (the leading edges
of the first in the series of pulses where space waves are present). To
ascertain a possible weak surface component in the leading edge of an iono-
spheric E] signal, the OVERALL ~ GAIN potentiometer control is to be used

to increase the receiver gain and carefully study the initial portion of the
leading edge for the presence of a break in the envelope.

15. Set the A - B toggle switch in the "B" position, and using the TO THE
LEFT and TO THE RIGHT buttons, match up the initial portions of the leading
edges of the master and slave signals. Using the GAIN - BALANCE potentio-
meter, simultaneously equalize the leading edges of the pulses up to their
peaks (in the case of surface waves or pure space waves) or up to the
breaks in the envelopes (when working with composite signals).

Note: When working with Ej waves, the matching of the leading edges is to be
accomplished at the moment the phenomena of leading edge splitting and pulse
fading are finished.

16. Press the READOUT button and take a reading of the navigation parameter
in microseconds from the digital display.

In the case of measurements using space waves, the reading must be corrected
with a correction for the radio wave propagation conditions, which is taken

from the radionavigation chart or from tables.

17. To obtain the second line of position, similar measurements are to be
= performed using the second pair of 'Loran-A" system stationms.

18. To establish automatic tracking of master and slave surface wave signals,
the A - B toggle switch is to be set in position "A" and the TO THE LEFT or
TO THE RIGHT button is to be used to match the 0.5 level of the leading edge
of the combined pulses with the dark vertical marker.
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Measurements Using "Loran-~C" Radionavigation System Signals. The operations
are performed in the following sequence:

- 1. Prepare the indicating receiver for operation.

2. Turn on the master oscillator thermostat heating 15 to 20 minutes prior to
starting operation.

3. Choose two (or more) pairs of stations from the "Loran-C" radionavigation
system network from a radionavigation chart or special tables, using radio-
_ navigational data for the navigating region.

Based on the preliminary information, determine the possible types of waves
arriving from each of the stations of the selected pairs beforehand.

4. Tune the indicating receiver to the signals of the selected network for
operation, for which the following is done:

--Set the CHANNELS switch in the "RF" ["rejection filter"] position;

--Set the MAIN FREQUENCIES switch in the "S", '"SH", "SL" or "SS" positionms,
depending on the designation of the network selected for operation;

--Set the SUPPLEMENTAL FREQUENCIES switch in one of eight fixed positioms,
corresponding to the number included in the designation of the network
selected for operation.

5. Set the POWER MAINS - OFF toggle switch in the ''Power Mains" position.
After the two sweep lines with the two rectangular pedestals appear on the
CRT screen, adjust the brightness and clarity of the image using the
BRIGHTNESS FOCUS potentiometers.

6. Solve the problem of detecting the signals of the selected network of the
"Loran-C'" radionavigation system, for which the OVERALL - GAIN potentiometer
is used to adjust the receiver gain so that the stationary packets (train) of
radio pulses of the master and slave stations are clearly seen against the
background of interference on the sweep lines. The master station pulse
train..consists of nine pulses, while the master station trains consist of
eight pulses each. The pulse trains of other networks move to the right or to
the left along the sweep lines at different rates.

7. The interference status is estimated on the CRT screen. When there is
interference from broadcast, telegraph as well as special stations, the
interfering signals are to be suppressed using the rejection filters. The
rejection filters are tuned in the following order:

a) The OVERALL - GAIN potentiometer is used to adjust the gain so that the
band of interference is equal to the pedestal amplitude;

b) The RF-1 [rejection filter 1] is tuned to the frequency of the first
interfering signal, for which, the maximum level (thickness) of the
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interference trace on the CRT screen is achieved by rotating the TUNE RF-1
potentiometer control;

¢) Suppress the first interference signal, for which the TUNE RF-2 potentio-
meter is rotated and the position is found for which the amplitude of the
interference is sharply reduced;

d) By rotating the TUNE RF-1 potentiometer control, seek out the second
possible interference signal and suppress it with the RF-3';

e) By rotating the TUNE RF-1 potentiometer control, seek out the third
possible interfering signal and suppress it with RF-4;

f) Tune RF-1 to the frequency of the fourth possible interfering signal; Set
the CHANNELS switch in the "DV" ["long wave"] position; in this case, the
RF-1 is switched from the '"search' mode to the "suppress' mode, which is
accompanied by a reduction in the amplitude of the fourth interfering signal;

Note: The process of suppressing interference must be accompanied by visual
monitoring of the level of the useful signal pulse trains; where possible,
one is to avoid tuning the rejection filters to frequencies close to the
carrier frequency of the radio pulses, something which can reduce their
amplitudes and distort waveforms.

8. Position the pulse trains from the master and slave stations at the peaks
of the stationary and moving pedestals respectively, for which the following
are done:

--Using the OVERALL - GAIN potentiometer control, the amplitude of the pulse
train from the master station is set equal to the pedestal height;

--The A - B toggle switch is set in position "A";

——-One of the SHIFT buttons is pressed (TO THE LEFT or TO THE RIGHT); Observ-
ing the motion of the signals, release the button at the moment when the
first eight pulses of the master station pulse train are located at the peak
of the stationary pedestal;

--Set the A - B toggle switch in the "B" position; press one of the SHIFT
buttons (TO THE LEFT or TO THE RIGHT) and move the moving pedestal underneath
the selected pulse train‘for the determination of the slave station line of
position so that the eight pulses of the pulse train appear at the peak of
pedestal.

9. Set the SWEEP switch in position "2". Two sweep lines will be seen on the
CRT screen which are determined by the peaks of the pedestals with eight

radio pulses in each horizontal line.

8 10. By pressing otie of the SHIFT buttons (TO THE LEFT or TO THE RIGHT) arrange
the eight radio pulses on the lower sweep line (slave station signals)
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precisely underneath the eight pulses on the top sweep line (master station
signals).

11. Set the A - B toggle switch in position "A". By pressing one of the SHIFT
B buttons (TO THE LEFT or TO THE RIGHT), set the first radio pulses of the pulse
trains at the origin of the sweep lines.

12. Set the SWEEP switch in position "3". One sweep line with two signals formed
by the superimposition of the envelopes of the eight pulses from the master and
slave station pulse trains will be seen on the CRT screen.

13. Taking into account the data obtained in the execution of paragraph 3 of these
instructions, set about the visual identification of the type of signals received
from the master and slave stations. Special care should be taken in performing
this task when working in the region of a mixed signal. To facilitate the identi-
fication of the portion of the edge of the resulting pulse corresponding to a
surface wave under conditions of in-phase addition of forward and reflected
signals, one is to begin to slowly rotate the RECEIVER potentiometer control,
accompanying it with the visual monitoring of the shape of the initial portion

of the edge of the radio pulse. The moment of the transition from the surface

to the composite signal should be indicated in this case by the appearance of a
wavy variation ("steps") on the monotonically rising envelope.

14. Press one of the SHIFT (TO THE LEFT or TO THE RIGHT) buttons and bring the
center of the signal edge portion selected for the measurements using the master
station signal up to the dark vertical marker of the tracking point.

15. Switch the A - B toggle switch to the "B" position. Using the GAIN - BALANCE
potentiometer, set the slope of the slave station signal edge portion selected
for the measurements parallel to the corresponding portion of the edge of the
master station signal.

16. Press one of the SHIFT buttons (TO THE LEFT or TO THE RIGHT) and match the
master and slave station signal edge portions selected for the measurements.

- 17. Check the decoding of the radio pulses, for which the SWEEP switch is set in
position "4". One sine wave should be seen on the CRT screen (the signals are
decoded). 1If two sine waves which are out of phase are seen on the CRT screen
(the signals are not decoded), then the CODE 1 - CODE 2 toggle switch must be
set in the next position and one must check to see that the radio signals have
been decoded.

18. Set the SWEEP switch in the "FO" position (phase readout). The envelopes of
signals with a triangular waveform from the synchronous filter output will be
observed on the CRT screen.

19. Using the SHIFT buttons (TO THE LEFT or TO THE RIGHT) and the FO GAIN
potentiometer, match the leading edges and amplitudes of the triangular images.
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20. Press the READOUT button and take the readings from the digital display. 1If
the reading was obtained using space waves, it must be corrected with the
appropriate correction determined from a chart or by means of special tables.

21. To obtain the second line of position, it is necessary to perform the oper-
ations indicated in paragraphs 8 through 20 of these instructions.
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PART II MARINE NAVIGATION RADARS

Marine navigation radars (SNRLS) have taken over the leading position at the
present time in ship navigation and navigation safety equipment. Despite the
fact that the first experiments in detecting ships were performed in the
USSR as early as 1936 [4], radars began to find wide scale applications in
navigation only at the end of the 1940's and the start of the 195C’'s.

Marine navigation radars or ship radar® is the term for the radioelectronic
device intended for the detection and determination of the coordinates and
parameters of motion of various objects on land (shore) and on water by means
of the reflection, reradiation or inherent radiation of the objects (the
targets) of electromagnetic (radio) waves. A radar object (target) is any
phyrical body or group of bodies, the electrical and magnetic properties of
.which differ from the environment in which the radio waves propagate. Under
sea navigation conditions, such objects are ships, navigation markers (buoys
and spar buoys), the shoreline, various water surface obstacles, shore struc-
tures, etc.

Useful information on the radar target is supplied by the radio signals which
arrive from it at the radar set. Depending on the origiu of these signals,
radars are broken down into passive and active types. A passive radar system
is used to receive signals produced by thermal radio emission. For this
reason, passive radar is frequently called passive thermal radar.

A passive syrctem radar contains a pencil-beam receiving antenna, a receiver
and a display unit. Passive radars are used in ship navigation to receive
the electromagnetic energy radiated by the sun, the moon and the stars.
Marine radio sextants operate on this principle.

An active radar system can operate with either a passive response (primary
radar) or an active response (secondary radar).

A passive response radar contains a radio transmitter, transmitting and
receiving antennas, a radio receiver and a display. The energy of the
direct or probe signals radiated by the antenna, in propagating in a speci-
fied direction, is reflected from the objects and impinges on the receiver
input. The reflected signals, amplified by the receiver, are fed to the
display where they are converted to a form convenient for obtaining informa-
tion on the received signals.

Active radar with an active response differs from the passive response in that
a transceiver or radar transponder is present in the target or point which is
specified beforehand.

A radar transponder is a device in which, with the arrival of "interrogation"
radar signals, response signals are transmitted in the form of code combinations

*In American and English literature: radar (radio detection and ranging).
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of sufficient power. The response signals make it possible to not only detect
and determine the coordinates of a poorly reflecting target or point where

the radar transponder is set up, but also to identify the object. Radar trans-
ponders, designed for joint operation with ship navigation radars, have been
given the name of radar transponder beacons (RMO).

Radars are classified not only according to the origin of the radar signals,
but also according to the type or structure of the probe signals (the signals
irradiating the targets). Depending on the type of signals, radars are broken
down. into pulse and CW types. A pulse radar periodically transmits short
microwave (SVCh) pulses, while it receives the pulse signals reflected from
the targets in the gap between the probe pulses. The reflected pulse signal
from each target is delayed with respect to the probe signal by the time t =
2D/c, where D is the distance to the target (the range); c is the radio wave
propagation velocity. The range is determined from this time interval, D =
ct/2, while the direction to the detected target (the azimuth) is determined
by means of the pencil-beam antenna.

Where several targets are present, the received returns will be shifted in
time and direction depending on the range and azimuth to these objects. The
specific feature of pulsed radar operation noted here makes it possible to
rather simply observe several objects simultaneously which are located within
the operating radius of the radar. Display techniques using cathode ray

tubes (ELT) [CRT's] used in pulsed radars or automatic ranging systems for

one or more targets also facilitate this. The advantages of a pulsed radar
also include the comparative simplicity in the utilization of the same antenna
for both transmission and reception of the radar signals,

Drawbacks to pulsed radars are the necessity of using large peak powers for
the probe pulses, the complexity of determining the rate of motion of objects,
the impossibility of measuring very small ranges and the relatively large
minimum operating range of the radars, which depend on the pulse width, the
minimum value of which is limited by the frequency spectrum width and the
transient process times in the equipment.

- Despite the drawbacks noted here, the advantages of the pulse technique make
a 360° scan mode possible for marine navigation radars. The CW system is
used at the present time in navigation equipment for the measurement of the
docking speed of ships. For this purpose, an unmodulated CW system is used
which is known under the name of the Doppler-Belopol'skiy system. The opera-
tional principle of this system consists in the fact that the frequency of
returns in the case of the relative motion of the target and the radar differs
from the frequency of the probe signals by an amount which depends on the
radial velocity of the relative motion of the radar and the target.
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CHAPTER 4 MARINE PULSED NAVIGATION RADARS

4,1. The Specific Features of Pulsed Radars and Their Technical and Operational
Characteristics

Pulse marine navigation radars (ISNRLS) are used in navigation for the detection,
coordinate determination and determination of the parameters of the motion of
various water and shore targets, the shoreline and other obstacles which are
cajable of reflecting the energy of the probe signals to the radar. The
resolution of these problems makes it possible to assure navigation safety

when ships are located in narrow straits and other confined waters, the safe
passing of ships in the case of reduced or limited visibility, as well as

the determination of a ship's position based on known shore or floating refer-
ence points and by means of specially set up radar transponders.

Pulse marine navigation radars should possess sufficient resolution, precision
in the measurement of ranges and directions to targets being detected as well
as minimal overall dimensions and weight of the entire installation, assuring
the following in this case:

~-Azimuthal plan position indication, which makes it possible to monitor the
surrounding surface situation within a specified operating radius;

~~The orientation of the image of the returns from the targets on the indicator
screen both relative to the course of the ship (the middle line plane) and
relative to the meridian (true north);

—~-Reliable detection of both large and small low lying surface objects (buoys,
small boats, various obstacles) where clutter is present from an agitated
sea surface, or hydrometeors rain, fog, snow, etc.);

—--A target detection range independent of the amplitude of the rocking of the
ship;

—-The reproduction on the indicator screen of both the relative and true
motion of the targets;

--Operational reliability and servicing simplicity.

A block diagram of a pulsed radar with plan position indication is shown in

Figure 4.1. The circuit complement includes the following major components
or units:

a) A synchronizer, which generates the triggering pulses to control the radar
circuitry (one operational cycle of the radar, the duration of which is called
the repetition period corresponds to each triggering pulse);

b) A pulse modulator which generates modulating pulses of a specified width
Tp and amplitude, which control the microwave generator;

¢) A microwave generator which produces high power microwave pulses, the width
of which is governed by the width of the modulating pulses;

d) The antenna and feedline, which consists of a pencil-beam antenna and a
waveguide line; the antenna has a beaver-tail directional pattern, i.e., a
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narrow pattern in the horizontal plane (0.7 to 0.5°) and a relatively wide
pattern in the vertical plane (18 to 25°), which assures the requisite pre-
cision in the measurement of azimuths and reduces the influence of the ship's
rocking on the radar detection range;

e) An antenna switch with a very fast response, which at the moment the probe
pulse is generated connects the antenna to the transmitter and protects the
receiver input against the high power pulse of the microwave generator, and
after the probe pulse is completed, connects the antenna to the receiver input
until the generation of the next probe pulse;

f) A receiver which amplifies the received signals and transmits them to the
display in the form of video pulses;

g) A two dimensional plan position indicator (IKO) [PPI], which converts the
received return voltage to a visible image on the CRT screen. Magnetically
controlled CRT's with brightness modulation of the electron beam are used

for this purpose in the display. The received signals increase the brightness
of the screen at the point corresponding to the azimuth of the detected target
and its range on the range scale.
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Figure 4.1. Block diagram of a pulsed radar.

Key: 1. Radar synchronizer;
2. Pulse modulator;
3. Microwave frequency generator;
4. Antenna switch;
5. Plan position indicator;
6. Receiver;
7. Azimuth sweep circuitry;
8. Antenna rotating mechanism.

Mechanical and electronic cursors are used to read the azimuths. The ranges
to targets are read out by means of special electronic range markers, which
are fixed (NMD) or moving (PMD). With the rectation of the radar antemna (by
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means of a special mechanism), these markers create fixed range rings (circles)
(NKD) and a moving range ring (PKD) on the CRT screen.

2 3)
Boizod Bﬂﬁﬂs’llﬂ?}t‘l‘ }’ﬂpasﬂmma ee
npueinka | PASAULUMENS ycmpoidcmbo

T

- fe‘eue;lrzlamap Bpemewwil  {CunTponu3upylon e
CcenexmuoproLT ' "
unnyﬂfcat’ ””‘75(/’:;"'7” u»&y;lbca/ PAC
B (4
' Cuenan

damuocmu Range Signal

Figure 4.2. Block diagram of an automatic range tracking system.

Key: 1. Receiver output;
2. Time discriminator;
3. Controller;
4. Strobe pulse generator;
5. Time modulator;
6. Radar synchronizing pulses.

The plan position display is assured through the creation of radio circular
scanning of the electron beam of the CRT. The radial range sweep is produced

- by deflecting windings, through which a sawtooth waveform current is passed.
Circular sweep of the CRT beam can be obtained in two ways: by rotating the
deflecting windings about the neck of the CRT synchronously and in phase
with the rotation of the antenna or by creating a rotating magnetic field by
means of two stationary, mutually perpendicular deflecting windings.

The following are used to couple the antenna to the indicator: a selsyn
tracking transmission system (SSP); sine-cosine rotating transformers (SKVT);
turning or rotating transformers (VT), etc. The orientation of the signal
image on the PPI screen with respect to north is assured by tracking the
azimuth sweep circuit with the ship course indicator: the gyrocompass.

The signals can be displayed either in a relative motion (OD) or true motion
(ID) mode. 1Ip tle first case, the origin (center) of the circular radial
scan, which mailis the position of the ship on the PPI screen, coincides with

- the center of the screen and remains constant when the ship moves. Because
of this, the images of stationary objects move on the screen at a speed pro-
portional to the speed of the ship, while images from moving objects move
with the realative speed of the objects and the speed of the ship itself. Such
a display mode complicates the identification of stationary and fixed targets,
makes it difficult to determine the true direction and speed of other ships,
etc.
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a) h\ To change a display over to a true motion
a.l : indicating mode, it is necessary to sub-
b)) tract the vector for the motion of the
b.o . ship itself from the relative motion
8 _— . g vector. This is achieved in technical
| (1) terms by having the PPI circuitry supple-
c.0 le_ tac ‘At t mented with a special device: a true
2) | (2) i motion display accessory, which converts
d. 01— N Ly i the electrical log and gyrocompass data
P (3) r1 to the appropriate signals which move
e, 0 ! the origin of the circular-radial sweep
’ U s v on the PPI screen in the direction of the
? ~ ship's motion and at a rate proportional
: to its speed. Upon reaching the edge

0 n of the screen, the origin of the sweep is
automatically (or manually) and rapidly
returned to the initial position at the
opposite edge of the screen, changing

Figure 4.3. Time graphs of automatic
range tracking circuit

operation. the image of the surrounding area. To
Key: 1. t, = tdelays preclude log and gyrocompass errors, a

2. tgg = taiscriminator’ provision is made for manual correction

3. tg. of the ship course and speed data in the

true motion display circuitry.

When the origin of the range sweep is shifted relative to the center of the
screen, the azimuth reading is taken by means of an electronic azimuth cursor
(EVN), which takes the form of a second sweep line which can be rotated manually
in a range of 360°.

A system for automatic range tracking (ASD) and automatic azimuth tracking (ASN)
of targets is used in automated navigation radars to solve the problem of
passing and preventing the collision of ships. A block diagram of an automated
range tracking circuit is shown in Figure 4.2, while the time traces of the
change in the voltages in the elements of this system are shown in Figure 4.3.
The radar sync pulses (graph a) control the operation of the time modulator
(see Figure 4.2), which generates the delay voltage pulses t, [1] (graph b).
The trailing edge of these pulses triggers the strobe pulse generator (range
strobes), shifted in time with respect to each other by the amount of their
width (graph c¢). The strobe pulses and video pulses of the received returns
(graph d) are fed to the time discriminator. The time discriminator compares
the overlap areas of the video pulse and the strobe pulses and generates an
error voltage (graph e), which is proportional to the difference in the areas
being compared. The error signal is fed to a controller which generates a
control signal voltage AU (graph f). The latter, in acting on the time modula-
tor, changes the width of its delay pulse t, so that the timewise mismatch At
which is equal to At =ty - ty, 1is reduced and tends to a low value equal to
the tracking error. ’
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Figure 4.4. Block diagram of an electromechanical integrator.
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Figure 4.5. Phase meter circuit of a time modulator.

Key: 1. Sinusoidal waveforms from the radar synchronizer;
2. Phase shifter;
3. Limiter;
4, Differentiating network;
5. Negative peak clipper;
6. To the tracking pulse generating circuitry;
7. From the electromechanical integrator.

Electronic and electromechanical integrating circuits are used as the controller.
A block diagram of an electromechanical integrator is shown in Figure 4.4.

The integrating element is an AC or DC electric motor. The angular speed of

the motor is proportional to the applied voltage, while the shaft rotation

angle Ay is proportional to the integral of the input voltage. A feedback
network, designed around a tachogenerator for the appropriate type of current,
differentiates the output signal. The resulting voltage is compared with the
input, and their difference acts on the electric motor until the output signal
is precisely proportional to the integral of the input signal, while the voltage
difference goes to zero. '

Time modulators (VM) take the form of delay circuits which can be made in the
form of devices which generate variable width voltage pulses (multivibrators,
phantastrons, etc.) or pulses of constant width, which are delayed relative

to the sync pulses by an amount of time governed by the integrator control
signal. An example of the latter type of time modulator is a phase metering
circuit (Figure 4.5) consisting of a phase shifter and the driving stages. The
sinusoidal waveforms from a radar synchronizer are fed through a phase shifter

to a limiter. The rectangular pulses obtained after limiting are differentiated,
and after negative peak clipping, the spiked positive polarity pulses control
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the strobe pulse generator, which can be designed in a delayed blocking oscil-
lator circuit configuration. The time delay t_ of the peaked pulses is
realized by a phase shifter for which the phase output signal is proportional
to the integrator rotor rotation angle Ay. The value of the time delay is
defined by the expression:

£, = [tdelay] = (¢/2m)T

where ¢ is the phase change created by the phase shifter;
T is the period of the sinusoidal oscillations driving the phase shifter.
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Figure 4.6. Time graphs showing the operation of an automatic
azimuth tracking circuit.

Automatic azimuth tracking with simultaneous scanning of the surrounding

space is accomplished using the same technique as in the case of automatic
range tracking. The basic difference consists first of all in the fact that
the tracking signal is not a single pulse, but rather a pulse packet which is
reflected from the target during the rotation of the antenna in the horizontal
plane; secondly, the arrival period of the pulse packets is determined by the
circular scanning time in azimuth. Graphs of the processes in an automatic
azimuth tracking system are shown in Figure 4.6. When the axis of the antenna
directional pattern coincides with the direction for which there is a special
marker on the azimuth circle of the antenna rotating mechanism, then a special
contact is closed and the azimuth readout pulse. generator or bearing strobe
generator is turned on (graph aI). With the action of these pulses, the
strobe pulse generator is actuated (graph bI). When the center of the return
signal packet (graph cI) coincides with the center of the strobe pulses, the
return pulse packet is divided in half (graph dI) and the to”al voltage at the
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output of the time discriminator is equal to zero (graph el), because of which
the control voltage at the integrator output does not change (graph fI). If
the target shifts relative to the position of the azimuth marker in the antenna
mechanism, then the center of the strobe pulses will not match the center of
the return signal packet (graph cII). Then a mismatch voltage will appear at
the output of the time discriminator (graph elII), which will increase the
control voltage of the integrator (graph fII), and as a result, the integrating
electric motor will turn the azimuth marker through the mismatch angle.

The operational characteristics of a marine navigation radar are as follows: the
maximum detection range, the minimum detection range, the resolution, the pre-
cision of range and angular coordinate measurements and the operational relia-
bility.

- The maximum range depends on the power potential of the radar, the effective
back-scatter cross-section of the target, the energy losses in the atmosphere,
the influence of water surface returns, and is limited in practice by the
radar visibility range for surface targets, which is determined by the propa-
gation properties of ultrashort waves (UKV) ([VHF].

The potential detection range (the radar range in free space) is defined by
the formula:
VPG’S A
Dimax = _n AT
Pup min (40

where P; is the pulse power of the probe signals;
Gp is the directional gain of the antenna;
Seff is the effective radar cross-section of the target;
Prec min 18 the receiver pulse sensitivity;
A is the radar wavelength.

When A < 10 cm, the energy of the radar signals is attenuated in oxygen, water
vapor and hydrometeors. For this reason, the radar detection range is reduced
and will be equal to:

. —0.115 &,

D ax = Dax® mex,

(4.1)
where a3 is the attenuation coefficient of the atmosphere, which depends on
the wavelength and the condition of the atmosphere, in dB/km.

When using radar on low lying surface targets, the return from the water
surface sharply reduces the radar range. In this case, the radar detection
range is determined from the formula:

’ P G2S_, 4x(hh)
" w A “('1'2)

Pap min A2

1

max = ’

where h; is the height at which the radar antenna is mounted;
hy is the height of the surface target.
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Basides the return energy, the water or ground surface also exerts an influence
on the radar range because of its curvature. It is known that at ultrashort
wavelengths, especially at centimeter wavelengths and shorter, the capability
of radio waves of bending around the convex surface of the earth is very
poorly pronounced. For this reason, radar detection range of surface targets
is limited by the radar visibility range (in kiiometers), which is equal to:

Do= 112 (V by + V1)
(where hy and h) are expressed in meters).
The minimum radar range is determined by the probe pulse width:
Dmin = 300t i Dmin =300,
(where 14 is the pulse width is microseconds; Dpji, is the minimum range in m),

and depends on the so-called radar dead zone, which is determined from the
formula:

hy

= hy/tan8/2 Du.s= tg0/2 '

Ddead zone

where 8 is the width of the antenna directional pattern in the vertical plane.

The range resolution of a radar is characterized by the minimum distance AD
between adjacent targets, located on the same azimuth, for which it is
possible to observe them separately and determine their coordinates. The
spacing AD depends on the pulse width, the electron spot diameter d; on the
CRT screen and the range scale (the distance being measured) of the indicator
D:

eh dn

p

AD= + D,
where ¢ is the radio wave propagation velocity; 1
sweep line.

P is the length of a range

The directional {azimuth) resolution of a radar is determined by the minimal
angle Ao between adjacent targets located at the same range from the radar,
for which it is possible to observe them separately and determine their
coordinates., The angle Ao depends on the width of the antenna directional
pattern in the horizontal plane ofor, the spot diameter and the distance r
from the ceater of the sweep to the target blip on the CRT screen:

- Ad’ = o 57,390

rop r

The coordinate measurement precision is characterized by the size of the errors
when making readings with the radar. They can occur because of waveform dis-
tortions in the pulsed signals, inaccuracy in taking the radio wave propagation
velocity into account as well as the influence of interference, instrument
errors, limited resolution of the observer's organs of vision, etc.
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The potential range measurement precision depends on the waveform and width
of the probe puleses as well as the interference level. The mean square
potential error of a range measurement is defined in accordance with the
formula:

where qqg is the ratio of the signal energy to the interference energy at the
receiver output.

The potential mean square azimuth measurement error is determined by the width
and shape of the antenna directional pattern in the horizontal plane as well
as the ratio of the signal energy to the interference energy at the receiver
input:

° a
" Vg
(]

Operational reliability characterizes the capability of a radar of performing
the function assigned to it under actual operating conditions. It is usually
expressed as the number of operating hours between two successive failures.

- The main technical characteristics of a marine navigation radar are: the
wavelength (pulse modulation frequency); the pulse repetition rate; the
transmitter power; the receiver sensitivity and bandwidth; and the width of
the probe pulses. The technical characteristics or the parameters are chosen
based on the requirements placed on the radar operating characteristics.

The wavelength of a marine navigation radar is chosen taking into account the
following tasks: providing for pulsed radar operation with a short pulse
width (0.05-1 usec); obtaining high antenna directivity in the horizontal
plane without excessively increasing the antenna dimensions; assuring the

- detection of both large and small low-lying surface targets within the speci-
fied operational radius of the radar; providing for the requisite radar
detection range where energy is absorbed in the troposphere (oxygen, water
vapor) and in hydrometeors (rain, fog, etc.). Working from these conditions,
the 3 centimeter band has become the most widespread for navigation radars
(a wavelength of 3.2 cm). In individual cases, a 10 centimeter radar is
used to reduce energy absorption in the troposphere and reduce clutter from
precipitation and rain clouds.

The choice of the pulse repetition rate is conditioned by the unambiguous
determination of the range and effectiveness of detecting targets in a circular
scanning mode. The following are considered in this case: the duration of

the forward trace for the range swez2p; the rotational speed of the antenna

and the width of the antenna directional pattern in the horizontal plane.

The maximum pulse repetition rate is determined from the formula:

F = F = ———c— ,
P max Hmax 2,5Dmax

where Dp.y is the maximum range on the indicator scale.
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The minimum repetiticn rate is found from the condition:

- 6nN |.
L = ° F, =
Fp min = 60Np;q/0h0y, # min pop
where Np;, is the minimum number of reflected pulses in a packet (it should

be no less than 10 to 15); n is the antenna rotational speed, r.p.m.
The working repetition rate is chosen from the condition:

F < F_< T

P min P P max’ Fy min<@Fu <2 Fp max.

A distinction is drawn between the pulse power PE and the average power Pavg

of the radar transmitter, which are related by the following equation:
Pavg = PprFp P=p= Pu‘luF".

_ The receiver sensitivity and bandwidth are some of the most important charac-
teristics, since along with the transmitter power, they determine the radar
detection range and the quality of the pulse signal.

The sensitivity characterizes the ability of the receiver to receive and

detect weak returns with a specified probability under conditions of inter-

ference produced by the internal noise of the receiver. It is expressed

as the minimum received signal power at the input to the receiver, which is

equal to:
Prec min = NnkaAfrec Pnp min == NmmkoAfnt.,

where N, is the noise factor of the receiver;

m is the discrimination coefficient (the minimum signal power to noise
power ratio at the receiver output which is necessary to isolate the
useful signal);

k is Boltzman's constant, equal to k = 1.37 - 10-23 J/deg;

Tg = 300° K;

Afroc 1s the receiver bandwidth.

Receiver sensitivity is expressed in units of power (fractions of a watt) or
decibels:
= 10 log(Pres/P ), dB, Pmmn=10lg —Lo_
Prec min = O8\'ref/trec min’> >

np min

AB,

where P ¢ is the reference power level, usually 1 watt.

Radar receiver bandwidth should not be very narrow so as not to cause pulse

- signal distortions. On the other hand, too wide a bandwidth increases the
internal noise and thereby reduces the receiver sensitivity. 1In practice, the
bandwidth of a marine navigation radar receiver is chosen from the condition:

1,2+ 1,37
Tu

Afnp= +2Af51
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where Af_ is the residual error in tuning the local oscillator of the automatic
frequency control system of the receiver.

The major parameters of a radar antenna are: the directional pattern width
of the antenna in the horizontal ay,, and vertical 8 planes at the half power
points (at the 0.5 level); the directional gain G, and the degree or amount
of sidelobe suppression.

The antenna directional gain is equal to:

4n

= G =
Gy = 4m/apy, 0. A aron 0

If ap,, and 8 are expressed in degrees, then:

41253
0

rop

GA"——

The degree of sidelobe suppression is expressed in decibels and is characterized
by the ratio y of the maximum sidelobe power Py to the power of the main lobe P:

vy = 10 log(Pyp/P), dB.

To assure normal operation of a marine navigation radar, the sidelobe level
should be 20 to 30 dB below the level of the main lobe.

4.2. The "Lotsiya" Marine Navigation Radar

The "Lotsiya" marine navigation radar (SNRLS) is intended for installation on
vessels of port services, auxiliary services and technical fleets, on low
tonnage hydrofoils as well as for a standby radar on large tonnage seagoing
vessels [11].

The "Lotsiya" marine navigation radar contains the following units: the
antenna (L1), the transceiver (L2), the indicator (L3), the power supply (L&),
the control console (L5), a power inverter, a rectifier and a regulator for
the ship power.

The radar station equipment complement also includes the installation set for
mounting the waveguide channel, the set of waveguide sections, the set of
spare parts, tools and accessories as well as the set of interconnecting
cables.

The unit can be powered from three sources: 24-27, 110 or 220 volts DC; 115
volts AC at 400 Hz and 220/380 volts three-phase AC at 50 Hz.

- The "Lotsiya'" marine navigation radar has the following operational and tech-
nical parameters:
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. Antenna;
Diode clamping bridge;
. Rotating transformer;
Deflecting coils;
. Antenna rotation motor;
. Rectifier;
Cutoff switch;
ANTENNA ROTATE, 115 volts,
400 Hz input;
9. PREPARE FOR OPERAT.ON;
10. RANGE;
11. SWEEP INTENSIFIER;
12. AFC ON;
13. CURSOR BRIGHTNESS;
14. MOVING RANGE RING;
15. TUNE;
16. Antenna switch;
17. Magnetron RF generator;
18. 115 volts, 400 Hz;
19. Rectifier;
20. Receiver front-end protective
discharger;
21. Attenuator;

OOV~ WN =

22. Intermediate frequency ampli-
fier AFC;

23. Ignition rectifier [for dis-
charger];

24, Receiver mixer;

25. AFC mixer;

26. Discriminator;

27. Crystal current;

28. AFC crystal current;

29. Amplifier;

Maximum detection range*, miles:
A shore 60 m high

30.

31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.

43.

44.

45
46.
47
48.
49.
50.
51.
52.
53.
54.

Ship with a displacement of 700 tons

Average sea buoy

Minimum detection range, meters

Intermediate frequency preampli-
fier;

Local oscillator;

Peak detector;

POWER ON;

Azimuth marker;

Blocking oscillator;

Scale choke;

SCALE;

AFC amplifier;

Delay Xine;

Scale switch;

Fixed range ring;

Modulator and sweep power supply
panel;

Rectifier, 115 VAC, 400 Hz in,
+150, -150 volts out;
Rectifier, 115 v, 400 Hz in,
300 volts, 5 volts and -9 volts
out;

BRIGHTNESS;

Azimuth marker switching;
Deflecting coils;

Rectifier;

Video amplifier;

Sweep circuit;

Automatic time gain control;
Brightener;

IF amplifier;

MPV [expansion unknown].

12-14
6.6
1.3

35

Maximum range determination error, percent of

the maximum value of the indicator scale:

On the 4, 8 and 17 mile range scales

On the 0.5, 1 and 2 mile range scales

Maximum azimuth determination error, degrees

2
35 m

1.5

*For a waveguide length of up to 10 m and an antenna mounting height of 7 m
above sea level.
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Range resolution, in m, no worse than 35
Angular resolution on the 4 mile scale, degrees,
no worse than 2
Carrier frequency (3.2 cm wavelength), MHz 9,375 + 45
Probe pulse width, microseconds:

On the 0.5, 1 and 2 mile range scales 0.12

On the 4, 8 and 16 mile range scales 0.3 +0.1
Pulse repetition rate, pul/sec:

On the 0.5, 1 and 2 mile scales 1,600 + 200

On the 4, 8 and 16 mile scales 500
The pulsed transmitter power, KW:

On the 0.5, 1 and 2 mile scales 2.5

On the 4, 8 and 16 mile scales 4.5
Pulse sensitivity of the receiver, in dB relative
to the 1 mW level 88
Receiver intermediate frequency, MHz 30
Receiver bandwidth, MHz ' 13.5
Antenna directional pattern width at the 0.3
level relative to the maximum power, degrees:

In the horizontal plane 1.7

In the vertical plane 18 +2
Sidelobe attenuation, in dB, no less than 23
Antenna rotational speed, r.p.m. 20+ 4
Diameter of the indicator screen, mm 108*
Antenna gain 700
Indicator range scalc:**, miles .0.5,1, 2,4 8

and 16

Interval between fixed range ring markers
on the 0.5 mile scale, miles 0.1
Power consumed from the ship's power mains, watts 500
Continuous operating time, hours 24
The time before the radar is ready after being
turned on, minutes 4
Permissible ambient temperature variations, °C:

For the L1 unit [antenna] -40 to +50

For the other units © =10 to +50

*The indicator screen diameter with the removable lens is increased.
**Only the moving range ring is used on the 1 to 16 mile scales.
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Permissible relative air humidity at +40° C, % 95-98
_ Permissible ship angle of heel, degrees 45
~ Permissible variations in the ship power parameters, 7%:
For the DC and AC voltages +10
At the 50 Hz frequency +5
At the 400 Hz frequency +2
Permissible wind load on the antenna, m/sec 50

A block diagram of the "Lotsiya" marine navigation radar is shown in Figure 4.7.
The synchronization of the radar circuit is accomplished from a blocking
oscillator, which controls the operation of the sweep generator of the indicator
L3 through a delay line and directly controls the magnetic modulator of the
transmitter L2. The mutual relationships between the remaining elements can

be seen from the block diagram itself.

The antenna unit (unit L1) consists of the antenna, the RF section, the SL-369
antenna rotation motor, the motor power rectifier, the OK bearing (azimuth)
marker contactor group, the 6VTI-1TV type rotating transformer (VI), the DM
diode clamping bridges and the supplemental toggle switch for actuating the
antenna rotation. ’

A DC voltage is fed to the motor winding from the rectifier, which is designed
around 2D202Zh type diodes in a bridge configuration. The antenna is rotated
through a reducer with a gear ratio of 1:250. The rotating transformer pro-
vides for the synchronous rotation of the sweep on the plan position indicator
screen (PPI) with the rotation of the antenna. The rotating transformer

rotor is coupled to the rotating shaft of the antenna through a reducer with

a ratio of 1:1. A current is induced in the stator windings of the rotating
transformer which is proportional to the sine and cosine of the antenna
rotational angle.

The high frequency section of unit L1 consists of the radiating system (the
antenna) and the waveguide channel. The slot type antenna contains a rectan-
gular cross-section waveguide of 28.5 x 12.6 mm with inclined slots cut in
the narrow wall, which shape the antenna directional pattern in the horizontal
plane. The slots arzs separated from each other by metal partitions which
form ultimate waveguide filters to suppress the vertical field component. A
horn reflector shapes the directional pattern in the vertical plane. The
horn is covered with a dielectric fairing to protect against the external
environment. The overall standing wave ratio (KSV) [SWR] of the antenna is
no more than 1.4, The change in the SWR with the rotation of the antenna
does not exceed 0.1. The maximum of the antenna directional pattern is
deflected from a normal to the antenna aperture by an angle of 5°24°'.

The rotating junction of the antenna waveguide channel consists of fixed and

moving sections. The stationary section takes the form of a rectangular
waveguide 23 x 10 mm in cross-section with circular flanges. The moving
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section consists of brackets and waveguides which are connected to the
antenna. There is an air gap of 0.2 mm between the stationary and rotating
sections. Electrical contact is achieved in the gap by means of a choke
groove. Energy transmission stability is assured between the sections through
the presence of a coupling stub.

The transceiver (unit L2) consists of the following: a magnetic modulator, the
RF generator (magnetron) MI, the antenna switch AP, the intermediate frequency
preamplifier PUPCh, the local oscillator and the automatic frequency control
circuit APCh [AFC].

The thyristor type magnetic modulator has a series charging resonant circuit,
three compressor stages, a shaping line and a pulse transformer. The first
type A compression stage (section) produces voltage pulses with a width of

22 usec, the second type B stage produces pulses with a width of 1.7 psec and
the third type A compression stage produces pulses with a width of 0.12 or
0.3 psec. An MI-158-1 pulsed magnetron is used in the transmitter.

The ferrite antenna switch has a broadband receiver protection discharger RZP

of the RR-83A-1 type, equipped with a preheater with a thermal regulator. The
discharger contains a firing electrode which is supplied from a firing recti-

fier at a voltage of 600 to 800 volts.

The local oscillator G takes the form of a reflective K-27 klystron. The
intermediate frequency preamplifier contains two stages using a dual tuned
circuit configuration with 6ZhlB vacuum tubes. The gain of the IF preampli-
fier is no less than six for a bandwidth of no less than 10 MHz. The signals
are fed to the amplifier input from the balanced mixer of the receiver in
which D405V and D405BP microwave (SVCh) diodes are used.

The AFC system operates in a dual channel circuit configuration with a balanced
mixer, similar to the receiver mixer, using D405A and D4OSAP microwave diodes.
The AFC channel includes the following: a two stage IF amplifier using 6ZhlP-
YeV vacuum tubes, a discriminator using stagger tuned resonant circuits with

a 6Kh2P-YeV twin diode; a controller which contains a DC amplifier using a

6NZP "triple triode'" vacuum tube and a peak detector using 2D105 silicon diodes.

In structural terms, the L2 unit takes the form of a hermetically sealed cylin-
der with exterior annular cooling fins. The cap of the cylinder is a facing
panel, which supports all of the structural components through the chassis.

The high voltage elements of the transmitter - the magnetron oscillator MI and
the modulator - are housed in a separate high voltage compartment of the trans-
ceiver. A packet with drying silica gel is included in a special lattice work
cartridge to reduce the humidity in the unit.

The indicator (unit L3) contains the following: the cathode ray tube ELT [CRT],
the high voltage rectifier, the deflection coils OK, the sweep generation

circuitry (sweep assemblies), the main IF amplifier, the video amplifier,
forward trace sweep intensifier and other components of the display circuitry.
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The amplified signals from the targets are fed from the output of the IF
preamplifier to the input of the intermediate frequency amplifier. The ampli-
fied and detected signals from the IV amplifier output are fed to the video
amplifier input. The fixed range ring, moving range ring (from the L5 unit
[control console]) and the azimuth (bearing) marker voltage pulses are fed
to the input of the second video amplifier channel. The amplified signals
from the targets, the fixed and moving range ring markers as well as the
azimuth marker signals are fed from the output of the video amplifier to the
cathode of the CRT. Also fed to this point is the screen brightness control
voltage. The forward trace sweep intensifier voltage pulses are fed to the
CRT modulator.

The power supply (L4) contains a distribution box, a sweep-scale panel, a sweep
and modulator supply panel, a panel of +300, +5 and -9 volt rectifiers, a
panel of +150 and -150 volt rectifiers as well as the synchronizer panel.

The distribution box serves for electrically connecting the radar assemblies
which are located in different units as well as the electrical interconnection
of all of the units to each other. The complement of the box includes the
following: the connecting circuitry with the output plugs, the power switching
circuit, a portion of the azimuth (bearing) marker generating circuit, thermal
time delay relay, filter capacitors for the sweep and modulator power supply
rectifiers as well as a fan for ventilating the unit.

The sweep scale panel is intended for switching the circuits which generate
the sweep scale. The 427 v voltage from the SCALE switch, located in unit L5,
is fed to the windings of one of the relays, which connects the appropriate
sections of the scale choke in the sweep generator circuit.

The BPRM modulator and sweep power supply panel (block) is intended for supplying
a DC voltage of 80 to 150 volts for the indicator sweep as well as the modula-

) tor. It consists of the sweep supply rectifier, the modulator supply rectifier
and the current protection. The sweep supply rectifier is designed in a
bridge circuit using 2D202Zh diodes. The modulator supply rectifier is like-
wise designed in a bridge circuit using 2D202Zh diodes. The current limiting
circuitry protects the components of the sweep and modulator circuits when
the permissible current values of the load are exceeded.

The +150 and -150 volt rectifier panel contains rectifiers designed in a
semiconductor bridge configuration.

The +300, +5 and -9 volt rectifier panel contains a +300 volt rectifier in a
bridge configuration with an electronic regulator using 6S19P-V, 6Zh5B-V and
6G5B-V vacuum tubes using a KTs402Zh rectifier; the +5 volt rectifier is a
full wave rectifier using a KTs402I rectifier with regulation provided by a
D815A zener diode. The -9 volt rectifier is likewise designed in a full-wave
configuration using a KTs402I rectifier with regulation supplied by a D815G
zener diode.
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The synchronization panel contains a locking oscillator designed around a
6N17B-V vacuum tube operating in a self-oscillating mode. The blocking oscil-
lator synchronizes the operation of the radar units. To compensate for the
delay in the modulator, the indicator sweep circuitry is triggered through a
delay line LZ. The AFC gain is controlled by means of a potentiometer which
regulates the grid bias of the IF amplifier tube of the AFC system.

The monitor and control console (unit L5) includes the monitor, control and
fixed and moving range ring marker generator panel. The unit has the follow-
ing controls: radar power on and off switches, antenna rotation switch,
brightness controls for the range marker, PREPARE-OPERATE transmitter on switch
and indicator switch, brightness controls for the illumination of the range
scales, operational control of the AFC (turning on the AFC, manual frequency
control, tuning), range scale switching (scale adjustment), as well as time
delay adjustment of the moving range ring and its measurement.

The power inverter (IS-24/27) is intended for converting the 24 or 27 volt DC
to 115 volts AC at 400 Hz unregulated with a capacity of up to 230 VA; as well
as 115 volts, 400 Hz regulated with a capacity of up to 140 VA. The complement
of the IS-24/27 inverter includes: the power unit, the master oscillator,

the control unit, the AC voltage regulator, the 27 volt rectifier and the
ventilation fan.

The power unit takes the form of a parallel inverter (a DC power to AC power
converter) using controlled PTL-50-2 thyristor rectifiers with external excita-
tion. The thyristors are controlled (excited) from a GZ-400 master oscillator,
which generates square wave pulses with a positive amplitude of 8 volts.

The master oscillator is designed in a push-pull configuration with transformer
coupling (a blocking oscillator) using P215 transistors. To improve the
frequency stability, power is supplied to the oscillator through a compensation
type voltage regulator, the circuit of which employs P213, MP25B, MP104 tran-
sistors and silicon D818B and D814B zener diodes. '

The BUl control block consists of an electronic time delay relay and a voltage
discriminator. The control unit provides for either local or remote triggering
of the inverter, protects the external voltage source and thyristors against

a short circuit current, and automatically switches the taps of the output’
windings of the power transformer in the case of a considerable change in the
supply voltage.

The 27 volt rectifier is designed in a bridge configuration using 2D202V silicon
diodes. The presence of a 27 volt rectifier with a general supply mains

voltage of 27 volts is due to the requirement of isolating the output voltages
of the inverter from the supply mains voltage, which increases the operational
reliability of the radar.

The ferroresonant regulator is intended for stabilizing the 115 volt, 400 Hz
output voltage. Normal operation of the regulator is assured with a load current
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- of up to 1.25 amps. In the case of a greater value of the load current, the
output voltage falls off smoothly.

The fan located inside the inverter promotes the maintenance of a constant
- temperature within the inverter housing.

The IS-110 and IS-220 power inverters convert the DC voltage of the ship's

mains at 110 V or 220 V to 115 volts at 400 Hz. The following are generated

at the inverter output: 115 volts, 400 Hz unregulated with a capacity of up

to 230 VA; 115 volts, 400 Hz regulated, with a capacity of up to 140 VA, and

a DC voltage of 27 volts at a power of up to 80 watts. The following are
included in the inverters: the power section, the master oscillator, the
control block (BU2 for the IS-110 inverter and BU3 for the IS-220), interference
protection filters, and AC voltage regulator and a 27 volt rectifier.

The ship mains power rectifier (unit V27) is used to power the "Lotsiya" marine
navigation radar from the ship's three-phase AC voltage of 220 V or 380 V at

50 Hz. The unit takes the form of a three-phase rectifier using VKD25-1B
silicon rectifiers, and an 1S-24/27 power inverter with a DC voltage of 24 or
27 volts.

The ship's mains power regulator (the LS unit) is intended for powering the
station from the AC mains voltzge at 115 volts, 400 Hz and has the following
output voltages: 115 V, 400 Hdz unregulated with a capacity of up to 230 VA;
115 V, 400 Hz, regulated with a capacity of up to 140 VA and a DC voltage of
27 V at a power of up to 80 watts. The LS unit contains a power transformer,
ferroresonant regulator, and a duty bridge rectifier using 2D202V silicon
diodes.

The overall dimensions of the radar units and the values of their weight are
given below:

L1 1,481 x 393 x 357 mm; 24 kg
L2 295 x 295 x 397 mm; 12 kg

- L3 581 x 352 x 205 mm; 12 kg
L4 264 x 320 x 180 mm; 12 kg
LS5 274 x 274 x 133 mm; 3.5 kg
1S-24/27 520 x 370 x 190 mm; 30 kg
V27 520 x 370 x 190 mm; 30 kg
LS 340 x 200 x 165 mm; 7 kg
18-110 520 x 370 x 190 mm; 30 kg
1S-220 520 x 370 x 190 mm; 30 kg

The "Lotsiya" marine navigation radar is located and installed on a ship taking
into account its operational convenience and the specific features of the
operation of its units. The L1 unit [antenna) is mounted on a special mast

or platform at a height which precludes the possibility of the appearance of
shaded sectors and the irradiation of the ship's crew by the electromagnetic
field on open spaces of the deck and superstructures. The L3 and L5 units
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[indicator and control console] are housed in the bridge (near the helm) or

in the navigator's compartment. The L3 unit can be fastened to a desk, in a
bulkhead or built into the ship control console. The L5 unit should be installed
in the immediate vicinity of the L3 unit. The L2 and L3 units can be located

in any dry room. The L2 unit should be installed only horizontally. When
installing the L4 unit, it is necessary to assure access to the fuses and the
COURSE MARKER potentiometer, which are located on the facing deck panel. The

IS, V27 and LS units are installed in equipment rooms. It is also permissible

to locate these units in the navigator's room and the bridge.

When installing the units, a provision should be made for the capability of
free access to the fuses and controls of the units, as well as for opening

the covers and the ventilation openings. It is not permissible to place the
V27 and LS units in rooms with a corrosive or dusty environment, or to cover
them during operation with covers or heat insulating objects. The L2, L3 and
L4 units are mounted on type APN shock absorbers while the V27, LS and IS

units are mounted on AKSS-10M shock absorbers. The chassis of all of the units
should be reliably grounded.

The units are electrically interconnected by means of cables in strict confor-
mity with the marking on the cable plug connectors and the units. The cable
from the ship power mains to the inverter or the LS and V27 units is run
directly in the ship. All the remaining cables and the matching part of the
connector for the inverter and the LS and V27 units are supplied as part of
the radar package. The length of the cable from the L1 unit to the L3 and
from the L3 to the L4 should be minimal. Otherwise, there is the danger of
distortion of the sweep on the 0.5 mile range scale.

The waveguide channel is composed of standard waveguide sections. The quantity
and designation of the waveguides are stipulated when ordering. The number

of bends in the waveguide line should be no more than five. The maximum length
of the waveguide channel should not exceed 10 m.

It is recommended that the "Lotsiya' marine navigation radar be controlled
and its operating modes checked in the following order.

The ON-OFF toggle switch on the control console is set in the "On" position.
The green light comes on in this case on the control console. After one minute,
the main supply voltages for the radar are checked with the meter: +115,

+27, =150, +300, and +150 volts, for which the CHECK switch is set in the
appropriate positions. After two to four minutes, the presence of the sweep
and modulator voltages is checked. If these voltages fall in the nominal
range (are within the specified sectors of the meter), then the PREPARE -
OPERATE toggle switch is set in the "Operate' position, while the CHECK

switch is set in the "TM" position. In this case, a red light should come on,
on the control console, while the magnetron current should correspond to the
nominal value.

By continuously rotating the BRIGHTNESS control on the indicator in a clockwise
direction, a clear-cut sweep line is set on the CRT screen. By rotating the
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MARKER BRIGHTNESS control on the control console, bright fixed range ring
marker points are made to appear on the sweep line. By turning the GAIN
control clockwise on the indicator, receiver noise is made to appear on the
sweep line. Having checked for the absence of foreign objects within the
radius of rotation of the antenna, the ANTENNA ROTATE toggle switch on the
control console is set in the "On'" position. The sweep line on the indicator
screen should rotate clockwise in this case.

The SCALE switch on the control console is set sequentially in the e, v2v,
"4t Mg" and "16" (miles) positions, and by turning the control for the range
readout mechanism on the control console, the presence of the moving range
ring marker on each range scale is checked. Having set the moving range ring
marker at the edge of the CRT screen, the conformity of the scale readings

of the range meter to the set scale is also checked.

TABLE 4.1.
- Unit in which the Designation of the
Controls Are Located Controls Initial Position
L5 [control console] VKL-VYKL [ON-OFF] Center
L5 PODGOTOVKA-RABOTA "Prepare"
[PREPARE - OPERATE]
L5 MASSHTAB [SCALE] "0.5 miles"
L5 KONTROL' [CHECK] "115 v"
L5 VRASHCH ANT - VKL "Rotate"
[ANTENNA ROTATE - ON]
L5 APCH - RRCH [AFC - "Manual freq
MANUAL FREQ CONTROL] control"’
L5 NASTROYKA [TUNE] Center
L5 YARKOST' METKI Extreme left
[MARKER BRIGHINESS]
L5 DAL'NOST' [RANGE] Any
- L5 PODSVET [BRIGHTENER] Center
B L3 [indicator] USILENIYE [GAIN] Extreme left
L3 VARU [TIME AGC] Extreme left
L3 PCDSVET [BRIGHTENER] Center
L3 YARKOST' [BRIGHTNESS] Extreme left
L3 ' KURS OTM - VKL ,
[AZIMUTH MARKER - ON] "Azimuth marker"
L3 MPV - VYKL [MPV - OFF] "Off"
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- TABLE 4.1. [cont.]

Unit in which the Designation of the
Controls Are Located Controls Initial Position
L1 [antenna] ANTENNA -~ VKL ""On"

[ANTENNA - ON]
LS [regulated ship power PITANIYE - VKL "Power"
supply] [POWER - ON]
LS . MESTNOYE - DISTANTS "Remote"

[LOCAL - REMOTE]

Notes: 1. The SCALE switch should be turned only after first pressing it.

2. If when the PREPARE - OPERATE toggle switch is set in the "Operate"
position, there is no magnetron current or beam sweep on the screen
of the CRT, then it is necessary to set the toggle switch in the
"Prepare" position, to press and release the SCALE switch and again
throg the toggle switch to the "Operate'" position.

The SCALE switch is set in the "4 miles" position, and by smoothly turning

the VARU [time AGC) control on the L3 unit (the indicator), the presence of
shading of the CRT screen in a radius of no less than 3 miles is checked.

By successively setting the CHECK switch in the "TK-1" and "TK-2" positions,

and by turning the TUNE control, blips from targets are made to appear on

the indicator screen in any of the range scales and at the nominal valuye of

the crystal current (within the range of the corresponding sector of the meter).
Optimal tuning is maximum image brightness of the pips on the indicator screen
from the most distant targets.

The APCh - RRCh [AFC - MANUAL FREQUENCY CONTROL] toggle switch is set in the
"AFC" position. In this case, the brightness of the signals returned from the
targets should not change on the indicator screen and the crystal current
level should not exceed the nominal values when the TUNE control is rotated
90° to the left and to the right of the set value.

To shut the radar down, the PREPARE - OPERATE toggle switch is set in the
"Prepare' position. The ON - OFF toggle switch is depressed on the control
console and it is set in the "Off" position. The POWER - ON toggle switch on
the LS unit is set in the "Power" position (when the radar is equipped with

a LS unit).

All of the radar controls are set in the initial position in accordance with
Table 4.1 prior to starting the radar up.

Prior to turning on a new radar or following a long term down time, a careful
visual inspection is to be made of the radar, the correctness and reliability
of the unit connections are to be checked as well as the integrity of the
mechanical structures of the housing, the front panels of the units, the
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presence and conformity of the fuses to the nominal values and the correctness
of the joining of the antenna to the waveguide.

When the equipment is provided as a complete package with the I18-24/27 unit

in conjunction with the V27 unit, the AUTOMATIC-MANUAL toggle switch in the
inverter is set in the "Manual" position. Depending on the ship mains voltage,
as well as the length of the cable between the V27 and 1S-24/27, it is permis-
sible to switch the 24 - 27 volt toggle switch to the position for which the
unregulated output voltage of 115 volts will fall in a range of 115 volts + 5 %.

The tuning and adjustment of the "Lotsiya'" marine navigation radar are carried
out when parts and assemblies are replaced which have exhausted their service
life, after eliminating defects, etc. The list of checks and adjustments after
the replacement of main units, panels, assemblies and parts of the radar is
given in Table 4.2 of [11].

The procedure for some of the radar adjustments during operation on board ship
is given below.

The antenna is adjusted while the ship is standing at the dock. The following
procedure- is recommended for the antenna adjustment work. Using an optical
sight, the center line of the ship is lined up with any clearly visible reflect-
ing target on the radar screen which is located at a distance of 0.7 to 1 mile.
The ANTENNA ROTATE - ON toggle switch on the control console is set in the
"Antenna rotate" position while the SCALE switch is set in the "1 mile" posi-
tion. By turning the antenna manually, a return from the selected target is
made to appear on the sweep line.

Rotating the POINTER [azimuth pointer] control on the L3 unit, the mechanical
line of sight is matched to the zero graduation on the azimuth scale of the
indicator. The cover on the antenna assembly is opened up, the fastening
screws for the rotating transformer are loosened and the sweep line on the PPI
screen is made to match the mechanical sighting line by means of rotating the
rotating transformer housing. Then the housing of the rotating transformer

is secured with the screws and the drive section is pressed down until it
engages the gear wheel. The AZIMUTH MARKER ON toggle switch on the L3 unit is
set in the "On" position. The antenna horn is rotated in a small range from
the zero position, and by rotating the shaft on its axis, the electronic
azimuth marker is made to match the mechanical sighting line. One is to make
sure that the target marker appears precisely on the electronic course marker.
The antenna cover is closed and the screws are tightened down. The ANTENNA
ROTATE - ON toggle switch on the L5 unit is set in the "On" position and the
matching of the azimuth marker with the zero graduation of the azimuth scale
of the indicator and .the target located on the midline of the ship is checked
once again.

The operation of the controls is checked by switching the appropriate controls
of the radar in operation. In this case, the correct output of instructions

and response of the radar circuit components should correspond to each position
of the controls.
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The time the high voltage has been turned on is checked by simultaneously throw-
ing on the ON~OFF toggle switch on the control console and the second meter.

The CHECK switch is set in the "sweep voltage' position. The second meter is
turned on at the moment the sweep voltage appears. The warm-up time should

fall in a range of 2 to 4 minutes after turning the station on.

TABLE 4.2

Units, Panels or Components
Being Replaced

Unit L1 [antenna]

Unit L2 [transceiver],
klystron, magnetron

Unit L3 [indicator]

Unit L4 [power supply]

Unit L5 [control console]
or the moving range ring panel

The power inverter IS and the
V27 unit [ship power mains
rectifier] or the LS unit [regu-
lated ship power supply]

Modulator

The IF preamplifier and IF
amplifier panels

CRT or deflecting systems

RF front end or protective
discharger for the
receiver

Checks and Adjustments

Check and adjust the sweep amplitude,
align the antenna, as well as the posi-
tion and amplitude of the azimuth
marker,

Check and adjust the magnetron current,
the crystal current, the radar range
or sensitivity, the AFC system and the
tuning of the local oscillator.

Check and adjust the sweep amplitude,
the tracking precision of the sweep
line, the range scales and the time
AGC.

Check and adjust the magnetron current,
range scales, sweep amplitude and AFC
system.

Check the calibration precision of the
moving and stationary range ring mark-
ers.

Adjust the regulated 115 volts and the
400 Hz frequency.

Check the magnetron current.

Check the radar range or sensitivity,
the action of the time AGC, the AFC
system; adjust the blanking pulse.

Check the operation of the beam con-
trols, the horizontal sweep line
precision, the range scales and the
sweep amplitude; adjust the sweep
center.

Check the range or sensitivity of the
radar as well as the crystal currents
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The corresponding voltages and currents are checked by means of AC and DC
volt meters, which are connected to the corresponding jacks of the test box,
which are in turn connected to the connector of unit L4 [the power supply].
The voltages should fall in the following ranges: -9 (8.7 to 11) volts; +5
(4.5 to 5.7) volts; -150 volts +1%; +150 volts +3%; +300 volts, +1%; Uyraoy =
80 to 150 volts; Uy = 80 to 150 volts; 115 volts regulated +2%; 115 volts
unregulated, +10%; 27 volts +10%.

In the case of nonconformity of the 115 volts regulated and 115 volts unregulat-—
ed, one must check the frequency and ripple of the ship power mains voltage.

In the case of nonconformity of the +300 volts, one must adjust the REG +300

V potentiometer in the L4 unit.

The adjustment of the sweep brightness and the illumination of the control
console and indicator scales is checked by rotating the BRIGHTINESS and
BRIGHTENER controls on the indicator in a clockwise direction, as well as the
ILLUMINATION control on the control comscle. In this case, the brightness

of the sweep and the illumination lamps should rise smoothly.

When checking the centering of the indicator sweep, the SCALE switch on the
control console is set in the "4 miles" position and the ANTENNA ROTATE - ON
toggle switch is set in the "On" position. The origin of the sweep should
describe a circle, the center of which coincides with the intersection of the
pointers on the mechanical scale of the indicator with a precision of 2 mm.

If the displacements of the center exceed the indicated amount, then an adjust-
ment is made, for which the fastening screws for the magnet holder are loosened,
. the sweep is turned on and the SCALE switch is set in the "4 .miles" position.
The antenna rotation is actuated. The centering magnet is rotated about
its center and about the opening of the pipe with a screwdriver and the origin
of the sweep is matched up with the intersection of the azimuth pointer. The
clamp screws for the magnet and the fastening screws for the plate are tightened
down.

The tracking accuracy of the sweep line is checked by rotating the antenna
manually through intervals of 30° each on its azimuth scale and comparing

the sweep positions on the indicator screen in this case. The ANTENNA ROTATE -
ON toggle switch is set beforehand to the "antemna rotate" position. The
mismatching between the antenna position and the sweep line should not exceed
1.7°. In the case of a larger value of the mismatéh angle, the system is
aligned by rotating the housing of the rotating transformer about its axis.
Because of the fact that the axis of the antenna directional pattern, as was
noted above, deviates from the normal to the plane of the antenna by 6°, an
antenna rotation angle of 6° clockwise is taken as zero on the azimuth scale
of the indicator.

The tuning of the radar after replacing the magnetron or klystron when on

board ship is accomplished using radar returns by connecting the L2 unit to

the waveguide channel through a coaxial waveguide line which is included in
- the kit of spare parts, tools and accessories [11]. The oscilloscope input
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is connected to the IF AMPLIFIER OUT radiofrequency connector on the L3
indicator. Synchronization is accomplished from the PULSE BLANKING connector
on the front panel of the L2 unit. The TUNE control on the control console
is set in the center position, the AFC - MANUAL FREQUENCY CONTROL toggle
switch is set in the "Manual Control" position, and the PREPARE - OPERATE
toggle switch is set in the "Operate'" position. The ZONE potentiometer in
the L2 unit is set in the center position.

By turning the mechanical tuning screw of the klystron clockwise from the stop,
the maximum number of returns is made to appear on the oscilloscope screen,

as well as the maximum amplitude of the returns from the most remote target.
In this case, the crystal current level should be a maximum. If when rotating
the mechanical tuning screw of the klystron no signals are obtained or the
crystal current does not have a maximum value, then the ZONE potentiometer

is to be turned and the tuning of the klystron with the screw repeated. It
must be kept in mind that when rotating the mechanical tuning screw of the
klystron clockwise, two maxima may be observed: the first corresponds to

the tuning of the klystron to the working frequency, while the second corres-
ponds to the image frequency.
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4.3. The "Mius" Marine Navigation Radar

The "Mius" marine navigation radar is intended for installation on vessels with
a registered tonnage of 300 reg. tons and more. The equipment complement of the.
radar includes the following units: A - the antenna and waveguide assembly,

P - the transceiver, I - the indicator, R - the repeater, V - power rectifier,

S ~ the power converter.

Depending on the type of shipboard power voltage, the repeater and power converter
units have the following differences: for a DC mains voltage of 110 or 220 volts:
R (= 110, 220 volts), S (= 110 volts) and S (= 220 volts); for single phase AC
mains at a voltage of 220 volts, 400 Hz: R (220 VAC, 400 Hz), S (220 VAC, 400 Hz);
for three-phase alternating current power mains at a voltage/380 volts, 50 Hz:

R (3 x 220/380 VAC, 50 Hz). The V unit is used only for a shipboard three phase
AC power mair at a voltage of 220/380 V, 50 Hz.

Besides the units enumerated above, the radar set contains: a waveguide channel
installation set; a callibrated delay cable; a set of spare parts, tools and
accessories; a power switcher; and a GPVMZ-25 multisection type rotary switch.
The operational and technical characteristics (parameters) of the radar are given

below:
Wavelength, cm 3.2
Transmitter pulse power, KW 7
Pulse sensitivity of the receiver, dB 120
Range scales, miles 0.4, 0.4R, 0.8; 1, 6, 4, 8, 16, 24
Intervals between range rings, miles 0.4/0.2, 0.8/0.2, 1.6/0.4, 4/1, 8/2,

16/4, 24/4
Probe pulse width in microseconds,
on the following range scales in

miles:
0.4, 0.8, 1.6, 4 0.1
8, 16, 24 0.3
The pulse repetition rate, pulses/sec,
on the following range scales, in miles:
0.4, 0.8, 1.6, &4 3,000
8, 16, 24 2,000
_ Receiver bandwidth, in MHz, for pulse widths of:
0.1 12
0.3 4
Intermediate frequency, MHz 60
Antenna directional pattern width at the half power level, °:
In the horizontal plane 1.1
In the vertical plane 20
Degree of suppression of the sidelobes, in dB, no worse than 25
Rotational speed (scan speed) of the antenna, r.p.m. 17 + 2
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Maximum error in the determination of the range to targets
by means of the moving range ring (pointer), no: more than,
on the following scales:

0.4, 0.8, 1.6 miles,"in m 65
4.8, 16,:24 miles, in % of the range scale 2.5
Mean square direction (azimuth) measurement error, °,
no more than 1
Azimuth resolution on the 1.6 mile scale, degrees, no
worse than 1.2
Range resolution, m 25
Minimal detection range for an antenna height of 15 m
and a waveguide channel length of 10 m, in meters 30
Maximum target detection range, in miles:
Ship with a displacement of 3,000 tons 10

Average sea buoy without a reflector, 3.2 meters hight 1.8
Maximum error in the transmissicn of the course angles of the

antenna to the indicator sweep system, in °, no more than 1
Diameter of the CRT screen*, in mm 180
Power consumption, in KW, no more than 0.7
Warm-up time for the radar after being turned on, min 4
Operational reliability per failure, in hours 300

The composition of the units of the "Mius" radar is shown in Figure 4.8.

Block Pl in unit P is the modulator; it generates modulated voltage pulses with
widths of 0.1 and 0.3 microseconds and an amplitude of 6 KV to control the opera-
tion of the magnetron oscillator.

Micorwave (SVCh) block P2 contains an antenna switch, receive (intermediate
frequency) and automatic frequency control (APCh) [AFC] mixers, a K-94 klystron
local oscillator and other components needed for the transmission, reception and
conversion of the returns to the 60 MHz intermediate frequency.

Block P3 is the receiver and provides for the amplification of the intermediate
frequency pulses, detection, amplification of the video pulses and the transmis-
sion of the amplified signals to the video mixer I3,

Block P4, the AFC, maintains the intermediate frequency of 60 MHz of the receiver
constant when the magnetron or klystron frequency deviates from the minimum
value.

= Block P5 is a +27 and +110 volt rectifier.

Block P6 contains two rectifiers for a voltage of -300 volts and a protection
circuit.

* . .
A lens is used which increases the image size up to 230 mm.
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Block P7 consits of +350 volt and +50 volt rectifiers.
Block P8 contains -40 and -12.6 volt rectifiers as well as a voltage regulator.

Block P9 consists of a -100/-150 volt rectifier, a voltage switching relay and
a protection circuit.

Block P10 is an analyzer to check the operability of the radar circuitry.
Block P11 is a monotor block.

Block Il of unit I 1is the range sweep block of the CRT indicator.
Block I2 generates the fixed range markers (NKD).

Block I3 is the video mixer.

Block I4 is the +14 KV high voltage rectifier for the anode supply of the indicator
CRT.

Block I5 contains the elements necessary for range measurements (range pointer)
and azimuth measurement (mechanical azimuth pointer) as well as the scale

mechanism, the monitor circuitry for the power characteristics of the statiom,
etc.

Block I6 generates the cursor or range ring (PKD) [moving range ring].
The CRT unit contains an 18LM58 cathode ray tube, the deflecting system,
focusing system, the electronic beam sweep centering circuitry and the course
- marker circuit.
PU is the radar operational control console (panel).
The S unit converts the DC voltage of the ship's mains or the output voltage
of unit V to an alternating single phase regulated voltage at 220 volts, 400 Hz.
When the radar is powered from ship's AC power at 220 volts, 400 Hz, this voltage
- is regulated and filtered in the S unit.
Unit V contains a -200 volt rectifier, protection circuitry, a monitor circuit,
an industrial interference filter and a radar actuating circuit. Block Rl of
unit R is a course angle or bearing repeater.
- Block R2 performs the function of a mismatch signal amplifier.
Block Al of unit A is the antenna.
Block A2 is the drive for rotating the antenna. The following subblocks are

included in A2: A2/1 is a reducer; A2/2 is a rotating microwave junction;
A2/3 is a remote azimuth transmission unit.

- 140 -
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500060001-9



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500060001-9

'E ONLY

Block A3 is a test antenna.

The antenna and waveguide assembly (unit A) is a slotted antenna, and as usual,
takes the form of u waveguide horn radiator. The slotted waveguide traveling
wave radiator with an array of filters generates the antenna directional pattern
in the horizontal plane. The horn shapes the directional pattern in the
vertical plane. The probe signal energy is radiated and the return signals

are received by means of oblique slots, cut in the narrow wall of a rectangu-
lar waveguide with a cross-section of 28.5 x 12.6 mm. An absorbing load of
carbonyl iron is fastened at the end of the radiator. The slots are separated
from each other by metallic partitions, which form off-mode waveguide filters
to suppress the vertical field component. There is a standard flange at the
input end of the waveguide. The radiating aperture of the antenna is hermetic-
ally sealed with a dielectric plug of PS-4 plastic foam.

To control the antenna directional pattern in the horizontal plane there are
three regulating screws, which make it possible to bend the waveguide radiator
in the horizontal plane within a certain range. The maximum of the antenna

directional pattern is deflected from the normal to the antenna aperture by
6°.

When powered using 110 volts DC, a SL-661 type electric motor is used to rotate
the antenna. A SL-661/R type electric motor is used for 220 volts DC. A
APN-11/2 synchronous electric motor with a short-circuited rotor is used for
ship's power that is three-phase 220/380 volts AC at 50 Hz. 1In the case of
ship's power at 220 volts AC, 440 Hz, a SL-661 electric motor is installed

in block A2 and powered from the rectifier in the R unit.
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Figure 4.8. The composition of the blocks of the "Mius" marine
navigation radar unit.

Key: 1. Cathode ray tube;
Unit A = antenna and waveguide assembly;
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Key [cont.]: Unit P = transceiver;
Unit R = repeater;
Unit I = indicator;
Unit § = power converter;
Unit V = power rectifier.

[See text for detailed key]

The rotating coupling A2/2 is used to join the rotating antenna to the station-
ary waveguide line. The transmitter energy excites oscillations in the coaxial
line through the rectangular waveguide. The center conductor of the line is

the exciting stub for the waveguide which is coupled to the antenna. The

ball shaped end of the stub makes it possible for a specified frequency spectrum
to pass through the rotating junction.

The angular position of the antenna (A2/3) is transmitted to the R unit by
means of a 5BVT rotating transformer, which is coupled by a gear transmission
to the antenna shaft. To check the precision of the tracking system and the
antenna adjustment, a removable scale mechanism with a rotation scale of 10°
and scale graduations of 0.1° is installed in the A2 unit. To generate the
course marker, a special contact device is mounted on the antenna shaft: an
attachment in the form of a contact drum with two brushes, which make contact
once per antenna revolution and switch a circuit which drives the course marker
on the CRT screen.

A test antenna (block A3) is used to monitor the power characteristics of the
radar. It is made in the form of a pyramidal hermetically sealed horn, fastened
by means of a bracket on the antenna rotation drive housing. The dimensions

of the horn aperture and its position relative to the main (slotted) antenna
are chosen so that the attenuation in the antenna--horn space amounts to 29 dB.
In order to assure the requisite delay of the monitor signal relative to the
probe pulse, block A3 is coupled to the transceiver (unit P) by a calibrated
delay line (cable) of fixed length.
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- Figure 4.9. Block diagram of the modulator.

Key: A. To the magnetron;
B. Monitor signal to P11l [monitor block of the transceiver];
C. Range scale switch,
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The "Mius" radar transmitter consists of a modulator (block P1) and a type
MI-507 magnetron oscillator. A block diagram of the modulator is shown

in Figure 4.9. The modulator is designed using a thyristor-magnet configuration
(a magnetic modulator). The modulator complement includes: master oscilla-

tor 10, the converter and first pulse compression stage 8, the second compres-
sion stage 5 for the generation of modulating pulses with a width of 0.1 usec,
stage 4 for generating 0.3 psec pulses, sync pulse generator 7, pulse trans-
former 3, relay 11 for switching the pulse repetition rate, pulse voltage divider
2, protective relay 6, interference filters 1 and magnetron current control
circuit 9.

The master oscillator generates positive voltage pulses to trigger the converter
stage of the magnetic modulator. It consists of a self-excited transistor
blocking oscillator, a slaved blocking oscillator and an emitter follower

using two transistors connected in parallel.

The converter stage and the first compression stage convert the -100/150 volts
- DC of the power supply to positive pulses with a width of about lusec. 1In
the case of operation on the 0.4, 0.8, 1.6 and 4 mile range scales, the pulses
are transmitted from the first compression stage to the second and compressed
- to a width of 0.1 usec. The resulting pulses are fed to a pulse transformer,
stepped up to a voltage of 6 KV, and having a negative polarity, are applied
to the magnetron cathode. When the radar operates on the 8, 16 and 24 mile
range scales, the pulses are fed from the first compression stage to the
shaping circuit (stage) by means of a long line, which creates voltage pulses
at the output with a width of 0.3 usec, which are transmitted to the pulse
transformer input.

The sync pulse generating circuit triggers the sweep block Il (of the indicator),
the range cursor generation block I6 and the time AGC generating stage, block

P3. The magnetron current regulating circuit provides for a continuous change
in the magnetron current in a range of from 1 to 1.5 mA. The protection relay
which actuates if the magnetron current exceeds the nominal value by approxi-
mately three times serves to protect block Pl against a short circuit in the
magnetron. The pulse repetition rate switching circuit (relay) changes the
repetition rate: the repetition rate and width of the probe pulses as a
function of the selected range scale of the indicator.

Microwave block P2 includes the following: a ferrite circulator, which in
conjunction with a gas discharger, forms the antenna switch; the converter for
converting the microwave returns to the 60 MHz intermediate frequency; the
converter for the difference frequency between the magnetron and the klystron
local oscillator to control the AFC circuit. A block diagram of the P2 block
is shown in Figure 4.10. The microwave oscillations generated by the magnetron
are fed to unit A (the antenna) through a directional coupler and a ferrite
circulator. The directional coupler is made with crossed wave;uides which

are coupled at the common wall. The ferrite circulator contains two 120 degree
tees, which form four arms, which route the magnetron power to the antenna

in the "transmit" mode. The receiver is protected against the high power
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magnetron pulses by a broadband RI1 discharger with a firing electrode to

which a voltage of -600 volts is fed. When the radar returns are received,

the energy is routed by the circulator into the receive channel. The isolation
between the transmit and receive channels of the circulator is 20 dB. The
energy losses during transmission amount tc no less than 0.5 dB and less than

1 dB during reception. The effect of spurious signals on the receive channel

is eliminated by means of an electromagnztic shielding shutter which automatic-
ally shorts the waveguide line when the radar is switched off.
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Figure 4.10. Structural configuration of block P2.

Key: 1. From A3 [test antennal; 8. Intermediate frequency

2. Directional coupler; amplifier isolator

3. Slotted bridge; [sic];

4. Balanced mixer; 9. Power divider;

5. Electromagnetic shielding 10. Directional coupler;
shutter; 11. AFC isolator;

6. Receiver protection dis- 12. Magnetron;
charger; 13. Slotted bridge;

7. Ferrite circulator; 14. Balanced mixer.
The received radar returns are fed from the ferrite circulator through the
open receiver protective discharger RZP, the directional coupler and the
slotted bridge to a balanced mixer. The output of the K~94 klystron is also
- fed to this same point through a power divider, attenuator, ferrite isolator,
intermediate frequency amplifier and slotted bridge. The 60 MHz intermediate
frequency is fed from the output of the balanced mixer to block P3 of the
receiver for amplification.
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The local oscillator output is simultaneously fed through the power divider,
attenuator, ferrite isolator of the AFC and the slotted bridge to the balanced
AFC mixer. The attenuated output of the magnetron is also fed to this same
point through the directional coupler, attenuator and slotted bridge. The
difference frequency between the klystron and magnetron, which appears at

the output of the AFC mixer, is transmitted to unit P4, the automatic frequency
control circuitry. The requisite isolation is abhieved between the AFC and

IF amplifier mixers by inserting ferrite isolators. In the "monitor" operating
mode, an electromagnetic shielding shutter is used to block the receiver
channel against magnetron probe pulses getting through to the IF amplifier
mixer, where these pulses leak through the RZP receiver protection discharger.
The signals from the monitor antenna (block A3) are fed through the attenuator
and slotted bridge to the input of the IF amplifier mixer.

The receiver (block P3) contains the input circuit for matching to the mixer,

a multistage intermediate frequency amplifier, which is broken down into linear
amplifier stages and has a logarithmic gain response; a video amplifier, a
differentiating network (differentiator), and an emitter follower. Moreover,
the complement of the receiver includes the following: a time AGC circuit,

a stage for monitoring the feed of the signal to the monitor block, a switching
circuit for actuating the differentiator, switching the IF amplifier bandwidth
and switching the time constant of the differentiating network.

To reduce the noise, the receiver front end is designed around a 6S51NV
nuvistor triode. The second and third stages use 6E12NV nuvistor tetrodes.
All three stages operate in a linear mode. The receiver bandwidth is varied
in the second stage. When working with 0.1 usec pulses, the bandwidth of

the IF amplifier is 20 to 25 MHz. When the pulse width is 0.3 usec, the IF
amplifier bandwidth is reduced down to 5 to 7 MHz. The remaining 10 IF ampli-
fier stages have a logarithmic amplitude response and are designed in a
circuit for the sequential addition of the detected pulses in 2 summing delay
line. All of the stages of the logarithmic IF amplifier have a dual resonant
circuit configuration similar to the first three stages ard are designed
around 6E12NV nuvistor tetrodes. The signals from the output of the IF ampli-
fier are fed to a two stage video amplifier, which in addition to amplifying,
differentiates the video pulses and transmits them to unit I, as well as

feeds out negative polarity video pulses to the monitor system.

The automatic frequency control block P4 includes the following: three inter-
mediate frequency amplifier stages, a discriminator, an emitter follower, a
video preamplifier, a first channel amplifier and peak detector, a second
channel amplifier and peak detector, a AFC test oscillator, as well as a
klystron tuning panel. The first two IF amplifier stages use 1 T313V transis-
tors in a two tuned circuit configuration. The third IF amplifier stage has

a single tuned circuit configuration using a transistor of the same type.

All three IF amplifier stages are looped by negative feedback.

- The phase discriminator is designed around D18 diodes. The emitter follower
uses a P416B transistor and matches the high output impedance of the discrim-
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* inator to the low input impedance of the video preamplifier which uses a P416B
transistor also. TFollowing conversion in the AFC mixer, the difference frequency
between the magnetron and the klystron is amplified by the IF amplifier stages
and is fed to the discriminator. If this frequency differs from the inter-—
mediate frequency (60 MHz), then error signal video pulses will appear at the
discriminator, the amplitude and polarity of which depend on the magnitude
and sign of the deviation of the difference frequency from the nominal value.

- The error signal pulses are fed from the discriminator output through an emitter
follower to the input of the video preamplifier. Following preamplification,
dependiung on the polarity, the video pulses are fed to a particular main
amplifier channel which uses MP25B transistors, are detected by the appropriate
peak detector, converted to a positive or negative polarity DC voltage depending

- on the error sign and are used to control the frequency of the klystron local

oscillator. The AFC test oscillator generates a period sequence of radio pulses

modulated at frequencies of 54 and 66 MHz, which correspond to the maxima of
the discriminator characteristic. These RF pulses are fed to the input of

the AFC block along with the difference frequency between the magnetron and

the klystron, and produce a control voltage of about 24 volts at the output

of the AFC block, which is monitored by metering instruments in the P11l block.

There are five blocks of rectifiers incorporated in unit P.

Block P5 contains the 110 and +27 volt rectifiers. The first of them is
designed in a bridge circuit configuration using D231 diodes and is designed
for a load current of up to 0.3 amps. The +27 volt, 1.21 amp rectifier is
likewise designed in a bridge circuit using D231 diodes, and is equipped with
a capacitive filter for smoothing the rectified voltage ripple. A 115 volt,
400 Hz voltage is likewise picked off from the output of block P5 to power
the electric clocks.

Block P6 has the following rectifiers: =300 volts, 0.05 amps; -500 volts,
0.0001 amps; -420 volts, 0.006 amps; -500 volts, 0.006 amps. On the whole,

— block P6 takes the form of two series connected ~300 volt rectifiers, designed
in a bridge circuit using D211 diodes. A voltage divider is used to obtain
the -420 and -500 volts. The existing protection circuit disconnects the
~300 and 220 volts, 400 Hz from a number of circuits when the -420 and -500
volts is lost.

Block P7 has the following rectifiers: +400 volts, 0.007 amps and +50 volts,
0.215 amps. The +400 volts is obtained by means of the series comnection

of the 350 and 50 volt rectifiers. Both rectifiers are designed in a

bridge circuit configuration and use D226 and D211 diodes vespectively.

Block P8 consists of -40 volt, 0.6 amp and -12.6 volt, 0.25 amp rectifiers.
Both rectifiers are designed in a bridge circuit configuration using D231

diodes and have compensation type regulators for the rectified voltage with
the regulating and amplifying elements connected in series.
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Block P9 takes the form of a ~100 volt, 0.61 amp or -150 volt, 0.42 amp recti-
fier. The voltages are switched by means of a special relay in the rectifier
circuit and the switching depends on the modulator operating mode (block P1).
The rectifier is designed as a bridge circuit using D235B diodes. It has a
special circuit for overload protection. The operational monitoring of the
P3 block is accomplished using the voltages fed to the radar monitor system.

The operational analyzer for the blocks (block P10) monitors and analyzes the
operability of the P1, P3, I1, 12, I3 and I6 blocks and feeds out GOOD signals
to monitor block P1ll. Moreover, block P10 generates the modulating pulses

for the AFC test oscillator in block P4.

Blocks P1, Il, P2 and I6 are monitored with respect to the output pulse ampli-
tudes. Under normal operating conditions, the negative polarity voltage
pulses being monitoréd are fed with an amplitude of no less than 1 volt to
block P10. The width and repetition rate of these pulses are governed by the
range scale and the block being checked.

- Blocks P3 and I3 are monitored with respect to the moise voltage level at
the block output. Under normal conditioms, a negative DC voltage of no less
than 0.5 volts is fed to block P10. The check voltage is generated by means
of transducers and normalizers in the appropriate blocks, with the exception
of block Pl. The check pulse for this block, the amplitude of which should
be no less than 30 volts, is normalized in block Pll. As can be seen from
the functional block diagram, the check pulses of the blocks are are fed to
an emitter follower and expander through a functional block fault detector.
The emitter follower, along with eliminating the influence of the input imped-
ance of block P10 on the blocks being monitored, expands the width of the
pulses being checked out to 5 pusec. The negative polarity pulses from the
output of the emitter follower are fed to an amplitude gate. The gate
generates and feeds from its output negative voltage pulses with a width
of no less than 5 psec, given the condition that the amplitude of the pulses
of the blocks being monitored is no less than the specified level. The
gated pulses are then fed to the normalizer, which generates negative voltage
pulses with a width of 15 to 20 usec and an amplitude of about 6 volts.

The normalizer pulses are converted in an integrator to a DC voltage which
powers a relay winding. When the relay actuates, the power circuit for the
COOD signal light is closed in P11, the unit which signals the good operating:
condition of the blocks. The DC voltage is also monitored through the fault
search unit (P11), from which the DC voltage is fed to the converter. The

- converter, which is controlled by a master oscillator, gemerates a negative
pulse voltage with a width of 3 usec at a repetition rate of 4,000 pulses/sec
and an amplitude proportional to the DC monitor voltage.

The voltage pulses are fed from the output of the converter through block P11
to the input of the emitter follower-expander, and then, just as in the pre-
ceding case, through the amplitude gate, normalizer, and the integrator to
the signalling indicator for good operating condition of the blocks (P11).
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A self-checking mode is provided in block P10. For this purpose, a negative
DC voltage of about 0.5 volts, which is the monitor voltage, is fed from the
self-checking signal generating circuit through block P11l to the converter.
The subsequent signal path for the check signal is similar to that for the
operation of blocks P10 and P11l when checking the DC voltages.

The modulating pulses to control the test oscillator of the AFC block are
generated by a special generating circuit to which positive voltage pulses are
fed from the master oscillator. Structurally speaking, the P10 block is made
on a printed circuit board, enclosed in the base housing made of sheet
aluminum alloy. Sockets are located on the side walls of the housing for
checking the block supply voltages, the DC voltages of blocks P3, I3 and
self-checking as well as the pulsed voltages of blocks P1, Il, I2 and I6.
Block P11 (the monitor panel) is structurally made in the form of a panel of
plexiglass, on which the meters, switches and other elements are mounted.
Block P11l monitors the operability of blocks P4-P9 and 14, and also indicates
the operability of all of the replaceable blocks and certain assemblies in the
radar. The switching of t'.c parameters of the assemblies and blocks being
monitored is accomplished by means of manual contact switches. The operable
condition indicators for the Pl, Il, I2, I3 and I6 blocks are light indicators
using apecial lamps. The operability indicators for blocks P4-P9 and I4,

as well as for the magnetron, klystron, discharger and IF amplifier and AFC
crystals are meters.

Block I1 of unit I (the indicator) is the sweep unit (Figure 4.11). It
generates the following: the range sweep current pulses, the forward sweep
trace brightening voltage pulses; and the I2 block triggering control voltage
pulses. The width of the indicated pulses is determined by the range scale
and is shown in Table 4.3.

TABLE 4.3.
R’a{ﬁgﬁa E-’Slilj:\?’ﬂl. - }lmlrcm.uoc’}:;cnMnynbcon. Yacrora cacaanatun
A UMY ALCOB, HMIIL:C
_Miles Pylse Width, (11 o
‘ nicrxoseconds
0,4P, 0.4, 0,8 12
16 22 3000
4 5!
8 100 .
i 900 } 2001
24 300 1000
TIDuwMeuaine AMIINTYRD IMIYALCOD HOACRETKH UPIMOIO XOAA paanepIn o-
JORNTCALNOIN noanpHocTH cocTaBAaseT 20 B: 3anycka Grora #2 oTpHUATCALRON tonup -
HOCTIL — 1e Mence 9 BB KouTpoas — ne mence 1,5 B.

Note: The amplitude of the positive forward sweep trace brightening pulses
is 20 volts; the block I2 negative polarity triggering pulses are no
less than 9 volts; the monitor pulses are no less than 1.5 volts.

Key: 1. Pulse repetition rate, pulses/sec.
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emitter follower 3;

Key [cont.]:. 22. EP3 = 41, OKMD = circuit for turning
23. Sch = (range pointer) counter; on the range and course
24, Kn = [power parameter test] markers;
pushbutton; 42, PSh = scale switch;
25. P = potentiometer; 43, RR = discrimination con-
26. T = toggle switch [ANTENNA trol [resolution];
ROTATE - OFF]; 44, RO = [expansion unknown];
27. GUV = shock excitation 45, TD = transformer differen-
oscillator; tiator;
28. EP4 = emitter follower 4; 46, Tg2 = Schmidt trigger 2;
. 29. 01 = limiter 1; 47. GPN = sawtooth voltage
30. Tgl = Schmidt trigger 1; generator;
31. DTs = differentiating net- 48, KMP = comparator;
work; 49, BG2 = blocking oscillator
32, BGl = Blocking oscillator 2;
" 1; 50. VK = circuit for turning
33. AVU = antilogarithmic on the radar;
video amplifier; 51. PZ = interference protec-
34. U0 = limiting amplifier; tion circuit;
35. VK = circuit for turning 52. To unit P;
the radar on and off; 53. To unit F.

36.
37.
38.

39.

40.

R = reducer;

UN = zero set control;

UD = maximum range set

control;

RA = amplitude control
[for the output pulses
of the blocking oscil-
lator];

PU = control panel;

_ The synchronizing pulses, IS, are fed from block Pl through delay line LZ1,
emitter follower EPl using a 27301A transistor to the pulse expander RI: a

The control pulses are fed

from the multivibrator output to trigger pulse amplifier UIZ of block 12

multivibrator designed around P416B transistors.

designed around a MP10A transistor, as well as to the sweep power amplifier
UMP which uses P605 transistors. The amplified pulses are then fed to the
sawtooth generator GPT for the 0.4R and 0.4 mile scales as well as the saw-—
tooth generator for the 0.8--24 mile scales. The resulting sawtooth current
is fed from the output of both generators through the switching relay RK of
the output stages, the circuit for clamping the sweep origin FNR and the
antenna phase shifter FA to the deflecting system of the CRT, which consists
of two mutually perpendicular windings.

Block I2 for generating the stationary ranmge markers (rings) is controlled

by the triggering pulses of the multivibrator through a trigger pulse ampli-
fier UIZ, the delay line LZ2 and emitter follower EP2. These pulses are fed
to the shock excitation oscillator GUV designed around a MP10A tramsistor,
which generates a sinusoidal voltage, the frequency of which is determined

by the range scale. This voltage is fed through emitter follower EP4 using a
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MP10A transistor and limiter Ol using a D311A [diode] to Schmidt trigger Tgl,
which is designed around P416 transistors. The rectangular voltage pulses
generated by the Schmidt trigger, are differentiated (by means of the DTs
[differentiating network]), and the peaked negative pulses trigger the slaved
blocking oscillator BGl designed around a P416 transistor which generates

the stationary range markers.

Block I3 is a video mixer and consists of an antilogarithmic video amplifier

AVU using a 2T301D transistor; the limiting amplifier UO usés a 2T301D transis-—
tor and the output stage VK is designed around 2T301D transistors. Block I3
generates the antilogarithmic amplitude response for the video signals, ampli-
fies, limits the RO [expansion unknown] and feeds the signals to the CRT along
with the course marker signals OK, and mixes the video signals with the station-
ary range marker (NKD) pulses and the range cursor pulses (PKD).

- The control panel PU contains the following: the OKMD circuit for turning
on the course and range markers; the scale switch PSh; the discrimination
control circuit RR; the circuit for turning on the interference protection
PZ and the circuit for turning on the radar VK.

Block I4 takes the form of a +14 KV high voltage rectifier to supply the
second anode of the CRT. The rectifier is designed as a voltage tripler using
selenium TVS-7-19M rectifiers.

Block I5 is intended for the readout of the angular coordinates (bearings and
course angles) as well as the range to targets. The block contains a system

of two scales: stationary with divisions of 0 to 360° and woving with divi-
sions of 0 to 180° to starboard and to port; a range pointer counter SCh with

a reducer R, which is coupled to a linear potentiometer LP; the ANTENNA ROTATE -
OFF toggle switch T; the potentiometer P in the STANDBY P4 mode, and the
pushbutton Kn for monitoring the power parameters.

Block I6 generates the voltage pulses for the range pointer with a width of
0.06 usec and an amplitude of 2 volts, as well as the voltage pulses for
monitoring block 16. The block circuitry contains the following: transformer
differentiator TD; flip-flop Tg2 using 2T301D transistors; a sawtooth voltage
generator GPN using a 2T301D transistor; a comparator KMP using a 2T301D
transistor in conjunction with D223A diodes and an output blocking oscillator
BG2 using a P416B transistor. The circuit is equipped with the following
controls: the amplitude control RA for the output pulses of the blocking
oscillator, the maximum range set control UD and the zero set control UN.

The CRT circuitry contains the following: the deflection system OS, the

sweep origin clamp circuit FNR, the electron beam focusing elements FL1 and
FL2, the beam brightness controls RYa and the components for shifting the

sweep origin SNR. As was noted, the deflection system consists of two station-
ary windings, the magnetic axes of which are shifted through 90° (sine and
cosine deflecting coils). The clamping circuit for the sweep origin has two
clamping bridges, through which the corresponding windings of the rotating
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transformer and the deflecting coils OK are coupled together. An armored
magnet and a magnetic conductor which encircles the neck of the CRT serve
as the elements for shifting the sweep origin. The sweep is centered by
rotating the magnet about its own axis. The video pulses of the target
returns are fed to the cathode of the CRT through video mixer I3, along with
the stationary range marker and electronic range cursor pulses and the course
- marker voltage pulses. The forward sweep trace brightener pulses and the
negative beam brightness control voltage are fed to the CRT modulator.

Unit R relays the antenna angular position data, interfaces the radar with the
gyrocompass and controls the orientation of the image on the CRT screen.

Block Rl relays the course angle and bearing, and orients the image on the
radar screen with respect to course and meridian. Block R2 is the mismatch
signal amplifier.

The V unit (power rectifier) is intended for converting the shipboard three-
phase 220/380 volts AC at 50 Hz to 220 volts DC to power unit S. The complement
of the V unit includes: the circuit for turning the radar on; the main 220

- volt rectifier; the protection circuitry when the shipboard power is cut off;
the shipboard power mains voltage monitor circuit.

Unit S (the power converter) converts the 110 and 220 volts DC or the 220
volts, 400 Hz AC shipboard power to an alternating regulated voltage of 220
volts at 400 Hz with a sinusoidal waveform. To convert the DC voltage, the
unit S contains the following: a master oscillator, a thyristor inverter,
an AC voltage regulator, a filter for the fundamental frequency, a circuit
for automatically turning the radar on, and a master oscillator monitor cir-
cuit (block S1). The following are used in unit S for the conversion of the
input voltage of 220 volts AC at 400 Hz: an AC voltage regulator, a funda-
mental frequency filter, and a circuit for automatically turning the radar
on. In both cases, there are industrial interference filters at the input.

When ship's DC power is applied to unit S, the master oscillator of block
S1 generates two pulse trains, which are shifted relative to each other by

- half a period. The pulse repetition rate is 400 to 500 pulses/sec with a
width of 300 to 500 psec; the voltage amplitude is no less than 10 volts.
The master oscillator pulses are fed to an inverter, which is designed in a
push-pull configuration using thyristors. The rectangular waveform output
voltage is fed from the inverter output to a regulator, which uses direct
current saturable reactors, is stepped up by an autotransformer and is then
fed to the first harmonic filter. The regulated sinusoidal voltage is fed

¥ directly to the rectifiers of the first power supply stage and the filament
transformers, as well as through the circuit for automatically turning on
the radar to the rectifiers of the second power supply stage.

When a ship's voltage of 220 volts at 400 Hz is applied to unit S, the voltage
is fed through an industrial interference filter directly to the AC voltage
regulator.
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The specific features of the operation of the units and their operational
convenience is taken into account when setting up and installing the '"Mius"
radar equipment. Unit A must be installed at a height of no less than 5 m
above the waterline, assuring circular scanning of the antenna. One is to
avoid hot gases and fuel particles exhausted from a smokestack falling on

the antenna. The P and I units are housed in the pilot house or navigator's
compartment. Depending on the installation variant, the I unit can be fastened
to a bulkhead, on an overhead ceiling or on the deck of the deckhouse. The

P unit is to be installed in such a way that the distance from the deck to

the upper part of the unit is 1.6 m. Unit S can be placed in any dry room
where the spacing from the deck to the upper part of the unit housing is 1.6
to 1.8 m. The spacing between the walls of the units and other ship equipment
should be no less than 30 cm, and no less than 80 to 100 cm between the units
and a bulkhead of a ship.

The power supply characteristics, overall dimensions and weight are given

below:
Unit A 2,430 x 895 x 440 mm; 68 kg
Unit P 464 x 304 x 643 mm; 54 kg
Unit I 380 x 660 x 800 mm; 41 kg
Unit § (220 volts DC) 413 x 239 x 560 mm; 33 kg
Unit S (110 volts DC) 413 x 239 x 560 mm; 33 kg
Unit § (220 volts AC, 400 Hz) 290 x 198 x 428 mm; 15 kg
Unit V 393 x 281 x 573 mm; 38 kg
Unit R (110 volts DC) 366 x 286 x 525 mm; 29 kg
Unit R (220 volts DC) 366 x 286 x 525 mm; 29 kg
Unit R (220 volts AC, 400 Hz) 366 x 286 x 525 mm; 29 kg
Unit R (220/380 volts AC, 50 Hz) 366 x 286 x 525 mm; 29 kg
Unit K (110 volts DC, 220 volts DC) 230 x 380 x 170 mm; 5 kg
Unit K (220 volts AC, 400 Hz) 230 x 380 x 170 mm; 8 kg
Unit K (220/380 volts AC, 50 Hz) 230 x 380 x 170 mm; 5 kg
The cabinet of spare parts, tools
and accessories 446 x 455 x 1170 mm; 90 kg
The GPVME-25 multisection type
rotary switch 140 x 204 x 145 mm; 1.75 kg
Installation set 30 kg :

The control of the "Mius" radar is broken down into the operational control
and installation alignment.

The following are done during operational control: turning the radar on and
off; turning the range and course markers on and off; adjusting the signal
resolution and image contrast; measuring ranges to objects (targets); measuring
the course angles and bearings to targets; switching the orientation of

the image on the CRT screen; controlling the interference suppression.

Installation alignment and adjustment provides for the following operations:
interfacing the radar with the gyrocompass; matching the image to the gyro-
compass reading; mechanical and electrical alignment of the klystron; stand-by
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fine tuning of the klystron frequency; setting the duration of the time AGC;
setting the gating level of the time AGC; adjusting the magnetron current;
adjusting the illumination brightness of the CRT screen; adjusting the bright-
ness of the range markers; focusing the CRT beam; centering the image sweep on
the CRT screen; setting the signal limiting level; adjusting the brightness

of the range pointer; zero setting the range pointer; switching the antenna
rotation; switching the power feed to the tracking system.

Operational control is realized in the following manner:

1. To turn the radar on, the RADAR ON-OFF toggle switch on the indicator
control board is set in the "On" position. In this case, one of the windows
with the numbers for the scale and the range markers .should light up on the
control panel.

2. Aftefr 3 to 5 minutes have elapsed, a light with the label TRANSMITTER should
light up on the control board of unit I, which signals that the modulators
and other circuits of the radar are turned on.

3. While monitoring radar operation, make the following checks:
a) For the presence of range sweep on all scales and its threshold brightness;

b) The presence of noise and signals on the indicator screen as well as the
variation in them by adjusting the DISCRIMINATION potentiometer;

¢) Matching the centers of the plan-position sweep and the azimuth cursor on
the indicator screen;

d) The image quality of the range markers (MD) and course marker (0K); the
OFF-OK-OK, MD toggle wwitch is set in the "OK, MD" position; in this case,
the course marker should read zero on the stationary scale of the azimuth
circle when the image is oriented with respect to the course heading;

e) The presence of the range cursor marker (VD) and its brightness;

£) The system f.r monitoring the power parameters of the radar (KEKh), for
which one of the range scales (up to & miles) is set, the CHECK POWER CHARACTER-
ISTICS button is pressed, which is located under the cover of the control
board on unit I, and one makes sure that a check signal is present in the form
of an arc (90° to 140°), positioned at an angle of 180° relative to the line
of the course marker and separated from the probe pulse by 1 to 3 mm (to

- improve conditions for observing the power characteristic monitoring signals,
it is recommended that the range marker be turned off);

g) The relative precision in matching the range markers and range pointer by
means of comparing (colocating) the range pointer with each range marker
(the readings taken from the counter should not differ from the values of
the distances indicated by the range markers by more than specified in the
radar station data sheet).

4. The image on the PPI screen is matched to the gyrocompass, for which the
following is dome:
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a) The IMAGE ORIENTATION SWITCHING toggle switch is set in the "On Meridian"
position;

- b) The OPERATE - MATCH TO GYROCOMPASS switch is set in the "Match to Gyrocompass"
position;

c) Using a  special key, the value of the course heading taken from the gyro-
compass repeater or its central unit is set on the course scale in unit R;

d) The OPERATE - MATCH TO GYROCOMPASS switch is thrown to the "Operate" position;
e) The special key is removed;

f) The requisite operating mode is set (with respect to the course heading or
the meridian).

5. In the presence of sea wave or atmospheric precipitation clutter, the
INTERFERENCE SUPPRESSION AND 'SIGNAL DIFFERENTIATION toggle switch is turned on.
This toggle switch is also turned on where it is necessary to boost the range
resolution of objects (targets).

6. The DISCRIMINATION control is used to achieve the most complete and clear
image of the returns (from the objects or targets) against the background of
noise or interference.

7. The radar set is turned off by setting the RADAR ON-OFF toggle switch in
the "Off" position.

The operational status of the radar is monitored and a preventive check of the
monitor system is made by means of a built-in test system (VSK) for when the
radar set is turned on. The checks are made from the panel of the monitor
block P11, which is located on the cover of unit P, in the sequence indicated

by the symbols: oing clockwise.
Rl NN Y

All of the switches .on the monitor panel, the switch on the klystron tuning
panel of unit P and the switch on the front panel of unit V should be in the
extreme left position prior to making the checks. Before making the checks,
one must make sure that the fuses at the inputs to the power supplies are

good based on the fact that none of the signal lights above the fuses are on
in section of the monitor panel. Lights coming on when a fuse is good
is evidence of a defective power supply. The location of the defective source
is indicated by the lable under the signal lights.

The 220 volt, 200 Hz regulated II shipboard power main, as well as the voltages
produced by rectifiers P5 and P9 as well as I4 are to be checked on the
monitor panel of unit P, for which the following is done:

a) Set the switch located at the boundary of the [25 - Z}S section to the
2\ position;
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b) By switching the POWER SUPPLY MONITOR contirul in a clockwise direction,

make sure that in all positioms, the meter needle of the meter located in 2 ,
falls within the range of the corresponding colored sector. The location of a
defective block is indicated by the lable opposite the control of the POWER
SUPPLY MONITOR switch.

Check the operability of the blocks in the [C}; section of the radar by rotating
the SEARCH switch clockwise, The status of the corresponding block is registered
by signal lights with the labels GOOD or BAD. The location of a defective block
is indicated by the label opposite the switch control in each of its positioms.

In the "SK" position of the,SEARCH switch, the operability of block P10 is moni-
tored as well as section of block Pll. After completing the checks of the
blocks, the SEARCH switch is.to be set in the initial position "radar operate".
The NONOPERATIONAL RADAR MODE display should go out.

To check the operability of block P4, make sure beforehand that when the CHECK
BLOCK P4 switch is in the "operate" position, the pointer of the meter located

in section [:; , points to zero. By switching the CHECK BLOCK P4 control
sequentially to the '"check I" and 'check II" positions, one is to make sure

that the pointer of the meter falls in the range of the right side sector for

the "check I" position and the left sector for the 'check II" position. The
RADAR NONOPERATIONAL MODE display should be on, on the monitor panel. The
departure of the meter needle outside the range of a sector signals the defective-
ness of block P4. Set the CHECK BLOCK P4 switch in the "operate" position. In
this case, the RADAR NONOPERATING MODE display should go out. If the display
does not go out, one must check the position of the FREQUENCY TUNE MODE switch on
the klystron tuning panel, which should be in the "AFC operate' position.

Check the operability of the individual functional assemblies, for which the
following is done:

a) The switch located at the boundary of the l{§>> and ZCES sections is set in
position ; :

b) By rotating the CHECK ASSEMBLIES (current) switch clockwise, one is to make
sure that the pointer of the meter in each switch position falls within the
range of the colored sector.

Check the operability of unit V. In the case where the EMERGENCY MODE signal
light is on; immediately turn the radar off with the RADAR ON-OFF toggle switch
located on the front panel of unit I, and check the ship mains voltage based on
the lighting of the signal lamps with the SHIP MAINS ON label. A failure of the
lamps to light indicates that voltage is not being fed to unit V from the ship
mains.

Check the level of the ship mains voltage in each phase, for which it is necessary
to set switch V1 sequentially in the IF, IIF and ILIF positions. In these switch
positions, the pointer of the meter should fall within the range of the sector.

If this meter does not show readings or the meter needle goes outside the sector
limits, one must check the phase voltages at the test jacks Gl, G2, G3 and G4 of
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unit V by means of the 4313 instrument. The voltage level can differ from the
nominal value by no more than 10%.

Check that the contactor fuse is good from the failure of the DEFECTIVE CONTACTOR
FUSE signal light to come on.

In the absence of sweep rotation on the CRT screen, one is to make sure of the
operability of unit R, for which the following must be done:

a) Check for the presence of the power supply voltage of the tracking system of
unit R from the lighting of the POWER light. The failure of the lamp to light
indicates that the 220 volt, 400 Hz, reg. I voltage is not being fed to unit R
from S;

b) Check that the fuse in the 220 volt, 400 Hz, reg. I circuit is good based on
the lighting of the 400 Hz, 220 volt signal lamp;

c) Check that the fuse for the drive power rectifier is good from the lighting of
the RECTIFIER signal light (for the variant of unit R which is designed for
power from a 220 volt at 400 Hz ship power main);

d) Check that the fuses in the antenna motor are good based on the lighting of the
ANTENNA MOTOR signal lights;

e) Open the cover of the unit and check the position of the toggle switch in the
"amplifier" position;

f) Remove block R2 from the unit and place it with another from the spare parts,
tools and accessories kit; if the tracking system does not operate afer R2 is
replaced and the sweep line does not rotate, the power circuit of the actuating
motor with the marking M5 in block Rl is to be checked, as well as the electrical
connections of the rotating transformers in block A2 and R1.

If with a change in the course heading of the ship, the course marker does not
move on the screen of the indicator or the scale in unit R remains stationary,
one must check the position of the OPERATE - MATCH TO GYROCOMPASS SWITCH. This
switch should be in the "operate'" position.

4.4. The "Nayada" Series of Marine Navigation Radars

The "Nayada'" series of marine navigation radars (SNRLS) consists of four radar
sets: the "Nayada-1", '"Nayada-2", and '"Naydda-4" [sic] with different character-
istics and functional capabilities.

The equipment composition of the '"Nayada' marine navigation radar series is given

in Table 4.4, while the operational and technical characteristics of the radar
[8] are given below:
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TABLE 4.4
Unit
Unit Designation Code "Nayada-1" "Nayada-2"  "Nayada-3"  '"Nayada-4"
Antenna with a beam
width of:
1° A 1 - - -
0.7° A - 1 1 1
Indicator I 1 1 1 2
True motion unit D - - 1 2
Transceiver P - - - -
Reflective overlay
plotting board N - 1 1 1
Repeater R - - - 1
Static converter S 1 1 1 -
Rectifier v 1 1 1 -
Portable test meter K 1 1 1 1
Type ATO and APO
electric machine
voltage converter - - - 1
Spare parts and
accessories Z1P 1 1 1 1
Wavelength, cm 3.2
- PPI sweep frequency, r.p.m. 19
Width of the antenna directional pattern in the
horizontal plane, degrees:
"Nayada-1" 1
"Nayada-2", '"Nayada-3" and '"Nayada-&4" 0.7
The same, in the vertical plane, degrees 20
Diameter of the 31LM5V CRT screen, mm 310

Range scale, miles
Intervals between range markers, miles
Probe pulse width, microseconds, oun the
following scales, in miles:
0.5, 1 and 2
4 and 8
16, 32 and 64
Pulse repetition rate, pulses/sec, on the following
scales, in miles:
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0.5, 1 and 2 3,000
4 and 8 1,500
16 and 32 ‘750
64 500
Transmitter pulse power, KW 15
Pulse sensitivity of the receiver, dB/W 120
Switchable bandwidths of the receiver, MHz 14 and 6
Receiver intermediate frequency, MHz 60
) Minimum detection range for an antenna height of 15 m and a
wavelength of 10 m, no worse than, in m 30
The range resolution on the 0.5 mile scale, no worse, in m 20
Azimuth resolution on the 2 mile scale, in degrees 1.6 or 2.1
; Maximum azimuth measurement error, in degrees, using the
following pointers:
Electronic 0.5
Mechanical 1.0
Maximum range measurement error, no more than, on the following
scales:
0.5, 1 and 2 miles, in m 50
The remainder, in percent of the range scale 1.0
Maximum error in the motion of the marker for the radar's own
ship in the true motion mode:
Angular error, in degrees 2.5
Speed error, in percent 5.0
Antenna directional gain, in relative units 1,200 and 1,800
Video amplifier bandwidth, MHz, no less than 12
, Width of the range cursor pulses, microseconds 0.07/0.3
. Width of the heading cursor on the PPI screen, in degrees,
no iore than 1
Antenna dimencions, in mm:
Aperture 2,386-3,427
Sweep radius 1,230-1,760
Maximum waveguide channel leng.h, m 20
Detection range for an antenna height of 15 m, in
miles, no less than:
Of an average sea buoy without a reflector 3.5
A 5,000 ton ship 17
Mean time between failures, hours, no less than 250
Average repair time, minutes, no more than 30
- Continuous duty time, hours 24
Radar warm-up time, minutes : 4
Power consumption, in KW, no more than:
""Nayada-1" 1.2
"Nayada-2" 1.3
"Nayada-3" 1.5
"Nayada-4" 2.7
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Distinctive features of the '"Nayada" marine navigation radars as compared to other
modern nonautomated marine navigation radars (the "Lotsiya", Kivach", "Mius") are:

--The capability of displaying the surface situation on the PPI screen both in &
relative motion mode (OD) and in a true motion mode (ID);

--The capability of measuring the angular coordinates of targets both with a
mechanical and with an electronic pointer with a digital azimuth counter;

--The possibility of operationally displacing the center (origin) of the PPI sweep
by two-thirds of the radius of the screen both in the true and relative motion
modes, which makes it possible to increase the radar scan range in a selected
direction without changing the range scale;

--The capability of solving navigational problems by means of graphical plots on
a mirror overlay plotting board (unit N) using the current radar situation which
is reflected on it from the indicator;

--Using an interface unit: a repeater (unit R), which provides for the multipli-
cation and generation of interface signals needed for the use of a second display,
as well as for interfacing additional indicators of other types and designations;

~-The presence of a special de-icer in the antenna rétation drive which reduces
the danger of antenna icing under conditions of sharply reduced temperatures;

--Higher range and azimuth resolution because of the shortening of the probe
pulse width down to 0.07 microseconds, the narrowing of the antenna directional
pattern width in the horizontal plane down to 0.7 degrees and the use of a CRT
with improved resolution in the indicator. '

As can be seen from Table 4.4, the "Nayada-1" marine navigation radar has an
antenna with a directional pattern width in the horizontal plame of 1 degree (a
directivity coefficient of 1,200 [front to back ratio]). Im contrast to the
"Nayada-1", the "Nayada-2" marine navigation radar includes an antenna with a
narrower directional pattern in the horizontal plane, equal to 0.7 degrees) a
directivity coefficient of 1,800); it is equipped with an overlay mirror plotting
board (unit N) for graphical plots under a removable viewing hood; a more power-
ful electric motor is installed in the antenna rotation drive. The "Nayada-3"
marine navigation radar differs from the '"Nayada-2" marine navigation radar in
the presence of an additional unit: a true motion unit (unit D). In contrast to
the "Nayada-3", the "Nayada-4" marine navigation radar has the following: a
second indicator which is used as a slaved unit; a second D wunit; a repeater
(the coupling unit R), which provides phovides for the functioning of the second
unit. All of the "Nayada" series radars can operate with an "Al'fa" [8] ship
collision danger warning unit. The radars are intended for imstallation on ships
with a gross register tonnage of 500 r.p. and higher.

The "Nayada" marine navigation radar can be powered from ship's mdins at 110 and

220 volts DC, or with alternating three-phase 220/380 volts at 50 Hz. The units
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of the radar are powered from static converters (unit S) or from electrical
machine sets (''Nayada-4") with a regulated 220 volts AC at 400 Hz. When the radar
is powered with 220/380 volts AC at 50 Hz, the radar equipment complement addition-
ally includes a ship power voltage rectifier (unit V).

The antenna rotation:motor drive is powered directly from the ship mains through
unit I, in which a motor protection block is located (block 2D), which discon-
nects the power when an excessive overload occurs.

When ordering the equipment, it is recommended that one use the decimal numbers of
the '"Nayada" marine navigation radar units and assemblies, which are listed below
[12].

Unit A with an antenna directional pattern width in the horizontal plane of 1°,
for ship's power mains of 110 volts DC is designated by the decimal number ’
1A2092032; for 220 volt DC mains, the number is LA2092033-01; for ship power mains
of 220/380 volts AC at 50 Hz, the designation is LA2092033-02.

Unit A with an antenna directional pattern width in the horizontal plane of 0.7°
for ship's mains of 110 volts DC is designated LA2092032; for ship's mains of 220
volts DC, it is LA2092032-01; and for three-phase 220/380 volts AC at 50 Hz, the
designation is LA2092032-02.

Unit P has the decimal number LA2000010; unit I (console type) is LA2043008;
unit I (control panel type) is LA2043018; unit D (console type is LA2300058;
unit D (control panel type) is LA200065; unit N is LA2317000; unit S (110
volts DC) is LA3211005G4; unit S (220 volts DC) is LA3211007G4; unit R is
LA2300057; wunit V 1is LA3215065G4; and individual ZIP [spare parts, tools and
accessories kit] is LA100063; unit K is LA2761088; and the delay cable is
LA4350050.

The '"Nayada" marine navigation radar has a unit for monitoring the power character-
istics and checking that the radar units and assemblies are in good condition.

The 'Nayada" marine navigation radar can be interfaced tco the '"Kurs-3", "Kurs-3M",
"Kurs-4", "Kurs-4M", "Kurs-5", "Amur-3" and '"Vega" ship gyrocompasses. The

- "Nayada-3" and '"Nayada-4'" radars are coupled to MGL-25 and LG-2 logs to provide
for a true motion display mode. The coupling to the gyrocompasses is made through
BS-404AN and SS-150 selsyns with a rotation scale division of 1°; they are coupled
to the logs through BS-404AN selsyns with a scale division of 0.2 knots. The
power is supplied to the selsyns from the gyrocompass and the log.

The overall dimensions and wieght of the units are given below:

Unit A (1°) 554 x 2,400 x 833 mm; 73.5 kg
- Unit A (0.7°) 554 x 3,430 x 833 mm; 102 kg
Unit I 985 x 526 x 550 mm; 105 kg
Unit D 1,180 x 520 x 305 mm; 61 kg
Unit P 840 x 601 x 390 mm; 92 kg
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Unit N 80 x 400 x 400 mm; 5 kg
Unit R 460 x 255 x 139 mm; 7 kg
Unit S (110 volts DC) 795 x 480 x 289 mm; 64 kg
Unit S (220 volts DC) 795 x 480 x 289 mm; 61 kg
Unit V 600 x 443 x 288 mm; 50 kg
Unit K (without bag) 130 x 260 x 130 mm; 2.5 kg
Unit K (with bag) 150 x 400 x 150 mm; 3.5 kg
Spare parts, tools and
accessories with unit K 1,430 x 660 x 405 mm; 160 kg

A block diagram of the ''Nayada-3" radar is shown in Figure 4.12.

The antenna unit (Unit A) consists of the antemmna rotation drive (block PA), the
main antenna (block AR) and the monitor antenna (block AK) in a waterproofed
design. The main antenna is a slotted type with a horizontally polarized field.
The antenna aperture in the horizontal plane for the 0.7° directional pattern is
3,427 mm with a sweep radius of 1,760 mm; for the 1° pattern, it is 2,386 mm and
the sweep radius. is 1,230 mm. The monitor antenna is made in the form of a
sectoral horn with a waveguide to coaxial transition junction. It is rigidly
fastened to the housing of the drive by meaus of a bracket. The antenna rotation
drive for all types of radars is standardized, and consists of a reducer which
rotates the microwave junction, course angle and course marker transducers and
anti-icing heaters. The antenna rotation motor is fastened to the antenna drive
on the outside and can be changed to match the ship mains Voltage and antenna
type. The slot antenna horn is hermetically sealed with a radiotransparent
dielectric, made of fiberglass with a wire grid to compensate for the microwave
energy reflected from the dielectric. The ""Nayada' marine navigation radar
antenna is designed for supporting wind loads at wind speeds of 50 m/sec and has
an ultimate strength for wind velocities of up to 70 m/sec.

The transceiver (unit ©P) includes the following: the microwave block, the inter-
mediate frequency amplifier block, the video pulse processing block VI, the micro-
wave generator circuitry (the magnetron oscillator MI), the transmitter modulator
block MP, the block of modulator filters FM, the tuning and metering block NK, the
automatic frequency control block APCh [AFC], and the power rectifier blocks V1-V4.
Besides the blocks enumerated above, the complement of unit P also includes the
control circiutry for starting up the transmitter, the circuit for switching the
magnetron filament voltage, the voltage monitoring sensors, a fan, an electrical
time counter and other components.

Besides the modulating pulses widthds of 0.7, 025 and 0.07 microseconds, the
magnetic thyristor type transmitter modulator also generates synchronizing pulses
which control the operation of the receiver (the time AGC circuit) and the indi-
cator, as well as the modulator metering pulses. The DC voltage for powering the
modulator comes from rectifier VI which is a V~180-240-1 type and which produces
a regulated -180 volts at the output for a load current o 0.45 A or -240 volts
for a load current of 0.35 A and a stabilization factor of no less than 50.
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The microwave frequency generated by the magnetron with the action of the
modulating pulses is fed to the microwave block and through a directional coupler
and ferrite circulator to the output of unit P. A portion of the probe pulse
energy is fed through a directional coupler, attenuator and slotted bridge to the
AFC mixer channel and is used for automatic frequency control of the Klystron
local oscillator of the receiver. The energy of the received returns is fed from
- the output of unit A (block AR) to the microwave block, is converted to the
60 MHz intermediate frequency and fed to the IF amplifier block of the receiver,
which is designed in a superheterodyne configuration with a logarithmic amplitude
response. The detected intermediate frequency signals are fed to the video
amplifier block VI, are amplified up to a level of 0.35 to 2.2 volts and fed
through an emitter follower via a cable to the video signal mixer block SVS of
unit I [the indicator].

The time AGC voltage is also produced in the video pulse processing block, where
this voltage can be controlled with respect to pulse width and level, and is then
fed to the linear stages of the IF amplifier block.

The signal received by the monitor antenna are fed to the receive channel of the
microwave block in the overall radar set operational monitoring mode (KOR).

- Built in metering of the operation of the magnetron, the klystron, the protective
discharger for the receiver (RZP), the IF amplifier and AFC crystals is used in
unit P, while the operation of the AFC unit is metered, etc. The monitoring
is accomplished by means of a meter built into the tuning and metering block NK
using the 'go -- no go'" principle. Moreover, there are special monitor lights
for the fuses in the input circuits of the power supplies for the unit. A
portable meter (unit K) is used to check the remaining replaceable blocks and
assemblies of unit P. The modulator filter block FM eliuinates radio reception
interference which arises because of the high power pulse signals of the trans-
mitter. The V-300/600-1 type rectifier V2 powers the klystron circuits, the CRT,
the ignition of the receiver protection discharger, as well as the radar actua-
tion and time delay relays. Type VK-12,6/27/50-1 rectifier V3 powers the blocks
and assemblies of unit B. Rectifier V4, which is a V-27-3-1, produces a voltage
of +27 volts in unit P.

he indicator (unit 1I) incorporates the sweep generator block GR, the azimuth
cursor generator block VN, the range cursor control block UVD, the moving range
cursor block PVD, the block for the fixed range markers MD, the videv signal
mixer block SVS, the sweep coordinator b’ock KR, the block for switching the

- clamping bridges KMF, the motor protecti.n block ZD, the tracking system amplifier

. block USS, the output sweep stage VKR, the azimuth cursor VT, the diode bridges
for cursor sweep DMV, the image orientation circuitry OI, a type VK-12.6/27/50-2
rectifier V5, which produces a regulated 12.6 volts at the output as well as a
regulated +27 volts and an unregulated +50 volts; a type V-15/65-1 rectifier V6
to power the sweep generator with an unregulated voltage of 15, 30 or 65 volts;
a type V-15000-10 high voltage rectifier V7 to power the CRT and the V8 rectifier
for powering the clamping bridges at +12.6 volts and supplying the CRT with a
voltage of +400 volts.
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[Key to Figure 4.12, continued]:

6. Power supply rectifier 2;
7. Modulator filters;

8. Monitor antenna;

9. Magnetron oscillator;

10. Automatic frequency control;

11. Tuning and metering block;

12, Power supply rectifier 3;

13. Power supply rectifier &4;

14. Electrical log;

15. Gyrocompass;

16. Velocity vector coordinator;

17. Speed correction block;

18. Current speed;

19. Current direction (course);

20. Transmitter modulator;

21. Power supply rectifier 1;

22. To the blocks and devices of
unit P [transceiver];

23. Speed integrator block;

24, Azimuth cursor sweep generator;

25. Range cursor control block;

26. Moving range cursor block;

27. Video signal mixer;

28. Stationary range marker block;

29. Sweep generator;

30. Sweep output stage circuitry;

31. Rotating transformer;

32. Cursor sweep diode bridges;

33. Rectifier 5, VK-12.6/27/50-2;

34, To unit I [indicator];

35. Control and tachogenerator
feedback difference signals
amplifier;

36. Unit D [true motion unit}];

37. Phase sensitive rectifier;

38. Image orientation circuit;

39. Sweep coordinator block;

40. Clamping bridge switcher;

41. Defeleting coils;

42, Motor protection circuitry;

43. Tracking system amplifier;

44, Diode bridges for clamping
the sweep origin;

45, Rectifier 7, V-15000-10;

46. Power rectifier 8;

47. Power rectifier 6, V-15/65-1;

48. Unit S [static comverter];

- 165 -

49,
50.
51.
52,

54,
55.
56.

58.
59.

60.

Inverter;

Thyristor voltage regulator;
Power on-off contactor;
Main rectifier;

. Ship power mains, three-phase,

50 Hz, 220/380 volts;
Sine component filter;
Static converter control
block;

Protection circuitry;

. Monitor circuit;

Auxiliary rectifier;

400 Hz AC, 220 volts (to units
I, P and D);

Ship power mains, =110 volts
(or -220 volts).
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The synchronizing unit for the radar is a master oscillator, for which a trans-
istorized self-oscillating multivibrator is used which is located in the GR block.
This oscillator generates the triggering pulses for the electronic azimuth

cursor (EVN) and the transmitter modulator. The synchronization of the circuits
for generating the sweep, the moving range cursor markers, the PVD, as well as
the stationary range merkers in the "operate" mode is accomplished automatically
from the transmitter, while in the "standby" mode, it is accomplished from the
master oscillator.

The sweep signal and azimuth cursor sweep are generated using stationary deflect-
ing coils, OK. The indicator circuitry contains two sweep chanmnels, which alter-
nately drive a common output amplifier. The sweep signal pulses are generated in
the GR block, while the azimuth cursor sweep pulses are generated in the VN block
in the pauses between the signal sweeps.

The sawtooth current pulses of the output stage are split by means of the rotating
transformer channels into sine cosine components, which are fed by means of
thyristor switches through diode bridges for clamping the sweep origin, DMR, to
the deflecting coils. The rotor of the signal sweep rotating transformer is
coupled by means of the tracking system to the antenna angula: position sensor.
The rotor of the rotating transformer channel of the cursor is coupled to the
control for the electronic azimuth cursor on the indicator panel, and the angular
position of the electronic cursor on the CRT screen is set manually by the operator
when determing the direction to a target. The thyristor switches are turned on
sequentially for the duration-of the forward sweep trace by means of the clamping
bridge switcher, the KMF, at the repetition rate of the probe pulses. This pro-

- vides for the simultaneous and continuous presence of both sweeps on the PPI
screen.

The shifting of the sweep center (origin) in the relative motion mode is accom~:
plished by passing a direct current of a particular level and polarity through
special stationary deflecting coils for the CRT. The center shift mode is turned
on and the direction of the shift is controlled by means of two three-position
CENTER SHIFT toggle switches or the indicator. 1In the true motion mode, the
shifting of the image center is continuous to any point on the screen. In the
relative motion mode, the image center shifting is accomplished in discrete steps
in eight directions on the 1, 2, 4, 8 and 16 mile range scales. '

The image is oriented with respect to the course heading or to north on the
indicator screen by means of switching the rotating transformer which detects the
antenna angular position. In the "North" orientation, the rotating transformer
is connected, the rotor of which is turned through an angle equal to the heading
of the ship by means of selsyn which is coupled to the gyrocompass.

- The true motion unit (unit D) displays a true motion mode (ID) on the indicator.
For this purpose, voltages are generated in the unit based on data from the log
and gyrocompass which are proportional to the components of the ship's travel in
a rectangular system of coordinates with changes in the ship's speed from 0 to
35 knots and the ship's course from 0 to 360°. The current produced by these
voltages in the center shift deflecting coils of the CRT moves the origin of the
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sweep on the indicator screen in the direction of and at a speed proportional to
the route vector. The unit provides for moving the sweep origin through two-
thirds of the working radius of the screen within a circle having the center in

the center of the CRT screen as well as automatically returning the sweep origin

to the center of the screen. This operation is accomplished by pressing the RESET
button the control panel of unit D. A provision is made in the unit for the
capability of manually feeding in the course and speed for making correctinns. The
true motion mode is automatically cut off when orienting the image with respect to
the course or when changing over to the 0.5, 16, 32 or 64 mile range scales. The
resolver of unit D 1is an analog type resolver using electromechanical components.

Unit D contains the following sections: a velocity vector coordinator K$ for
generating the velocity component of the ship along the N-S and E-W axes and
feeding voltages proportional to this velocity; a speed correction block PS, which
is needed for making manual corrections for the speed and direction of the current
(drift) and feeding out voltages proportional to the components of the corrections
for the current velocity along the E~W and N-S axes; a speed integrator block IS,
which is intended for generating the component of the ship's route and feeding

out voltages proportional to this component; a UIP block, which is the difference
amplifier for the difference between the control signals and the tachometric feed-
back signal in the integrating drive; a phase sensitive rectifier block, FChV,
which converts the AC voltages proportional to the components of the ship's

route along the N-S and E-W axes to DC voltages of the appropriate polarity.

The ship's speed and course data are entered in the velocity vector coordinator
block from the electronic log EL and the gyrocompass GK by means of remote trans-
mission using BS-404NA or SS-150 selsyns. The summing voltages of the velocity
vector coordinator and the speed correction blocks are fed to the inputs of the
integrating drives in the speed integrator block, which generate the ship's path
components along the N-S and E-W axes. These summing voltages are added at the
output of each block and compared with the voltage from the tachogenerator which
is coupled directly to the shaft of the actuating motor. The difference between
these voltages is fed to the control and tachometric feeback difference signal

- amplifier for amplification up to a power and voltage level necessary for the
control of the actuating motor. The rotation angle of the motor's output shaft
will be proportional to the time integral of the input voltage. The output shaft
of the actuating motor is coupled by a mechanical transmission to the axis of a
linear rotating transformer (LVT). Voltages are picked off from the linear voltage
transformer rotor winding which are proportional to the components of the ship's
travel. After passing through the phase sensitive rectifier blocks, the rectified
voltages are fed to the CRT deflecting system true motion windings, which

provides for shifting the sweep center (origin) on the PPI screen in the direction
corresponding to the ship's heading and at a speed proportional to the ship's

own speed. g N

The static converter (unit S) is intended for converting the DC ship's main
voltages to a regulated AC voltage at 220 volts, 400 Hz. The complement of unit
S includes: a static converter control block USP; a sine component filter FSS;
an inverter, In; a thyristor voltage regulator, TRN; a power switch contactor KV
and protective circiutry SZ.
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Pulses are generated in the static converter control block which control the oper-
ation of the thyristors of the voltage regulator and the inverter. The DC ship's
mains voltage, or that from the output of unit V, is fed to the thyristor voltage
regulator and to the static converter control block. The regulator operates as a
switch. The static converter control block generates three pulse trains which

are needed to control the thyristor voltage regulator and the inverter. Two pulse
trains, which are shifted relative to each other by one-half of a period of the
400 Hz working frequency, are used to alternately trigger the thyristors of the
inverter and control the main thyristor of the regulator. The third sequence of
pulses at a frequency of 800 Hz serves to trigger the commutating thyristor. The
regulated voltage of the thyristor regulator is converted by the inverter to a
sine wave voltage with a large nonlinear distortion factor, where these distor-
tions are attenuated by a filter.

The power mains rectifier (unit V) rectifies the three-phase ship's mains voltage
at 220/380 volts, 50 Hz, producing a DC voltage of +110 volts at the output for a
load current of up to 9 amps, and +110 volts at a current of 50 mA. The alternat-
ing component of the rectified voltage does not exceed 0.7 volts. The unit con-
sists of the main rectifier, OV; the auxiliary rectifier, VV; an industrial inter-
ference filter; a switching relay; monitor circuitry UK; as well as indicators for
the presence of ship's mains voltage and defective fuses.

When the power is turned on, the AC voltage of the ship's mains is fed through

- the industrial interference filter to the switching relay and to the. auxiliary
rectifier. The output voltage of the auxiliary rectifier actuates a relay, from
which the ship's mains voltage is fed to the main rectifier which powers unit S.
Inductive-capacitive filters are used to smooth the pulsations of the rectified
voltage in the circuits of the rectifiers.

he voltage of the ship's mains and the output voltages of the main and auxiliary
rectifiers are monitoréed with a meter. Neon lamps are used to indicate the pre-
sence of the ship's mains voltage as well as defective fuses.

The superimposed mirror plotting board (unit N) is an optical antiparallax
device for making graphical plots when solving navigation problems and simultane-
ously observing the radar image. It consits of a plane semitransparent mirror
and a plotter with a spherical surface made of plexiglass, which is fastened in a
metal housing and provided with wariable illumination for the plotting surface.

The plotting board has a working diameter of 280 mm, a plotting surface radius
curvature of 508 mm and a power consumption of no more than 2.5 watts. A spec¢ial
"Steklograf" pencil is supplied along with unit N for making the graphical
plots. The plotting board is applied to the face surface of the indicator. The
illumination of the plotting board is supplied through a connector from unit I
[the indicator].

The monitor unit (unit K) checks the operability of the functional blocks and
assemblies of the radar by means of tolerance monitoring of the levels and ampli-
tudes of the signals fed to the monitor system from the blocks and assemblies
being monitored.
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Unit K consists of a converter, an analyzer and a generator. The converter,
which is designed around two transistors, amplifies the noise signals and converts
them to a DC voltage. The analyzer provides for tolerance monitoring of the
amplitudes of pulsed signals. The analyzer circuitry is transistorized. The
pulse generator takes the form of a blocking oscillator, operating in a self-
oscillating mode. The amplitude of the generated pulses can be normalized down
to voltage levels of 6, 1 and 0.2 volts.

The supply voltage of 220 volts at 400 Hz is checked by means of unit K, as well
as the operability of the converter and analyzer unit K, and the input pulse
signals of the blocks and assemblies. The check sequence is set by the positions
of the switches on the K unit panel when they are rotated clockwise.

The position of the switches for each radar unit being checked is indicated in
the table on the front panel of unit K, while the defective block (or assembly)
is indicated in the table found on the inside cover of the bag. The following
are located on the front control panel: the meter IPl, the multiposition switch
control and toggle switches. Unit K 1is connected to the sockets of the units
being monitored by means of a flexible cable,

The repeater (unit R) feeds out the data and control signals to unit I and to

the interfaced units. Unit R incorporates a sublock RS, which is a sync pulse
multiplier and a subblock RV which is a video signal multiplier, as well as the
V27-1.5-1 rectifier. The complement of the unit also includes circuitry for switch-
ing the range scales to the interfaced equipment and elements for checking the
operability of the subblocks, the rectifiers and signaling that power is present.

To power the automation circuitry and components of the unit itself, the V-27-1.5-1
rectifier produces a voltage of +27 volts. Moreover, the unit supplies the video
signals with a transmission gain of 0.9 to 1.2.

The operational status monitoring system (SK) of the radar makes it possible to
troubleshoot faults and check the tuning of the klystron, the magnetron current,
the setting of the IF amplifier and AFC crystal current, and check the functioning
of the AFC system. The parameters of the monitor system have the following values:

--Maximum error of the tolerance checking circuitry for the power characteristics
is no more than 5 dB;

- --The maximum error of the tolerance monitoring circuitry for the DC signal levels
and average values of the AC voltages fed to the testing system is no more than
+47 (with the exception of the DC voltage level of 0.08 volts, the testing error
of which does not exceed ilO%);

--Pulse signal amplitudes - no more than +207%;

--Noise signals - no more than +20%;

--DC currents — no more than +15%.
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The monitoring system consists of the system for checking the overall operability
(KOR) and the troubleshooting system (PN). The overall operational monitoring
system contains elements, which are included as individual assemblies in the
radar units and modules. The troubleshooting system has built-in monitoring
devices in units S, ¥V, P and K. To avoid false information about a fault, the
signals which are relayed via the interunit connections, are monitored both in
the unit in which they are generated and at the input of the unit to which they
are fed.

The operational status of the blocks and assemblies of units S and V 1is moni-

tored by means of monitor devices built into them, while units I, P and R are
- checked by means of unit K. Moreover, there is an additional tuning and monitor

block (KN) in unit P, which checks the signals of the blocks and assemblies,

the testing of which is difficult with unit K.

The overall operational monitoring unit realizes the testing by means of simulating
the point equivalent of a target, fixed in both range and direction. The overall
monitoring unit consists of a monitor antenna, which is included in unit A, a
délay cable and a monitor channel in the microwave block. The monitor antenna

is located at a fixed distance from the main radar antenna at a course angle of
180° and serves for picking up the energy of the probe pulses. The received
signals, which are delayed by a time which exceeds the width of the probe pulses,
are fed to the microwave unit, are amplified by the receiver and then fed to the
indicator. A criterion of normal radar operation is the presence of a brightness
marker on the CRT screen in the form of an arc with a width of about 120° at a
course angle of 180° at a distance of 1 to 3 mm from the probe pulse ring.

Overall operability is checked on the 0.5 mile range scale at maximum receiver
gain. The device for checking units § provides for independent monitoring of
the power supplies, blocks and assemblies of units S. The monitored signals are
fed in a definite sequence to a meter. The criterion of proper operation is the
meter needle falling in a specified sector, which is indicated opposite the
corresponding switch position.

The device for monitoring unit V provides for independent checking of the power
supplies for the unit. In addition to the device, there is also a number of test
jacks in unit V for measuring the alternating 220/380 volts at 50 Hz, the 110
volts DC, calibrating the meter IP1l by means of standard meters as well as check-
ing the signal lights for indicating the presence of ship's mains power and indi-~
cating that the fuses are good in the auxiliary rectifier.

The operability of unit I and the blocks and assemblies included in it is
checked by means of unit K, which is connected during the testing time to a
special socket in unit I. The normalization of the signals being monitored

from the BK-12,6/27/50-2, V-15/80-1, V-15000-10-1 blocks, as well as the GR

[sweep generator] (with the exception of the range marker triggering pulses) and
the KMF [clamping bridge switcher] is accomplished by the sensors in these blocks,
while the normalization of the +400, -220 and +27 voltages, as well as the auto-
mation and pulse signals (sweep, range marker triggering, synchronization and
triggering pulses) is accomplished directly in the indicator unmit.
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The noise signal incoming from unit P 1is monitored at the input to the SVS
{video signal mixer] block. The signal lights for monitoring the condition of the
fuses in the input circuits of the unit power supplies are located on the panel

of the indicator unit.

The operability of unit P 1is also monitored by means of portable meter K. More-
over, there is the NK (tuning and metering block) in unit P which monitors the
operability of the magnetron, klystron, discharger, as well as the AFC and IF
amplifier crystals by means of measuring the current levels in these components,
and also monitors the functioning of the entire AFC system and the AFC block di-
rectly. The normalization of the signals being monitored from the VK-12.6/27/50-1,
V-300/600~1, V-27-3-1 and V-180/240-1 blocks is accomplished by sensors located in
these blocks, while the normalization of the pulse signals (modulating pulse,
synchronization and triggering pulses) is accomplished directly in unit ©P. The
operability of the IF amplifier and video pulse processing circuitry is monitored
based on the generalized noise signal at the output of the video processing block.
The operability of unit R 1is checked by means of meter K.

The layout of the units and the installation of the radar on a ship have their

own special features. The operational convenience and specific features of the
operation of the units are taken into account in their placement. The P, V, S,
KU and ZISh [spare parts and accessories] units are housed in any dry heated room.
Units P, V, S and KU are fastened to bulkheads and the set of spare parts, tools
and accessories is secured to a deck or a bulkhead.

Units I, D and N are housed in the bridge or navigator's compartment. Unit I
is fastened to a deck, and unit D 1is secured to unit I and the deck. The
second I and D units are housed in any dry heated room. Unit N is to be

kept in the packing box close to unit I. It is recommended that unit R be
located close to the second indicator for convenience in reading the information

on the working range scales of the second indicator from the front panel of unit R.

Units I and D 1in the control panel design are housed in sections of the main
control panel of the ship and are located at a distance of no less than 1 m from
the magnetic compass. To provide for access to units I and D, the spacing
between their side walls and other equipment or bulkheads should be no less than
800 mm. For better heat removal, all of the units must be installed so as to
assure an air gap between the units and other ship equipment of no less than

100 mm.

Unit A is placed, where possible, on the middle line of the ship. The "bow"
marker should be oriented towards the bow of the ship, while the bracket for the
test antenna should be oriented towards the stern. Circular scanning of the space
should be provided without any shading or distortion of the antenna beam. The
antenna waveguide channel should have no more than two twists, no more than six
corner junctions and should be equipped with a cone taper junction (with dimen-
sions of 28.5 x 12.6 mm to 23 x 10 mm) for connection to unit P. To avoid damage
to the output flange of unit P during vibration of the ship hull, the waveguide
channel should have a flexible section. The overall length of the waveguide
channel should be no more than 20 m.

- 171 -

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500060001-9



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500060001-9

FOR OFFICIAL USE ONLY

The length of the connecting cable lines between the ship power mains and the

KU, V and S units and between units V and S should not exceed 20 m. The
permissible length of the cable lines between units KU and I, the electric
motor-generator and I, V and I, S and I, I and P, I and R, P and R as
well as I and A should be no more than 100 m; the cable length between the
electric motor-generator [dynamotor] and the KU unit can run up to 10 m; it can
run up to 2 m between units I and D.

The "Nayada' marine navigation radar is controlled by means of controls which are
located on units I and D. The following are accomplished on unit 1I: the
turning of the radar on and off; the switching of the range scales; turning the
range markers on and off and the short term turning off of the course; adjusting
the gain of the signals and image quality; interference suppression control;
measurement of ranges and azimuths to targets; switching the image orientation in
the relative motion mode; adjusting the scale illumination for the azimuth
circle; switching the transmitter operating mode (OPERATE--STANDBY); turning on

- the antenna rotation and heating; manual fine tuning of the frequency (standby).

Unit D controls the radar in the true motion mode: the true motion mode is
switched on; the radar is matched to the log and gyrocompass; corrections are
made for the speed and direction of the current (drift); the sweep origin is
turned to the center of the CRT screen; and the sweep origin is shifted manually.

During repairs and set-up alignment of the radar, the following are provided in
unit P: mechanical and electronic tuning of the klystrons; adjustment of the
magnetron current; setting the gating level of the time AGC and its displacement
relative to the probe pulse. Unit I in this case provides for the following:
adjustmeat of the image brightness on the PPI screen; adjustment of the bright-
ness of the range markers, the range cursor, the azinuth cursor and the OK
[?azimuth marker contactor group?]; zero setting the range cursor; setting the
limiting level in the video channel.

Prior to turning the radar on, all of the controls for the units should be in the
positions indicated in Table 4.5.

When turning the radar on, the switch for the ship mains voltage is set in the
"On" position. The voltage of the ship mains is checked on unit V or 8. The
RADAR--OFF toggle switch is set in the "Radar" position. In this case, the
illumination of the scale mechanism and the labels on the front panel of unit I
is turned on. The following should appear on the PPI screen: the PPI sweep of
the CRT beam, illuminated by receiver noise; the course marker; the range markers
and the line of the electronic azimuth cursor. After four minutes, the trans-
ceiver should be turned on, which will be signaled by a light on the control
panel of unit I. When the transceiver is operating, the shining blip of the
probe pulse and the returns from target will appear on the PPI screen. In the
case of clutter from an agitated wave surface, it is necessary to attenuate the
clutter using the NEAR FIELD ATTENUATION control.

When the radar is first turned on, one must: adjust the brightness of the range
markers (MD) and moving range cursor (PVD); check the maximum error in matching
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the range markers and the moving range cursor; check the setting of the time AGC
strobe delay; turn on unit D, for which the TRUE MOTION--OFF toggle switch is set
in the "TRUE MOTION" position; establishe the orientation with respect to the
meridian on the indicator unit; sequentially turn on the 1, 2 or 4 mile scales,
and in this case, the display with the label OD [relative motion] should go out on
unit D; match units I and D to the gyrocompass, and unit D to the log; turn
on the illumination for the plotting board N; an overall check is made of the
operability of the radar blocks and assemblies; by pressing the CORRECT 0.5 button,
the power performance of the radar is checked. A test signal in the form of an
arc 90° to 120° long spaced a distance of 1 to 3 mm from the probe pulse ring
should appear at a course angle of 180°.

The radar is turned off by means of the RADAR--OFF toggle switch, which must be

set in the "Off" position and then the mains cutoff switch, GPV-K, is cut off.

When the station is shut down for a short period of time, one is to use the standby
mode. For this purpose there is a STANDBY--OPERATE toggle switch in unit 1I.

Unit K 1is used to check the operability of the functional modules of the radar
units. It is recommended that the check be started with unit I. The proper
condition of the unit is determined using the meter K, observing the sequence
specified on its front panel. Prior to trouble shooting, one must check the func-
tioning of the radar modules by means of the KOR 0.5 button. Then the K wunit is
connected to the test socket of the unit being checked. The proper condition of
the fuses is checked by means of the signal lights. Trouble shooting is accom-—
plished in the circuits of the rectifier load by means of the Tw-4313 meter by
cutting off the individval loads. The 220 volt, 400 Hz voltage is checked, for
which the UNIT K--OFF toggle switch with the V1 marking is set in the "Unit K"
position, while toggle switch V3 "I-II" is set in position "I". In this case, the
meter needle of IP1 should fall within the sector indicated opposite position "4"
of the switch with the marking V2.

The power supplies for the unit being tested are checked by setting switch V2 to
the position indicated in the table on the front panel-of unit K. In all posi-
tions, the meter needle of IPl should fall within the limits of the specified
sector.

The operability of unit K 1is checked, for which the V3 toggle switch "I-II" is
set in position "II"; switch V4, "I-II", is set sequentially in positions "I" and
"II". The criterion for the operability of unit K 1is the appearance of the
meter needle of IP1 opposite the corresponding positions of switch V4.

Switch V4 is set successively to the positions indicated in the table on the front
panel of unit K for each unit of the radar to check the pulse signals of the
functional modules. When the functional blocks are in good operating order, the
readings of the meter IP1 should correspond to the values indicated opposite the
positions of switch V4. If the readings of the meter needle are less than these
values, then the number of the defective block is determined from the table found
on unit K.
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TABLE 4.5
Position of the Controls
Unit Unit Controls Prior to Turning the
Radar On
1
[Indir
) cator] RADAR--OFF toggle switch "OEE"
STANDBY--OPERATE toggle switch "Operate"
1
OK, MD-OK-OTKL
[Deflection coils, Range marker— "0K, MD"
Deflection coil--Off]
- Gyrocompass interface toggle switch "Match"

OPERATE--MATCH

CENTER SHIFT toggle switch Middle position

INTERFERENCE SUPPRESSION--SIGNAL

DIFFERENTIATOR--OFF "Of£"

RANGE AMBIGUITY ELIMINATION "Of££"

COURSE--MERIDIAN switch "Course"

NEAR FIELD ATTENUATION control "0" on the scale

GAIN control "5" on the scale

ANTENNA ROTATE--OFF--ANTENNA ROTATE,

HEAT When there is a danger of
icing, "Antenna rotate,
heat'. Otherwise,

_ "Antenna rotate'.

SCALE LIGHTING control Middle positic - on the scale

YaRKOST' ENV [Probably electronic Middle position

azimuth cursor brightness control;

ENV probable typo for EVN] ’

Sweep brightness (range merker, The position set at the

moving range cursor) control manufacturing plant

D
[True TRUE MOTION--OFF toggle switch "off"
MOFLOH Gyrocompass and log interface
Unit} . :
toggle switch:
GYROCOMPASS OFF "of£"
LOG--OFF ’ "off"
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TABLE 4.5, continued:

Position of the Controls

Unit Unit Controls Prior to Turning the
Radar On
P IF MODES switch "AFC operate"
iZEiZ:; CHECK ASSEMBLIES (currents)--  "Check assemblies (currents)"

IF MODES toggle switch)

1 A
- [Antennal ANTENNA ROTATE--OFF switch "Antenna rotate"
N Illumination control Middle position
[Plotting
board]

The transmitter is tuned following the replacement of the modulator block (MP) or
the magnetron in the following sequence: the STANDBY--OPERATE toggle switch on

the panel of unit I 1is set in the "Operate' position; the check assemblies
(CURRENTS)--IF MODES toggle switch and the check assemblies (CURRENTS) multi-
position switch, which are located on the front panel of block NK [supplemental
tuning and check module] of unit P are set in the "check assemblies (currents)"
and "magnetron' positions respectively; the 0.07, 0.25 and 0.7 potetiometers are
turned to the extreme left position; the RADAR~-OFF toggle switch, located on

the front panel of unit I, is set to the "Radar" position, in which the indicator
lamp with the label TRANSMITTER lights up on the front panel of unit I; the range
scale switch on the panel of unit I is set in one of the following positions:
"0.5", "1" or "2 miles'; by rotating the 0.07 potentiometer shaft, the meter
needle of the instrument located on the front panel of block NK is set at the 34
microamps division; then the range scale switch is set to position "4" or

"8 miles", and by turning the 0.25 potentiometer shaft, the meter needle is set

to 34 microamps; finally, by turning the chaft of the 0.7 potentioum2ter, the meter
needle is set to the fixed position of 34 microwamps on the 16, 3. or 64 mile
range scales. The runing of the transmitter is completed after the operations
enumerated above are performed.

The tuning of the klystron after it is replaced is accomplished in the following
manner: the radar is turned on, setting the RADAR~--OFF toggle switch on the
control panel of unit I to the "Radar' position; the "4" or "8 mile" range
scale is selected; the cover of unit P is opened up; the CHECK ASSEMBLIES
(CURRENTS)--IF MODES toggle switch is set in the "Check assemblies (Currents)"
position; the CHECK ASSEMBLIES switch is turned to the "AFC crystals' position;
he IF MODES switch is set in the "Tune klystron'" position; the MAXIMUM CRYSTAL
CURRENT control is used to achieve the maximum readings of the built-in meter;
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- if several maxima are observed in the current of the AFC mixer crystals within
the adjustment range, then the control is to use to achieve the greatest deflection
of the meter needle; the level of the IF amplifier mixer crystal currents is

- checked, for which the CHECK ASSEMBLIES (CURRENIS) switch is set in the "IF

- AMPLIFIER CRYSTALS" position; in this case, the readings of the meter shall in the
range of 10 to 40 scale divisions of the indicator; the CHECK ASSEMBLIES (CURRENTS)--
--IF MODES toggle switch is set in the "IF mode" position; the mechanical tuning
screw of the klystron is set in the extreme left position by means of rotating it
clockwise [sic] using a special wrench, fastened on the inside wall of the cover of
unit P.

The mechanical tuning screw for the resonator nf the klystron is rotated counter-—
clockwise until the first maximum deflection of the meter to the left of zero
with a transition {during the further turning of the screw) to the right of zero.

a In conclusion, the klystron rasonator tuning screw is returned to the position in
which the meter is set on zero.

In the process of mechanically tuning the klystron using the MAXIMUM CRYSTAL
CURRENT control, one must maintain the maximum value of the currents of the AFC
mixer crystals. Upon ccmpleting the tuning of the klystron, the current levels of
the crystals in the IF amplifier and AFC mixers are brought to 27--34 scale divi-
sions on the meter by means of the attenuators of wunit P.

The correctness of the klystron tuning is checked by means of the TO THE LEFT--

TO THr RIGHT pushbuttons using the meter. By alternately pressing the button in
the "To the left" and "To the right" positions, it is checked that when the

IF MODES switch is set in the "Klystron tune" position, the deflection of the
meter needle to each side falls in a rangz of 15 to 50 divisions, and when it is
set in the "AFC'operate" position, the deflection does not exceed 20 scale divi-
sions. If the meter readings are other than the indicated values, then the mechan-
ical tuning screw must be turned to the right position and the klystron tuning
repeated. Following the completion of the check, the IF MODES switch must be set
in "AFC operate" position, and in this case, the light with the NONOPERATING RADAR
MODE label shouid go out.

The radar is structurally designed in the form of units containining interchangeable
blocks and assemblies. Electrical connections are made between the units and the,
blocks indluced in them through plug connectors. The majority of the blocks are
made using printed circuits, semiconductor devices and minature electronic compo-
nenets. The controls of the major (Operating) elements for controlling and monitor-
ing the radar are located on the front panels of the units. The set-up tuning
controls are located inside the units, at accessible points, in the blocks or
individua}l boards. The structural design of the units provides for access to the
internal wiring with the covers opened. The housings of units P, I and R are
made in spray proof design. Units S, V, D and KU are made in a protected

- design, while unit A 1is a waterproof structure.

The "Al'fa" type unit is intended for estimating the degree of danger in the
approach of the ship to objects on the water (from one to five), which are
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Figure 4.13. Block diagram of the "Al'fa" collision alarm.

Key: 1.

2.

[e B N B e IV, )

unit is designed for joint

located within the radar scanning zone at a range of from 3 to 12 miles.

Video signals from the indicator unit of the
navigation radar;

Automatic detector (threshold gate, time gate,
digital store, ring scan block and arc scan block);
Switching, signaling and reference signal generating
unit (control switcher 1, control switcher 2,

audio alarm, master oscillator, control panel);

Count and indicating unit for Tgbl [time to the
closest approach point] (time counter, decoder and
two digital indicator lamps);

Video pulses to the unit and to the navigation radar;
Syncrhonization pulse from the navigation radar;
Count pulses from the ANGLE--NUMBER OF PULSES converter;
Signal ring, sector arc and markers generator

(range marker generator, angle marker generator,
angular synchronizer and time synchronizer);

Power supplies (V1, V2);

. 400 Hz AC (or 427 Hz), 220 volts.

The
operation with the '"Nayada" radar and the "Don"

radar (when a special interface is used) in the relative and true motion mode.
- Evaluating the danger of an approach is made by means of special markers which

can light up on the PPI ccreen of the radar, based on two criteria: the closest

approach distance Dky and the time to the closest approach point, Tgbl.
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The "Al'fa" unit consists of a collision warning unit (PS), a set of spare parts,
tools and accessories as well as the operational documentation. A block diagram
of the "Al'fa" unit is shown in Figure 4.13.

- The technical parameters of the collision warning unit are given below:

Working setting range for the signal ring, miles from 3 to 12
Number of objects (targets) which can be processed

simul taneously 5
Operational warm-up time from the completely turned-off

state, no more than, seconds 15

Target lock-on probablity for a signal to noise ratio of
no more than 4/1, and where the number of false alarms is

no more than 3 per hour 0.9
Approach time measurement range, Tgbl, minutes from 0 to 39
Measurement error for Pgh] when Dkr = O, in percent of
the true value 13
Mean time between failures, hours, no less than 500
Repair time per failure, hours 1
Weight of the collision warning unit, Kg 34
- Power consumption, watts 90
Continuous duty time, hours 24
Permissible ambiant temperature, °C from -10 to +50

The automatic detector of the "Al"fa" unit is intended for distinguishing the
returns from targets from the output signals of a marine navigation radar
receiver (see Figure 4.13). The automatic detector contains the following:
threshold gate (block PU), time gate (block SV), digital store (block TsN), ring
scanning block OK and arc scanning block OD.

The threshold gate of the detector converts the output signals of the receiver

to a train of video pulses, VI, which are amplitude normalized. To reduce the
number of false alarms caused by interfering returns from an agitated sea surface,
hydrometeors, etc., the working portion of the scan surface is strobed by means
of the time gate (block SV), while the digital store (block TsN) segregates

only those signals from the sequence of normalized pulses by means of logic
processing which periodically repeat no less than three times in five adjacent
target scanning periods.

Interscan signal processing is used to combat asynchronous interference. For
this purpose, an additional check is made for the presence of a return by means
of the ring scanning block OK and the arc scanning block OD in the "NP
protection” (asynchronous interference) mode, with the subsequent scanning of
space and the automatic detector signal is generated only when such a match
occurs.
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ok _SK — — - The next element of the block

- diagram is the generator for the

2 mi. signal ring SK, the sector arc and

Marker the markers. The signal ring and the

markers are generated in the FMD

blocks (range marker genmerator blocks),

- 10 mi2 the number of which is determined by

0.8 5 ¥ the number of working channels. The

Marker

mi.g: Mapxep range marker generator blocks are

By triggered by the marine navigation
K (s,
\

s
-~
-

2 Muu

Manxey -~

Uy

Mi

radar sync pulses. The signal ring

can be continuously set at any range
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! \ means of a variable delay circuit.
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The marker takes the form of a combi-
- nation of radial line and circular
(1 Tﬂz‘" - arc segments (Figure 4.14). The
length of the radial component of a
marker is 0.2 times the range at
Figure 4.14. Schematic of the "Al'fa" which the signal ring was set prior
marker unit. to illumination. The angular size of
a marker corresponds to the quantity
at which the line, run from the far
end of the marker through the end of
the arc, is tangent to a circle: with
a radius of two miles. This radius
corresponds to the minimum shortest
approach distance, which can be
taken as safe. Thus, the circle
represents the dangerous approach
zone.

Key: 1. Center of the
CRT;
2. SK = signal ring;
3. Dkr = closest
approach distance.

The marker arc is generated in the angle marker generator block, the SMU (see
Figure 4.13) using the signals generated by the angular synchronizer block Us,
which stores the angular position of the marker relative to the meridian. TFor
this purpose, 1,800 count pulses are fed to the input of the angular synchronizer
block per revolution of the antenna from the ANGLE--NUMBER OF PULSES converter.

The approach time display and count unit for Tsbl consists of a time counter

(the SchV block), a decoder block Dsh and two digital indicating lamps. The time
counter blocks count the approach time in binary code. The decoder block converts
the binary code to decimal code, which is more convenient for controlling two
seven-segment indicator lamps. The counting of the approach time begins at the
moment of target lock-on by the signal ring or sector arc and is terminated at

the moment is locked on by the marker arc.

The unit for switching, signaling and generating the reference signals consists
of a first controling switcher (block UK1), a second controling switcher (block
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UK2), an audio alarm 2S, a master oscillator ZG and an operational control panel
for the unit.

(L) pemam !’A;O.!bl: ) .
(28] [T (i) Figure 4.15. Control panel of the collision
R COHNMKEHUA
(Z)B"M(Eiﬁ alarm.
(3) qaman 3nar Key: 1. Operathg mode:
® @ @ @ automatic, manual,
) (4} UENL ONACHA check;
0] ;3 e e e 2. Approach time, minutes;
5) KauAny , 3. Channel occupied;
Ledlid lelledlid 4. Target dangerous;
(6)  ycTANOSKA CK 5. Channels: I, II, III,
©® w, v
Sﬁ%utn?r copndl6 ) konsiio (7) 6. Sl-.gnal ring set;
[ W [ 7. Ring;
oo 7R 8. Identify;
(S)L*Jl—_J(9) 9. Audio;
(102 A 10. Manual mode;
(1$%n PyAHou pLxw (16) 11. Marker;
LrE_ﬁl 10440 BPEMA COMMK 12. GCoarse;
12 T3 L1(13) ] 13. Fine;
KOHTPOOb 14. Approach time;
uenb FISS BPIMA 15. Check;
:J. 16. Reset.
L’I‘arzet '.1‘1 ngJ ‘ eset. .

The device is powered by 220 volts at 400 Hz from the interfaced marinenaviga-
tion radar through the V1 type VP-5-7-1 rectifier and the V2 type VK-27/6.3-1
radar.

Provisions are made in the "Al'fa'" unit for two operating modes: automatic and
manual, as well as an auxiliary mode which is a check mode. 1In the first case,
a target (object) is automatically locked onto by means of the detector in the
zone bounded by the signal ring (or the sector arc) with respect to range. with
the simultaneous illumination and storage of the position of the marker at the
lock-on point. In the manual mode, it is used in the presence of interfence,
the detector is switched off and the sighting of the target marker on the TPI
screen of the marine navigation radar is accomplished manually by the signal
ring and marker using the SET SIGNAL RING control and the pushbutton (keyboard)
for MARKER, COARSE and FINE, which are located on the control panel of the colli-
sion warning unit (Figure 4.15). The "Check" mode is intended for checking the
B operability of the unit and trouble shooting the blocks of the unit.
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The structural design of the collision warning unit uses modular blocks. It is
made in the form of a rack mounted console. The operational controls and informa-
tion readouts are located on the front panel of the upper cover. The audio alarm
units are located on its rear panels. The auxiliary and operating controls of the
unit are located on the front panel in a recess under a small cover: the
ILLUMINATION button brightness control, the SK [signal ring] brightness and SK
BRIGHTNESS--MARKER marker control; the VOLUME audio signal loudness control, as
well as the MAINS--OFF power toggle switch for the unit. Also located there are
the test jacks and fuses with the signal lights.

- All of the operational controls are pushbuttons (keyboard), with the exception of
the SIGNAL RING SET control, the knob for which, along with the pushbutton channel
switch is made as a separate subblock, consisting of five potentiometers, five
lighted pushbuttons, five switching circuits and a blocking device, which precludes
the possibility of the set signal ring dropping out in another channel.

The VP-5-7-1 regulated voltage rectifier is located on the rear panel of the
chassis, while on the front swing-out cover there are a cassette with the main
block and the VK-27/6.3-1 rectifier. All of the blocks of the unit, with the
exception of the power supply blocks, are made using double sided printed circuit
boards which are standardized with respect to size.

The hookup wiring inside the unit uses plug connectors. A handle for removing the
blocks is located in the lower portion of the front cover. An extender circuit
board is installed in a free socket of the cassette, where this extended is used

- when adjusting and checking the unit.

The collision warning unit is installed to the right of the marinenavigation radar
indicator at a distance of 150 to 200 mm. The external cables are connected to a
terminal board and the radio frequency connectors, located under the cover to the
right in the lower portion of the chassis. The external cable lines are brought

in through slots in the base of the unit.

The preparation of the "Al'fa" unit for operation begins with a check. For this,
one must switch the marinenavigation radar (SNRLS) to the "Prepare" mode on the

16 mile range scale with che range markers turned off. Then the collision warning
unit is turned on by setting the POWER MAINS--OFF toggle switch to the '"Power
mains" position. Then, by turning the ILLUMINATION control clockwise, the pre-
sence of lighting of all of the switches is checked which are located on the front
panel of the unit (the AUDIO, NP PROTECTION and APPROACH TIME should light up only
when switched on).

The OPERATING MODE switch on the control panel of the collision warning unit is
set to the '"Manual" position; pushbutton "I" of the CHANNELS switch is pressed;
the NP PROTECTION button is switched off and the lighting of the zeros on the
APPROACH TIME digital display is checked. Then, by rotating the SIGNAL RING
BRIGHTNESS control under the swing~out cover of the collision warning unit, the
presence of a signal ring on the PPI screen of the marine navigation radar is
checked.
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To check the functioning of the "Al'fa" unit, the OPERATING MODE switch is set in
the "Check" position; the channels switch is set to position "I'; the VOLUME
control under the swing-out cover of the unit is set to the center position. Then,
by briefly pressing the TARGET button, one confirms the appearance of an inter-
mittent audio alarm signal in the form of seven short beeps, and also confirms
that the CHANNEL OCCUPIED green light comes on on the control panel of the colli-
sion warning unit and the APPROACH TIME DISPLAY goes out. When the MARKER
BRIGHTNESS control is located clockwise, a T-shaped marker should light up on

the PPI screen of the marine navigation raddr, where the angular position and
dimensions of this marker should not change.

After two minutes have elapsed following the first audio signal, the next audio
signal should appear in the form of two long beeps.

The number '8" should light up on the APPROACH TIME digital display, the TARGET
DANGEROUS red signal light should come on, while the CHANNEL OCCUPIED greeen
light should go out. When the RING button is pressed on the collision warning
unit, the image of a signal ring should appear in place of the marker image on
the PPI screen, the red signal light should go out and zeros should light up on
the APPROACH TIME digital display.

Similar checks of the functioning of the "Al'fa" unit must be performed sequenti-
ally in the remaining (2-5) channels. After preparing the collision avoidance
unit for operation, its controls should be in the positions indicated below:

The POWER MAINS--OFF toggle switch "Off"
ILLUMINATION, VOLUME, SIGNAL RING AND MARKER

BRIGHTNESS controls Center
NP PROTECTION [asynchronous interference

suppression] keyboard Off
AUDIO keyboard On
OPERATING MODE switch "Manual”
CHANNELS SWITCH . "

As has already been noted, the "Al'fa" unit is designed for three operating
modes: automatic, manual and 'check” modes. The first two are the main modes,
while the latter is intended for the operational checking of the operability of
the unit and troubleshooting.

In the case of automatic operation, one of the following range scales is set with
the marinenavigation radar operating: 4, 8 or 16 miles. The collision aviodance
unit is curned on by setting the POWER MAINS-~OFF toggle switch to the 'Power
mains" position. The OPERATING MODE switch should be in the "Auto" position.

By rotating the SIGNAL RING SET control, the signal ring is brought up to the
marker. At the moment the target blip intersects the signal ring (target lock-on),
a T-shaped marker appears on the PPI screen of the marinenavigation radar, and
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the signal ring disappears. During the target lock-on time, a green light in the
corresponding channel with the lable CHANNEL OCCUPY comes on and an audio signal
is sounded in the form of seven short beeps. The zeros go out on the APPROACH
TIME digital display. After target lock-on, the position of the marker on the PPI
screen does not change and the return from the moving object (the target) is
shifted relative to the marker, passing by the small arc, or after some time,
intersects the arc. In the latter case, the target is considered dangerous; the
red signal light with the TARGET DANGEROUS label lights up on the control panel
and on audio signal is sounded in the form of two long beeps (in both cases, the
audio alarm can be turned off by pressing the AUDIO key). The time remaining
until reaching the target, Tkr, in minutes should light on the APPROACH TIME
digital display. The closest approach distance is estimated visually from the
distance of the arc segment from its center to the point where it intersects the
target. In this case, it is figured that half of the arc marker is proportional
to two miles.

If during the target observation time
within the marker zone, the green signal
light begins to flicker, then when the
TIME button is pressed, the number

"39" (minutes) should appear on the
APPROACH TIME digital display. This
means that the object or target is
going at a slow speed or has passed by
the marker arc or is considered safe for
passing.

When there are blips from several
objects (targets) on the PPI screen of
the marinenavigation radar, one must
sequentially iock onto them via each
free channel. For this, the CHANNELS
switch, in step with the locking on to
the targets is set to the "II", "III",
"IV" and "V" positions. If in the
process of observing, several targets
are locked on and there arises the
necessity of determining to which
channel a particular marker corresponds,
one must press the IDENTIFIER key (pushbutton), and determine the channel number
from the number of markers at the end of the radial component of the marker. 1In
the presence of asynchronous interference, which can be generated by the operating
naviga@ion radar of an oncoming ship, it is necessary to use interscan processing,
actuating it by pressing the NP PROTECTION pushbutton.

Figure 4.16. Arrangement of targets
within a sector of the
scan zone.

The manual operating mode is used in the presence of interference which cannot be
attenuated by the measurers recommended here. After switching the unit to the
manual mode, the signal ring should be brought up to the selected target blip and
at the moment when the radial sweep line on the PPI screen of the navigation radar
coincides with the target blip, one must press the MARKER key. In this case, the
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marker lights up on the PPI screen and the signal ring will disappear. The CHANNEL
OCCUPIED green signal light comes on. The zeros go out on the APPROACH TIME
digital display.

If the origin of the marker does not precisely coincide with the target blip, it

is necessary to match them, using the COARSE and FINE buttons. When the COARSE
button is pressed, the marker is shifted through an angle of 2.4° with each revolu-
tion of the antenna in the direction of rotation of the PPI sweep, and when the
FINE button is pressed, it is shifted through an angle of 0.8°.

After the far end of the marker is matched to the target blip, the "Al'fa" unit
signals with a light that the target is locked on. Theére is no audio signaling
in the manual mode. Just as in the automatic mode, the closest approach distance
Dkr is determined visually in the manual operating mode, while the approach time
Tsbl lights on the display when the APPROACH TIME button is pressed at the moment
the target blip intersects the marker arc.

Where there are several targets present on the PPI screen, manual operation also
provides for sequential lock-on of the targets via each free channel.

A provision is made in the "Al'fa'" unit for the capability of operating in the
automatic mode in a selected sectur of the scan zone. In this case, target lock-on
- with respect to range is accomplished not with the ring, but rather with an arc
having an angular dimension of 50 to 55°. For this purpose, the SECTOR key is
pressed during the time the sweep passes through the selected zone sector. After
that, the unit operates in the automatic mode only with those objects (targets)
which intersect the indicated sector arc.(Figure 4.16). The '"sector" mode is
; used when navigating a ship close to shore, in narrow straights or when there is
any strongly pronounced interference (thunderstorm clouds, etc.) present within
the field of the radar scan.

4.5. Requirements Placed on the Installation, Tuning and Operation of Marine
Navigation Radars

Installing and Hooking Up the Transceiver (Unit P). The location for the instal-

lation of the transceiver is selected by working from the permissible length of the

waveguide channel (line). The following relationship exists in practice between

the waveguide line length and the radar detection range of surface targets:

where D 1is the detection range for a waveguide channel length other than the
nominal;
D] 1is the detection range for a waveguide length of 10 m;

K 1is a coefficient which depends on the waveguide length, the values of
which are given in Table 4.6.
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TABLE 4.6
vl I BN I I N T B
K Loz | Lois |1 {ou8s| 0,072 I 0,959 | 0,946 | 0,933
_ Key: 1. Waveguide channel length, meters.
TABLE 4.7
Hactora, M Frequency 0,15 0506 25625 20|20 400
o MHz
Hanpstaenie paanononex, skl 250 JV 100 50 | 50
'Radio Interference Voltape, microvolts.

The waveguide channel efficiency is defined by the expression:

Ny =

o (Ko. nt

where K 5 is the waveguide

! )O.Ilsﬁl
1

[}

traveling wave ratio;

B is the power attenuation in the waveguide, dB/m;

1 is the overall length of the waveguide line.

To increase np, the transceiver is installed as close as possible to the antenna,
working from the conditions for reducing the waveguide channel length, having the

fewest number of bends as well as turns in the line.

Where possible, the transceiver should be located in closed heated room having
- good shielding. When such conditions are absent, it is permissible to install the
In this case, it is necessary to carefully shield
The microwave radiation power

transceiver in the wheelhouse.
the units and filter out interferinz voltages.
flux density with the covers of the transceiver closed, at a distance of 0.5 m

from the unit, should not exceed 10 uW/cm [sic].
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The interference voltage level at the connection terminals for the external hook up
cables should not exceed the values indicated in Table 4.7. The level of the
mechanical noise generated during transceiver operation should not be higher than
65 dB. The transceiver is not to be placed any closer than 1 meter to a magnetic
compass.

To remove the heat generated by the transmitter block, the spacing between the

ship bulkheads, the other equipment and the housing of unit P should be no less
than 100 mm. It is essential to provide for free access to the blocks of the unit,
as well as take into account the possibility of opening or removing the front

doors (or covers) and sliding out the modules, depending on the structure involved;
it is also necessary to provide for the appropriate layout of the waveguide lines
and the connection of the junction cables.

The technical specifications for the permissible length of the connecting RF
cables to the indicator unit should be taken into account in the placement of the
transceiver.

The Layout and Installation of the Indicator Unit (Unit 1I). The type of ship and
the requirements placed on the layout of the entire set of navigation instruments
are taken into account in the installation of the indicator unit. When one indi-
cator is present, the unit is housed in the wheelhouse, at the bow bulkhead, in
such a way that when working with the radar display, the ship's pilot faces in the
direction the ship is traveling (towards the bow of the ship).

If the radar has a second indicator or an additional accessory in the form of a
situation indicator or other analog device, then the second indicator is installed
in the navigator's chartroom or at that point where the plotting is done, i.e.,

at the navigator's table.

The indicator unit, just as the transceiver, should be located at a spacing of no
less than 100 mm from bulkheads, various equipment and other objects which
interfer with heat removal from the indicator. In this case, the ability to open
or remove the cabinet door should be assured to provide access to the blocks and
individual components of the indicator circuitry. If the indicator is installed
close to a magnetic compass, the distance between them should be no less than one
meter.

When a special electronic radionavigation console is present on a ship, it is also

expedient to build the radar indicator into it.

The Installation of Power Supplies and Auxiliary Equipment. Dynamotors and start-
up regulating equipment are installed in a special equipment room or other room
with metal or metalized bulkheads, in which the deckheads and decks make a reliable
electrical contact to the hull of the ship, assuring shielding continuity.

The axis of rotation of the dynamotor plant should be oriented parallel to the
midline of the ship. It is necessary in the installation to provide for the
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capability of servicing the dynamotor and the start-up regulating equipment in-
cluding the performance of minor repairs, without removing the equipment from the
room.

The spacings between the dynamotor plant, bulkheads and other structures of the
hull or equipment should be no less than 200 to 250 mm. The start-up regulating
equipment (magnetic starter, etc.) is installed in the immediate vicinity of the
dynamotor. The remote control of the dynamotor plant should be accomplished from
the main indicator by means of the control panel or pushbuttons.

It is recommended that the voltage regulation instruments for the power plant
usually be located on the main indicator in the wheelhouse. However, because of
the comparatively rate utilization of these instruments, as well as because of
the danger of misadjustments, which can take place when the unit is installed with
the indicator in the wheelhouse, it is better to locate the indicated units di-
rectly at the power plant.

Installing the Radar on a Ship. The rooms intended for the installation of radar
equipment should have ventilation, heating (electrical) and lighting (including
emergency lighting). Illumination which is too bright and which reduces the
visibility of signals on the PPI screen must be avoided at locations where an
indicater is installed.

In the power plant room and in the room where the transceiver is installed, the
overall illumination at the deck should be no less than 20 lux for incandescent
lamps and no less than 75 lux for luminescent lights [15]. Shipboard conditions
must be taken into account in the installation and hookup of radar equipment: the
rolling and pitching of the ship, hull vibration, elevated humidity, etc.

The large equipment, which is placed on a deck (the indicator, transceiver, power
plant) is mounted on steel foundations which are welded or riveted to the metal
deck and have a height of no less than 80 to 100 mm from the deck.

The radar equipment which is located on bulkheads or other ship structures is
installed on special brackets which are also welded or riveted to the framework.

The equipment containing components which are sensitive to mechanical damge
(vacuum tubes, etc.) should be installed on shock absorbers if no shock absorp-
tion is provided by the structure of the unit.

The chassis of radar equipment should be carefully grounded (connected to the

hull of the ship). 1If the chassis of the unit has four fastening points or more,
then the grounding is accomplished from two points, which are located on the
diagonal. When a unit is secured at less than 4four points, one point is grounded.

Units which are mounted on shock absorbers are grounded by means of special
metal jumpers.

When running cable lines, the bend radius of low frequency power cables should
be no less than five times their outside diameter. The permissible bend radius
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for RF cables is stipulated in the technical specificatdons. When selecting a
cable path, it is necessary to take the following requirements into account: the
cable route should be as staright as possible; the length of a cable line should

= not exceed that indicated by the manufacturing plant for the equipment; cables
are to be run where possible inside ship rooms; the length of line sections which

- go out onto open places on decks, superstructures, etc. should be minimal; it is
not recommended that a cable be run through radio communications rooms or through
areas having an elevated temperature.

Special holders or bridging braces are used to secure cable lines, to which a
cable is fastened by means of shaped clamps. The spacing between fasteners is
chosen in a range of 25 to 45 cm, depending on the section of the path, and the
outside diameter and quantity of cable.

When running cable :lines through decks and watertight bulkheads, individual or
group seals are installed, which are sealed with a special compound. In case it
is necessary, when running a cable through a deck, gas tubes are used with sealing
galnds. When running a cable through bulkheads and other parts of the Bull which
do not have to be water tight, steel inserts are used which protect the cable
sheething against mechanical damage. The sable lines are run in pipes or covered
with protective casings for this same purpose.

The shielding jackets of cables, within the bounds of the cable run, and where
they enter into the unit, are grounded by means of connections to the metal

hull of the ship. Grounding for the cable run is made at the entrance or exit

of the cable from a shielded room, where the transceiver or indicator is imstalled,
as well as at the entrance or exit of a cable from internal rooms to open areas of
decks and superstructures. :

Cables which are run along bridging brackets are grounded by means of soldering
the shielding braid along the length of the cable to a copper busvwhich is run
under the fastening bracket. The shielding braids of cables entering units are
grounded in the same way. In this case, a special cuff with a flexible jumper
is soldered to a lengthwise soldered tap in the shielding braids, where the end
of the jumper is clamped under a grounding bolt of the unit or a grounding screw
at the seal gland nut. The grounding of the shielding jacket of a cable can be
accomplished in seals by means of special comb terminals, which do not require
hot soldering [15].

The Installation of Wabeguide Lines. Waveguide lines (waveguide channels) are
composed of individual sections of various configurations: straight line; cormer
sections bent at various angles; sections twisted through 90°; variable cross-
sections; hermetically sealed waveguides, as well as flexible (corrugated, mesh)
etc.

Individual sections are joined together by means of choke or smooth flanges. The
latter are rarely used, since they produce greater energy losses than choke
flanges. To fit the waveguide sections in place, there are usually adjustment
sections in the sets of waveguide lines, where these final matching sections have
a connecting flange at only one end. The flange is soldered on to the other end
in place after the entire waveguide line is assembled.
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Hermetically sealed sections are used when running waveguide lines through gas
tight bulkheads, decks and other special rooms [15]. Settling basins, dehydrators
and moisture absorbers are used to dry waveguide lines. A settling basin takes the
form of a tank structure in the form of a cylinder or a rectangular cup, in which
the moisture formed in the waveguide drains off. A dehydrator consists of a fan
and a heating element. The heated dry air produced by the dehydrator dries the
waveguide by means of creating pressure inside the waveguide. A moisture absorber
contains a special cartridge, filled with a moisture absorbing compound, for
example, silica gel, which takes the form of a chemical composition having a high
absorbency.

To reduce noise, waveguide lines should be grounded at the first and last sections
when coupling to the units, and at the exit and entrance to rooms. Grounding is
accomplished by means of jumpers from the antenna cable or another flexible con-
ductor with terminals soldered on the ends. One end of a jumper is grounded under
a bolt of the flange connection, while the other is grounded under a special bolt
on.the fastening bracket for the waveguide or the hull of the ship. To remove
dust and dirt, all waveguide sections are blown out with compressed air at a pres-
sure of 2 to 3 atm prior to installation.

The Installation of Marine Radar Antennas. When choosing the installation site of
a radar antenna, one must take into account the influence of the installation
height of the antenna: on the radar range, on the size of the blind area (minimum
range) of the radar, on the permissible length of the waveguide channel joining

the antenna and transceiver, as well as other factors.

Because of this, a radar antenna should, where possible, be located high up, i.e.,
good circular scanning should be provided. Antennas are not to be located close
to smokestacks or in regions where the temperature of the exhaust gases exceeds
450 °C and there is a dangér of soot and other combustion products falling on the
antenna. Depending on local conditions, radar antennas are mounted on ship masts
or on special hollow or truss masts, located on the upper bridge. If conditionms
permit, then the antenna is to be placed on the midline (DP) of the ship. Where
obstacles are present which degrade 'the circular scanning, the radar antenna
installation is shifted relative to the midline of the ship. In accordance with
the USSR Registry regulations, an antenna must be shifted to the starboard side.

When two radars are installed on a ship, the antennas are placed on the midline,
on stages on the ship's mast or on special masts located to port and starboard [15].

The influence of radar operations on radio communications gear must be taken into
account in the placement of the radar antenna. The presence of an electric drive
and switching circuite in the radar antenna can create interference to the opera-
tion of a marine radio station, especially in the very high frequency band (VHF).
For this reason, it is necessary where possible, to separate the radar and VHF
radio communications antennas by no less than 3 to 5 meters, prefereably in
height.
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When installing a radar antenna, one must consider the possibility of the irradia-
tion of persons by the microwave electromagnetic field who are in open spaces on
the deck and superstructures. Because of the harmful influence of microwave energy
on the human organism, measures must be taken so that the main lobe of the antenna
directional pattern passes beyond the bounds of the ship, while the sidelobes
(lower lobes) of the directional pattern do not produce a power demsity greater
than that permitted by health safety standards, i.e., 10 " yW/cm2.

The minimum mounting height for a radar antenna, which precludes the exposure of
- persons located on deck and on superstructures by the main lobe of the zntenna
directional pattern can be determined from the approximate formula [15]:

h, = D tan(6/2) +h +h |
A man

where D 1is the distance to the midline between the radar antenna and the most
remote point on the deck or superstructure;

8 1is the width of the antenna directional pattern in the vertical plane at
the half power points;

h is the maximum height of the point of the deck or superstructure under
conderation from the water line;

hman is the height of a man, conventionally taken as 2 m.

The influence of sidelobes may also be dis-—
regarded if the radar antenna is installed at
a height of no less than 6 m from the deck of
the compass platform.

For servicing safety, the radar antenna instal-
lation site is equipped with a platform having
manropes. The antenna rotation should not
threaten the safety of the ship's crew. It is
necessary to preclude the possibility of run-
ning rigging and other objects capable of
causing damage to the antenna or failure of

th: rotation mechanism from coming into the
zone of rotation of the antenna (the sweep
radius).

Amenna | pac The Influence of Shipboard Obstacles on the
Radar Antenna Precision of the Petermination of the Angular
- Coordinates of Targets. The presence of
obstacles on a ship in the path of radar
signal propagation (masts, superstructures,
pipes, rigging, etc.) produces systematic

Figure 4.17. Oh the determination
of the total field at the input
to a radar antenna.
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errors in the determination of angular coordinates, creates false returns and is
the cause of the occurrence of shaded sectors on the PPI screen.

The influence of obstables (secondary radiators) is manifest in the occurrence of
errors both during the transmission of the probe signals and in the reception of
- the returns. Since these factors are equivalent, they can be generalized and
treated as for the case of radar return reception.

1f, for example, a reflecting object is locateéd at point O (Figure 4.17), while
o an obstacle is located at point M (the secondary radiator), the total field Eg
: at the radar antenna input will consist of the field E]_coming directly from the
target, and the field Ep diffracted. from the obstacle: Eg = E1 + Ep. The field Ej
can differ from the field E] in phase and amplitude in the general case, and then:

Eg=FEy+p Ee™ %= E (1 +pe7/9),

where p 1is the Ej field attenuation coefficient;

o is the phase shift between the fields Ej and E2 which is due to the
difference in the path of the rays Ad and the phase shift when the field
E2 is reradiated by the obstacle.

As a result, the total field Eg proves to be nonuniform, and within the limits of
! the antenna directional pattern in the horizontal plane, has a lobed nature. The
: number of lobes depends on the radar wavelength and increases with an increasingly

shorter wavelength. The lobe nature of the total field shifts the maximum

(axis) of the antenna directional pattern in the horizontal plane and leads to

systematic errors in the determination of azimuth, i.e., to the occurrence of

ship radar devistion or radar deviation (RLD).

The value and siga of the radar deviation (the sign of the correction for the
radar deviation), other cenditions being equal, depend on the radar wavelength,
the antenna directional pattern width in the horizontal plane and are a function
of the angle aj between the directions to the reflecting target and the obstacle.
With an increase in the radar wavelength and the width of the directional pattern
of the antenna in the horizontal plane, the radar deviation also increases. An
exception is the condition when ag = 0, i.e., when the reflecting object (target),
the obstacle and the radar antenna fall in the same plane. In this case, the
lobes of the directional pattern are arranged symmetrically and the error in the
determination of the direction to the target will be equal to zero (RLD = 0).

On analogy with the radio deviation of marine direction finders, the radar devia-
tion can be determined experimentally as a function of the course angle (KU) or
the compass bearing (KP) to the observation target. In the first case, with the
"Course" orientation of the image on the PPI screen, the following readouts are
taken simultaneously: the course (KU) is read visually from the azimuth circle of
the compass and the radar course angle (RLKU) on the PPI screen of the radar.
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Point targets (for example, buoys equipped with a reflector), radar transponder
beacons (RMO), etc. are uséd as the radar bearing target.

In the case of orientation with respect to course, a change in the course angle
causes the return blip to move on the PPI screen. For this reason, the determina-
tion of the radar deviaticn should not be made using a turning circle, but rather
by using individual course headings at intervals of 5 to 10°,

Prior to doing radio deviation work, it is necessary to carefully center the sweep
origin on the PPI screen and to assure good optical visibility and a clear image

of the target on the indicator screen for which bearings are taken; the PPI range
scale is to be set so that the target blip image on the indicator screen is at the
greatest distance from the sweep center (no less than half of a sweep line); all of
the rigging on the ship is to be secured as for running.

Based on the results of the observations, the magnitude and sign of the radar
deviation (the correction for radar deviation) are determined from the formula:

F =p-g¢q

where F 1is the radar deviation angle;
p is the course angle to the target on which the bearing is taken;

g 1is the radar course angle.

The sign of the radar deviation correction is determineéd from the rule "from the
false to the true". Consequently, when p > q, the quantity F will be positive.
If p < q, then F 1is negative. The results are entered in an observation and °
calculation table (Table 4.8). Using the data of the table, a graph of the radar
deviation curve is drawn for the given ship. By way of example, graphs of the
radar deviation curve for "Don" and "Lotsiya" radars installed on the motorship
"professor Rybaltovskiy", are shown in Figure 4.18. It can be seen from these
= graphs that the radar error for various radar course angles changes both in mag-
nitude and sign. For the "Don" radar, the value of the radar deviation reaches
5 to 6°, while for the "Lotsiya" radar, it reaches 9 to 10°. Such a large value
of the angle F is explained by the comparatively low placement of the "Lotsiya"
radar antenna on the ship and the presence of obstacles close to the antenna in
the form of the antenna mast of the ship's radio station and whip antenna.

When determining the radar deviation by comparing th> radar bearing (RLP) and
the compass bearing (KP), which are taken simultaneously on the bearing target,
the image of the target blip on the PPI screen should be oriented towards north
(the "North" orientation). Since in this case, the position of the blip on the
PPI screen does not change, the determination of the radar deviation can be made
by traveling in a slow circle (the time for one complete circle should te no
less than 30 minutes), simultaneously taking readings of the compass bearing and
radar bearing to the bearing target at intervals of 5 to 10°. The results are
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! TABLE 4.8
‘ L@ (3 @
; :{'_;l I;;r/{[:"c‘o(r},n)il P'J)l'rlfx'po(:;)nnil P'-J(an::E:;;m Reqﬁ‘rnlégmlm
Iassanne cyana (5) L
T;m' .ll.l’.}l(ll ‘e
Jara Date (6) .....
OGuekT HeseiroBany 7).
Hlxz'ul;l .Jim;m.loén; :
Paccrosnne jio nﬁmu‘;g) e
Range ta the Target
- Mope . L L Berep
: b ) sea  Wind
Key: 1. Item No.
2. Course angle (p);
- 3. Radar course angle (q);
4. Radar deviation (F = p - q);
5. Name of the ship;
6. Type of navigation radar;
7. Bearing target;
8. Range scale.

entered in an observation and calculation table (Table 4.9). A graph of the curve
F = ¢ (RLP) of the radar deviation is plotted using the data obtained.

Along with the methods enumerated above, the radar deviation can also be deter—
mined by other well known techniques in which the course angles to the bearing
target are changed.

In addition to systematic errors in the measurement of the angular coordinates,
shipboard obstacles can cause the appearance of false returns on the PPI screen.
This is due to the fact that the shipboard obstacles have a considerable influence
on the sidelobes of the antenna directional pattern.

As is noted in the literature [15], the influence of antenna sidelobes caused by
an obstacle can be disregarded if the following condition is met:

A n
a°>7 VT L
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where A 1is the radar wavelength;
d 1is the obstacle diameter;
L is the distance between the obstacle and the radar antenna.
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Figure 4.18. Graphs of the radar deviation curves for the ship "Professor
Rybaltovskiy':
a. '"Don" navigation radar;
b. "Lotsiya" navigation radar.
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TABLE 4.9.

W @ ®) ORI P —

i Ne Komnacumit PJ neaenr | PJL pesnanng
' un | neacnr (Ki) (PJIN) {F=KII—PJITI) lprmecuatine

i ) ‘Name of the Ship

Hazsaune  cyana

! Jlata Date. . . . . . . .
i O6mekt . neacuronanmn (6)
: ﬁ nge -Scale: - - - - -

KaJta nanwiocrn . . .
i Paccrosine o oGnekra (7)

Key: Item No.;

Compass bearing (KP);

Radar bearing (RLP);

Radar deviation (F = KP - RLP);
Remarks;

Bearing target;

Range to the target.

SN oUW =

Moreover, shipboard obstacles cause the appearance of shaded sectors. This is
observed in those cases where the size of the obstacle is commensurate with the
antenna aperture in the horizontal plane or exceeds it.

Tests of a Marine Navigation Radar Following Insulation oa a Ship. Such tests are
performed in order to check the conformity of the operational and technical pava-
meters of the radar to the requirements of the technical specifications as well as
the radar operating reliability under actual operational conditions. The tests
are performed in accordance with a special program, coordinated with the interested
organizations and the USSR Registry.

!
If the navigation radar is being installed on a new ship under construction, then
these tests are incorporated in the overall testing program for the vessel. Ship-
board tests of navigation radars are broken down in dockside and sea trial tests.

Dockside tests are performed while the ship is at the dock. The following are
checked: the equipment complement of the radar and the spare parts, tools and
accessories; the placement of the navigation radar equipment on the ship; the
condition of the equipment and the action of the controls; the grounding of the
chassis of the navigation radar equipment; the quality of the installation; the
insulation resistance of the wires and RF cables; the technical parameters of the
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radar set; the synchronization and in-phase performance of the antenna rotation
and PPI sweep of the CRT; the synchronization of the PPI coupling to the gyro-
compass; and the precision of the positioning of the fixed range ring markers on
the PPI screen.

The completeness of the radar equipment package is checked against the ordering
documentation. The presence «nd condition of the spare parts, as well as the
factory and acceptance documentation for the equipment (descriptions, operating
instructions, schematics, data sheets and forms) are checked against the acceptance
documentation for the project plan and the descriptions of the contents of the
boxes of spare parts, tools and accessories.

The placement of radar equipment onm a ship is checked against the working drawings
of the project plan. The reliability of the equipment fastening and the shock
absorbers of the units is checked. The operational conditions of the equipmerit are

. checked and evaluated (free opening of the doors and covers, the sliding out of the
blocks and units, convenience in the use of the controls and monitor instruments
for the navigation radar, the illumination of the scales and other components used
for systematic observation).

The condition of the equipment and the action of the controls is checked by means
of carefully inspecting the installed equipment. The integrity of the paint and
anticorrosion coating, the absence of mechanical damage, the presence and condition

- of facing screws, glass, labels, frames for meters, the integrity of the equipment
mounting (at points accessible for inspection), the reliability of the fastenings
of individual components and assemblies of the equipment as well as the cleanliness
of the contact surfaces.

The following are checked during the inspection process: the smoothness of the
operation of the equipment control, the correctness of the operation of switches,
toggle switches and pushbuttons, the smoothness of the travel of moving elements,
the condition of contact groups of moving elements; the matching of the positions
of the controls with the indicators on scales which have clamps; the correctness
and the reliability of the actuation of interlocks; and the good operating condi-
tion of the signaling circuits.

The grounding of the equipment chassis should satisfy the design requirements and
its resistance should not exceed 20 MOhms. The resistance should be checked by
means of a megohmeter, one terminal of which is connected to the GROUND terminal
of the unit being tested, while the second is connected to a cleaned area of the
ship's hull near the unit.

Quality control of the installation work is accomplished by means of checking the
following: the routing of the waveguide and cable lines and their conformity to
the working drawings and schematics; the correctmess of the fitting of the cables
in feedthrough seals and the layout of the cable cores in junction boxes and in
the unit; the correctness of the connecting of shielded cores of cables as well as
the connection of their braided shields to the chassis of a unit; the correctness
of the fitting of cables in RF plug connectors; the absence of mechanical damage
to the braided shields of cables; the reliability of the comnections in waveguide
channels.
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Gain Yeuncune Atten(;é%%}gae Decibels
Deunbenm
OtHolucnne O1nowenne OTnowcnne Qruowenne
nanpumenui mountiocreft nanpsixenuit MotnocreR
Yoltage | lVoltage Power
Ratio Ratio Ratio Ratio

1,000 1,000 1,000 1,000 0

1,069 1,122 0,944 0,801 0,5

1,122 1,259 0,89! 0.794 10

1,259 1,688 0,794 0,631 2,0

1,413 1,995 0,708 0,50t 3,0

1,585 2,512 0,631 0,398 4,0

1,778 3,162 0,562 0,316 5,0

1,996 3,981 0,501 0,251 6,0

2,239 5,012 0,447 0,200 7,0

2,512 6,310 0,398 0,158 8,0

2,818 7,943 0,385 0,126 9,0
3,162 10,000 0,316 0,100 10
3,548 12,590 0,282 0,0794 H
3,981 15,850 0,251 0,0631 12
4,467 19,950 0,224 0,0501 13
5,012 %120 0,199 0,0398 14
5,623 . 31,620 0,178 0,036 15
0,310 39,810 0,158 0,0251 16
7,079 650,120 0,141 0,0200 17
7,943 63,100 0,126 0,0158 18
8,01 79,430 0,112 0,0126 19
10,000 100,000 0,100 102 20
17,780 316,200 0,0562 3,16 10 25
31,620 "1000,000 0,0316 10=7 30
56,23 3,162. 10° 0,0178 0,316- 10— 45
100,00 104 102 10—4 40
177,80 3,162 104 5,62. 103 0,316-10—* 45
316,2 106 3,16-10—* 10-% H0
562,0 3,162-1G8 1,78-10—% 0,31G-10—8 e
1 000,0 108 10—2 10~0 GO
1 770,0 3,162-108 0,562.10—" 0,316G-10—0 6h
3162,0 107 0,316-10—7 10—7 70
5 620,0 3,162. 167 0,178-10—* 0,16 167 75
10 000,0 RO 10—4 10—8 80
17 800,0 3,162-1(8 0,562 10— 0,316 16—8 85
31 620,0 1oe 0,316- 104 10-° an
A6 200,0 3,162 100 0178161 0,316 10— 95
e Lo 1G5 Hy—=10 100
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After turning the radar on, it is essential to make sure that there are no power
leaks or sparking in the flange waveguide joints. A neon lamp may be used to
check for power leakage.

The absence of sparking can be checked visually or it can be heard [15]. Where
sparking is present, the repetition rate of the pulses is heard.

The insulation resistance is checked between individual cores, as well as between
the cores and the cable braid. Megaohmeters at 500 and 1,000 volts are used for
the insulation measurement. The insulation resistance of any cable should be no
less than MOhm regardless of its length.

The technical parameters of the radar are checked by means of testing the following:
the actual sensitivity of the receiver; the average transmitter power; the standing
wave ratio of the antenna-waveguide channel of the radar; the spectrum of the

probe pulse.

Radar testers (RLS testers) corresponding to the band of frequencies used in the
CW mode are employed to measure receiver sensitivity.

The output power of the transmitter is estimated based on the average or pulse
power. The average power is measured by means of a special instrument: a power
meter or a radar tester used for this purpose, Wwhich is connected to the output of
a directional coupler in the radar waveguide line.

The standing wave ratio (KSV) [SWR] of the antenna-waveguide channel characterizes
the matching to the line and the radar antenna. The SWR is determined with the
antenna stopped and the radar turned on. The incident and reflected wave power is
measured by means of the radar tester at the flanges of a directional coupler. The
SWR can be determined from the following expression [15]:

SR = Kep=LELZ,
-V a

where o is the power reflection factor, which is equal to:

/P, A

o = (P for

ref

P is the reflected power;

ref

Pfor is the forward power, measured through the coupler;

A is a correction factor, in relative units.
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When determining A, first the value of the coefficient in found in decibels:

; where Kl is the forward coupling attenuation, dB;

K2 is the reflected coupling attenuation, dB.

- Both quantities Kj and Ky are indicated by a special mark on each lead of the
‘ coupler. Based on the value obtained for A' in decibels, the power ratio for the
attenuation is found by means of Table 4.10. The permissible value of the SWR
should fall in a range of 1.2 to 1.5.

The frequency spectrum of the magnetron pr<be pulse is dectermined by means of a
spectrum analyzer or an echo chamber with a narrow bandwidth. In the case where
an analyzer is used, its input is connected to any flange of a directional coupler
in the radar waveguide channel.

The image of the pulse spectrum should be stable, without doubling of the main
lobe, and have brightly pronounced minima and first sidelobe maxima which do not
exceed 0.25 of the main lobe. In the case of a distorted modulating pulse wave-
form and an insufficiently matched load, the spectrum of the magnetron pulse can
prove to be distorted.

A check of the operational characteristics of a navigation radar is made during
the sea trials.

The minimum navigation radar range is checked by means of measuring the minimum
distance to a reflecting target, at which the return from it can be observed
separately from the probe signal and the target coordinates can be determined.

The measurements are to be made in the absence of sea clutter, with optimal
receiver gain (time AGC) and normal brightness of the return on the PPI screen.
An average sea buoy, launch or boat, which slowly approaches the ship or moves
away from it is used as the reflected target. At the moment the probe and return
signals and the PPI screen touch, the target is stopped, and the distance between
the ship on which the radar being tested is installed and the target is measured
with a measuring line.

The check of the maximum navigation radar range is made when the ship is standing
in a road or when putting out to sea. An approaching target which falls in
sectors free of shading is used for the measurements. The desired range is
measured by means of the moving range ring (PKD) or the range cursor (VD). The
measurement is made using a reliably distinguished return with a probability of
0.5, when no more than one miss follows after a blip from the approaching target;
and after two or more blips, which follow one after the other, there are no more
than two misses in a row. Since the radar detection range depends on many factors

- 199 -

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500060001-9



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500060001-9

FOR OFFICIAL USE ONLY

such as the type of target, the power potential of the navigation radar, the
condition of the atmosphere, the mounting height of the antenna and the length of
the waveguide line. The value of the maximum range is indicated in the techrical
specifications for the given type of radar for the particular type of target with

a definite installation height of the antenna and waveguide length. As an-example,
average values of the radar detection range are given below for various sea targets:

Type of Observation Target Detection Range,

Miles
Skerries, rocks and rock faces at a level of 0.5to 1m Up to 2
Flat sandy shore 1-5
Steep rock faces, cliffs Up to 20
‘ Hills, mountains 15 - 40
Isolated beacons ~5-10
Bridges across rivers, channels ' Up to 5
Buoys:
Small ‘ 0.5 -1
Class 2 2 -4
Class 1 4 -6
With corner reflectors 6 -8
Floating beacons 6 - 10 -
Fishing trawlers 6 -9
Ships with a displacement of, meters:
1,000 [tons] 6 - 10
- 3,000 10 - 13
10,000 10 - 16
50,000 i6 - 20
- Individual ice floes, low icebergs Up to 3
High, large icebergs 3 -15

Small boats : Up to 2

The check of navigation radar range resolution is made when the ship is standing
still by means of measuring the minimum distance : between two point targets,
located on the same heading angle, for which it is possible to observe them
separately and determine their coordinates.

Two boats or two cutters equipped with corner reflectors are used as the reflect-
ing targets, which should be placed at distances which assure a clear image of

the return blips on the PPI screen. Upon a command from the ship where the navi-
gation radar being tested is installed, both targets, which lie on the same

course angle relative to the ship, slowly come together until the moment when

their blips make contact on the PPI screen. At the moment the blips make contact, .
the targets are stopped and the distance between them is measured with the

precise range finder of the navigation radar or a water resistant (kapron)

filament line.
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The navigation radar resolution in azimuth is checked by means of measuring the
minimum angle between two point targets located at the same distance from the
navigation radar, for which separate observation and determination of the coordi-
nates of these targets is assured on the PPI screen. During the measurements, two
cutters or boats initially come together at a range at which the returns from them
are seen to clearly merge on the PFI screen, i.e., they are not resolved. Then,
upon an instruction from the ship, the cutters or boats begin to slowly move,
moving apart from each other in the transverse direction relative to the direction
of the ship. At the moment separate blips from the targets appear on the indicator
screen, the cutters or boats are stopped on a command from the ship and the course
angles or bearings to each return blip are measured. The difference between the
measured angles characterizes the navigation radar resolution with respect to
direction (azimuth).

The determination of the maximum range measurement error is made when the ship is
docked or at a mooring. The range measurements are made using a point target.
The range to the target should be determined beforehand by geodesic means with an
accuracy of 0.3%. The range to the target blip on the PPI screen is measured
repeatedly by different observers by means of matching the leading edge of the

- moving range ring to the blip from the target (the object). The maximum error for
95% of the observations should not exceed the values provided in the technical
specifications for the navigation radar.

The determination of the maximum azimuth measurement error is made sequentially
for six headings of the ship, at intervals of 60°. When measuring the direction
towards a selected point target, several readings of the course angle or bearing
are made simultaneously using the scale of the PPI indicator and an optical direc-
tion finder.  The comparison of the resulting readings represents the error, the
maximum value of which should not go beyond the limits of the technical specifica-
tions for the radar in 957% of the measurements.

The shaded sectors are determined with the ship traveling in a slow circle having
the minimal radius where the sea waves are rated at no more than one to two balls
[1 to 2 points on a 12 point scale]. A low tonnage (tug, cutter, etc.) at a

range of 4 to 5 miles from the radar, the returns from which are clearly seen

on the PPI screen, is chosen as the bearing target. The course angles or bearings
between which the return blip image disappears on the PPI screen are the boundaries
of the shaded sectors.

The results of the observations are entered in the navigation radar form for the
station operation accounting.

- 201 -
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500060001-9



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500060001-9

FOR OFFICIAL USE ONLY

CHAPTER 5 AUTOMATED MARINE NAVIGATION RADARS .

5.1. The "Okean" Marine Navigation Radar

The "Okean" marine navigation radar is designed for installation on large
tonnage ships as the main radar [11].

TABLE 5.1
UniF Overall Dimensions,
Desig- . Power
nation - o - Weight, Consumption,
Code Unit Name Width Depth Height kg KVA
A3 Antenna (3.2 cm band) 3300 588 ° 570 245 0.18
Al0 Antenna (10 cm band) 3300 1265 570 345 0.18
A Two-band antenna 3300 1400 1550 375 0.30
P3 Transceiver (3.2 cm) 365 372 1370 131 1.20
P10 Transceiver (10 cm) 365 572 1370 155 1.20
11 Indicator with the true

motion system and auto-

tracking 950 593 1360 330 1.50
12 Simplified indicator 760 593 1250 215 1.00
v Computer 340 620 970 120 0.70
PK A3 and AlQ0 antenna .

= switcher 170 530 270 18 2

ATO04 Power plant 667 490 432 250 10
ATO2 Power plant 595 430 360 152 5
PMM Single power mains

starter 174 400 360 16 -
BRN Control block 185 425 400 22 -

- Cabinet of spare parts,

tools and accessories 415 460 1295 127 -

Box of spare parts,

tools and accessories 542 572 845 64 -

The "Okean" radar operates in one of two bands (3 and 10 cm) and solves the
following problems:

1. Observes the radar situation in true and relative motion modes, and also
measures the coordinates of targets;
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2. Automatically tracks a selected target while feeding out its coordinates in
a PPI mode;

3. Automatically solves the problem of passing a target being tracked and makes
recommendations for course or speed maneuvering either separately or simultan-

eously for safe passing.

TABLE 5.2

Key: 1.

FOR OFFICIAL USE ONLY

Tabauya 5. 7

D Power Supply (2)
i Units Arperart nuranun noz&?ﬂ’m' Weight
8 % TipnGopu - MOmunocTsH Mrl‘("l?"'
25 220 nvolt4 30 Byolts|xn-A| wpr | kg
RVA| KW -
0l A, 113, ATO-4-400-51, ATO-4-100-B1,
1110, U1, HMM-1112-113, NMM-T1HI2-131, 1 95 ] 88 | 2100
12, 8 LPH-141-3 PH-141.3
11 A3, AL, ATO-4-400-H1, ATO-4-400-B1,
13, 1o, FIMM- 1142133, IIMM-1112-131, | 8,6 | 80 | 2150
H, K2, BPH-141.3 BPH-141-3
B, TIK
13 A3, AL, ATO-4-100.51, ATO-4-400-B1,
SFOTIR, T, TIMM-1112-133, HIMM-EH12-1%1, 80 | 66 | 1900
"2, M, BPL-144-3 BPH-141-3
LK
15 A, 113, ATO-4-400-51, ATO-4-100-B1,
1o, 11, IMM-1112.183, FIMM-TEE2-13L, 4 90 1 7.5 | 1800
H2 BPH-141.3 BPIi-141-3
21 A3, 113, ATO-2-400.51, ATO-4-400-B1,
2 FIMM-1112-131, TIMALTTI2:115, {43 | 3.5 | 1000
BPI-241 GPPH-24)
23 | A0, T, ATO-2-400-H1, ATO-2.400-B1,
H2 HIMM-1112131, IIMM-EHI2-116, 1 43 1 3.5 | 1150
LPH-241 BPH-241

No. of the set;

2. Power consumption.

The listing of the units incorporated in the "Okean"
given in Table 5.1.

Besides the units and power supplies with the start-up control equipment

navigation radar is

indicated in the table, the radar complement also includes:

- --Installation kit for assembling the 3-cm waveguide channel and the microwave

cable sections for connecting the 10-cm transceiver to the antenna
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- —-The set of spare parts and accessories for the radar;
—-The set of spare parts and accessories for the power supply;
--The set of plug connectors for the cables running between the units;

——The set of operational documentation which contains the technical description
and operating instructions, the electrical schematics and kinematich circuits,
the inventory and documentaticn for the spare parts, tools and accessories,
the installation kit, as well as the operational documentation and packing.

n M

P3
o the log
nazy

- ol I X 2upoxomnacy
B to gyrocompass

n
K cydobou cemu

to ship mains

Figure 5.1. The equipment complement of the complete "Okean"
radar set.

Key: A. 3.2 and 10 cm antenna;
P3. 3 cm band transceiver;
P10. 10 cm band transceiver;
Il. Indicator with autotracking and true motion systems;
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Key [cont.]: 1I2. Simplified indicator;
V. Computer;
BRN. Power plant voltage control block;
PM. Single power main magnetic starter;
AP, Power plant.

_ Depending on the customer's requirements, the '"Okean" radar is supplied with
- various equipment complements.

The composition of the complete sets which are manufactured is given in Table
5.2. For any equipment complement, the "Okean'" radar is supplied with a
power supply and start-up regulating equipment using the ship power mains

at 220/380 volts AC, 50 Hz.

The technical parameters and operational characteristics of the "Okean"
navigation radar are given below:

The 0.5 probability detection range for an antenna
mounting height of 20 m above sea level, in miles:

A shore 60 m high 20

A ship with a displacement of 5,000 tons 12

Average sea buoy 5
Minimum detection range for a probability of 0.5, m 60

Maximum range determination error, in % of the full scale
reading of the indicator scale from the moving range
ring, on the following scales:

1, 2 miles 1.5
4 miles 1.0
8, 16, 32 and 64 miles 0.6
Maximum azimuth determinat.on error in the case of
measurements with the electronic cursor, in degrees at
: wavelengths of: ~
- 3.2 cm ' 1
, 10 cm 1.5
The 0.5 probability range resolution on the 1 and 2 mile
scales, in m 15
The 0.5 probability angular resolution, in degrees, in
the following bands:
3.2 cm 0.7
10 cm 2.1
The maximum error in the true motion of the marker for the
! ship itself on the screen, no more than:
With respect to course, in degrees 3
With respect to speed, knots 1.5
Maximum error of the autotracking system with a quiet sea:
With respect to angle, in degrees:
In band I 0.5
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In band II 0.7

With respect to range, m:
" In band I 40
In band II ‘ 30

Maximum errors in the calculation of the parameters for
passing a ship being tracked in the case where the ships
travel at constant speeds and with constant course
headings, no more than:

Closest approach error, miles +0.2
Error in the time remaining until the closest approach, % 5
Target course error, degrees 8
Target speed error, knots 2
Carrier frequency, MHz:
In band I 9,400--
9,460
In band II 3,030~--
3,090
Probe pulse width, in microseconds, on the following scales:
1, 2 and 4 miles 0.1
8, 16, 32 and 64 miles 50
Pulse power of the transmitter, in KW, no less than 50
Pulse sensitivity of the display receiver channels, in dB, on
the following scales:
_ 1, 2, and 4 miles 115
8, 16, 32 and 64 miles 120
Intermediate frequency of the receiver, MHz . 60
Receiver bandwidth, MHz: ) +0.5
In the "0.5" mode 4_1'0
In the "0.1" mode 12+3'0
-1.0
The antenna directional pattern width at the 0.5 level
. relative to the maximum power, in degrees, no more than:
In the horizontal plene:
In band I 0.7
In band II 2.3
In the vertical plane 15--25
Sidelobe attenuation, in dB, no less than 23
Scan rate (rotational speed) of the antenna, r.p.m. 16--17
Antenna gain, in dB, no less than:
- In band I 31
In band II 27
Working diameter of the screen of the indicators, mm 400
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i Range scales, miles 1, 2, 4,
8, 16, 32
and 64
Interval between the fixed range rings on all scales, amounting
to one-fourth of the set scale, in miles 0.2, 0.5,
1, 2, 4
8.and 16
Continuous duty time, hours 24
Warm-up time for the radar after being turned on, minutes 4
Permissible temperature variation, degrees C:
For units A, A3, Al0 and the waveguides from -40
- to +50
For the other radar units from -10
to +50

Permissible variacions in the parameters of the ship power
mains, volts:

From ship power mains at a frequency of 50 + 2.5 Hz 220/380

_ ) +57%
From DC ship power mains 110/220

‘ _*107

An external view of the most complex equipment complement, set No. 01, is
depicted in Figure 5.1.

Specific Features of the "Okean" Navigation Radar

The "Okean" navigation radar is a two-band radar set, which operates at wave-
lengths of 3.2 and 10 cm. This permits the maximum utilization of the
advantages of each of the bands.

The 3 cm band equipment complement provides for good resolution and precision.
in determining coordinates. The 10 cm equipment makes it possible to improve
the noise immunity of the radar against the influence of precipitation and
wave agitation as well as increase its operational range.

Backups are provided for the units of the "Okean" radar through the standardi-
zation of the assemblies and blocks as well as the capability of connecting
them in the following four configurations:

1) I1--P3; I2--P10; 3) I1--P10; I2--P3;
2) I1--P3; I2--P3; 4) I1--P10; I2--P10.

This significantly increases the reliability of the radar equipment.
The "true motion" mode improves the orientation of pilots and the decoding

of the radar information when sailing close to shores and in narrow straits.
In this mode, the actual navigation picture is reproduced on the Il indicator
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screen (see Figure 5.1), i.e., the target pips from stationary objects remain
= stationary, while the pips of moving targets move on the screen at a speed
: proportional to the true speed. This is accomplished by excluding the
velocity vector of the ship, the radar vehicle, from the relative velocities
of the observed targets, by means of moving the origin of the plan position
indicator in the direction of ship travel and at a rate proportional to its
speed.

It is possible in the "Okean' radar to automatically solve the problem of
passing an oncoming ship. Following manual "lock-on" tec the echo return from
the target of interest, the range and azimuth automatic tracking system
generates the current coordinates for the target range and bearing, while

the computer V continuously calculates the relative path of the oncoming
ship, the closest approach distance to it, its speed and heading, as well as
the time to the moment of closest approach.

A provision is made in the radar for the capability of "playing through" the
maneuvers of one's own ship in accordance with the situation and the SHIP
COLLISION AVOIDANCE REGULATIONS (PPSS) by means of simulating the changes in
speed and heading. After finding the safe maneuver, one can give the
command for the change in the heading or speed of the ship.

A simplified block diagram of the "Okean" navigation radar is shown in Figure
5.2.

- The Antennas [A, A3, AlO]

The antenna consists of the radiofrequency section, the AOM32-4 antenna
drive (1.5 KW, 220/380 volts, 50 Hz), a two-stage reducer for rotating
the antenna, four type I1.0.671.300 TU sine-cosine rotating transformers
as well as the contact device and the heating elements.

The radiofrequency section of each of the A, A3 and AlO units includes the
following major assemblies:

a) The radiator, which is a horn in the dual band and 10-centimeéter antennas
and a slot antenna in the 3-centimeter band;

b) The antenna used in unit A3 is a slotted waveguide;

¢) The reflector in the dual band antenna is a continuous truncated parabolic
cylinder and a grid reflector in the 10 cm antenna;

d) The rotating junction is a dual channel junction in unit A and a single
channel one in units A3 and AlOQ;

2) The antenna channel which joins the radiators to the rotating junction.
Decoupling is accomplished between the channels in the two band antenna by

having different polarization for the corresponding horns: horizontal in the
- 3.2 cm band and vertical in the 10 em band.
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Rotating transformer and microswitch;
3.2 cm microwave chaunel;

. Magnetron oscillator;

Antenna switch;

10 cm band microwave channel;
Modulator;

Control and monitor panel;

Noise generator;

Oscillator;

Automatic frequency control circuitry;
IF amplifier and AFC mixers;

High voltage power supply for the magnetron and
modulator;

Current;

0.1 to 1.0 microseconds;

Control for the high voltage power supply for the
magnetron and modulator;

Intermediate frequency amplifier;
Receiver rectifier;

3.2 cm video signal;

Monitor and control;

10 cm video signal;

True motion block;

Synchronizer 1;

Computer indicator;

Automatic range tracking block;
Orientation block 1;

Azimuth automatic tracking block;

Sync pulses;

X and Y target cartesian coordinates;
True relative motion line;

Maneuver relative motion line;
Azimuth error circuitry of the automatic tracking system;
Azimuth error channel;

To the digital navigation computer;
Video signal;

Synchronizer;

Orientation block 2;

Synchronizer block 2;

Indicator control panel.

The rotating junction consists of a waveguide to coaxial transition and a
contactless choke connection. In the two band junction, the outer conductor
of the coaxial portion for band I is the inner conductor of the coaxial portion

for band II.

Power is fed to the antenna rotation motor through a starter.

The instantaneous position of the antenna A is transmitted to the plan position
indicator by means of coarse and precise readout sine-cosine rotating
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transformers. Each pair provides for the rotation of one PPI. The coarse
readout rotating transformer (VT) is driven by the phase sensitive rectifiers
of the PPI sweep generating channels, while the precise readout rotating
transformer is driven by the azimuth angle strobe and course marker generator
circuitry.

Only one coarse readout rotating transformer and one precise readout rotating
transformer are mounted in single band antennas, since in this case, the
antenna is coupled to only one plan position indicator.

The contactor actuates at the moment the antenna is positioned along the
midline of the ship, once per antenna revolution and controls the course marker
generator circuit.

The heating elements are intended for heating the drive during the cold season,
as well as in the case of elevated humidity.

The switch makes it possible to disconnect the power to the motor when working
near the antenna, something which prevents turning on the rotation from the
plan position indicator.

The overall dimensions and weights of the antennas are given in Table 5.1.
The Transceivers

Each of the transceivers (P3, P10) consists of the transmitting and receiving
sections (Figure 5.3). The transmitting section incorporates the following:
the magnetron oscillator MI, the magnetron oscillator modulator MOD and the
high voltage power supply for the magnetron and the modulator (VVV). The
receive section contains: the microwave SVCh block, the intermediate fre-
quency amplifier block UPCh, the automatic frequency control block AFC, the
receiver power supplies block VPR and the control and monitoring panel PKU.
Type MI-189B magnetrons are used as the microwave pulse generators in the

3 cm band and MI-12 magnetrons are used in the 10 cm band.

The modulator comsists of a blocking oscillator with a trigger pulse amplifier
(a 6N1P vacuum tube), a submodulator {~wo TGI1-35/3 thyratrons) and a final
keying stage using a GMI-7 vacuum tube

The first stage of the modulator is designed around a 6N1P twin triode. The
left half is the trigger pulse amplifier and the right half is the blocking
oscillator.

The submodulator is designed around two TGI1-35/3 thyratrons with storage
lines. The first thyratron operates on the 1, 2 and 4 mile range scales.
In this case, its stage generates a pulse with a width of T = 0.1 microseconds.

The second thyratron operates on the 8 to 64 mile scales. Its pulse width
is T = 0.5 microseconds.
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The switching of the thyratrons is accomplished through the low voltage circuits
by a switcher, controlled from the PPI indicator when the range scales are

switched.
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Figure 5.3. Block diagram of the P3 (or P10) transceiver.

Key: 1. Magnetron oscillator; 14, Mixer;
2. Microwave output; 15. Automatic frequency
3. Noise generator; control;
4, Oscillator; 16. Control and monitor panel;
5. Magnetron current; 17. Detector current; ,
6. Filament 18. High voltage power supply
7. Ignition; for the magnetron and
8. Modulator; . modulator;
9. Operate; 19. Start pulse;
10. Power indicator; 20. Monitor and control;
11. Tuning indicator; 21. Signal;
12. Currents of the 22. 115 volts, 400 Hz;
mixer diodes; 23. Control onj;
13. Manual frequency 24, Intermediate frequency
tuning on; amplifier;

25. Receiver power supplies.

The T = 0.1 or 0.5 microsecond pulses having an amplitude of about 1,000 volts
are fed to the control grid of the GMI-7 tube, The latter turns on, and a

voltage of 15 KV DC is applied to the magnetron from the storage capacitor.
A pulse is generated.
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The probe pulse from the magnetron in unit P3 is propagated in the antenna
and waveguide system through the following channels:

--A section with a metering sensor for the average probe pulse power;
—-A section with a coupler for coupling the microwave power to the AFC channel;
—-A ferrite--waveguide TRANSMIT~RECEIVE switch;

' —-A section for metering the transceiver voltage and measuring the traveling
wave ratio of the antenna-waveguide channel, etc.

The power meter consists of small, series connected thermocouples, built into
the narrow wall of the waveguide. The average power level is indicated by a
meter in the PKU [control and monitor panel]. It is calibrated at the factory.

A unidirectional power coupler branches 1/1,000-th of the probe pulse power
into the AFC channel.

The TRANSMIT-RECEIVER switch consists of a tee, a ferrite section and a slotted
bridge. It connects the antenna-waveguide channel to the transmitter at the
moment of transmission and to the receiver following the transmission of the
probe pulse.

The channel for the 10 cm band probe pulse differs from that for the 3 cm band
primarily in its structural design.

A ferrite isolator is inserted between the power measurement sections and the
TRANSMIT~RECEIVE switch. It improves the oscillation stability of the 10 cm

magnetron by means of attenuating the reflected wave by 20 dB. The isolator

losses when passing the forward wave are 0.5 dB.

A series circuit with a gas type RR-54 discharger on the receiver side and

an RR-56 on the transmitter side is used as the TRANSMIT-RECEIVE switch.
Power is split off to the AFC channel in this same section through a limiting
attenuator.

The modulatqr isapowgred by means of rectifiers which are built into it.

o

The -27 volt at -2.5 amp§ rectifier, which is intended for powering all of the
transceiver relays, is designed in a bridge circuit using D-214 silicon diodes.

The +250 volt at 0.1 amp rectifier serves for powering the plate circuits of
the preamplifier and blocking oscillator stages, as well as the bias magneti-
zation windings of the saturable reactor of the high voltage rectifier. The
rectifier is designed in a bridge circuit using D-211 silicon diodes with a
capacitive filter.

The 41,250 volt at 0.03 amp rectifer is intended for powering the screen grid

of the GMI-7 modulator tube. It is designed as a voltage doubler using D-1005A
silicon diodes.
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The +2.5 KV at 0.013 amp rectifier serves for powering the anode circuits of
the thyratron and is designed as a voltage doubler using D-1005A silicon diodes.

v The -800 volt rectifier, which is used to produce the bias voltage at the output
b stage control grid, is designed as a voltage doubler using D-1005A silicon
diodes.

The high voltage rectifier consists of high voltage and filament transformers,
type V2-0.06/25 vacuum tube rectifiers, a type K-41-1G-16-0.1 + 107 twin
capacitor, a block of discharge resistors as well as relays for protection
and turning systems on.

A doubler circuit is used in the rectifier with regulation of the output
voltage by a saturable reactor. The relays for turning on the various recti-
fiers as well as the relays for protecting the VVV [high voltage power supply
for the magnetron and modulator] are housed in the VVV block (see Figure 5.3).
In the case of rectifier overload, the power is cut off to the contactor which
breaks the power supply circuit for the primary winding of the high voltage
transformer.

Reclosure of the circuit can be accomplished by the OPERATE toggle switch in
the PKU [control and monitor panel] block or the OPERATE toggle switch in
the indicator.

The receiving section of the band I microwave block consists of the TRANSMIT-
RECEIVE switch, a gas discharger, a noise generator, mixers and K-27 klystron
local oscillator.

A voltage of -800 volts is fed to a special electrode of the RR-21 broadband
discharger to maintain a glow discharge, which facilitates the ignition of
the discharger during the operation of the-magnetron.

The GSh-2 noise generator consists of a waveguide section and a tube running
through its wide wall, inside which there is a gas discharge tube.

In the working position, the received signals pass through the noise generator
section without losses. When power is applied, the noise generator generates
noise at a constant level. This makes it possible to determine the receiver
sensitivity. '

The power of the K-27 klystron local oscillator is distributed by means of a
coaxial to waveguide junction between two channels: the signal channel and
the AFC channel. The level of the energy tapped off is regulated by means

of attenuators. The klystron can be fine tuned mechanically (when the
klystron or magnetron is replaced) as well as by means of changing the voltage
at the reflector either manually (RRCh) or automatically (APCh) [AFC].

The AFC and signal mixers are designed in a balanced circuit configuration
using D405SA and D4OSAP silicon diodes.
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The operation of the mixer is monitored by means of measuring the DC components
of the rectified diode currents. The currents are tapped off to a meter of
the control and monitor panel through filters.

The microwave block for the band II receive channel includes the TRANSMIT-
- RECEIVE switch, a type GSh-2 noise generator, the mixers for the AFC and
signal channels as well as the type K-12 klystron local oscillator.

The noise generator is inserted in the coaxial line between the antenna
switch and the signal mixer. A portion of the line has the form of a helical
inner conductor, wound on a capsule in which a gas tube is inserted.

The frequency of the K-12 klystron oscillator is controlled by changing the
volume of the external resonator by means of a travel screw as well as by
electronic means.

A coaxial tee branches the klystron power to the signal and AFC mixer channels.
The power level is regulated by variable coaxial attenuators.

The 10 cm band mixers are designed in a balanced circuit configuration using
D-405A and D4O5SAP [sic] diodes. The decoupling and phasing of the signals
and the local oscillator are accomplished by means of ring distributors.

The eight stage intermediate frequency amplifier, UPCh, is tuned to the inter-
mediate frequency of 60 MHz and designed around 6Zh9P vacuum tubes.

A low noise circuit using two pentodes connected as triodes is used in the
first two stages of the IF amplifier. The first stage is designed in a common
cathode configuration while the second is a grounded grid circuit.

The gain is 40,000. The bandwidth in the "0.5" mode amcunts to 4 MHz and
12 MHz in the "0.1" mode.

A bandwidth of 12 MHz is assured for the IF amplifier through the use of
bandpass filters having two resonant circuits shunted with resistors in the
second, third, fourth, fifth and eighth stages.

The switching of the bandwidth from 12 MHz to 4 MHz is accomplished by blocking
the tube of the seventh stage, depending on the position of the BAND-D switch.
Following amplification, the signal is detected by an AM detector, designed
around a D3MA diode, the video pulses are amplified in a two stage amplifier
designed around 6Zh9P vacuum tubes and the left half of a 6N6P tube, and fed
through a cathode follower (the right half of the 6N6P tube) to the plan
position indicator. Distinguishing the returns from a target against a
background of interference from precipitation is improved when the short

time constant network is switched in between the video amplifier stages.

The differentiating network is switched in by means of a relay from the PPI
using the RAIN--NO CLUTTER switch.
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The voltage for manual and time AGC is fed to the third and fourth IF ampli-
fier stages.

The automatic frequency control block, APCh [AFC], provides for the following
operating modes:

a) Automatic search and lock-on to the magnetron frequency;
b) Tracking the magnetron frequency;

¢) Manual adjustment of the klystron frequency from the indicator or from the
control and monitor panel.

The AFC block consists of a three stage intermediate frequency amplifier
designed around 6Zh9P vacuum tubes, a frequency discriminator, using a 6Kh2P
tube, an actuating section and a tuning indicator.

The actuating portion of the circuit consists of an amplifier (6N3P vacuum
tube) and a diode transitron circuit configuration (the right half of the
6N3P and the 6Zh5P vacuum tube). :

In the search mode, when there is no signal at the input to the AFC circuit,
the voltage at the output of the actuating circuitry changes in accordance
with a sawtooth waveform and is fed to the klystron reflector, changing its
frequency in the corresponding fashion.

When a signal is present at the input to the circuit, the output stage operates
as a DC amplifier.

The VPR3 (or VPR10) block of rectifiers. which is intended for powering the
receivers of units P3 and P10, includes four rectifiers, two filament trans-
formers and fuses.

All of the rectifiers are designed in a bridge circuit using diodes.

The VS-150-0.25 rectifier (150 volt, 0.25 amp regulated rectifier) is used
to supply the plates and screen grids of the IF amplifier and AFC tubes.

The V-200-0.135 rectifier supplies the plate of the noise generator tube.

The VS-300-0.05 and VS-250-0.05 rectifiers supply negative voltage to the
cathodes of the klystron and transitron of the AFC channel.

The VS-300(350)-0.0025 rectifiers are connected in series with the VS-300-0.05
rectifier (in the VPR10) or the VS-250-0.05 rectifier (in the VPR3) and pro-
vide a negative voltage of -550 volts (in the VPR3) or -650 volts (in the
VPR10) to the resistors in the control and monitor panel and AFC blocks which
in conjunction with the transitron regulate the voltage at the klystron
reflector.

The control and monitor panel incorporates a meter with a switch for the
circuits to be checked and an OPERATE--MONITOR switch, which connects the
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circuits being checked either to the controls of the console or to the con-
trols and meters of the indicator.
The control and monitor panel makes it possible to measure the following:
——The currents of the IF amplifier mixer diodes;
--The currents of the AFC mixer diodes;
--The average power at the transmitter output;

- -~The plate current of the noise generator;

--The plate current of the IF amplifier detector for metering and checking
the sensitivity of the receiver;

—-The -27 volt, -600 volt, -300 volt and +150 volt rectifier voltages;
—-The currents of the AFC tuning indicator;

--The magnetron current.

Figure 5.4. General view of unit P3 [3-cm band transceiver].

Key: 1. High voltage rectifier
block;
2. Block of receiver
rectifiers;
3. Microwave. compartment;
4. Control and monitor panel;
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5. Interlock;

6. Magnetron;

7. Modulator block;
8

9

Key [cont.]:

. Compartment of plug connectors;
. Sockets for the connection of a light, headset and
soldering iron.

Figure 5.5. General view of unit P10 [10-cm band transceiver].

[Key the same as for Figure 5.4]

The OPERATE--CHECK switch switches such controls in the indicator and
transceiver as:

—-The network for switching the local oscillator tuning from manual to auto-
matic and vice-versa using the AFC--MANUAL FREQUENCY CONTROL toggle switch;

--The circuit for turning on the high voltage using the OPERATE--TURNED OFF
toggle switch;

--The circuit for blocking the actuating of the transceiver from the indicator.
It cannot be turned on in the "Check" mode if the READY~-TURNED OFF toggle
switch is switched off;

—-The RRU [?manual gain control?] circuit using the RRCh [manual frequency
control] potentiometer;

--The gain control circuit of the IF amplifier from the GAIN potentiometer.
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The TUNE potentiometer for setting the initial voltage level at the klystron
reflector as well as the magnetron current control potentiometers are located
in the control and monitor panel.

The transceivers P3 and P10 (Figures 5.4 and 5.5) are structurally designed
in.the form of racks. Each rack is broken down into compartments by horizontal
partitions. The receivers and their power supplies are housed in the top
compartments, while the transmitters are housed in the lower ones.

Plugs for external cable connections are located in a compartment in the lower
section. The compartment is connected by a pipe to the upper compartment.

| The lines to the transmitter pass through the wall of the compartment by
means of feed-through capacitors. This provides for the requisite decoupling
between the receiver and transmitter units.

The racks are equipped with exhaust ventilation. The external air in the
room is sucked in through louvers, cut in the side walls and rear wall of

the cabinet where the major heat liberating blocks and components are located:
the magnetron, modulator tubes, as well as the high voltage power supply

for the magnetron and modulator, the AFC and IF amplifier blocks. The air
flow is routed through branch pipes from the louvers to the heat radiating
surfaces and radiators of these surfaces; the same branch pipes remove the
heated air to an air duct on the rear wall of the chassis. An exhaust fan
with an output of 50 1/sec is mounted at the distribution pipe of the air

duct or the ship's exhaust system is used. In this case, the excess heating
of the air in the region of the transceivers does not exceed 5° C. 1In the case
of failure of the ventilation system, a protection circuit cuts off the
transceivers if the temperature of the magnetron block exceeds the ultimate
permissible level (+140° C).

The upper and lower compartments of the racks are closed with swingout covers,
which have electrical and spray protection seals about the perimeter.

The transmitter assemblies which are subject to high voltage are insulated
by potting them in epoxy resin, while the connections between them are made
with shielded high voltage wire.

Access to the components of the blocks in the units is possible after the
blocks are removed, which are connected to the rack by means of special cables.

When the cover of the lower compartment is opened, an interlock contact
breaks the power supply circuit for the unit, while a mechanical discharger
automatically shorts the high voltage circuits to chassis ground. Plug
sockets are provided in the transceiver racks for the connection of a light,
headphones and soldering iron.

Indicators.

The Il and I2 indicators are the major units for the control, monitoring,
display and reading of information.
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The following is accomplished in units Il and I2:
—-Cenerates the signals which synchronize radar operation;

—-Generates the radar plan position indication of the situation based on
information received from the transceiver, antenna, gyrocompass and log;

—-Automatically determines the current coordinates of the target selected by
the operator and transmits them to the computer;

——Operationally controls and monitors the entire radar station;

--Relays the power voltages incoming from the power plant to all of the radar
units;

--Relays signals between units of the radar.

The following assemblies and blocks are included in the complement of indicator
11 (Figure 5.6): :

a) Indicator tube block TR1;

b) Orientation block OR1;

¢) Computer indicator block IV;

d) True motion block ID;

e) Block of tracking systems for automatic azimuth tracking, PA;

f) Block of tracking systems for automatic range tracking DA;

g) Azimuth autotracking error channel assembly KOP;

h) Range autotracking error channel assembly KOD.

The functional links between the blocks and assemblies, the output signals
and voltages as well as the interccnnections to other units of the radar

are also shown in Figure 5.6.

The following are incorporated in unit I2 (Figure 5.7):

—~The indicator tube block TR2;

~-The orientation block ORZ;

——The indicator control comsole PU.

Also shown in this same figure are the ties between the blocks of unit I2 and
those to other units of the radar set. Besides the indicated assemblies and

blocks, each indicator includes switching, connecting, metering and protective
components.

The TR1 tube assembly of the plan position indicator (Figure 5.6) is intended
for displaying the radar image and consists of three functional groups:

1) A type 45LM1V CRT with sweep generating elements;

2) The synchronizer;
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Figure 5.6. Block diagram of indicator Il.

Key: 1, Video signals; 15,
2. P3 [P3 = 3.2 cm 16.
transceiver];
3. Operate; 17.
4. P10, P3 ready;
5. Duplicating; 18.
6. Start; 19.
7. Target range;
8. Orientation block 1; 20.
9. Target coordinates; )
10. True motion block; 21.
11. Return; 22,
12. Indicator tube block 1; 23.
13. Computer indicator 24,
block; 25,
14. Cursor bearing;

3) Rectifiers and connecting elements.

Passing;

Block of automatic range
tracking systems;
Automatic azimuth tracking
block;

Strobe bearing;

Automatic azimuth tracking
error block;

Automatic range tracking
error block;

Navigation computer;
Bearing strobe;

Range strobe;

.Normalized signal [return];
Range gates.

The orientation block ORl includes the major controls for. the indicator with
the elements which generate the corresponding control currents and voltages.
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Figure 5.7. Block diagram of indicator unit I2.

Key: 1. Manual frequency control; 12, Phase sensitive rectifier;

2. AFC, manual frequency 13. Phase sensitive rectifier
control; metering;

3. Video sigunalss 14. Dand - D [?range?];

4. Operate (signal); 15. Time AGC, gainj;

5. Synchronization; 16. Controls;

6. P3 [3.2 cm transceiver] 17. Course, course stabilized;
ready, P10 [10 cm trans- 18. Antenna bearing;
ceiver] ready; 19. Antenna angle;

. Operate (signal); 20. Indicator control panel;

7
8. Gain, time AGC;

9. Video signals; operate;
10. 10 cm on;

11. Orientation block 2;

1. Adjusting controls;

6. Switch;

3. Controls for the range and bearing cursors;
5

7

. Readout display;
. Readout display for the transmitters and antenna.
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The true motion block serves to derive control signals, which shift the origin
of the sweep of the indicator CRT in the direction and at the speed of travel
of the ship, represented with the same scale as the image.

The target range tracking (DA and KOD circuits) and azimuth tracking channels
(the PA and KOP circuits) operate in the “tracking" mode when resolving the
problem of passing and determining the parameters of an oncoming ship.

All of the controls for the computer, the display and readout scales, on
which the computation results are displayed, are located on the computer
indicator block. Additionally, some controls for the radar and the indicator
are located on the front panel of the unit. :

Indicator I2 does not provide for radar operation in "true motion", "tracking”
or "computer' modes.

The TR2 tube block (see Figure 5.7) contains the following:
-—A type 45ILM1V cathode ray tube with sweep elements;
~-Synchronization units;

~~Rectifiers and sweep elements.

Orientation block OR2 incorporates the main controls for the indicator. This
unit does not have any relay or diode logic circuitry for mode sw1tching or
universal joint links to other blocks.

The indicator control panel block incorporates the controls for the indicator,
- rotating transformers for image orientation, relays with elements for turning
on the power plant, the antenna, the transceiver and the indicator.

it is expedient to treat the indicator units in terms of the functional
structural configuration, which consists of the stages for generating,
amplifying and converting the signal as well as feeding it out to the final
stage.

The synchronizer channel consists of the channel of peakers and the crystal
controlled master oscillator (KOK), the scale frequency channel (KMCh), as
well as the channel of voltage amplifiers which drive the phase shifters (KUS).

The pulsed voltage of the master crystal oscillator is generated in the KOK,
as a result of the division of which by means of the flip-flop divider of
the scale frequencies channel, a grid of scale frequencies is obtained, from

- which the various synchronization signals are generated in the plan position
indicator blocks.

The voltage amplifier channel is used only to segregate the sinusoidal voltages

at frequencies of 5 KHz and 81 KHz from the '"meander" type voltages at the
same frequencies, and then subsequently amplify them.
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The channel for generating the transmitter start pulses. the cursor and
signal sweep brightening and width pulses generatez the following signals:

a) The reference cursor and signal start pulses;
b) The transmitter start pulses;
¢) The electronic cursor and signal sweep width pulses;

d) The pulses for brightening the cursor and signal sweeps.

The channel incorporates the stages of the scale frequency channel and crystal
controlled master oscillator and peaking chanmel blocks.

The channel for generating the time AGC voltage generates a negative voltage
_ which blocks the receiver. Clutter from an agitated sea surface is suppressed
by changing the time constant and voltage level.

The generation of the stationary range ring markers is based on the use of
scale frequencies generated by a flip-flop divider of the synchronizer. The
channel for generating the stationary range ring markers consists of elements
of the scale frequencies channel and the crystal controlled master oscillator
and peaking channel.

The phase metering technique of obtaining moving range rings is used in the
"Okean" radar. The generating channel includes stages of the scale frequencies
channel, voltage amplifier channel, automatic range tracking system and

crystal controlled master oscillator and peaking channel blocks.

The plan position indication sweep is generated in the PPI by means of two
mutually perpendicular stationary deflecting coils by means of passing
sawtooth waveform pulses through them, the envelope of which is modulated

by the antenna rotation with a phase shift of 90°, The channel for generating
the signal sweep, the cursor sweep and the LOD [relative motion line] consists
of elements and stages of unit A [the antenna], the computer indicator block,
as well as the indicator tube assemblies for units 1 and 2. Changing the
"north--stabilized course" orientation is accomplished by switching in the
corresponding sine-cosine rotating transformers in the computer indicator
block.

The true motion block generates the voltage for shifting the sweep origin in
the same direction and at a speed proportional to the motion of the ship
itself. This makes it possible to eliminate the vector of the ship's speed,
the radar vehicle, from the relative velocities of the targets, i.e., to
create a true motion mode.

Based on the log and course data, a speed vector is constructed in the computer
indicator block in "North--South" and "West--East' coordinates. The components

of the travel route are obtained by integrating the scaled components of
the speed vectors by means of integrating drives in the true motion block.
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The resulting voltage is applied to the displacement coils of the indicator
tube block 1. 1In this case, the sweep origin is displaced at a speed propor-
tional to and in the direction of motion of the ship itself.

A provision is also made for automatic reorientation of the image if the
center of the sweep is shifted beyond one-third of the radius of the CRT
screen or if the course of the ship deviates by +30° from the initial heading.

A true motion mode is provided only on the 1, 2, 4 and 8 mile scales with the
"North" orientation.

The automatic range tracking channel turns on the DA [block of automatic

range tracking systems] and the KOD [automatic range tracking error circuitry}
blocks, and provides for automatic range tracking of a selected target in a
plan position indication mode.

A tracking circuit using two integrators is employed in the radar. In the
automatic range tracking block, the target is "locked on", and a time delay
is generated by the phase metering method. Range gates are generated in

the automatic range tracking error block, and a time comparison of the gates
with the normalized return from the target is also accomplished in this
block. Using a "number to voltage' converter, the autotracking error is
converted from a number to a voltage and fed to the automatic range tracking
block. Following amplification and modulation, the error signal controls
the drives of the main and supplemental integrators so that the autotracking
error tends to zero. '

The azimuth automatic tracking channel provides for automatic target tracking
with respect to angle in a plan position mode and incorporates the PA [auto-
matic azimuth tracking] and KOP [automatic azimuth tracking error] blocks.

The target is "locked on" manually in the automatic azimuth tracking block,
and a time delay is generated in the form of the envelopes of the rotating
transformers. In the automatic azimuth tracking error block, a gate pulse,
strobe center and strobe pulses are generated from the envelopes. The time-
wise mismatch of the strobe and envelope of the target return is converted
from a number to a voltage and fed to the automatic azimuth tracking block,
where the rotors of the sine-cosine rotating transformers are rotated by
means of the main and auxiliary integrators to that position in which the
autotracking error in azimuth tends to zero.

The Computer Indicator

All of the remote controls for the computer are concentrated in the computer
indicator block (IV), as well as the scales and display for the computer
results. Moreover, some controls for the radar and the plan position indi-

cator are located on the computer indicator block.

The major electrical components of the unit are combined in four functional
assemblies: for the course K, speed v,, time remaining to the closest approach
Ty and the time delay (see Figure 5.2).
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42

Figure 5.8. General view of the orientation block and the computer
indicator of indicator unit Il.

[See text for key]

The speed circuitry contains the elements for converting the information on
the speed derived from the ship log.

The course assembly is composed of elements for converting the information
incoming from the gyrocompass, as well as the rotating transformer plotters
for the speed vector.

The closest approach time circuitry incorporates the components for solving
for Ty using the relative course and speed data of an oncoming ship, as
well as the range and azimuth to it.

The COURSE CORRECTION and SPEED CORRECTION controls are used to play through
a maneuver when solving the passing problem. The function of the remaining
controls and displays are described in detail on pages 173-174.

The rectifiers supply the voltages to power the transistors of the assemblies
and blocks, as well as those for the switching and control circuits.
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Each regulated rectifier consists of the main and auxiliary rectifiers, as
well as the regulator.

The main rectifiers are designed in a bridge circuit configuration, while the
auxiliary rectifiers use a doubler circuit. The rectifiers produce voltages
of 27, 400, 600 volts as well as 6 and 15 KV.

The orientation block (Figure 5.8) incorporates the controls for the indicator,
which generate the corresponding control voltages and currents.

In terms of the functional designation, all of the controls can be broken
down into several groups.

The following are included among the controls and readouts for the indicator
operating mode:

——The PPI BRIGHTNESS control (1) and PPI FOCUS control (2) by means of which
the optimal brightness and focusing of the image on the screen is set;

—-The COURSE MARKER control (3), by means of which the requisite brightness
of the course trace is set;

~—The NKD [STATIONARY RANGE RING] control (28), PKD [MOVING RANGE RING] control
(29) and CURSOR control (30), which are intended for setting the requisite
brightness of the stationary range rings, the moving range ring and the
electronic cursor line on the PPI screen;

——The INDICATOR--OFF toggle switch (25), which serves for turning the indicator
on and off;

——The BAND--D [RANGE] control (27), by means of which the range scales on
the indicators are switched (the signaling that a scale is switched on is
accomplished on a display);

——The RANGE control (32), intended for controlling the position of the moving
range ring on the image sweep and the cursor sweep (the range is indicated
on a display panel in the form of a numerical value with a precision of
down to hundredths of a mile);

——The BEARING control (45), which serves to control the angular position of
the mechanical and electronic cursors (the bearing is read on the circular
scale only in the "north" mode);

——The RADIUS control (36), which in the "relative motion' mode moves the
sweep center of the image radially outward from the center of the screen;

——The ANGLE control (40), which in the "relative motion" mode moves the
center of the image sweep-in a circle with a radius set by the RADIUS
control;

——The ILLUMINATION control (35), by means of which the brightness of the
circular scale and display framing the indicator screen is set.
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The following number among the controls and readouts for the transceivers
and the entire radar:

--The POWER PLANT ON--OFF buttons (34), by means of which the power plant is
started and stopped by remote control;

--Toggle switch 3-10 (8), by means of which the working frequency is chosen
in the two-band radars (when both transceivers are connected to one PPI,
: the control can be realized only from the main indicator, a fact which is
- signalled by the MAIN and DUPLICATE display);

—-The READY--OFF (7) and OPERATE--OFF (6) toggle switches, which are intended
for turning on the transceivers and applying the high voltage to the
magnetron. The READY display signals the readiness of the high voltage
to be turned on, while this turning on is accompanied by the lighting of
the OPERATE display;

~-The NORTH--COURSE--COURSE STABILIZE (37) switch, by means of which the
orientation of the image is changed on the indicator screen. Displays are
mounted above the screen which show the orientation which is turned on.
In the "course stabilized" mode, the COURSE and COURSE STABILIZED displays
are turned on. If the ship deviates from the course matching that when the
unit was turned on, the COURSE display goes out;

~-The ID--0D [TRUE MOTION--RELATIVE MOTION] toggle switch (39), which is
intended for turning on the "true motion" mode (in this case, the TRUE
MOTION display lights up);

—-The RAIN--NO INTERFERENCE toggle switch (42), which in the "rain" position
switches in the MPV [small time constant] circuit in the video signal
channel, which promotes a reduction of clutter from precipitation;

--The ANTENNA ON--OFF toggle switch (26), which serves for switching the
antenna rotation on and off (in this case, the ANTENNA display lights up);

~~The AFC--MANUAL FREQUENCY CONTROL toggle switch (43), by means of which
one switches from AFC to manual control by means of the RRCh control [manual
frequency control];

—-The SEA CLUTTER control (46), by means of which the time automatic gain
control system is adjusted;

——The CURSOR--RELATIVE MOTION LINE toggle switch (44), which in the "relative
motion line" position provides for a mode such that the direction of the
electronic cursor indicates the relative heading of the ship itself with
respect to the target, which is automatically calculated by the computer;

~-The GAIN control (31), which is intended for adjusting the radar receiver
sensitivity;

—-The UNIT V--OFF toggle switch (4), by means of which one switches to the
mode for the solution of the passing problem;

——The TEST (5) button, which serves to switch the Il indicator computer to a
check mode in which the output data of the indicator computer should
correspond to the values given in the tables attached to the panels of the
units;
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——The OFF--LOCK-ON--TRACK toggle switch (33), which is intended for turning
on the target tracking and lock-on modes;

~-The TARGET SPEED button (23), which when pressed, the meter needle indicates
‘the speed of the target; when the button is released, the unit indicates
the closest approach range;

——The COURSE CORRECTION (13) and SPEED CORRECTION (21) controls in indicator
I1, by means of which one plays through the maneuver for passing in the
passing problem solution mode, while in the "true motion" mode, corrections
are made for the drift and current. The course and speed, taking the
corrections into account, are read out from the scales which are placed
above the controls. The MATCH COURSE and MATCH SPEED displays indicate the
necessity of setting the controls to the initial positions;

——The RETURN button (41), which is intended for re-orienting the image in the
"true motion" mode.

The following are included among the metering and readouts for the radar:

~—The CHECK switch (38), which makes it possible to check the values of the
voltages and currents of the units (the nominal value of the parameters
being checked corresponds to the setting of the meter needle within the
range of the red or green sectors, as well as to the zero mark in the center
of the scale); '

~-The BEARING (14) and RANGE (24) scales which serve for the precise readout
of the coordinates of a target being tracked; -

—--The CLOSEST APPROACH TIME scale (22);
—-The T MIN scale (11);

-~The APPROACH TIME GREATER THAN AN HOUR display (16), which displays the time
remaining until the closest approach to the target being tracked;

—-The PASSING display (15) which indicates the fact that the target being
tracked is going away;

—-The PROBLEM SOLVED display (17), which in the turned on state, guarantees
the accuracy of the output data;

—-The MANEUVER display (18), which signals a change in course or speed of
one's own ship or a ship being tracked, which is signified by a rotation of
the relative motion line through 5° or a change in the relative speed of
the ships by +2.5 knots;

--The APPROACH DANGEROUS display (12), which lights up in the case where the
calculated distance of the closest approach is less than 2 miles;

—-The TIME CIRCUITRY FAILURE display (19), which lights up when the most
important part of the computer fails;

——The scale (20) with two "small ship" pointers, which make it possible to
read out the course of one's own ship (the small white ship) and the ship
being tracked (the red one).
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The BAND--D [RANGE] switch and the NORTH--COURSE--COURSE STABILIZE toggle
switch are independent switching controls for the indicator modes.

The modes can be changed by means of other controls following the definite
setting of the controls indicated above, To change over to the "true
motion" mode, one must beforehand set the "north" orientation and switch to
one of the range scales: 1, 2, 4 or 8 miles. The "lock-on" and "track"

, modes can be switched on only on the 8 and 16 mile range scales in the

i "relative motion" mode.

The Computer

The computer, in conjunction with the range and azimuth autotracking blocks,
and the computer indicator of indicator Il, automatically solves the problem
of the ship which is the vehicle for the "Okean' radar passing a ship, the
blip of which is being tracked automatically.

The indicators of the major parameters calculated by the unit are given on
pages 155-156 and below:

Path along the true motion line which assures the

solution of the problem with the precision indicated

on [one to two words obscured or missing in originall,

in miles, no more than 1

Range of parameters which can be computed:

Ky, degrees 0--360
Dg» miles 0--12
Tg, minutes 0--60
Vg, knots ’ 0--60
Ktarget’ degrees 0--360
target? knots 0--30
Av, EKnots : 0--30
AK, degrees 0--360
Parameters of the course sensing selsyn:
Type BS-404ATV
Revolution scale division, degrees ‘ 1
Maximum load moment, g ° cm 20
Parameters of the speed sensing selsyn::
Type NS=-404ATV
3 Revolution scale division, knots 0.2
= Maximum load moment, g * cm 30
Power consumed from the 115 volt, 400 Hz mains, in KVA:
In the "lock-on'" mode 0.13
In the "solution' mode 0.53

The computer incorporates the following individual electromechanical structural
assemblies:
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a) The unit for the increments in the relative path components ASg;
b) The plotter for the vector of the relative path KO;

¢) The relative velocity Vg unit; .

d) The converter for the course data K incoming from the gyrocompass;
e) The converter for the velocity data v incoming from the log; '

f) The converter for the time data T incoming from the autorecorder, the clock
unit or the BTV unit itself;

g) The plotter for the‘relative velocity vector Ky = var., when playing through
a maneuver; )

h) The power supply and generator for the PROBLEM SOLVED signal and the raw
data for the "test" mode .(P); :

i) BIV is the current time unit (not present in the first batch of radars).
The basic circuit of the unit takes the form of a schematic showing the
electrical connections between the external sockets of the units enumerated

here, as well as their connections to the external plug connectors of the
unit.

The Control of the "Okean" Radar

The controls and the initial positions corresponding to them before turning
the unit on are indicated below:

Toggle switch 25, INDICATOR--OFF "of£"
Toggle switch 7, READY--OFF "Off" |
Toggle switch 6, OPERATE--OFF "of£f"

Image orientation switch 37, NORTH-~-COURSE--COURSE STABILIZED "North"
Toggle switch 42, RAIN--NO CLUTTER "No clutter"
Toggle switch 43, AFC--MANUAL FREQUENCY CONTROL ) "AFC"
Toggle switch 39, ID--OD [TRUE MOTION--RELATIVE MOTION] "op"

Toggle switch 44, CURSOR--RELATIVE MOTION LINE : "Cursor"
Toggle switch 33, OFF--LOCK-ON--TRACK "off"

Toggle switch 4, UNIT V [computer]--OFF "of£"

The positions of the remaining controls are set after the unit is turned on.

The radar is turned on in the following order: the power plant is turned on
by means of the black pushbutton 34; the indicator is turned on with toggle
switch 25; the frequency is selected by means of toggle switch 8; by setting
toggle switch 7 in the "ready" position, the transceiver is switched on; the
brightness and focusing of the stationatry and moving range ring markers is
adjusted, as well as the course marker, using the appropriate controls; the
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antenna is turned on, by pressing black button 26. After four minutes, display
7 lights up: READY 3 CM (or READY 10 CM). Toggle switch 6 is used to turn
on the high voltage, and in this case the OPERATE display lights up.

The radar is turned off in the opposite order.

Depending on the specific conditions, the selection of the orientation mode
is accomplished by means of toggle switch 37: NORTH--COURSE--COURSE STABILIZED.

It is possible to shift the center of the sweep in a range of two-thirds of
the radius in the case of true motion indication on the 1, 2, 4 and 8 mile
scales by means of controls 36 (RADIUS) and 40 (ANGLE).

The "relative motion" mode is the main one for both indicators. The "true
motion" mode is possible in the indicator Il when the following contrcls are
turned on beforehand: range scale switch 27 is set to one of the "1--8 mile"
positions; switch 37, NORTH--COURSE STABILIZED--COURSE, is set in the "north"
position; toggle switch 39, TRUE MOTION--RELATIVE MOTION, set in the "true
motion" position.

A provision is made in the radar for the possibility of manually returning
the sweep origin to the initial position by means of pressing pushbutton 41,
RETURN.

Operation of indicator Il is possible in the "autotracking" mode with the
"North" orientation and the relative motion indication set on the 8 and 16
mile range scales. In this case, it is necessary to perform the following
operations:

a) Toggle switch 33, OFF--LOCK-ON--TRACK, is set in the "lock-on" position.
The cross at the end of the electronic cursor indicates the position of
the autotracking strobe;

b) By rotating controls 10 (BEARING) and 9 (RANGE), the cross is matched up
with the selected target;

c) Toggle switch 33 is thrown to the "track" position.

The scales of units 14 and 24 will show the current values of the bearing
and range of the target being tracked.

The computer is turned on by pushing button 4, COMPUTER.

After the blip of the ship being tracked passes the one mile point on the
relative motion line, display 17, PROBLEM SOLVED, comes on. The results with
the specified precision are shown on the scales of the computer indicator.
If the approach time exceeds an hour (for a ship traveling with the radar
ship), display 16, APPROACH TIME GREATER THAN AN HOUR, lights up. In the
case where a departing target is tracked, the PASSING display 15 comes on.
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A provision is made in the "Okean" radar for playing through a maneuver, i.e.,

- simulating the course or speed changes (or both simultaneously), so as to
pass the ship being tracked at the distance desired. The correctness of
computer operation is checked by means of the "test" mode.

5.2. The "Okean-M" Marine Navigation Radar

The '"Okean-M" marine navigation radar is intended for installation on large
tonnage ships of the merchant marine and fishing fleets, for the purpose of
improving navigation safety in the open sea, as well as close to shore and’
in narrow straits.

TABLE 5.3
Unit
Code Dimenstons, mn Pover
Desig~ Unit Decimal = 2 Weight, Consump-
nation Number, Type Unit Name Width Depth Height kg tion, KVA
- A 1Ye2.092.014.SP Parabolic, com- 3490 965 1197 500 1.8
bined, two-band
antenna
A3 1Ye2.901.011.SP Slotted waveguide 3295 810 809 300 1130
3-cm band antenna
Al0 LYe2.091.012,.SP Slotted waveguide 3441 1015 1140 400 1130
10-cm band
antenna
- P3 1Ye2.000.047.SP 3-cm band trams- 590 470 1560 158 0.9
ceiver
P10 1Ye2.000.048.SP 10-cm band trans- 590 470 1560 180 0.9
ceiver
= I LYe2.048.064.SP Indicator 600 880 1390 280 0.6
\ LYe2.300.020.SP Computer 700 347 1350 280 0.5
1D LYe2.316.005.SP True motion unit 494 270 680 50 0.33
K1l LYe3.622.052.SP Switching unit 352 226 475 30 0.12
for the single
band version
K2 LYe3.622.051.SP Switching unit 500 250 620 60 0.24
for the two band
version
K3 1Ye3.622.053.SP Radar switching 534 126 295 15 -—

unit, equipped
with units V or
ID

- 234 -

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500060001-9



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500060001-9

FOR OFFICIAL USE ONLY

TABLE 5.3 [cont.]

Unit Overall
Code Dimensions, mm Power
Desig- Unit Decimal Weight, Consump-
nation Number, Type Unit Name Width Depth Height kg tion, KVA
KI LYe2.334.000.SP Transmission 230 128 182 3 -
metering unit :
KP3 LYe2.735.000.SP Voltage metering 475 275 282 25 -
unit for P3
KP10 LYe2.735.001.SP Voltage metering 360 280 302 25 -
unit for P10
ATO0-2-400 Converter 365 710 450 170 4,1
ATO-4-400 Converter 518 716 587 280 7.4
PMM-1112 Single mains 248 174 394 10.5 -
starter
BRN-143/3 Voltage regula- 354 146 302 13 -
tor block
- S1-49 oscillo- 170 430 223 8.5 0.038
scope
-- Ts-431 volt-ohm- 110 205 80 1.5 --
j milliammeter

The "Okean-M" radar operates in one or two bands (3 and 10 cm) and provides
for the following:

--Observation of the radar situation in a true or relative display mode on
a PPI screen, as well as the measurement of the polar coordinates of targets;

--Automatic target tracking in a circular scan mode at ranges of from 1 to
15 miles for a relative speed of from 0 to 60 knots with continuous feedout
of the current coordinates of the target (range and azimuth). The automatic
tracking is accomplished with preliminary manual lock-on to the selected
target; ‘

--Automatic solution of the problem of passing a target teing tracked with
the feedout of data on the range to the target, its speed and the time
to closest approach. Playing through the course or speed maneuvering or
both of these simultaneously makes it possible to come up with recommenda-
tions for safe passing.

The "Okean-M" navigation radar is a modernized version of the "Okean" naviga-
tion radar. It is manufactured and supplied in different equipment packages:

one and two band radars; with autotracking, true motion and computer systems,
as well as without them.
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TABLE 5.4
Overall 3 e
(1) TaGapHTNBE Pa3Mephl, MM (2_) é ) g
_Dimensions g g
B manes sHTa I g |2 ? et
ixpuna | Fay6usa | Bucora é’ 55 :
Width Depth ich = No.
Iikad-croiika (&) a0 | 465 | 1345 | 140 | 2
Yxnanownein sunk (5] 582 550 705 31 1 00—31
> » 410 370 265 20 1
> » 410 370 175 18 |
» » 410 370 265 20 1 04, 05,
10, 11,
16, 17,
22
» » 410 370 265 20 1 22, 23,
26, 27,
30, 31
» » 410 370 265 20 1 06—31
» » 580 362 304 25 | 12—31
» » 410 370 265 20 1 00—05

Key: 1. Designation of the cabinet or box of spare parts, tools and
accessories;
2, Weight, kg;
3. Number, pieces;
4. Rack cabinet;
5. Packing box.

The listing of the units incorporated in the "Okean-M" navigation radar com-
plement is given in Table 5.3. ‘
Besides the indicated units, the radar complement also includes:

--Installation set for assemblingvthe 3 cm band antenna-waveguide channel
and the microwave cable for the 10 cm band radar;

--Sets of spare parts, tools and accessories for the radar (Table 5.4) and
the power plant;

--The set of plug connectors for the interunit commecting cables;

--The set of operational documentation.

The "Okean-M" navigation radar equipment complement, which is manufactured in
complete sets, is listed in Table 5.5.

Any radar package is supplied with the power plant using the ship power mains

at 220/380 volts AC and 50 Hz. A block diagram of the "Okean-M" navigation
radar is shown in Figure 5.9.
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Key for Antenna Unit A3 [3-cm band antennal:

P3 [3-cm
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18.
19.
21.
22,
23,

24,
25.
26.
27.
28.

29.
30.
VP =
VT1

VT2
Kont
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3-cm microwave channelj;
Control and metering;
Video signal;

Start P [transceiver];
Course marker;
Antenna angle;
Band--D;

Start 50 microseconds;
"Volga" markers;

Start 12 microseconds;
Start 2 "Volga";

Switching between indica-

tor units Il and I2;
3-cm transmission moni-
toring;

Indicator 12 master;
CRT circuitry;

OR = orientation block;
Control console;
Synchronization;
Relative motion line,
true motion line, auto-
return;

Track, lock-on;
Metering, control;
Speed, course;
Metering, control;
Play-through [maneuver
simulation];

Relative motion line,
true motion line;
Indicator Il is master;

Rotating joint;

akt = Switch contact;

D = Motor;
KI3 = 3 cm band transmit monitor;

transceiver]:

PM =
MOD
PK =
APCh
UPCh
PUPC

Submodulator;
= Modulator;

Rotating transformer 1;
= Rotating transformer 2;

31.
32,
33.
34,
35.
36.
37.

38.
39.

40.
41.
42.
43.

44,

45.
46.
47.
48,
49.
50.
51.
52.
53.
54.

55.

Track "Volga";

Antenna angle;

Rotating joint;

Motor;

Video signal (transmit);
"Volga" markers;

To indicator Il, indicator 12,
transceiver P3, transceiver P10
and the computer V;

-27 volt rectifier;

True motion line, relative
motion line, autoreturn;
Start 50 microseconds;
Start 12 microseconds;
Power;

Power for the motor of the
3~cm antennaj;

Power for the motor of the
10-cm antenna;

Ship power main;

Start, signaling;

Power plant;

Band-D;

Turn on true motion;

ID = true motion block;
Metering and control;
Course stabilized;
Synchronization;
Play-through [maneuver simu-
lation];

Return.

Power supply and metering block;

Pulsed magnetron;

h = IF preamplifier;

SVCh = Microwave circuitry;

Automatic frequency control;
Intermediate frequency amplifier;
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Key [cont.]: KP3 = 3-cm band voltage metering unit;

[Unit V, the computer]:
PSL = Log speed converter;
PA = Automatic bearing (assembly);
RVV = Time delay relay;

0S = Signal processor
DA = Automatic range unit;
UK = Metering unit;

MSK = Course and speed maneuver assembly;

[Unit ID = True motion circuitry]:
PKS = Speed and course converter;
IPS = Speed projection integrator.

The major technical and operational parameters of the "Okean-M" navigation

radar are given below:

The 0.7 probability detection range for the case
of an antenna mounted at a height of 15 m above
sea level, miles:
A shore line with a height of 6 to 60 m 10-22
A ship with a displacement of from 20 to 5,000
registered tons 6-1
Intermediate sea buoy at a wavelength of 3.2 cm 5.9
The same, for 10 cm 3.3

Minimum 0.7 probability detection range for an
antenna mounted at a height of 5 m above sea level
at a wavelength of 3 cm, no more than, in meters 50

The same, at a wavelength of 10 cm, no more than,
in meters 70

The range measurement precision, in percent of the
maximum range scale:

Using the moving range ring +1.0
Using the electronic cursor +2
- The same, using the autotracking system on a

straight line section, in m +25

The azimuth measurement precision in degrees:
At a wavelength of 3.2 cm +1.0
At a wavelength of 10 cm +1.0
With autotracking on a straight line segment +0.25

The range resolution for the case of a separate
observation probability of 0.7 using the 1 mile
scale, in m 15

The azimuth resolution, measured by the electronic
cursor, with a probability of 0.7 degrees, at a
wavelength of:
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3.2 cm
10 cm

The course reading precision, in degrees:
Using the "K + AK" scale of unit I [the indicator]
Using the course: marker

Precision of the true motion indication (for equipment
sets with the computer or true motion unit):

With respect to course, degrees

With respect to speed, percent

Precision of the speed transmission from the log on
the "v + Av" scale of the unit, in knots

Pulse modulation frequency, MHz:
In the 3.2 cm band
In the 10 cm band

The pulse power of the transmitter at the flange of
unit P [transceiver], in KW, more than

Receiver sensitivity, in dB, on the following scales:
1, 2, 4 miles
8 - 64 miles

Pulse repetition rate, in Hz, on the following scales:
1, 2 miles
4 miles
8, 16, 32 miles
64 miles

Pulse width, in microseconds, no more than, on the
following scales:
1, 2 miles

4 miles
8, 16, 32 miles
64 miles

Intermediate frequency, in MHz

Width of the directional pattern at the half power
level, for unit A, in degrees:

In the horizontal plane in the 3 cm band

The same, in the 10 cm band

Tn the vertical plane in the 3 and 10 cm bands

The same, for unit A3, in degrees:
In the horizontal plane
- In the vertical plane

The same, for unit AlO, in degrees:
In the horizontal plane
In the vertical plane
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3030-3090
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115
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34004300
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850+80
425%40
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0.75+0.05
20+3

2.25+0.25
2043
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The working diameter of the indicator screen, mm 400

Range scales (numerator) and the graduation interval

between the fixed range rings (denominator), in miles 1/0.25,
2/0.5, 4/1,
8/2, 16/4,

32/8, 64/16

Image scales on the screen of the indicator unit, on
the following scales:

1 mile 1:3,200
64 miles 1:598,000
Antenna rotational speed, r.p.m. 16

The "Okean-M" navigation radar has the following specific features:

a) The "Okean-M" navigation radar is a two band radar (3.2 and 10 cm) with
separate slot antennas and standardized drives;

b) A standardized indicator (I) is used;
c) A true motion unit has been developed (ID);
d) Redundancy is provided for units A, P, and I;

e) The autotracking system with the true motion unit is placed in the computer
unit V and provides for radar operation in a true motion mode. The relative
and true motion lines (LOD and LID [respectively]) are reproduced on the CRT
screen. The problem of passing ships can be solved for the case of any stabi-
lization. The relative or absolute speeds are read out as well as the range
and closest approach time by means of moving range rings and time markers

on the relative and true motion lines;

f) The range readout precision using the moving range ring has been improved
and its circuitry has been simplified;

- g) The operational stability of the transmitter has been improved through the
use of four probe pulse widths, as a function of the range scale;

h) The offset mode for the cursor sweep origin makes it possible to determine
the bearing from one target to another target and measure the distance between
them;

i) The phase sensitive rectifiers of the indicator have been standardized;

j) An exhaust system has been developed for the transceiver units using a
single fan;

k) The rerrite isolaters of the switches for transceiver units P3 and P10 have
been standardized;

1) The image brightness of the PPI sweep has been stabilized when switching
range scales;

m) The reparability has been facilitated and the possibility of manufacturing
radar units has been improved through changes in their structural design;
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Key to Table 5.5: 1. Equipment set number;

2. Decimal number of the radar station

3. Three-phase ship mains voltage, 50 Hz, volts
4, Equipment complement [units];

5. Installation set;

6. Spare parts, tools and accessories

7. Operational documentation

8. Power plant with start and regulating equipment, and

spare parts, tools and accessories

9. Power consumption from ship mains, KVA
10. Radar station weight, in kg

11. For ship power mains at 380 volts and 50 Hz:;
12. For ship power mains at 220 volts, 50 Hz:.

n) The radar has built in manual tolerance metering of the operability of
the assemblies, blocks and voltages of the transceivers;

0) The service life of the radar is 10 years; the operating life (operating
time until the ultimate status is reached) is 25,000 hours; the service life
between repairs is 5,000 hours.

Antennas

The antennas are intended for the directional transmission and reception of
microwave energy pulses with circular scanning.

Single band (unit A3, the 3 cm band antenna and unit Al10, the 10 cm band
antenna) as well as two band [unit A - two band antenna (3 and 10 cm)] antennas
are used in various radar equipment complements. The major technical para--
meters of the A3, Al10 and A units are given below:

The sidelobe radiation level in the horizontal plane
relative to the main lobe on both sides of the main
lobe, in dB, no less than:

In a range of 5° in the 3 cm band for units A3 and A 24
In a range of 5° in the 10 cm band for units AlQ and A 24
In a range of 15° in the 3 and 10 cm bands for units
A3, A10 and A 28
The voltage traveling wave ratio, no less than 0.5 -

Power mains for the motors of the antenna drives, three-
phase, 50 Hz, volts 220 or 380

Power consumption by the drive motors, in KV [31c], no
more than:

Unit A for a wind speed of up to 50 m/sec 1.5
Units A3 and Al0 0.9
Power consumption from the ship mains by the heating
elements, in watts, no more than ‘ 80
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Each of the units A3, Al10 and A consists of three majof assemblies:

1. A slot radiator (two radiators in unit A);

2. A rotating microwave junction: a single channel type in units A3 and Al0,
and a dual channel type in unit Aj;

3. The antenna rotation drive.

Units A3 and Al0 take the form of slotted waveguide radiators. The directional
- pattern in the horizontal plane is shaped by a system of slots in waveguide

sections, while it is shaped in the vertical plame by a horn. There are
adjustment bolts and inductive stubs on the back side of the horn of unit A3;
the position of the bolts and stubs is set when the antenna is set up at the
manufacturing plant and should not be disrupted during operation. There are
only adjustment bolts on the back side of unit A10. The polarization is
horizontal. '

The rotating microwave junction is mounted on a bracket in the lower portion
of the drive housing and takes the form of a waveguide to coaxial junction of
a button or probe type.

The rotation drive for units A3, AlO0 and A consists of an electrical motor,
a reducer, a rotating microwave junction, transducers for the remote trans-
mission of the antenna rotation angle to the indicator and computer units
as well as a start semnsor for the course marker generation channel in the
indicator units.

The antenna is rotated clockwise by an asynchronous three~phase motor through
a two stage reducer.

Power is delivered to the electric motor, depending on the equipment complement,
either through the starters of unit K2 (the two band equipment sets), or
through the starter of unit K1 (the one band equipment set).

There are two sine-cosine rotating transformers in the drives of units A3 and
Al0 to produce the plan position indication sweep in indicator unit I as
well as the azimuth gates in unit V [the computer].

The magnetically controlled electrical contact actuates once every antenna
- revolution, when the main transmission lobe matches the midline of the ship.

The heating elements and the ANTENNA DRIVE AND TRANSMIT switch are also
installed in the drive.

The heating elements are intended for heating the internal spaces of the drive
for the purpose of reducing humidity following long term downtimes of the

unit during the cold season of the year and under conditions of frequent
dewfall on the external surfaces of the ship.

- 245 -
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500060001-9



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500060001-9
FOR OFFICIAL USE ONLY

- The ANTENNA DRIVE AND TRANSMIT switch serves to break the power circuit for

. the electric motor of the drive and the heating elements, as well as the
interlocking in the power circuits for the high voltage rectifiers of units
P3 and P10 to prevent the possibility of transmitting microwave probe pulses
when performing repair and preventive maintenance work in the area of the
A3 and Al0 antennas.

Unit A contains two 3 and 10 cm band radiators similar to the radiators of
units A3 and A10. The microwave power is fed to the radiators through a
dual channel rotating junction. The rotational drive for antenna A is
structurally similar to the drives for units A3 and Al0. Four sine-cosine
rotating transformers are located inside the drive for unit A to transmit
the antenna rotation angle to indicator units I1 and I2 as well as the
computer V. The function and structure of the electromagnetic contact is
the same as in units A3 and AlO.

The radio frequency channels are intended for transmitting the microwave
power pulses from the transmitter to the antenna and the target return pulses
received by the antenna to the receiver.

Transceivers

The transceivers, units P3 and P10, are intended for generating and shaping

the microwave sounding pulses, as well as for the conversion and amplification
- of the target returns and the transmission of the latter to the indicator

and to obtain target blips on the CRT screen, as well as to the computer unit

V vo provide for the operation of the automatic target tracking channels.

The major technical characteristics of units P3 and P10 are given on page 179
and below:

The receiver intermediate frequency, Miz 60 + 2

Maximum amplitude of the receiver output pulse, in volts,

no more than 2.8+ 0.5
Pulse width at the receiver output on the 1 and 2 mile

range scales, in microseconds, no more than 0.35
Manual control range for the receiver gain, in dB, no

less than 40
Maximum time constant of the time AGC in microseconds,

no less than 100

Parameters of the negative triggering pulse incoming from
_ the indicator unit I:
Amplitude, volts
Width, microseconds, no more than
Rise time, microseconds, no more than

oru
INRCN
I+~
o
.
w

Receiver bandwidth, in MHz, no less than, on the following
range scales:
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1, 2, 3 and 4 miles 12
8, 16 32 and 64 miles 4.5+ 1.5

Power consumption from the 220 volt, 400 Hz mains, in VA,
no more than 900

Each of the P3 and P10 units consists of the transmitter (Figure 5.10), the
complement of which includes the magnetron oscillator MI, the modulator
block MOD, the submodulator block PM, the high voltage rectifier for the
transmitter VVP, the power supply and metering block PK, and the receiver,
which contains the microwave assembly SVCh, the intermediate frequency pre-
amplifier PUPCh, the intermediate frequency amplifier UPCh, the automatic
frequency control block AFC, the metering and control block KU as well as
the blocks of power supply rectifiers,

Units P3 and P10 include a number of components which are installed in racks
and which are not included in the complement of the blocks enumerated above:
a storage capacitor and charging resistor for the transmitter, a receiver

- protection discharger RZP, a ferrite isolator and switch, a block of emitter
followers EPS, etc.

The interconnections between the individual blocks is shown in Figure 5.10.

The "start transmitter" pulse is fed from the transmitter start generator
channel through the delay line of a block of emitter followers to trigger
the submodulator. A pulse with an amplitude of 1,000 volts and a width
corresponding to the range scale set in the indicator is generated in the
submodulator block.

The circuit of the block contains two channels:
1. The channel for generating the leading edge of the pulse;

2. The channel for generating the trailing edge.

The second channel is triggered through a delay line as a function of the
range scale. Each of the channels consists of a blocking oscillator (the
right half of a 6N1P-YeV vacuum tube) with a trigger amplifier (the left half
of the indicated tube). The output pulses of the blocking oscillators are
fed through cathode followers (a 6N1P-YeV vacuum tube) to the trigger ampli-
fier (the right half of a 6GMI-6 tube) and a TGI1-35/3 thyratron respectively.
- The leading edge of the output blocking oscillator pulse (the left half of
the GMI-6 vacuum tube) coincides with the start of the first channel pulse,
while the trailing edge coincides with the start of the second channel
t blocking oscillator pulse, and the width of the output pulse is governed by
the delay of the second channel start in the second delay line. The relays
which are controlled from the indicator switch this delay.

The pulse generated by the submodulator block is fed to the modulator block

MOD, which uses a GMI-7 tube. The cutoff modulator is first turned on and
the storage capacitor of the high voltage rectifier, the VVP, is connected to
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Figure 5.10. Block diagram of transceiver units P3 and P10.

Key: 1. KP3 (KP10) = units for monitoring the 3 cm (or 10 cm)
band voltage;

2. Protective discharger for the receiver;

3. Shutter;

4, IF amplifier mixer;

5. AFC mixer;

6. SVCh3 (or SVCh10) [3 cm (or 10 cm) microwave circuitry];

7. Mixer currents; .

8. Magnetron oscillator;

9. Magnetron oscillator current;

10. Modulator;

11. Submodulator;

12, Submodulator metering;

13. Power supplies;

14, Rectifier blocks;

15. AFC;

16. IF preamplifier;

17. IF amplifier;

i8. 16 KV metering;

19. High voltage power supply;

20. Submodulator start;
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Key [cont.]: 21. Emitter followers;
22. Triggering;
23. Time AGC 1;
24, Start transceiver;
25. To the indicator;
26. Oscillator;
27. Metering and control unit.

the magnetron. The width of the microwave pulse generated by the magnetron is
governed by the width of the subjodulator pulse.

In the intervals between pulses, the storage capacitor is charged by the VVP
block (16 KV).

The microwave pulses from the magnetron are fed through a directional coupler
to a ferrite TRANSMIT-RECEIVE isolator, which routes them through the radio-
frequency channel to the antenna.

The directional coupler is intended for transmitting part of the transmitter
power to the automatic frequency control system, the AFC, of the receiver.

The ferrite isolator-switch provides for the operation of the receiver

and transmitter using one antenna, and also protects the magnetron against
high power pulses reflected from ship structures and inhomogeneities in the
radiofrequency channel. The switch consists of a ferrite section with a
slotted bridge and a twin tee with a load.

The magnetron power incoming to unit P3 (or P10) is estimated based on the
width of the return signals from a tunable echo chamber of unit KP3 (or KP10),
which are observed in the form of a flare spot on the indicator screen.

The radial line of the flare characterizes the power potential of the trans-
ceiver. It increases with an increase in the transmitter power or receiver
sensitivity. The signal received by the antenna is fed through the microwave
channel, the ferrite isolator, and the receiver protection discharger to the
microwave block (SVCh3, SVCh1l0) of the receiver.

The gas discharger (RR-83N-T for SVCh3 and RR-0P-7 for SVChl1l0) serves for
additional attenuation of the probe pulse power which leaks through the
slotted bridge of the ferrite switch into the receiver. This pulse can
cause the receiver mixer diode to fail.

The transmitter is powered from a high voltage rectifier, the VVP, and the
three power supplies of block PK.

The high voltage power supply, in addition to the high voltage rectifier,
contains protective and voltage switching and adjustment components.

The VN-1500-0.025 rectifier block is designed as a doubler. It supplies the
plates of the output blocking oscillator tube in the PM [submodulator] block
and the screen grid of the GMI-7 tube in the modulator block. '
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The block of VN-800-0.01 and VN+250(110)-0.01 rectifiers power the tubes of
the submodulator stage and supply bias to the control grid of the modulator:

- There are test jacks for checking the pulse parameters and measuring the volt-
ages in the transmitter blocks, and provisions are also made for metering the
operation of the transmitter using meters in the KU [metering and control
block] and PK [power supplies] blocks.

The SVCh3 (SVCh10) block serves for converting the received SVCh [microwave]
pulses to the intermediate frequency, as well as for protecting the mixer
diodes Sm against the high power signals incoming to the receiver input from
other radars when the station is turned off.

Block SVCh3 consists of the following major assemblies: the electromagnetic
shutter, the K-714 klystron, the intermediate frequency amplifier mixer using
D405SB diodes, the AFC mixer using D405V diodes, a slotted bridge, and an
attenuator with a splitter and a block of slotted bridges.

The electromagnetic shutter covers the waveguide channel of the receiver when
the radar is shut down, and when the radar is turned on, it opens the channel
up and passes all of the received signals without attenuation. The shutter
takes the form of a waveguide section with a cross section of 23x10 [mm],

in the wide wall of whirh there is an electromagnet with a core. When the
radar is turned on, a voltage of 27 volts is applied to the electromagnet,

the core pulls in and opens the waveguide. At the moment the radar is cut off,
the electromagnet is de-energized and releases the core, which is pushed into
the waveguide by a spring and covers it.

A klystron with an internal resonator and a waveguide output with a cross
section of 23 x 10 [mm] is used as the local oscillator. The frequency of
the klystron is tuned after it is replaced or the magnetron is replaced by
means of mechanically tuning the klystron resonator.

Tuning the frequency in a range of 20 to 30 MHz during operation is accomplished
by changing the voltage applied to the reflector. The operability of the

local oscillator is checked based on the mixer diodes and resonator currents

at the control and metering panel.

Three variable attenuators are used in block SVCh3, one of which is inserted
in the channel for splitting off the probe pulse power to the AFC mixer,
while the two others are inserted in the channels for splitting off the local
oscillator power to the AFC and IF amplifier mixers. The attenuators provide
for the attenuation of the power in a range of 1 to 25 dB.

There are two mixers in block SVCh3, one of which converts the microwave
signals received by the antenna to the intermediate frequency, which is fed
to the IF preamplifier, while the other converts the transmitter signals
which are split off to the intermediate frequency for the operation of the
AFC block. ’
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Block SVCh10 consists of the following major assemblies: the klystron local
oscillator, the blocks of attenuators, and the mixers of the AFC and IF ampli-
fier channels. There is no magnetic shutter in the SVCh10 block. Its function
is performed by a diode limiter in the protective device for the receiver,
which is located after the discharger and which considerably attenuates the
influence of external signals.

The mixers of block SVChl0 which are designed around D408 and D408P diodes
perform the same functions as those in the SVCh3 block. A klystron with an
external toroidal rescnator is used as the local oscillator. The local oscil-
lator frequency is changed by means of changing a contact stub in the
resonator cavity, while the frequency is tuned during operation by changing
the voltage applied to the reflector.

- The variable IF AMPLIFIER MIXER CURRENT, AFC MIXER CURRENT and AFC SIGNAL
LEVEL attenuators regulate the power level fed from the local oscillator to
the AFC and IF amplifier mixers respectively as well as the level of the
probe pulse power split off to the AFC channel.

The intermediate frequency amplifiers (PUPCh [IF preamplifier] and UPCh [IF
amplifier]) amplify the received signal. The most important characteristics
of the IF amplifier and preamplifier channels are given below:

The Intermediate Frequency Preamplifier, PUPCh

Bandwidth at the 3 dB level, in MHz, for the following
range scales:
8 to 64 miles 4+ 1
1, 2, and 4 miles 18 + 3.0

Center frequency of the passband, in MHz, on the
following range scales:

1 to 4 miles 60 + 2

8 to 64 miles 60 + 0.7
Gain, in dB, no less than 17
Time constant of the time AGC, in microseconds 0.3 to 70
Current consumption, in mA, no more than, for the
following circuits:

+50 volts 40

-12.6 volts 30
Intermediate Frequency Amplifier, UPCh
Bandwidth at the 3 dB level, in MHz 14 + 2
Center frequency of the passband, MHz 60 + 1.5
Cain, in dB, no less than 10
Input signal range, in dB 40
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Maximum amplitude of the output signal, in volts,

no more than _ : 2
Maximum level of the echo chamber signal, volts 0.6 + 0.1
Current consumption, in mA, no more than 70

The intermediate frequency channel as a whole is characterized by the following
main electrical specifications: ‘

Center frequency, MHz 60
Bandwidth, in MHz, on the following range scales:

1 to 4 miles, no less than 12

8 to 64 miles, no more than 6
The gain when receiving weak signals, in dB, no less than 80
Output signal polarity Negative
Maximum amplitude, in volts, no less than:

0f the signal 2.0

Of the noise 0.3
Gain control Manual, and

’ Time AGC

The signals from the output of the mixer are fed to the input of the intermediate
frequency preamplifier, which is designed for time AGC.

The first stage is designed around a low noise 6S51N-V triode. The remaining
three stages are designed around radiofrequency 6Zh45B~V pentodes. A provision
is made for changing the bandwidth when switching range scales.

The gain of the IF preamplifier is adjusted by means of a time automatic gain
control circuit (VARU) [time AGC]. The time AGC voltage (negative) blocks

the receive channel during the time of probe pulse transmission (leak-through)
as well as during reflections from inhomogeneities in the waveguide-antenna
channel. In the subsequent time period, the amplitude and waveform of the time
AGC voltage is changed so that the level of sea clutter at the output of the
receive channel is compared to the internal noise level. The time AGC gene-
rator circuit consists of amplifiers for triggering the time AGC, designed
around 1T308V transistors, two blocking oscillators designed around 1T308V
transistors and an OR gate also using 1T308V transistors.

The time AGC voltage is obtained as a result of mixing the time AGC I and time
AGC 1T pulses in the OR gate. The time AGC I pulse reduces the receiver gain
during the time the probe pulse acts as well as the primary reflection from
the inhomogeneities of the antenna and the radiofrequency channel.

The time AGC II pulse varies the receiver gain with time in accordance with

an exponential law from a minimum value up to the nominal value in the zone
of exposure to reflections from sea waves.
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The eight stage main intermediate frequency amplifier, which is designed

around 6Zh45B-V vacuum tubes is intended for manual gain control of the

signals at the intermediate frequency as well as the detection and transmission
of these signals to the indicator.

Dual and single resonant circuit section bandpass filters are used in the
amplifier between the stages.

The amplified signal is detected by means of a D18 diode, amplified by a
video detector designed around a 2T602B transistor and fed through the emitter
followers of unit K2 (or K1) to the indicator.

In the two band radar set, the video signals are switched from units P3 and
P10 between indicators Il and I2 in unit K2,

Manual gain control is provided by feeding a voltage of -12.6 volts to the
control grids of the first three stages of the main intermediate frequency
amplifier in the IF amplifier block either from the GAIN potentiometer in the
intermediate frequency block of unit I [the indicator] in the "operate' mode,
or from the GAIN potentiometer in the KU block of unit P3 (or P10) in the
"check' mode.

In the two band radar sets, the switching of the gain control circuits of
units P3 and P10 between units Il and I2 is accomplished in unit K2.

The automatic and manual frequency tuning channel, the APCh--RPCh (see Figure
5.8), is intended for maintaining the difference between the frequency gene-
rated by the klystron and the magnetron equal to the intermediate frequency

of the receiver. This is accomplished by tuning the klystron frequency
through changing the voltage applied to its reflector by either the manual
frequency control, RPCh ("RPCh'" mode) or automatically (the “APCh" [AFC] mode).

The AFC--manual frequency control channel contains the AFC block, the AFC
mixer of block SVCh3 (or SVCh1l0) and the control and metering elements in
block P3 (or P10) as well as the elements in block PU [indicator comtrol panel]
of indicator unit I.

The AFC block consists of a four stage intermediate frequency amplifier using
6Zh45B-V vacuum tubes, a discriminator designed around a 6Kh7B-V vacuum tube,
a video amplifier using a 62h9G-V tube, a peak detector, a DC amplifier and
search oscillator using a 6Zh1l0B-V tube and an output cathode follower.

The major technical specifications of the AFC block are given below:

Discriminator frequency response:

Spacing between maxima, MHz 10 + 2
Zero, MHz 0.5 + 0.7
Slope, volt/MHz, no less than 70
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Sawtooth search voltage:
Peak-to-peak, in volts, no less than 20
Range, microseconds 0.6 + 0.4
The AFC block provides for the following operating modes:
a) Automatic search for the magnetron frequency;
b) Tracking the magnetron frequency;

¢) Manual frequency control for the klystron, accomplished from the indicator
control panel of the indicator unit I or block KU [metering and control unit].

TABLE 5.6
Deviation of the
Voltage from the
Nominal Value when Amplitude of the
the Mains Voltage Alternating Compo-
Changes by +5% or nent of the Output
B Rectifier when the Load Current Voltage, Volts,
Designation Drops to Zero, Volts No More Than Remarks
. VS + 300-0.05 + 0.6 0.06 -
VS-300(-255)~-
0.05 + 0.6 0.06 300 volts for P3
VS-12.5-0.025 + 0.6 0.05 255 volts for P10
VS-50-0.25 + 0.25 0.01 -
VN-12.6-0.08 - 0.01 -

The switching of the AFC--MANUAL FREQUENCY CONTROL modes is accomplished in
the AFC block, which is controlled in the "Check" mode by the TUNE AFC--
MANUAL FREQUENCY CONTROL toggle switch, which is located in the metering and
control unit of unit P3 (or P10), or in the "Operate" mode by the AFC--MANUAL
FREQUENCY CONTROL toggle switch, which is located in the indicator control
panel of indicator I. '

In the two-band radar sets, the switching of the control circuits for the
AFC--MANUAL FREQUENCY CONTROL channels of units P3 and P10 between indicators
11 and I2 is accomplished in unit K2 using the "3-11-10", "3-12-10" and
"Jl-master-I12" signals.

- The receiver is powered by the following blocks: VS+300-0.05, VS-300(255)-0.05;
V§-12.5-0.025; VS-50-0.25; VN-12.6-0.08.

The main technical specifications for the power supplies are given in Table 5.6.
The rectifiers of the VS+300-0.05, V$-300(255)-0.05 and VS-12.5-0.025 blocks

power the klystron, the manual frequency control circuits and the output
stages of the AFC block.
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The VS-50-0.25 and VN-12.6-0.08 blocks supply the plate circuits and screen
grid circuits of the IF amplifier and preamplifier blocks as well as-the
intermediate frequency amplifier of the AFC block, the time AGC circuitry
and the video amplifier of the IF amplifier block. This same block supplies
the 6.3 volts at 400 Hz for the filament circuits of the IF preamplifier,

IF amplifier and AFC block vacuum tubes.

- The receiver can be metered in its blocks through sockets and contacts intended
for checking the pulse and voltage parameters.

A provision in made for built-in metering of the operational mode using a

- meter in the monitor and control block, KU. The monitor and control block of
P3 (and P10) includes a meter, switches for the circuits being checked, and
controls for the unit. The monitor and control block is intended for measuring
the voltages of the rectifiers, the receiver detector in the IF amplifier
block, the amplitude of the time AGC pulse, the currents of the AFC and IF
amplifier mixer diodes, as well as the current consumption of the IF amplifier
and AFC blocks.

The power potential of the transceiver is monitored based on the pulse width
of the signals from the tunable echo chamber of unit KP3 (or KP10), which
are observed as a flare trace on the screen of the indicator unit I. The
power potential metering channel includes the KP3 (or KP10) unit and the
ECHO--CHAMBER toggle switch which is located on the indicator control panel
of the indicator unit I.

TABLE 5.7

Values of the Parameter
Parameter Designation Unit KP3 Unit KP10
Echo chamber sensitivity, dB/usec 7.5 4.8
Working band of frequencies, MHz 9,400-9,460 3,030-3,090
Electromechanical tuning range, MHz 35-40 35-40
Electromechanical tuning period, seconds 16 16

Frequency readout error, MHz, no more
than 5 5

Note: The indicated parameters of the units apply to any frequency in the
working band.

- Unit KP3 (or KP10) consists of an echo chamber and a mechanical tuning assem-
bly (MPK). The major technical specifications of the KP3 and KP10 units are
given in Table 5.7.
The echo chamber of the unit consists of a volumetric resonator with a tuning

piston, a detector section with a microammeter and a plotting board with a
graduated frequency graph.
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The mechanical tuning assembly of unit KP3 (or KP10) provides for the follow-

ing:

--Automatically tuning the resonator off of the transmitter frequency follow-

ing the completion of operation;

—-Continuous manual tuning of the resonator by means of reading the tuning

frequency;

—-Continuous automatic tuning of the resonator in a range of 30 to 40 MHz.

The mechanical tuning assembly consists of an electric motor, a reducer with
two graduated scales and the TUNING control, the OPERATE--OFF--MATCHING toggle
switch for echo chamber control and the MATCHED signal display. Power is

fed to the mechanical tuning assembly after the ECHO-CHAMBER toggle switch is
thrown on the indicator control panel of indicator unit I. ¢

Figure 5.11. External view of units P3 and KP3 (a), and P10 and

KP10 (b).

Key: 1. Submodulator block; 7.
2. Modulator block;

3. Power supply and 8.
_ metering block; 9.
4, Block of emitter 10.

followers;

5. High voltage rectifier;
6. Magnetron compartment;
11.

IF preamplifier, IF ampli-
fier and AFC blocks;
Mixers;

Receiver power supplies;

KP unit [test unit consist-
ing of echo chamber and
mechanical tuning assem-
bly];

Metering and control block.

The resonator of the echo chamber is tuned manually by the TUNING control in

the mechanical tuning assembly of unit KP3 (or KP10)
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frequency, based on the maximum deflection of the microammeter needle of the
tuning indicator.

In the case of remote tuning from indicator unit I, the chamber is tuned
automatically in a range of 30 to 40 MHz around the carrier frequency of the
transmitter. The power potential is estimated based on the maximum flare
spot on the PPI screen.

The transmitter frequency is measured from readings on the echo chamber scale,
which is tuned to this frequency by means of the graphs.

The echo chamber can be used to tune the klystron.

The power potential of the radar is monitored based on the length of the flare
(in miles) on the CRT of indicator unit I in the AFC mode. The nominal flare
length for each radar set is written in the data sheet. The duration of the
echo signal usually falls in a range of 11 to 17 usec for P3 and 17 to 25 usec
for P10.

The structural features of units P3 (or P10) and KP3 (or KP10) are shown in
Figure 5.11. The blocks of the units are housed in a welded cabinet, which
is divided by a horizontal partition. The receiver units are housed in the
upper compartments of the cabinet, while the transmitter is housed in the
lower ones.

The major electronic blocks of unit P3 (and P10) are made in the form of box
chassis, within which the electrical circuitry is concentrated.

The Indicator (Unit I)
The indicator performs the following functions:

a) Generation of the signals which synchronize radar operation;

b) Generation of the image of the radar situation based on the information
received from the transceivers, antennas, gyrocompass and log;

c) Display of the results of solving a collision avoidance problem, performed
by the computer;

d) Operational control and metering of the statiomn.

The major technical specifications of the indicator unit are given on page
179 and below:

Range swéep and PPI cursor nonlinearity, in percent,

of the greatest range of a band, no more than 5

Angular error in the PPI cursor and range sweep, in

degrees, no more than 1.0
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Mutual angular error in the cursor and range sweeps
within limits of three-fourths of the PPI radius,

in degrees, no more than 0.7
Error in the moving range ring, percent of the
greatest range of a band, no more than 1.0
Parameters of the transmitter triggering pulse:
Amplitude, in volts, no less than 5
Polarity Negative
Width, microseconds 1.5 + 0.5
Repetition rate, in Hz, on the following range scales:
1 and 2 miles 3,400
4 miles 1,700
8, 16 and 32 miles 850
64 miles 425
Video signal:
Bandwidth, MHz, no less than 14
} Amplitude, in volts, no more than 2
' Effective noise voltage, in volts, no less than 0.3
Polarity Negative

Power consumption from the 220 volt, 400 Hz mains, in
VA, no more than 570

The indicator unit I2 consists of the tube block TR, the orientation block OR
and the control panel PU (see Figure 5.9). '

The tube block contains the following: the synchronizer which generates the
signals which provide for the operational modes c¢f the radars (13 assemblies);
the scale chokes assembly (MDR), which incorporates a discharge network and
scale chokes for the cursor and range sweep; four phase sensitive rectifiers
of the generator channels and two rectifiers for the shifting of the cursor
sweep and main sweep; two switched amplifier assemblies (UKR) of the cursor
and range sweep tracking and generating channels; range (D) and bearing angles
(P) for manual control of the electronic cursor; two blocks of VN+12.6-1.5,
VN+20-2.5, VN+125-0.4 and VVI-15 KV rectifiers for powering the CRT of the
indicator unit.

The orientation block OR incorporates the electromechanical cursor and range
sweep stabilization and orientation elements, as well as the controls for

units P3 (or P10), the computer and the true motion unit.

The control panel PU contains the radar operating controls and the built-in
metering elements.

The sync signals control the transmitter and indicator operating modes and are
generated in the crystal controlled oscillator assembly (GKCh), in three pulse

- frequency divider assemblies (DChI), two sweep pulse generator assemblies
(FIR); a phasing pulse generating assembly (FIS), an advanced start generating
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assembly (FUS), a cursor shift and advance assembly (USV), a brightening ampli-
fier assembly (USP), a video amplifier assembly (VUS), a coarse range readout
assembly (GOD) and a precise readout assembly (TOD).

The layout of the indicafor I1 controls is shown in Figure 5.12.
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Figure 5.12.

The layout of the controls of indicator Il.

Key:
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11.

12.
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. CROSS LINES control;
. AK control;

K + AK scale;

. OPERATE--OFF toggle

switch;

AK ENTERED display
light;

OPERATE display light;

. LOCK-ON display light;

TRACK display light;

. PROBLEM SOLVED display

light;

RELATIVE MOTION LINE
display light;

TRUE MOTION LINE dis-
play light;
SIMULATION display
light;
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13. TRUE MOTION display light;
14. TRUE MOTION--V [computer]
switch;

Av ENTERED display light;
TRUE MOTION RETURN toggle
switch;

v + Av scale;

VOLGA control;

Av control;

1/0.25, 2/0.5, 4/1, 8/2,
16/4, 32/8 and 64/16 dis-
play lights, which signal
that the range scale is
turned on, and the NORTH--
COURSE STABILIZED display
light for the kind of
orientation;

BAND--D switch;

15.
16.

17.
18.
19.
20.

21,
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- Key [cont.]: 22. MILE scale; 36. "2" check switch;
23, 24, 25. FIXED RANGE RING, MOVING 37. "1" check switch;
RANGE RING, CURSOR controls; 38. MANUAL FREQUENCY CONTROL--
g 26. CURSOR SHIFT--CURSOR--CENTER A¥C toggle switch;
SHIFT toggle switch; 39. MANUAL FREQUENCY CONTROL
27. RANGE control; control;
28. ILLUMINATION 2 control; 40. "1" illumination control;
29, PRECIPITATION control; 41, BEARING control;
30. PRECIPITATION--OFF control; 42, NORTH--COURSE--COURSE
31. "4" check switch; STABILIZED toggle switch;
32. GAIN control; 43, 44, 45, BRIGHTNESS, FOCUS, COURSE
33. "3" check switch; MARKER controls;
34. Test meter; 46, ECHO CHAMBER toggle switch.

35. SEA CLUTITER control;

The elements for generating the visible image in the indicator unit can be
- functionally combined in several channels:

The channel for generating the reference voltages provides for the timewise
tying together of all of the processes in the radar. Included in it are the
following blocks: the crystal oscillator, DChIl [pulse frequency divider 1],
DChI2, DChI3, FIS [phasing pulse generator], FIR-D [sweep pulse generator for
the range] and the FIR-V [sweep pulse generator for the cursor]. The channel
for generating the range sweep brightening and width pulses generates the
range sweep width pulses for controlling the switches of the UKR-D assembly.
[switched amplifier for the range circuitry] to generate the forward range
sweep trace pulse and the course marker in the brightness amplifier assembly.
The channel is designed around the components of the range sweep pulse genera-
tor circuitry.

The channel for generating the cursor sweep brightening and width pulses feeds
out the pulses for controlling the switches of the cursor and the generation

of the cursor forward trace brightening pulse. The channel is designed around
the components of the range sweep pulse generator and brightness amplifier
circuits. The channel for generating the range sweep, RD, provides for the
generation of the main plan position sweep. It incorporates components of
units A (A3 and A10), the CRT blocks and the orientation block of indicator unit
I.

The cursor sweep generating channel generates the cursor sweep after the com—
pletion of the main sweep at the pulse repetition rate on the 1 to 16 mile
range scales and incorporates the components of the tube, orientation and
control panel blocks of indicator unit I. The principle for the generation
of the cursor and range sweeps in the '"Okean-M" radar is similar to that in
the "Okean'" radar.

In equipment sets with unit V [the computer], the cursor sweep generator channel

is used to reproduce the relative or true motion lines on the CRT screen. The
channel for shifting the range sweep center and the cursor sweep center provides
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for the simultaneous manual shifting of the centers of the range and cursor
sweeps. The channel is also used for the simultaneous automatic shifting

of the sweep centers in the "True Motion" mode and for the automatic shifting
of the cursor sweep center with a stationary range sweep in the "Relative
Motion Line", "True Motion Line" and "Simulation" modes. The channel for
shifting the range and cursor sweep centers incorporates components of the
control panel, orientation and CRT blocks of indicator unit T.

The channel for generating the cursor sweep shift pulses and advanced starts
produces the pulses for controlling the displacement of the cursor sweep in
the case of an unshifted range sweep, for the generation of the phasing pulse
in the SIU [?phasing pulse generator?] of the orientation block of the computer
unit, for the control of an interfaced "Ladoga" electronic indicator (EIS)

and "Volga" fishing fleet radio coordinator, as well as for the control of the
precision delay of the moving range ring generator channel. The channel
includes USV [cursor shift and advance] and FUS [advanced start generator]
assemblies.

The channel for generating the pulses to trigger the transmitter and the time
AGC circuitry produces the time AGC and '"Start P" transmitter triggering
pulses at a zero start pulse repetition rate and incorporates the components
of the FIS [phasing pulse generator] assembly.

The course marker generator channel generates the "Course Marker Brightening"
pulse train once every revolution of the antenna when the direction of radia-
tion of the antenna coincides with the midline of the ship. The channel is
composed of elements located in the antenna units (A3 and Al0) and in the
brightening amplifier assembly.

The brightening pulse amplifier channel (USP assembly) is intended for mixing
and a: >lifying the pulses incoming to the cathode of the CRT to brighten the
range sweep, the cursor sweep or the T0 markers of the computer unit and the
course marker.

The moving range ring generation channel produces a pulse, which following
amplification and inversion in the video amplifier, is fed to the CRT modula~-
tor and is observed on the cursor and range sweep.

The moving range ring pulses are generated by a dual readout device, which
incorporates components of the indicator control panel as well as the D [range],
TOD [precise range readout], GOD [coarse range readout] and VUS [video ampli-
fier] assemblies, an electromechanical contactless phase shifter with phasing
elements, as well as a potentiometer with scaling resistors of the range
assembly of the CRT block.

The dual readout device consists of the precise range readout circuitry using
the phase shifter of the range assembly and the coarse range readout circuitry
with the potentiometer delay of the GOD assembly. The fixed range ring
generator channel produces range calibrated pulses for the approximate
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measurement of distances on the CRT screen. The channel incorporates elements
of the intermediate frequency block as well as the FChI [expansion unknown] and
video amplifier assembly.

The video amplifier (the VUS assembly) is intended for amplifying the video
signals from the receiver of unit P3 (or P10), the fixed and moving range ring
marker pulses, the cross-lines where a computer unit is present as well as

the markers for a "Volga" radio coordinator which is interfaced to the radar.
The amplifier output is connected to the CRT modulator.

The power supply and control channel for the cathode ray tube includes the
controls and power supplies for the tube assembly block and the indicator
control panel.

Five blocks with unregulated rectifiers located in the CRT block are used to
power the blocks of the indicator unit: two VN+12.6-1.5 power blocks, a
VN+20-2.5 block, a VI+125-0.4 block and a VVI-15 KV block. Their technical
specifications are given in Table 5.8.

TABLE 5.8

OGo3anascnie BRNpAMKTENs Haupsaxeuunc, B coCTENANIOUCH NEIXOANOrO

L
Voltage, volts ‘ I\’muluryna nepeMentioh
wanpsxeuna, B, ne Goaee

Rectifier Designgtion

BHA:12,6-1,5 12,64:1,3 0,05
B1:20-2,56 20:)-2 0,01

BH125-0,4 126 12,5 1,7

125412, 0,1

- BBH-15 kB 15 000 1000 li_
400440
5 -
ey 150 v

Key: 1. Amplitude of the alternating component of the output voltage,
in volts, no more than.

The operation of the indicator unit I and its assemblies is monitored by means
of jacks for checking the parameters of the supply voltages and pulses. A
provision is also made for monitoring the operating modes of the indicator

and transceiver units using a meter in the indicator control panel block by
means of four monitor switches in this block. The operability of the trans-
ceiver is checked by means of the "I'" monitor switch.

The values of the supply voltages for the indicator unit are checked in posi-
tion "2" of the monitor switch; in position "3", the operability of the major
assemblies of the indicator is checked by measuring the DC component of the
pulses and voltages; in position "4", the switched amplifier and FChV [expan-
sion unknown] assemblies of the channels for generating and shifting the
center of the range and cursor sweeps.
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The blocks and assemblies of indicator unit I are structurally located on three
major support components of the chassis: the rack, which swings out below the
CRT block and which opens above the indicator control panel. The electro-
mechanical block of the orientation unit is mounted on the upper platform of

- the rack.

All of the electrical connections between the blocks and assemblies are made
by means of plug connectors.

The true motion unit is intended for realizing the "True Motion'" and "True

Motion Simulation'" modes in radar equipment sets without the computer unit,

on the 1 to 8 mile range scales and where the "North" and '"Course Stabilized"
- image orientation is set.

The true motion unit performs the following functions:

a) It generates the voltages for moving the center of the range and cursor
sweeps on the CRT screen of the indicator unit in the direction of the heading
and at a speed proportional to the ship's speed based on the data from the

log and gyrocompass;

b) It generates the return signal for the reorientation of the image on the
CRT screen;

c) Generates the voltage for the initial shift of the sweep center vertically
downward based on the return signal when the "Course Stabilized" orientation

is set, or shifts it in a direction opposite to the course, when the "North"

orientation is set;

d) Provides for working out the maneuver for safe passage of oncoming ships
using the simulation method.

The basic technical specifications of the true motion unit are:

-~The error in generating the speed components does not exceed 1% of the
maximum value;

—--The error in generating the course components does not exceed 1°;

—-The radius of the circle delineating the reorientation boundaries amounts
to 0.5 + 0.05 of the radius of the CRT screen.

The true motion unit takes the form of an electromechanical computer, composed
of assemblies and components of the computer unit V, which realize the "True
Motion" mode. The following assemblies are incorporated in it: PKS - the
speed and course conversion unit; the IPS - two speed projection integrators;
the ASI - the unit for automatically resetting the integrators. Also included
in the unit are two UI-16A amplifiers and a number of other components.

In the single band equipment sets, the true motion unit is connected directly
to the indicator. 1In the two band equipment sets without the K3 unit, the
true motion unit is connected directly to indicator Il. Where unit K3 is pre-
sent, it is possible to switch the true motion unit between indicator units Il
and 12.
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. The speed and course converter converts the data from the log and gyrocompass
concerning the speed vector from polar coordinates to cartesian coordinates
(the axis of the initial course K, i.e., the vertical axis of the CRT screen,
and the axis perpendicular to it), by means of a sine-cosine rotating trans-—
former coordinator and scales the result by means of MVT [?scaling rotating
transformers?]. ’

The integrator assembly converts the speed projection on the indicated axes

to voltages proportional to the route components. These voltages shift the

sweep origin in the direction and at a rate proportional to the speed of the
ship itself by means of shifting coils.

The automatic integrator reset unit generates the RETURN signal for the auto-
matic reorientation of the image when the center of the sweep intersects the
boundaries of a circle having a radius equal to half of the CRT screen radius
in a direction opposite to the course (the "North" mode) or vertically down-
ward (the "Course Stabilized" mode).

The image reorientation can also be accomplished manually.

The simulation of a maneuver is accomplished with a relative motion of the
target blips using the components which effect the "True Motion" mode, and
for this reason, the mode is called "True Motion Simulation".

Because of the persistence of the phosphor, traces of the relative motion of
targets can be seen on the screen, which make it possible to determine the
relative motion line. In the case of a dangerous relative motinn line, the
navigator using the entry controls for AK and Av changes the relative motion
line so as to determine a safe maneuver.

The true motion unit is constructed in a spray proof variant in a cast silumin
housing.

Unit K1 is incorporated in the complement of single band radar sets and is
intended for the following: turning the power plant on and off as well as the
drive motor for the antenna A3 (Al0), unit P3 (or P10) and the computer indi-
cator; feeding a voltage of ~27 velts to the radar units, which powers the
connecting elements, as well as a voltage of 24 volts at 50 Hz for a soldering
- iron and a lamp, for heating the drive of antenna A3 (or Al0); supplying a
voltage of -10 volts which supplies the antenna microcontactor; relaying the
branching interunit connecting lines (telephone, video signal, etc.); signaling
normal functioning of the power actuation circuits which actuate the ANTENNA,
TRANSCEIVER READY, PREHEAT display lights; coupling to the "Volga" and "Ladoga"
electronic indicator interfaces; and for metering the station operating time.

The technical specifications of the K1 unit are given below:

The output voltage, in volts, for the following load

current, no more than:
S A ' 27
0.7 A 24

10%
107
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Test video signals:

Amplitude, volts 2+ 0.5
Repetition period, microseconds 1-1.5
Width, microseconds - 300 - 2,200
Polarity Negative
Duration of the delay relative to the transmitted

pulse, microseconds 10 + 0.1

The equipment complement of unit K1 includes: the VN+27V-25A block; the EP2
assembly - emitter followers; and the radar set operational metering assembly.

Unit K2 is incorporated in two band radar sets and performs the following
functions: turning the radar units on and off and switching between them,
supplying voltages, and the other functions indicated for unit K1.

The technical specifications of unit K2 are similar to the characteristics of
unit K1.

The complement of the unit K2 includes two VN+27V-5A blocks, a EP1 assembly
of emitter followers, and a KRS assembly: a unit for monitoring the radar
set operation.

The K3 unit is included in two band radar sets in which a provision is made for
the capability of switching the true motion unit (or computer) from indicator
unit Il to indicator I2, i.e., to any unit which performs the functions of the
master unit.

The Computer

The computer (unit V) is intended for the following:

—-Solving problems of passing ships which come near and feeding out the solution
results and recommendations for maneuvering on the PPI screen in the form
of LOD relative motion lines or LID true motion lines with time markers on
them from which the relative speed v or true speed vy is estimated, as well
as the time to the closest approach point Ty;

--Assuring a true motion mode when the orientation of the image is set on
"North" or "Course Stabilized" on the 1 to 8 mile range scales.

The major technical specifications of the unit are given below:

Mean square error in calculating coordinates in the
"Track" mode, no more than:

With respect to azimuth, minutes + 18

With respect to range, m + 25
The computational error in the "Track" mode:

Of the relative course Ky, in degrees, no more than +3

Of the target course K., in degrees, no more than + 6

Of the course K or AK maneuver, in degrees, no more than +7

Of the v speed maneuver, in knots, no more than + 1.4
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The minimum solution time for the passing problem
(for the actuation of the PROBLEM SOLVED display light)
from the moment the "Track" mode is switched on, in minutes 2.5+ 0.25

The processing time for the maximum of the range and
azimuth mismatch in the "Lock-on' mode, seconds 10

Processing the coordinates of strobe centers in the
"Lock-on" mode, no more than:

With respect to azimuth, minutes

With respect to range, m

The MARKER T negative polarity signal in the "Track" mode:
Amplitude, volts 6+ 2
1

Relative width, microseconds .25 + 0.12
Initial shift voltage in the "True Motion" mode, volts 79 + 0.5
RETURN signal voltage in the "True Motion" mode, volts 82 + 2
Shift voltage in the "True Motion" mode, with precisions of:
With respect to speed, knots + 0.3
With respect to course, degrees +1
The characteristics of the MARKER signal are given in Table 5.9.
TABLE 5.9
Ampli- Repetition Per-
tude, Pulse Width, iod in a Pulse
MARKER Signal Volts usec, Train, usec
Normalized . 5+ 2 1.8 + 0.2 1,200 + 100
Cross-lines:
Angular component 5+ 2 0.5+ 0.1 1,200 + 100
Radial component 5+ 2 7+ 2 1,200 + 100
Radial component
(target in the
gate) 5+ 2 13+ 3 1,200 + 100

The Equipment Complement of the Unit. Computer unit V contains electronic
and electromechanical sections.

The assemblies of the electronic section of the computer unit V perform the
following functions.

The video signal normalizer (NVS) is intended for segregating the target video
pulse train from the noise background and normalizing these pulses with
respect to amplitude and width.

The synchronization and control circuitry (SNU) is intended for generating
such signals as the 81 KHz meander, the 50 psec pulse, the 81 KHz count pulse,
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the reset for generating Ty, the 200 usec pulse, the Ty GATE and TARGET IN THE
GATE .

The range error expander (ROD) is intended for generating the TARGET GATED and
ROD PULSES signals.

The coarse range readout circuitry (GOD) is intended for generating the approxi-
mate value of the current range to the target (the rough reading) and tying
the range gates to the PPI sweep.

The precision range readout circuitry (TOD) generates the pulse corresponding
to the current range to the target (the precise reading).

The cross-lines and range gates unit (PDP) generates the 1ST GATE RANGE, 2nd
GATE RANGE and CROSS-LINE R (radial component) and CROSS-LINE A (angular compo-
nent) signals.

The azimuth strobe generator (FSP) is intended for generating the STROBE
AZIMUTH and RESET AZIMUTH signals.

The time marker generator (GMV) generates the pulses for brightening the
relative or true motion lines on the CRT screen.

The bidirectional pulse counters (RSI's) are intended for counting a number
equal to the difference in the GATED VIDEO pulses located in the first and
second azimuth gates, as well as in the first and second range gates (RSI-1D
and RSI-2D).

The circuit for controlling the pulse counters (USI) generates the AZIMUTH
GATE CENTER, RANGE GATING and AZIMUTH gate signals.

The KOD assemblies are intended for converting the numerical azimuth error
(KPN-P) or the numerical range error (KPN-D) to an error in the form of a

400 Hz voltage corresponding to the bearing and range.

The tracking error amplifier (UOS) is intended for amplifying and scaling the
AP [A Azimuth] and AD [A Range] errors.

. The metering assembly and timing relays are intended for turning on the PROBLEM
SOLVED display light after the solution of the passing problem and the comple-

tion of the transient processes in the automatic target tracking systems.

Two VN+ 12.6-1.5 unregulated rectifiers generate a voltage of +12.6 V to power
the circuits of computer unit V.

The assemblies of the electromechanical section of computer unit V perform a
number of functions.

The log speed converter (PSL) converts the log speed data.
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The automatic azimuth tracking assembly (PA) is intended for generating signals
which determine the angular position of the gate in the "Lock-on" and "Track"
modes, as well as entering the course maneuver being simulated when playing
through safe passing situations.

The automatic range tracking assembly (DA) generates signals for the tracking
error block which determine the time position of the range gate of the auto-
tracking system.

The course and speed maneuver assembly (MSK) generates signals which define the
rotation angle of the relative or true motion lines on the CRT of indicator
unit I when selecting a maneuver for safe passing during the simulation of
situations.

- v Two speed projection integrators (IPS) produce components of the speed vector
Vox and Yoy in cartesian coordinates.

The automatic reset assembly for the integrators is intended for generating the

AUTORETURN signal.

The solution of a passing problem consists of several steps which are performed
sequentially.

In the "Lock-on" mode (step I), the operator sets the azimuth and range con-
trols so that the target which is being locked on to is located at the end

of the electronic cursor. With correct lock-on, the length of the radial line
of the cross-line is doubled, which indicates that one can change over to the
"Track” mode.

In the "Track” mode (step II), the integrators process the current position of
the range and azimuth gates. Simultaneously, the speed vector components V,y
and voy are calculated in cartesian coordinates.

Step IIL begins at the moment the transient process is finished in the azimuth
and range autotracking units, and the PROBLEM SOLVED display light comes on.

In this case, the course and speed maneuver unit, using the projections of

the v and v_ vectors, generates voltages in the "L,0D" [relative motion line]
mode wﬁich are’ proportional to the value of the argument (the course KO) and
the scalar value (the speed VO), while in the LID [true motion line] mode, it
generates the parameters for the true motion of the target K¢ and v,. The
time markers T, are generated at the same time. Thus, the following display

is reproduced on the CRT screen:

- —-The course of the relative motion of the targets KO (in the form of a rela-
tive motion line in the "LOD" mode);

——The true motion course of the target K. (in the form of a true motion line
in the "LID" mode);

—-The target tracking time TO to the point of closest approach Dy in the form
of dashed lines of a brightened true or relative motion line, the number of
which is proportional to Tg.
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The closest approach distance Dg is determined by means of the moving range
ring at the moment of touching the relative motion line. If the closest
approach distance is small (DO = 2 miles) and the bearing to the target is
constant or changes extremely little, and T, = 15 to 20 minutes, then the
navigator is obligated to carry out step IV in solving the collision avoidance
problem: determine the recommended maneuver for his own ship for safe passing.

The simulation of the maneuver is accomplished as follows. Using the AK and/or
Av controls on the indicator unit I, new values of the course and/or the

speed are set using the "K + AK" and "v + Av" scales so that the relative
motion line is tangent to or turns away from the previously established two
mile moving range ring. As a result of entering the simulated AK and/or Av,
the computer unit V supplies the recommended increments of the values AK and

Av to realize a safe passage.

Structural Features of the Computer Unit V., Unit V is made in a spray-proof
cast silumin housing, which is closed with a swing-out cover. Inspection
windows are provided in the cover to observe the scales for the bearing,
course, range and speed.

The electromechanical assemblies are secured on the inside on the cast frame,
while the assemblies of the 0S block are secured to the lower rotating frame.
The electrical connections are made between the assemblies in the unit by

means of screw-down terminals. The external cable entrance is realized through
windows existing in the bottom. The spray protection for the unit is accom~
plished using a rubber washer between the cover and the housing.

Recommendations for the Layout and Operation of the "Okean-M" Radar Units

The radar units and the power plant (with the exception of the antenna units
A, A3 and AlQ) are to be installed in closed rooms.

It is recommended that units A, A3 and AlQ be positioned so that there are no
shaded sectors. The units should be oriented in line with the STERN~-~BOW
indicator, located on the housing of the antenna drive.

The installation platform for the antenna should be parallel to the plane of
the true horizon with a precision of +1°.

In sets with two antennas (A3, AlQ), they are arranged oue above the other on
the midline of the ship. A stepped placement of the units on the midline of

- the ship or symmetrical with respect to it is permitted. The spacing between
the vertical axes should not exceed 3 m. The slotted radiator should be
spaced in hoight at a distance of no less than 1 m.

Units P3 and P10 should be placed in separate rooms in such a way that the
length of the waveguide channel does not exceed 20 m.

Units KP3 and KP10 are installed on top of units P3 and P10, where holes are
provided for the fastening bolts.
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Type, Cross-Section Hpoxnanws Cable Route
Homep Mapka, celucline,
KaGean uy
Cable No. m: or npno.upn ® n|n|.60py
L rom-units to—unit:
1 KIP3 3X% 1T cynonofi C(‘.TI‘i ) TIMM-2112
2 KHP3 4X2,6 [IMM-2112 ATO-4-400
3 KI1P3 3% 1,0 HPIT-14Y/3 K2
4 KHP3 2X6,0 ATO-4-400 K2
5 KHP3 7X 1,0 ATO-4-400 BPUI-143/3
6 KHDP3 7X1,0 MM-2112 (1 K2
7 KIHPd 3X6,0 [T cynonoil ceTh K2 gz)
8 KHPD 4X2,5 1IMM-2119 Benrnaatop npue
MOTeeAATIIKA
9 KHPD 3% 1,0 Ko 1o
10 KHP3 3X 1,0 KI3 "3
11, 12 PK-75-4-11 o K2
13 KHP3 2X6,0 nio K2
14 M3PIIIH-100 2X1,0 mo K2
15 M3PIUIH-100 12X 1,0 o K2
16 KHP? 12X 1,5 mnio . K2
17, 18, 19 KHP2 12X 1,6 A (3) B
20 IKHP3 4X2,5 Mpuson A K2
21, 22 M3IPIUH-100 12X1,0 n3 K2
23 KHPD 12X 1,6 3 K2
24 KHP3 2X6,0 13 K2
25, 26 PK-78-4-11 m3 K2
27 M3PIIIH-100 12X 1,0 K2 11
28 MOPINH-100 12X 1,0 K2 H
29 KHP3 2X6,0 K2 Hi
30 KIIPD 2X6,0 K2 "l
31, 32, 33, PK-75-4-11 K2 i
34, 35, 36 .
37 KHP3 2X6,0 K2 uz
38 M3PIIIH-100 12X 1,0 K2 M2
39 M3PUIH-100 12X 1,0 K2 H2
40 KHP3 12%X1,5 K2 12
41 PK-75-4-11 Mt M2
42 KHPD 7X1,0 upoxomnac (4 il
43 KHP3 7X 1,0 » 12
M KHP3 7X1,0 Jlar Log ut
45 K1P3 71,0 » 12
46 KHP2 7% 1,0 Tupoxomnac (4 B
47 KITP3 7% 1,0 JlarLog B
18 KHPI 12X 1,5 K2 ]
49 KHP3 3% 1,0 K2 K3
50 KHP3 12X 1,5 K3 m
51 KHP3 12X 1,5 K3 81
52 M3PILUH-100 12X1,0 K3 i
53 KHPD 12X 1,5 K3 12
54 KHP3 12X 1,5 K3 112
65 MIPIIH 100 12X 1,6 K3 12
56, 57 KIP3 12X 1,5 K3 n
58 MIPIITH-100 12X 1,0 K3 13
59, 60 PK-754-11 . K2 B
61 KHP3 12X 1,5 A B
€2, 63, G4 KITPY 12%1,6 K3 Ul
6Gh, 66, 67 PR-75-4-11 K3 Hi
8, 69, 70 MAPINIE-100 12X71,0 K3 2
71, 70,73 PK.75-4-11 K3 n2
74 KHP2 12X 1,5 K3 B
70, 76 MIPINIT-100 12% 1,0 K3 B
77, 78, 79 PK-75-4-11 K3 B
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- Key to Table 5.10: 1. Ship power mains panel;
. Fan of the transceiver;
. Antenna drive;

. Gyrocompass.

SN

Indicator I is placed in the wheelhouse and secured to the deck. The height
of the seat above the deck level should be about 120 mm. The rear wall of the
indicator should be separated from the bulkhead by a spacing of no less than
300 mm. The distance from a magnetic compass to the indicator unit should be
no less than 700 mm, otherwise these units should be separated by a steel
shield.

It is recommended that the computer unit be installed in the wheelhouse or
navigator's compartment and secured to a deck or bulkhead. The height of the
deck cushion should be 120 + 10 mm. The cable entrances are on the rear wall.

It is recommended that the true motion unit be located in the wheelhouse or
the navigator's compartment and secured to the deck or to a bulkhead. The
height of the base of the unit above the level of the decking should be 800
to 1,200 mm. The cable entrances are brought into the rear wall.

It is recommended that units K1 and K2 be installed in the wheelhouse and
secured to bulkheads. The height of the bases of the units above the decking
level should be 700 to 1,200 mm. The cable entrances are on the rear walls.

Unit K3 is located in any accessible room.

The power plant with the start and regulating equipment should be housed in .
the equipment room in accordance with MRTU 615-6853-63.

The interconnections between the "Okean-M" radar units are made using cables
of the following types: KNRE, MERShN-~100 and RK-75-4-11.

The length of the cables between the units should not exceed the following
< values:

100 m between units P3, P10 and the indicator unit I;
20 m between units located in the wheelhouse and navigator's compartment;

120 m between units A, A3, AlQ0 and the indicator unit, as well as the
computer unit.

The length of the radiofrequency cables should be the same in the two band
version.

The cable documentation is given in Table 5.10.

Technical Operating Rules
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The Power On and Off Control for the Units and Blocks. When the black button
is pressed for turning on the POWER PLANT power, the "Power Plant" light comes
on (see Figure 5.12).

All of the radar units are turned on (with the exception of the computer and
true motion units) using the following switches on unit K2 (or Kl1): INDICATOR

- 1-~OFF, INDICATOR 2--OFF, P3--OFF, P10--OFF, as well as the pairs of Al0 and
A3 pushbuttons with the indication shown by the corresponding display lights
of the units Il and I2: P3 READY, P10 READY, ANTENNA--3, ANTENNA--10. The
READY--3 and READY--10 display lights come on three to four minutes after
turning the transceivers on. When the OPERATE--OFF toggle switch is turned

- on, the OPERATE display light comes on.

The computer and true motion units are turned on automatically when the
appropriate mode is set on the master indicator. When only one indicator is
turned on, it must be set in the "Master" mode.

Operating Mode Controls for Indicator Unit I. The BRIGHINESS potentiometer
regulates the brightness of the CRT display. :

The NKD [fixed range ring], PKD [moving range ring], CURSOR and COURSE MARKER
potentiometers adjust the brightness of the fixed and moving range ring markers,
the cursor and the course marker respectively.

The beam of the indicator CRT is focused by means of the FOCUS control.

The ILLUMINATION-1 potentiometer regulates the brightness of the display
lights and scales located outside the viewing hood, as well as the MILES
counter.

The ILLUMINATION-2 potentiometer adjusts the brightness of the display lights
and scales found inside the viewing hood.

The ranges to the target of interest and the azimuth to it are measured by
means of the RANGE and AZIMUTH controls.

The Operating Mode Controls for the Radar. These include the NORTH--COURSE--
COURSE STABILIZED, TRUE MOTION--RELATIVE MOTION--SIMULATION, COMPUTER, CURSOR
and SHIFT CENTER switches.

The BAND--RANGE switch sets the requisite range scale with the appropriate
signaling on display 20 (see Figure 5.12).

The scale display light indicates the RANGE SCALE in the numerator and in the
denominator, the distance between the FIXED RANGE RING markers for the given
- range scale.

The distribution of the frequency bands between the indicators, and the setting
of one of them in the "Master' mode is accomplished by the following
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pushbuttons: 3--INDICATOR I1--10, 3--INDICATOR I2--10 and I1--MASTER--I2, which
are located on the subpanel of unit K2 under the lower door.

The SEA CLUTTER, GAIN, MANUAL FREQUENCY CONTROL--AFC and MANUAL FREQUENCY
CONTROL potentiometers adjust the operation of the receiver in unit P3 (P10).
The PRECIPITATION--OFF toggle switch turns on the short time constant circuit
for the differentiation of the video signals in the video signal amplifier of
the transceiver unit P.

The PRECIPITATION potentiometer continuously varies the time constant of the
differentiating network.

Switches for Monitoring the Parameters and Operability of the Units and Blocks.
The CHECK-1 switch monitors the magnetron current, the mixer current in units
P3 (or P10) as well as the operation of the rectifiers and assemblies of
indicator unit I in the first three positions. In the fourth position, the

- microamme er is disconnected, while in the fifth position, it is switched over
to switch CHECK~2, which by means of the microammeter makes it possible to
check the power supply of the unit and connect the microammeter to the CHECK-3
switch, Using the latter, one can check the operability of the CRT sweep

- assemblies and the test outputs for the low current circuits of the synchronizer.

The ECHO CHAMBER--TRANSMIT toggle switch turns on the echo chamber to check
the power potential of the transceivers.

The switches, toggle switches and microammeter of the KU block [metering and
control block] serve for monitoring the supply voltages and the major parameters
of the transmitter blocks.

Turning the Radar On and Off, Orienting and Adjusting It

The positions of the controls for the units prior to turning the radar on
(initial positions) are given in Table 5.11.

The radar in equipment sets having the K2 unit is turned on using the controls
located on it .a the following order:

a) Press and release the 220 volt, 400 Hz pushbutton to turn on the power plant;
in this case, the 220 volt, 400 Hz light comes on;

b) Using pushbuttons 3--INDICATOR 1--10, 3--INDICATOR 2--10 and INDICATOR 1--
MASTER--INDICATOR 2 located on the subpanel of the unit K2, distribute the
frequency bands between units Il and I2; set one of them in the 'Master" mode.
The circuit configuration chosen is reflected in the display light in the
upper part of the unit;

c) Set the I1 and I2 switches in the vertical position; in this case, the Il
and I2 display lights respectively should come on, and power is fed from the
power plant to units Il and 12;
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TABLE 5.11
‘ Initial

Units . Controls of the Units Position

K2 (K1) - INDICATOR 11--OFF; INDICATOR I12--OF "Off"
switches K

K2 (K1) P3--OFF; P10--OFF switches ' "OfE"

K2 (K1) TRACK toggle switch "Okean"

I OPERATE--OFF toggle switch "Off"

I PRECIPITATION--OFF toggle switch "off"

I SHIFT CURSOR--CURSOR~-SHIFT CENTER "Cursor"
toggle switch ,

I MANUAL FREQUENCY CONTROL--AFC toggle "AFC"
switch

I COMPUTER switch "Of£"

I NORTH~-CCURSE--COURSE STABILIZED toggle "Course
switch

4 I TRUE MOTION--RELATIVE MOTION toggle "Relative
switch Motion"
~ A3, Al0 TRANSMIT AND ANTENNA DRIVE switch - "on"
I TRUE MOTION--COMPUTER switch "Off"
KU TEST--OPERATE switch "Operate"

d) Set switches P3 and P10 in the vertical position. After three to four
- minutes, the READY P3 and READY P10 display lights are turned on, which means
that units P3 and P10 are ready for the "Operate'" mode to be turned on;

e) Push buttons A3 and Al0; in this case, the ANTENNA 3 and ANTENNA 10 display
lights respectively are turned on (in radar sets having antenna unit A, the
start-up is accomplished with any pair), which means that units A3 and Al0

(or A) are started.

The radar in sets having unit K1 is turned on using the controls located on it
in the following order:

a) Press and release the black 220 volt, 400 Hz button; in this case, the 220
volt, 409 Hz light comes onj;

b) Presé and release the black A button; in this case, the ANTENNA display
light should come on, which means that units A3 and AlO are started;

c) Open the cover of the front panel of unit K1 and set switches I and P in
the vertical position; in this case, the I and (after three to four minutes)
the READY P display light should come onj
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d) Using the operating mode controls of the indicator, set the requisite bright-
ness of the display lights and scales, brightness of the screen display and all
markers and check for their presence on the screen;

e) Check to see that the readings of the K + AK course and v + Av speed scales
match the readings of the gyrocompass and log repeaters with a precision of

+ 0.3° and + 0.2 knots; in the case of a difference in the readings, match them
up by pressing and rotating the MATCH COURSE and MATCH SPEED controls which
are located under the cover of block OR. This operation is also performed in
unit V [the computer] or ID [true motion]; ’

. f) Switch off the AK ENTERED and Av ENTERED display lights by rotating the AK
and Av controls, if they were turned onj

g) Set the OPERATE--OFF toggle switch in the "Operate" position, making sure
beforehand that the READY P3 (or P10) display light is on in unit K2, and the
READY P is on in unit K1; in this case, the OPERATE display light comes onj

h) Check the nominal readings of the meter in the PU [indicator control panel]
block in the following positions of the check "I" switch: 'Magnetron" (green
sector), "IF amplifier mixer" (black sector) and "AFC mixer" (black sector);

i) Set the SEA CLUTTER and GAIN controls in a position such that there is no
additional brightening of the screen by sea returns and the targets are clearly
observed.

To check the power potential of the radar on the "8'" range scale, it is neces-
sary to throw the ECHO-CHAMBER toggle switch of indicator unit I. A flare
trace from the echo chamber should be periodically observed on the screen in
the form of a lobe, the length of which must be measured by means of the

moving range ring and compared with the value indicated in the radar data sheet.

Check the readings of the MILES counter by means of matching the moving range
ring to the second stationary range ring. In this case, the counter should

read 0.5 + 0.01; 1 4+ 0.02; 2 + 0.04; 4 + 0.08; 8 + 0.16; 16 + 0.32 and 32 + 0.64
on the 1, 2, 4, 8, 16, 32 and 64 mile scales.

- Normal operation of the transmitter is monitored based on the magnetron current
if the "I'" monitor switch of the indicator control panel of indicator unit I
is set in the 'Magnetron' position.

During the operation of transceivers P3 and P10, individual breakdowns in the
magnetron and modulator tube are possible, which cause the transmitter overload
protection to actuate. In this case, the OPERATE display light goes out,

while the meter needle goes to zero.

To restore normal operation of unit P3 (or P10), it is necessary to throw the
OPERATE--OFF toggle switch to the "Off" position, and after four to five
seconds, again set it in the "Operate' position. If after turning the unit
on three or four times the OPERATE display light does not come on, one is to
troubleshoot and eliminate the defect in accordance with the instructions for
radar set operation.
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The major frequency tuning mode is AFC. Manual frequency control (RPCh) is
recommended in the case of failure of the AFC.

Manual frequency control is realized only in the case of returns from a target,
sea clutter or an echo chamber signal in the following order:

a) Set the AFC-—-MANUAL FREQUENCY CONTROL toggle switch in the "Manual Frequency
Control" position;

b) Rotate the GAIN and SEA CLUTTER controls clockwise to the stop;

c) Set the check "I" switch of the indicator control panel in the "IF Amplifier
Mixer'";

d) By smoothly rotating the manual frequency controls, establish--the maximum
brightness of the target returns.

The radar is turned off in the following order:

a) Set the OPERATE toggle switch on the indicator unit I in the "Off" position;
in this case, the OPERATE display is turned off;

b) Set the P3, P10 (or P), Il, and 12 (or I) switches on unit K2 (or K1) in
the horizontal position; in this case, the READY P3, READY P10 (o¥ READY P),
I1 and 12 (or I) display lights respectively are turned off;

c¢) Press and release the red A3, Al10 (or A), 220 volts, 400 Hz buttons on unit
K2 (K1); in this case, the ANTENNA 3, ANTENNA 10 (or ANTENNA) display lights and
the 220 volt, 400 Hz light respectively are turned off.

The choice of the image scale and orientation on the PPI screen is realized

by the BAND--D [RANGE] switch. The range scale which is turned on and the

distance between the fixed range rings are indicated by lighted numbers on a
display located above the screen (under the viewing hood).

When navigating in straits, skerries, along shorelines, in channels and when
coming into port and leaving port, it is recommended that the "1", '"2"  "4"
and "8" range scales be used [14].

As the ship's speed increases, the scales must be increased. A "ID" ["True
Motion"] mode is provided on these scales, as well as the possibility of shift-
ing the image center by one-half of the screen radius with relative motion by
means of the AK and Av controls.

It is recommended that the center shift be used in the case where it is desir-
able to have maximum information from one side of the ship while preserving
the scale being employed.

The "8" and "16" scales are recommended for navigation safety in the open

sea, since in this case, large and intermediate vessels are detected reliably
at the maximum range. At the same time, these scales have a sufficiently
large scale for the detection of small ships and objects close to the ship.
Operation in the "Computer' and "Cursor Shift" modes is provided only on these
scales.
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It is recommended that the ''32" and "64" scales be used only to determine the
ship's position where correctly identified reference markers are present at
ranges of up to 64 miles.

With normal refraction, the radar detects targets 200 to 1,000 meters above
- sea level at ranges of up to 32 miles.

With super-refraction, low lying shores, islands and other targets can also
be detected at the indicated range.

The choice of the image orientation on the PPI screen is accomplished by the
NORTH--COURSE--COURSE STABILIZED toggle switch. The set orientation mode is
reflected on the corresponding NORTH, COURSE and COURSE STABILIZED display
lights, which are located under the screen.

The "North" mode is recommended as the main one in the open sea and when navi-
gating near shore, where the radar is used to determine the ship's position and
determine the danger of approaching oncoming ships.

In the "Course Stabilized" mode, the image is oriented aiong the midline of
the ship and stabilized in a range of + 3° from the gyrocompass. This mode is
used when sailing in straits, skerries and channels, since the image is not
blurred with the yawing and turning of the ship.

In the "Course'" mode, the image is oriented along the midline of the ship. This
mode is most convenient when visually piloting the ship using large scale range
scales. A drawback to the mode is the smearing of the image when the ship
rotates and yaws.

The relative motion (OD) is switched on when the OD--V [RELATIVE MOTION--COM-
PUTER] switch on unit I is set in the "Off" position.

The azimuth is measured by the electronic cursor (EV) on the 1 to 16 mile

scales for all orientations, as well as ip the case of a shifted center on the
1 to 8 mile scales. ’

Azimuth measurement on the 32 and 64 mile scales is accomplished with the
"North" orientation only by the mechanical cursor (MV).

In the "Course" orientation mode, the course angle on the 1 to 64 mile scales
is to be measured only by means of the mechanical cursor.

The range in all modes can be measured by means of the electronic cursor and
the moving range ring. On the 32 and 64 mile scales, the range is measured

only by means of the moving range ring. An approximate reading of the range
can be made by means of the stationary range ring.

The measurement of the directions between targets on the 1 to 64 mile scales
can be made by means of the mechanical cursor.
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The precise measurement of the azimuths between targets, as well as the range
between them on the 8 and 16 mile scales can be made using the offset electronic
cursor.

The relative motion line (LOD) on the 8 and 16 mile scales can also be precisely
determined by means of the offset electronic cursor.

The true motion (ID) mode is possible in radars which have the computer and
true motion units incorporated in the indicator unit, on the 1 to 8 mile scales
in the case of the '"North" or "Course Stabilized" orientation. The true motion
mode is recommended for navigation in straits, channels, along shorelines,
between islands and when entering and leaving port. The smearing of the image
is prevented in the true motion mode and the identification of moving targets
is assured. 1In this case, the estimation of true speeds and courses of all
moving targets based on the trails their blips leave by persistence on the PPI
screen are relatively easily estimated.

The true motion mode can be switched on by preliminarily setting the following
controls on indicator unit I: the BAND--D [RANGE] is set to the '1", '"2",6 "4"
or "8" position; the NORTH--COURSE--COURSE STABILIZED switch is set to the
"North" or "Course Stabilized" position; the CURSOR SHIFT--CURSOR--CENTER SHIFT
switch is set the "Cursor' position. :

The moment the true motion mode is turned on, the center of the sweep is shifted
along the opposite course heading by a distance of half of the screen radius

and than begins to move along the course at the speed of ship travel for the
scale ¢ - the set range scale.

The limits of sweep origin motion are chosen from the condition of reliable
viewing and are determined by the moment of actuation of the autoreturn system.
The latter actuates if the sweep center is shifted by half of the radius from
the CRT center and if there is a change in the ship's course by + (175 + 5)°.

The sweep center can be shifted manually to the origin by means of turning
on the CHECK V [COMPUTER]--RETURN ID [TRUE MOTION] toggle switch to the "Return
ID" position. It is recommended that the manual return be matched to the point
in time which follows directly after the completion of the ship's maneuver.

The motion of blips from known stationary targets:indicates the drift of the
ship with the action of wind or current or the presence of an error in the
readings of the log or gyrocompass.

The AK and Av controls are used to enter course and speed corrections until

the blip becomes stationary. In this case, the true course and speed of the
ship relative to ground can be read out from the K + AK and v + Av scales.
Solving the problem of passing.an oncoming ship is accomplished by means of the
computer unit. For this, the controls are set in the following positions on

indicator unit I, which is switched to the "Master' mode: BAND--RANGE to
position "16"; NORTH--COURSE--COURSE STABILIZED to the "North" position; TRUE

-~ 278 -

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500060001-9



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500060001-9

FOR OFFICIAL USE ONLY

MOTION--COMPUTER to the "Off" position; and SHIFT CURSOR--CURSOR--SHIFT CENTER
to the "Cursor' position.

The target lock-on and switch to the autotracking mode are accomplished in the
following manner:

a) The COMPUIER switch of the indicator unit is set in the "Lock-on" position;

b) The CURSOR and CROSS-LINES controls are used to set good brightness of the
cross~lines at the end of the electronic cursor with each revolution of the
antenna;

¢) By turning the AZIMUTH and RANGE controls, the end of the electronic cursor
is matched up with the center of the near boundary of the blip of the target
being locked-on.

With proper lock-on, the length of the radial line of the cross-lines will
double.

The "Track" position is turned on at the point in time when the sweep approaches
the position of the cursor line at an angle of 20 to 50°. 1In the case of target
loss during autotracking, the length of the radial line of the cross-lines

is cut in half; in this case, it is necessary to repeat the lock-on.

During the automatic tracking process, one can use the electronic cursor to
determine the coordinates of other targets.

The moment the transient process is completed in the target autotracking system
is registered by the actuation of the PROBLEM SOLVED display light on the OR
block of indicator unit I.

After this, the COMPUTER switch is to be set in the '"LOD" [relative motion line]
position; in this case, the relative motion line of the oncoming ship lights
up on the screen and the LOD display light is turned on.

The distance Dy is determined by means of setting the moving range ring
tangential to the relative motion line. The time T; in minutes dis determined
by means of counting the number of markers on the relative motion line segment
from the blip of the ship being tracked to the tangent point on the periphery
of the moving range ring and multiplying the resulting number of markers times
6 minutes.

The true motion line (LID) of the ship lights up when the COMPUTER switch is
set in the "LID" position; the LID display light is turned on in this case.

The relative or true speed of an oncoming ship is determined using the T
markers for the relative or true motion lines respectively in the following
sequence: by rotating the RANGE control, the moving range ring marker on the
true motion or relative motion line is matched to the start of the second
marker (counting from the origin of the true or relative motion lines); the
readings of the MILES counter, multiplied by 10, correspond to the relative
or true speed of the oncoming ship in knots.
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If tg = 15 to 20 minutes, and D, = 2 miles, then in accordance with the Regula-
tions for Preventing Collisions at Sea and in line with the specific conditions,
it is necessary to determine the maneuver for the ship by means of simulation.
A maneuver is simulated with the COMPUTER switch thrown to the "Simulate' posi-
tion; in this case the SIMULATE display light comes on, and the relative motion
line will be indicated on the PPI screen.

Taking the particular navigation situation into account and using the AK and Av
controls, those values of the course and speed are chosen for which a safe
closest approach distance is assured. After this, the decision is made to
execute the maneuver.

By rotating the AK and Av controls, the AK ENTERED and Av ENTERED display lights
are turned off and the COMPUTER switch is set in the "Relative Motion Line"
position.

The observation of the new passing situation continues in this position after
the execution of the maneuver.

5.3. Specific Features of Marine Radionavigation and Radar Complexes

The major reason for the increase in the danger of collision is the increased
complexity of ship navigation conditions, which is due to technical progress
in the construction and development of the world-wide fleet. The increase in
the displacement of seagoing vessels leads to a degradation of their maneuver-
ing qualities and a limiting of the maneuvering area because of the increased
draft, which transforms the open sea into confined water routes.

The construction of new types of seagoing vessels, as well as the use of pro-
gressive methods for loading and unloading ships in port and the substantially
elevated specific share of the running time in the operating period have all,
along with the increased demand for sea shipments, led to a significant increase

in ship traffic.

The rise of the accident rate in the merchant marine, which is due to collisions
of ships at sea, leads to increasing losses of tramsport facilities and the
cargo being shipped, to the loss of crew and passengers and to ever increasing
contamination of the water environment.

Under the conditions which had come about by the beginning of the 1960°'s,
there arose the clear necessity for the creation of effective ship collision
warning systems (PSS).

The volume of necessary information which should be made available to the
pilot by any ship collision warning system during the process of passing one
or more ships was ascertained on the basis of a study of the visual manner of
solving this problem under conditions of good visibility.

Any ship collision warning system should provide the ship's pilot with four
kinds of information (four phases):
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1) Information on detected objects which threaten a collision or a dangerous
approach;

2) Information on the established headings of targets, since this governs the
use of the ship collision avoidance regulations;

3) Information on the evaluation of the safety of a course or speed maneuver
being undertaken by the ship itself relative to a dangerous target, as well as
relative to other ships, initially of no danger as regards a collision;

4) Information on the estimate of the passing dynamics to avoid a new danger
of collision as a result of maneuvering a threatening or other ship.

Under the conditions of the continuing growth in the traffic density on the
major maritime routes, the role of radar as a means of early detection of
targets representing a collision danger has increased significantly. Because
of this, specialists have set about a detailed study of the questions of
collision warning, specifically by means of radar.

The difference in the approach to the principles of processing radar returms,
the degree of automation and the form of the information presented to the ship’'s
pilot has led, despite the unity of the requirements placed on it, to the
appearance of various systems, the number of which now exceeds 25.

All of these systems, which reflect the effort to automate to a greater or
lesser extent the process of ship passing, can be broken down into two main
groups:

1) Systems with data storage which use various memories and which produce on
the indicator screen the trajectories of the passed motion of the targets;
either an endless loop of magnetic tape (the Marconi Predictor radar of the
"Marconi' Company) or a screen coated with a long persistence phosphor (the
unit of the "Kelvin Hughes" Company) or a digital computer (the '"Scan-100"
system of the "F8M Systems" Company [10]) can be used as the data store;

2) Systems which predict the position of targets at a certain point in time,
where digital computer processing and evaluation of the radar data is used

for these purposes; both a specialized digital computer (the "Digiplot" system
of the "Lotron Corp.") and a general purpose computer (the 'Compact" system

of the "GEC-AEJ" Company) can be used as the computer.

The complement of the majority of systems includes the fcllowing functional
blocks: ’

1. The radar - the main information sensor which provides for visual observation
of the target.

2. The situation indicator - usually a plan position indicator on the screen

of which the following can be shown: the alphanumeric data generated by the
digital computer as well as circles and vector linmes.
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The induced information usually takes the form of:
—The ordinal number of the target;
--The data of the autotracking system;

--The moving marker used for indicating the position and locking-on to a target
for autotracking.

The trajectories of targets, the relative velocity vectors and other forms of
data display are displayed where necessary.

3. The control panel - a unit which provides for the control of the system and
is directly tied to the indicator.

The operating mode of the system is set from a special panel of switches, which
is additionally used for entering and retrieving data, locking-on for auto-
tracking, manual tracking and simulating a maneuver.

4. The digital computer - a general purpose digital computer for the execution
of the computing operations needed for system functioning.

5. An interface block - a unit needed to match the digital computer to the
remaining system units. It includes such functional components as an alpha-
numeric data generator, a vector line generator, a data entry module, a system
synchronizer, an autotracking module and an indicator synchronizer.

6. The log and the gyrocompass are course and speed information sensors for the
ship itself, needed for system operation.

The following are incorporated in the system for the purpose of rendering the
maximum aid to the ship's pilot when solving a problem of passing:

--An autotracking unit which makes it possible to automatically track a target;

--A manual tracking unit which makes it possible to track a target "Manually"
under conditions of strong interference from an agitated sea surface;

--A trajectory generator, which serves to generate the markers for the past
- position of the targets;

--A unit for computing the position of the closest approach point, which makes
it possible to generate information on the distance and the time of closest
approach to the target;

--A safety ring generator, which generates so-called safety rings on the indi-
cator screen at a definite radius around the ship itself, which when these
rings intersect target blips, actuate audio and visual alarms, which alert
the ship's pilot to the presence of an oncoming ship in the zone being
monitored;

--A maneuver simulator, which makes it possible to evaluate the situation for
a certain in time ahead when changing the ship's own speed and heading, but
with the assumption that the course and speed of oncoming ships are constant;
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Figure 5.13. Block diagram of the "Briz-1" system [collision

"Decca" and '"Omega'';
Digital autocomputer;
Automatic plotter section;
From the navigation sen-
sors;

Radar complex;

Navigation complex.

--A true motion unit which makes it possible to obtain a true motion display

on the indicator.

Comprehensive navigation systems have been developed in recent years, an integral
part of which is the ship collision warning subsystem.

The "Briz-1" system is intended for solving the following problems [10]:

a) Automatic computation and plotting of the ship's route;

b) Determine the ship's position in geographic and route coordinate systems;
P P geog y

¢) Ship collision avoidance;

d) Solve applied problems in accordance with preset programs.
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The "Briz-1" system is broken down into three sets in accordance with the
structural configuration and the problems being solved (Figure 5.13): the
radar, the data computer and automated navigation systems.

Functionally speaking, the "Briz-1" systeﬁ is broken down into navigation and
ship collision warning subsystems.

The main data sensor for the ship collision warning subsystem:is the radar
complex, consisting of a two-band radar (3 and 10 cm), a PPI display and a
situation indicator, the IS. The primary radar and secondary graphic informa-
tion are displayed on the latter.

The radar complex provides independently for the following:

--The display of the surface radar situation on plan position indicators;

—-The measurement of the ranges and azimuth to surface targets on the PPI
display;

--The automatic detection of surface targets when they intersect signal rings
at ranges of 12.9 and 5 miles.

In conjunction with the data computer complex, the radar complex provides for
the following:

—-Automatic tracking of 12 surface targets where they are initially entered
manually and automatically in the case of autodetection;

—-Semi-automatic tracking of up to 3  targets where the overall number of
- targets which can be tracked runs up to 15;

--Generating the coordinates of the motion parameters, components -of the
approach to and the tracking of targets as well as their display in vector
and digital form;

—-The automatic identification of dangerous targets when they are tracked;

--Manually playing through a maneuver for passing by means of simulating the
course or speed of the ship itself with the display of the extrapolated
secondary information at the time the maneuver is completed;

--Automatically generating the recommended maneuver for the ship itself to
pass all of the targets being automatically tracked;

--Digital display of the coordinates, parameters of motion and components of
the approach to any of the targets being tracked at the selection of the
ship's pilot;
--Predicting the development of a situation with a lead time of up to 30 minutes.
The navigation subsystem incorporates independent navigation data sensors (the
dual mode "Vega-K" correcting gyrocompass, the "Sektor-K'" remote data trans-—

mission magnetic compass, timers, the "Ugra-K" induction log and the "Onega"
Doppler log) as well as nonautonomous units (the "Decca, "Loran" and 'Omega"
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radionavigation display receivers in a rack mount design as well as the "Rumb"
RDF).

The problem of automatically determining the ship's coordinates is solved by
means of the general-purpose computer and the navigation data transducers, in-
cluding the data from radar reference points. The entering of the raw data into
the computer is accomplished automatically from all of the transducers.

An autoplotter can be used in conventional and observational computation modes.
In the latter case, the position of the ship is continuously corrected auto-
matically based on radionavigation and radar data.

A provision is made for the possibility of determining the ship's position via
teletype. In this case, the attribute of the problem being solved and the
requisite initial data are entered in the data computer complex (IVK). The
results of the computations, along with the estimate of their precision, are
displayed on a digital display, printed on a paper strip and after pushing

a button, are transmitted to the route plotter.

By employing manual entry, one can solve astronomical problems more precisely
than by conventional techniques, as well as calculate the azimuth and determine
the range to a specified point via a rhumb line or a great circle route, com-
pass corrections, drift, etc.

The switching unit (PK) makes it possible to switch the 3 or 10 centimeter

band radar PPI display to the plan position indicator and the status indicator
at the discretion of the navigator.

The synchronization unit PS provides for timewise synchronization of the system
channels.
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CHAPTER 6. DOPPLER NAVIGATION RADARS

6.1. Specific Features of Doppler Navigation Radar Operation

The operational principle of the Doppler-Belopol'skiy radar system, as is well
known, consists in the fact that with the relative motion of a radar and a target,
the frequency of the received reflected signals does not remain constant, but
changes in accordance with a definite law. This property was discovered in 1842
by the Austrian physicist C. Doppler, and was confirmed experimentally for the
first time under laboratory conditions for light waves by the Russian physicist
A.A. Belopol'skiy in 1900 {17].

The amount of the frequency change indicated above depends on the velocity and
direction of the relative motion of the radar and the target, as well as the
wavelength (frequency) of the radar. A block diagram of the simplest doppler
radar (DRLS) is shown in Figure 6.1. The transmitter transmits probe signals in
the form of CW unmodulated oscillations at a frequency of f1. The frequency f2 of
the returns from the target which arive at the receiving antenna of the radar
will differ from the frequency f] of the probe signals by the amount of the so-
called doppler frequency Fp: f2 = f1 + Fp. The plus sign.corresponds to the-case
where the radar and the target are coming together, while the minus sign corres-
ponds to separation. ,

The attenuated probe signals and the received returns are fed to the receiver input,
a beat frequency at the difference frequency of f1 - f2 is produced, and following

detection, we obtain the doppler frequency at the receiver output, which is equal
to:

FD = f1 - f2 = ZVP/A

where vp is the radial component of the target velocity;
A is the wavelength of the radar probe signals.
If the wavelength is expressed in centimeters, and the radial velocity of the

target is expressed in kilometers, then the formula for calculating the doppler
frequency in Hertz will assume the form:

Fp = 55.6(VP/A).
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The doppler frequency expressed as a function of the direction of travel of an
object (target), located at point 0, can be characterized by the pattern in
polar coordinates which is shown in Figure 6.2 [17]. 1In this diagram, the radius
vector characterizes the direction of target motion, while the length of the
vector characterizes the value of the doppler frequency, taking the sign into
account. An increase in the doppler frequency is noted in the diagram with a
plus sign, while a decrease is noted with a minus sign.

The Doppler-Belopol'skiy effect causes the frequency spectrum of the reflected
signal to shift, something which can be illustrated graphically (Figure 6.3).

If one assumes that the probe and return signals take the form of a sinusoidal
oscillation of infinite duration, then the frequency spectrum is characterized by
a single spectral line.

A target approaching and going away from the radar causes a corresponding frequency
shift in the returns of from fmin = f1 - fp to fpax = f1 + Fp. Consequently, the
spectral lines will move along the frequency axis £ as shown in the figure.
Because of the fact that the reflected signal practically is an infinitely long
sine wave, as well as because of fluctuations in the effective back-scatter cross-—
section (EPO) of the targets, and in the beam scanning of the antenna and the
acceleration of the targets, the spectrum of the return will be somewhat wider

than shown in Figure 6.3.

Transmitter f1 Zﬁ £,
Nepedamuux \I
£y A
: . 4
Indicator Receiver P
Huduramap lpuemnuk 6
Fp Ff1-F2 f2 \: £,

Figure 6.1. Schematic of a doppler radar.

CW doppler radars are widely used to measure the velocity being made good by
aircraft, wind speed, the speed of motor vehicles, etc.

Doppler radars have recently begun to be widely used in ship navigation for
measuring the docking speed of ships. This is explained by the fact that the
appearance of large tonnage vessels, in particular, tankers with displacements

of 150,000 to 200,000 tons and more have made it necessary to take steps to
take steps to prevent damge when mooring such ships to a dock.
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Equipping ships with transverse thrusters, the use of docking tugs and similar
measures do not completely solve the problems. During mooring, the ship pilot
shauld have exhaustive information on the position of the ship relative to the
dock and the ship's speed. The visual methods of determining the ship's speed and
the distance to the wharf using objects on shore when docking large tonnage ships
which have been used up to the present time are becoming unsuitable. Many of the
existing docks cannot sustain a collision of 150,000 to 200,000 ton displacement
ship with it if the ship's speed exceeds 3 to 5 m/min. Consequently, it becomes
necessary to precisely measure the speed of the ship, which goes down to 0.5 to

1 m/min [12].

A block diagram of a doppler radar (DRLS) is shown in Figure 6.4. It contains

the following: an unmodulated CW microwave oscillator at a frequency of fg, GSVCh;
an isolator, RU; a directional antenna A; a mixer, Sm; a doppler frequency
amplifier, UDCh and an indicator. The sounding microwave pulses at fo pass through
the isolator to the antenna, and at the same time, following attenuation in the
isolator, are fed to the input of the receiver mixer.

The reflected signals at a frequency of fg + Fp are fed to the mixer input and are
mixed with the probe signal frequency f(. The difference frequency beats produce
a doppler frequency Fp at the mixer output which is amplified by the doppler

frequency amplifier stages.

A device which measures the doppler frequency serves as the indicator. Since the
radial velocity of the target v, and the doppler frequency are related by the
linear function v = Fp(A/2), the indicated indicator, a frequency meter, can be
graduated in velocity units (for example, meters per minute). In practice, when
using a doppler radar as a speed meter for the motion of targets, it proves to be
necessary to ascertain in which direction the target is moving relative to the
doppler radar, i.e., whether it is approaching or going away.

This task can be carried out in several ways. For example, using individual
filters which are tuned to frequencies of fg - Fp and fg + Fp, which fall on
both sides of the probe signal frequency fo [sic]. In the first case, the re-
flected signal frequency proves to lower than the frequency fg, and consequently,
the target is moving away from the doppler radar. On the other hand, in the
second case the frequency of the returns proves to above the frequency fg and
consequently, the target is approaching the doppler radar.

The sign of the doppler frequency can also be determined by the phase method,
by means of processing the received returns in a dual channel receiver, as shown

in Figure 6.5 [17]. 1If the target is approaching, then the output voltages of
channels I and IT will be expressed by the following functions:

Ey =L, cos(2nFpi-q)

£y =E, cos (QnFDl-}-(p-}-fzt—),
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where: Em'is the signal voltage amplitude;

. ¢ is a constant phase angle, which depends, for example, on the initial
- detection range of tbe object (target).

N s(F)

)
0 fi-Fp L ForeFy  F

=
Hy . .
Figure 6.3. Graph of the return signal
spectrum.

Key: s. The signal amplitude;
f. Frequency.

When the target is moving away from the
doppler radar, the output signal voltages of
Aae both receiver channels will be determined by
the following equations:

Figure 6.2, Pattern in polar E\=E, cos(2aFpt—Q)

coordinates. n
E, =E, cos (2nFDt - —-{) .

Key: 1. Doppler radar.

Thus, the direction of target motion is

determined by the lead or lag of the output
signal phase of channel II of the receiver relative to channel I. The indication
of target direction can be made, for example, by using a two-phase synchronous
electric motor. When measuring the output signal phase, the direction of
rotation of the electric motor indicates the direction of travel of the object
(the target).

6.2. The "Istra" Radar for Measuring the Docking Speed of Ships
The "Istra" unit is a doppler radar for the measurement of the docking speed of a
ship. The following units are incorporated in the "Istra" doppler radar set: the

radar (RL), the indicator (IP), the pedestal (T), the distribution panel (RShch),
the junction box (SYa) and the AT0-1-400 type power plant (AP) [12].
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Figure 6.4. Block diagram of a doppler radar.

Key: 1. CW microwave generator;
2. Isolator;
3. Doppler frequency amplifier;
4. Mixer.

Transmittef
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Channel II
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Figure 6.5. Block diagram of a dual channel doppler radar receiver.

Key: 1. Indicator with a synchronous electric motor.
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The radar unit is a speed frequency sensor and takes the form of a portable
doppler radar. The radar unit is structurall designed to be water proof and is
stored in the interior rooms of a ship in the packing box.

The indicator unit is intended for feed out information on the measured speed.
It is of a waterproof design and is permanently mounted on the flying bridge.

The pedestal is intended for the installation and mounting of the portable radar
on it. The pedestal unit T 1is mounted permanently on deck close to both sides,
at the bow, in the middle and at the stern of the ship. To connect the radar set,
the pedestal has a cable with a plug connector. The pedestal is equipped with a
rotating device having a clamp to aim the radar in azimuth and elevation at the
target. When the ship is underway the upper part of the pedestal (rotating
mechanism and the power cable) are covered with a protective cap.

The distribution panel (unit RFhch) is intended for connecting the units, monitor-
ing the power mains voltage and for the installation of the fuses. The units of
the radar are interconnected by cables run in the ship.

1 TABLE 6.1

I Number of Units in a Set

! Complement of Doppler Radar Units No. 1 No. 2 No. 3

i Radar 2 2 1
Mounting pedestal 6 4 2
Distribution panel 1 1 1
Indicator 2 2 0
Junction box 2 1 0
Power plant 1 1 1

The complement of units in the "Istra" doppler radar and the equipment set variants
are shown in Table 6.1. A block diagram of the connections of the units for all

of the equipment set variants is shown in Figure 6.6. As can be seen from the
Table and the block diagram of the connections of the units, there are no indica-
tor units in set No. 3. 1In this case, the speed is read out by means of the indi-
cator unit located directly in the radar set.

The radar set is a portable doppler radar, a block diagram of which is shown in
Figure 6.7, and contains the following elements: the radio frequency CW3-cm band
oscillator with a power of 10 mW using a Gunn diode; an isolator, which consists
of a directional coupler and a circulator, which provide for the operation of the
Doppler radar transceiver into a common antenna having a directional pattern width
of 6°, with a beavertail pattern; a dual channel receiver which consists of
mixers, Doppler frequency amplifiers and a test signal generator.
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Figure 6.6. Circuit configurations of the "Istra" Doppler
radar units.

Key: 1. Mounting pedestal;
2. Indicator;
3. Junction box;
4, Power plant;
5. Distribution panel;
6. Radar.
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Figure 6.7. Block diagram of the radar set.

Key: ‘1. Directional coupler;
2. RF generator;
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[Key to Figure 6.7, continued]:

3. Balanced mixer;

4. Doppler frequency amplifier;

5. Gravitational elevation angle sensor;
6. Speed measurement block;

7. Speed indicator;

8. Test signal generator.

Additionally, the doppler radar circuitry includes the following: a speed measuring
block, speed indicators and a gravitational elevation angle sensor. The receive
channels have a quadrature characteristic, i.e., when receiving returns from
approaching or departing targets, two identical doppler frequencies are produced

at the output of the receiver mixers having phase differences of +90° or -90°.

Following amplification, the doppler frequency is fed to the speed metering unit,
which contains a meter at the output which is graduated in meters per minute with
zero in the center. The deflection of the meter needle to the right corresponds to
the doppler radar approaching the reflecting target and the deflection of the needle
to the left corresponds to moving away from the reflecting target.

When measuring the speed at which a ship approaches the dock using signals reflected
from dockside structures, the signal pdwer level fluctuates greatly, and as measure-
ments have shown, can reach 30 dB and mere [12]. For this reason, the indicator
unit in the lattest models of the "Istra" doppler radar contains a logic circuit

for the analysis of the received signals. This makes it possible to improve the
operating reliability of the indicator and eliminate dropcuts in the measurement

of the docking speed of a ship.

To prevent errors in measuring speed which are caused by aiming the radar unit
during docking at a large elevation angle relative to the horizontal, a gravitation
elevation angle sensor is provided in the doppler radar circuitry having a potenti-
ometer which is inserted in the speed indicator circuit. When the radar unit is
aimed at an angle to the horizontal, the value of the sensor resistance changes,
correcting the meter readings.

The technical characteristics of the "Istra' doppler radar are shown in Table 6.2,
and for comparison, the technical characteristics of the similar TD1/1 doppler
radar produced by the English "James Scott" company [12].

Prior to docking, the radar units are installed on the bow and stern mounting
pedestals on that side where the ship will bte moored to the dock. If the dimen-
sions of the dock do not allow for measuring the docking speed from two points,
then the radar unit is installed on the mounting pedestal located in the center
part of the ship.
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TABLE 6.2

Technical Characteristics

The "Istra"
Doppler Radar

9.48

The TD1/1
Doppler Radar

Transmitter carrier frequency, GHz 14.1
Transmitted power, mW 10 10
Width of the antenna directional
pattern, degrees 6 6
Range of speeds which can be measured, 0-150, 0-30 and 0-30, 0-15
m/min 0-15
Speed measurement precision, % 10 -
€ircuit for improving the speed
measurement reliability YES NO
Operational range, mm:
Maximum 800 150-200
Minimum
Aiming angle of the speed sensor,
degrees:
In the vertical plane 10-45 45
In the horizontal plane 90 360
Error correction for speed measurement
when the radar unit is inclined in
the vertical plane YES NoO
information on the direction of radar
aiming on the indicator unit YES : NO

Operational monitoring of the radar
unit using a doppler signal
simulator YES YES
Electrical power supply From the ship mains Independent, from
through a converter storage badtteries

After turning the radar on and checking its operability, the operator aims the
radar unit at any object on the dock, which gives a good return signal in the
given direction, and reads the docking speed from the meter of the radar indicator
unit. Then, the data obtained on the course angle to the reflecting target,

the speed and its sign are relayed to the indicators of the indicator unit from
the two radar units, which provide for separate measurement of the speed of the
bow and stern of the ship.
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CHAPTER 7 MARINE INFRARED AND TELEVISION EQUIPMENT

The use of infrared and television equipment on ships significantly improves the
resolution of a number of navigation problems, prcvides for remote control

of machines, mechanisms and power plants and facilitates the monitoring of

their operation and the performance of loading and unloading operations.

Infrared and turevision equipment makes it possible to obtain additional
information for navigational purposes under conditions where the use of radar
is limited (observation in the blind area of the radar, during docking, or
going through locks).

Infrared night vision equipment makes it possible to observe the surrounding
situation on the water surface and on shore at night when there is no visibility
in optical instruments. This is especially important for ships navigating
rivers, through skerries, and narrow channels in a complex navigational
situation.

The inadequate range and considerable dependence on meteorological conditions
are holding back the application of infrared equipment on fishing and merchant
marine vessels.

7.1. The "Mgla' Infrared Night Vision Equipment

The "Mgla" equipment is intended for observing the surrounding situation on
the water surface and on shore at night in the absence of naked eye visibility
or visibility in optical instruments.

The equipment is installed on ships of the river fleet and provideL for high
quality readings and failure free service in a temperature range of from -10°
to +30° C. .

The "Mgla" infrared night vision equipment (Figure 7.1) consists of the PNV-1
infrared telescope 6, the M-45 infrared projector 2, the power supply 5 and
the synchronous contvol mechanism which provides for tracking the projector
in azimuth and elevation with the night vision unit.

The synchronous control unit incorporates drive &4 of the PNV-1 night vision unit,
as well as drive 1 of the M-45 projector and the remote coupling cable 3
between the unit and the projector.

The overall dimensions of the units and the locations for their installation
on a ship are shown in Figure 7.1.

The major technical data for the infrared night vision equipment are given
below:

Optical characteristics:
Magnification from 2.3 to 2.7
Field of view, degrees 14 + 5%
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Figure 7.1. The "Mgla" equipment and its mounting position on-
a ship.

Key: 1. Approximately 1,600 [mm] to the floor of the wheelhouse.

Objective focal length, mm 200
Relative aperture [F number] 1:1.65
Eyepiece lens magnification, degrees [sic] 5
Exit pupil diameter, mm 80
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Electronic-optical characteristics:

Photocathode Oxygen-
cesium
Resolution in the center, m/mm 24
Magnification from 0.57 to
0.67
Diameter of the working field of the
photocathode, mm 50
Working voltage, KV 18
Electrical characteristics:
Supply voltage, volts : 220
Power mains frequency, Hz 50
DC voltage, volts 24
Overall dimensions of the power supplies, mm 210x206x161
Telescope length, mm 836
Sweep radius, mm ‘ 125
Weight, kg:
Telescope 16.5
Power supply 4.5
Set in the packing : 65

Delivery equipment complement:
Infrared telescope
Power supply :
2RM22KPEChGZV1 insert
SShR20P2EG6 insert
Cover
Packing box
Stowage box (spare parts, tools and accessories)
Technical description and operational instructions
Service log

el el el el e

Operational Principle

The night vision unit is an infrared radiation receiver, where the IR radiation
is either radiated by the target or reflected from it.

The infrared telescope (Figure 7.2) is a monocular electronic-optical sighting
- unit, based on the principle of converting invisible (infrared) rays to visible
ones by means of an electronic-optical converter (EOP).

The infrared rays are projected by the six-lens objective 3 onto the photo-
cathode of converter 5, which converts the light image to an electronic one.
This image is then transferred to the screen and converted to an optical one
which is viewed by means of eyepiece lens 7.

The light filters 1 and 2 suppress the visible portion of the spectrum and pass
only the infrared rays into the instrument.
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Figure 7.2. The infrared telescope.

Protective glass 8 protects the parts and assemblies located inside the instru-
ment housing against moisture and dust.

An iris stop 4 is placed between the fourth and fifth lemses of the objective
to limit the entrance aperture of the objective in the case of excess illumina-
tion. The stop drive is coupled with a hinge to hand-wheel 10, by means of
which the aperture is stopped down.

The moving section of the instrument is the converter 5 and the eyepiece 7.
The high voltage is fed to the converter by means of cable 6, while the
negative charges are tapped off through contact 9.

The power supply consists of the following functional assemblies: the rectifier,
the voltage regulator, the self-excited oscillator and the high voltage recti-
fier.

When powered from the ship power mains at 220 volts, 50 Hz by means of the
low voltage rectifier, which is designed around a transformer and a bridge
circuit using diodes, a DC voltage of 24 volts is obtained. This voltage or
the same voltage of the mains is stabilized by means of regulators and a
transistor and is fed to the oscillator, where the DC is converted to AC. The
alternating pulsed voltage is stepped up to 10 to 12 volts [sic] by means of
a transformer and rectified using a selenium stack rectifier. A rectified
voltage of 17 to 20 KV is obtained at the output of the power supply, which is
fed to the electronic-optical converter.

Brief Instructions for the Installation, Mounting, Alignment and Operation of
the Unit

The night vision unit is secured to hanger 7 of the drive (Figure 7.1). The
drive provides for the rotation and inclination of the unit when aiming it
at a target, the fastening of the unit in the wheelhouse, as well as the
synchronous transmission of the position taken by the unit to the projector.
The housing of the drive 4 is installed on the roof of the wheelhouse and
fastened to the base with bolts.
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The synchronous orientation of the PNV-1 night vision unit and the M-45
projector is provided by a drive using coupling cable 3.

The structural design'of the drive makes it possible where necessary to take
the night vision unit down (slip down) f.om under the ceiling of the wheel-
house.

In the operating position, the PNV-1 night vision unit is lowered under its
own weight hy means of a hydraulic shock absorber.

The M-45 projector with the infrared filter is installed on the housing of
drive 1, the base of which is secured to the mounting on the roof of the
wheelhouse. The drive is controlled by the coupling cable.

The remote coupling cable 3 couples the horizontal rotation pulleys and the
vertical travel rods of the PNV-1 night vision unit and M-45 projector drives.
The coupling cable assembly includes the following: steel cables, thimble

) eyes, intermediate inserts for the coarse setting of the projector and unit

- positions, as well as rigging screws for the precise setting of the optical
axes of the night vision unit and the projector.

The guidance of the telescope is accomplished in the horizontal and vertical
planes by the synchronous control mechanism.

The brightness of the image is adjusted by stop 4 depending on the visibility.
When a bright light source falls within the field of view, ome is to work with
the light filter and stop the objective down to normal brightness.

It is necessary to keep the night vision unit clean and in good working order.
The external optical components may be cleaned only using the materials supplied
with the unit.

One must protect the PNV-1 night vision unit against shocks during operation

and transportation. The condition of the drying agent in the cartridges must

be checked no less than once a month. During the operational periud, care of
the synchronous control mechanism reduces to the timely tensioning of the
cables, checking the operation of the shock absorber and breaks, and lubricating
the vertical rods of the projector and night vision unit drive.

7.2. The "Gorizont" Marine Television Installation

The "Gorizont" marine television installation is intended for the following:

--A navigation aid for ship piloting (docking, checking and observing the course
when following a ship, going through locks, etc.);

--Observing loading and unloading operations in holds and on the deck;

--Remote observation of the operation of machinery, power plants and mechanisms;

--Remote monitoring and control of production processes in the port area.

- 299 -

- FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500060001-9



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500060001-9

FOR OFFICIAL USE ONLY

Depending on the quantitative complement of equipment units, distinctions are
drawn between the following: the "Gorizont" and "Gorizont-1-1" single camera
installations; the five-camera "Gorizont-2", "Gorizont-2-1" and "Gorizont-2-2"
installations [2].

The complement of the various equipment sets is shown in Table 7.1. Supplied
along with the units is a set of spare parts, tools and accessories, an instal-
lation set as well as cables and operational documentation.

The major technical parameters of the units are given below:

The interlace sweep standard:

Frame frequency 25
Number of lines per frame 625
Frame aspect ratio 4:3
Horizontal resolution, lines:
In the center, no less than 550
At the corners 450
Number of brightness gradations which can be distinguished,
no less than 7
Image size on the video monitor screen, mm 300x226

The automatic gain control attack time for a brightness
change of from 200 to 100,000 lux, in seconds, no more than 5

Maximum coupling line length, mm [sic] 500

) Continuous duty time in the operating mode, hours 24
Supply voltage, volts 220 + 22
Supply voltage frequency, Hz 50 + 2.5

Power consumption, KW:
"Gorizont~-1", "Gorizont-1-1"
"Gorizont-2", "Gorizont-2~1", "Gorizont-2-2"

- o
- O\

A block diagram of the "Gorizont-2" television installation is shown in Figure

7.3

The KTP--KTP5 transmitting cameras convert the light image to an electrical

signal.

The KTP-54 camera has a single objective optical attachment lens Wwith remote con-
- trol of the stop and focusing, with interchangeable OKS1-22-1, "Gelios-33",

"Yupiter-3" and "Yupiter-9" objectives.

The KTP-54-~1 camera has a dual objective optical attachment with "Gelios-33" and

"Yupiter-9" objectives, which are included in the set of attachments with remote

control of the focusing, the stop and can interchange objectives with a scale
change by a factor of 2.4 times.
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TABLE 7.1
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Figure 7.3. Block diagram of the "Gorizont-2" marine television installation.
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[Key to Figure 7.3]:

[VolNs - BENIN- NV, I LR OC R L e

Transmitting TV camera 1;
Interconnection block 1;
Main observation post;
Control console 1;

Video monitor 1;

Control and guidance 1;
Transmitting TV camera 2;
Interconnecting block 2;
Switcher; .

Driver and amplifier unit;

. Remote observation post;

. Video monitor 2;

. Connecting block 6;

. Control console 2;

. Transmitting TV camera 5;

. Control and guidance umit 5;
. Connecting block 5.

Figure 7.4. General view of the transmitting units.

Key: 1. KTP-54 or KTP-54-1
TV camera;
2. KTP-55 TV camera;
3. BS-25 connecting block;
4, UN-9 Guidance unit;
5. UN-6 Guidance unit.
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The KTP-55 camera has a single objective optical attachment with remote control
of the stop and focusing with interchangeable "Gelios-33", "Yupiter-3" and
"Yupiter-9" objectives.

The camera can be cited on the object being observed either remotely by means of
the UN-6 control and guidance blocks or directly by means of the UN-9 [control
and guidance unit 9].

The BS-25 and BS-28 connection blocks generate the supply voltages for the trans-
mitting camera and provide for the connection of a supplemental lighting source.

The video signal from the KTP1--KIP5 [TV cameras 1-5] is fed through the BS1--BS5
connecting blocks and the BK switching block to the amplification and driver
circuitry, the BUF. The composite television signal is fed via a cable to the
IVK1 and IVK2 video monitors for the playback of the image.

The PU-43 control console is used in the single camera installation and provides-
for the following: remotely turning the standby and operating modes on and off,
aiming the cameras at a target and focusing, stopping the objective down and
changing the objective (scale), as well as feeding out instructions for addi-
tional lighting and turning the back-up sync generator on and off.

The PU-44 control console is used in a multiple camera installation and provides
for switching the camers and performs the functions indicated above.

In a multiple camera installation with PUl and PU2 [control consoles 1 and 2], the
main control is conducted from the main observation post, the GPN. The same
picture is present on video monitor unit 2 of the remote observation post, the
VPN. In the on-duty mode, the main observation post, or when it is shut down, the
control of the installation can be realized from the remote observation post.

- The transmitting end units are (Figure 7.4): the KTP-54 (or KTP-54-1) television
camera, the BS-25 cornection block, and the UN-9 and UN-6 guidance units can be
placed on decks, superstructures on and on masts.

The receiving end units are (Figure 7.5): the PU-44 and PU-43 control consoles,
the IVK-40 video monitor, the BK-38 switching block, the BUF-6 driver and ampli-
fier, the BS-26 conmnecting block as well as the KTP-55 transmitting TV camera
should be housed in inside rooms.

The "Gorizont" installation is designed for applications under conditions of
haor-frost, sea fog, severe mechanical loads as well as magnetic and electrical
fields. All of the units can operate in a relative humidity of up to 98% at a
temperature of +40 °C.

The following types of cables are used for the connections between the uaits:
KMPVE-500 (7 x 1.5) between transmitting TV cameras 1 - 5 and guidance and control
units 1 - 5; TKOSV-37 between transmitting TV cameras 1 - 5 and connecting blocks

1 - 5 and the switcher; KMPVE-50 (30 x 1.5) between the switcher and control
consoles 1 and 2; RK-75-7-12 between the driver and amplifier unit and video

- 303 -

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500060001-9



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500060001-9

FOR OFFICIAL USE ONLY

Figure 7.5. General view of the receiving units.

Key: PU-44 control console;

1VK-40 video monitor;

BK-38 switcher;

BUF-6 driver and amplifier unit;
BS-26 connecting block;

Stand.

[« NG, I IR LI LR

monitors 1 and 2; KMPVE-500 (4 x 1.0) between connecting blocks 1 - 5 and video
monitors 1 and 2.
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