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PRSFACE /3

It is difficult to overestimate the importasnce of marine radar as s
means of safer and better navigation =nd sziling. In order completely
to utilize the technical adventages offered by marine radsr, the shio's
complement and radio specislists should have a good knowledg~ of the

equipment they use =nd the rules poverning its emoloyment, adjustment,
and servicing.

The new Kivach-1 and Kivach-2 radar sets can be used on small seagoing
vessels; they differ from older merine radar equipment by the faet thet
they are more reliable in operation 2t closer ronges a2nd have automated
anti~interference and controul systems. They incorporate novel and ingeni-
ous engineering concepts which will serve as a source of sreat interest
to radio specialists. -

If this booklet is used as a mznual for the operation, adjustment,
and repair of the radar equipment, it should be btorne in mind that with
the passgge of time new issues of the equipment may embody changes; they
will be reflected only in the service menuals that accompany the radar set.

The introduction and Chapters I, III, V, VI, -nd IX-1, IX-2, and X-1
were written by V. Ts. Fridman; Chapters II, VII, VIII were written by
V, M, Malyshev; Chapters IV, IX (except #IV-1, and IX-2) and Chapter X
(except #X~1) were written by V. V. Blinov. The ~roject was carried out
under the direction and editorship of V. Ts. Fridmen.

During the process of working on the manuscript the authors availed
themselves of the counsel of B. G, Simancvskiy, A. P. Kreyda, V. K. Illar-
ionov, Yu. B. Kraskovskiy, G. G. Cormen, Yu. N. Ladakin, A. A. Averkiyev,
M. S. Novikov, and V. L. Kupchik; for this, the authors extend their
sincere gratitude.

INTRODUCTION [

The Kivach-l =nd Kivach-2 navigation radar sets are designed to pro-
vide greater safety in sailing and navigating small displacement vessels.,
The sets can also be used as backup radar units on larper sized vessels.

The set operates as a circular scanning unit. It can be used for
observing ccastal outlines and surface objects, determining the position
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of ths ship with respect to coastal -nd: sea surface reference points, and
for getting the coordinates of objects (range and bearing). The Xivach-2
oiffers from the Kivach-1 in that when used in conjunction with a gyro-
compass it additionally provides sutcomatic oriéntation and imege stabiliza-
tion on the screen "with respect to the meridian" and makes it possible to
determine the bearings of objects a2nd the course of cne's own ship.

Basically, the Kivach-2 radar differs from the Kivach-1 in that it

contains a2 device for coupling in the gyrocompass and a system for switching
‘the presentation to operate "by course" or "by meridian.”

The set is so-designed that it can be operated by the ship's crew when
under way.

and-simple to control and adjust, and can be readily accomodated in ihe
radio shack of 2 small sized vescel.. ’

In circular scanning short duration transmitter oidses are radiated
as a narrow beem into space. Objecty encountered in the path of the beam

reflect a portion of the energy as pulse signals which are used to deter-
mine the: range and direction of an object.

The time of transit of radio pulses to a target and back depends on the
distance { A ) to the target. Since,the speed of proparation of radiowaves
{C) in space is constant (C ~ 3 x 10° km/sec), the time of pulse travel
is described by the following formula t = 22 /C, from which we get the
formila for range J = Ct/2. Thus, the range of an object is propertional

These sets are small, have low power requirements, are automated
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to the time t., On the radar indicator this time is measured by a special ZE 2

cathode ray tube which provides the target range informstion. The radislly
circular szan on the cathode ray tube screen.of the indicator rotates in
synchronism with the rotation of the antenna and, therefore, with the
movément of the radio beam in the scanning field. During the instants when
the objects are illuminated by the radio beam corresponding brightness
markers appear on the CRT screen. The distances of the markers from the
.center of the presentation, depending on the scale selected, represent the
range from the radar set to the objects detected. The directions to ‘the
target markers on the screen relative to the ship's course(course reference

markers) or to the meridian provide information concerning the relative
bearing or the true bearing of e target.

The following abbreviations have been adopted in the test of the booklet
and in other technical documzntation.

PJIC® « radar set P3TTI - ATR tube
CBY - superhigh frequency MA - range markers
BAPY - automatic time gain control BA - ranpe sighting ring

YIIY -~ intermediate frequency amplifier CK - self control

TK - control oscillator MY -~ frequency tuning

BCK - built~in control system KCBA -~ voltage standing wave
34T - cathode ray tube 4 ratio

CX -~ course narker K 3X ~ power characteristic
KY ~ relative bearing control
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4 y aa¢ - electromotive force T - pulse repetition period

e po U - voltage f - frequency of oscillations /6
F : F ~ pulse repetition frequency Of - passband

: T ~ pulse duration NNil- semiconductor devices

E ; JT1 - kit of speres, tools and 3BT1- electrovacuum device

4 accessories

The following positional designations of elements are used on the
schemztic diagrams: JI - tube; R ~ resistor; 0 - condenser; L - inductance;
Op - choke; To - transformer; YIT1 - semiconductor triede; M - semicon-
ductor diode; P - relay; I - control socket; VITT - metering device; M -
electric motor or selsyn; B - changeover switch, tumbler switch, blocking
contact; KH - button; LLI - plug type connector; IT - contact plate; P¥T -
discherger; M - electromagnetic shutter, electromagnet; Y - jumction point.

Egch electrical circuit in the set has an assigned number indicated
on the electrical circuit diagram and on the end of the correspording lead.
The leazds from the various instruments with similar voltages and part of
the same circuit are designated by the same numbers.

CHAPTER 1 il
PRINCIPLES OF SET DESIGN. STRUCIURE, CHARACTERISTICS,
AND OPERATING PRINCIPLES

I-1, STATEMENT OF THE PROBLEM

The conditions for operzting the navigation radar unit on small ships
are extremely unfavorable and include the following: 1limited space for
housing the equipment; low output capacity and instability of the onboard
power supply; insufficient height of radar antenna system, a fact that
reduces the range of target piclap; a greater degree of rolling and pitch-
ing by the ship with resultant lowered tactical characteristics of the
radar equipment; uce of the equipment in port sreas with dense marine
traffic in narrow passages and restricted channels which reguires images
~f sufficiently large scale with minimum dead zone and high resolution;
unfavorable conditions for housing the appsratus contribute to difficul-
ties of operation, especizlly in rough weather with attendant salt water
spray, wind, rolling and pitching, rain, vibration, etec; operation of
radar at sea is under the direct charge of the deck officer who oftentimes
lacks specialized training in electronics.

In view of the foregoing, the radar equipment should be characterized
by the following qualities: ruggedness of design with proper shielding;
reliabiiity and economy of electric power supply; simplicity and conven-
ience of installation, control and adjustment of operating efficiency, and

servicing; and efficient operation when the ship is rolling heavily, espec-
ially in the near radar zone,

Inevitably, contradictions such as the following arise in developing
a radar set of this type: between small dimensions snd equipment reliasbil-
ity; between automation of control, operating efficiency control, and
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equipment shielding on the one hand, end small dimensions end economy of
i power supply on the other hand; between the increased requireiments for
E equipment ruggedness and stability with respect to mecnanicsl and climatic
; izﬁiueﬁces on the one hand, 2nd small dimensicrs and reliability on the
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The most important requirement of thc -apparsbus -- smsll dimensions ---
excludes the possibility of utilizing large sized relizhle elements and /8
and units thet have been tested in practice; it limits the possibility
of greater dependability through reserves in mechanical strength, electri-
cal and temperature relief of radar elements and their redundancy, all of

t
which contribute to a more complicated piece of eanipment, i.e. more
< elements and stages.
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The number -of elements per unit volume increases in small--dimensioned
equipment. Here, the temperature inside the unit assemblies and instru-
mentation increases. Conszquently, the relisbiliiy and operating stability
of radar elemnt, espesially semicornductors, deteriorates. To overcome »
this situation, cooling ventilators are used in the larpge-dimensioned N
apparatus, as well as a variety of operation stabilivers and automatic .
tuning devices, In smalludlnens;onnd equipment meesures of this kind not
only mske the apparatus more complicated by introducing additional, un-
reliable elements, but 2lso contribute toward increasing its dimensions, - ;
make for poorer economy of the 2lectric power supply, and produce acoustic

noises. All these thihgs argue ageinst installing the ‘pparatus in the
navigation compartment,
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The lack of a spscially trained operstdor on the ship (the radar gear : ‘
is used by the navogator) calls cr the use of -automated. contiols, checks < :
on equipment operating efficiency, und protention uf pear against overload, ‘ b
all of which leads to greater complexity of tuve apraratus and, consequently, 3 &
larger dimensions and bigger power requirements. =

The very considerable mechianicul loads (operating snd limiling wind: : :
load velocities of 50 and 70 meters per second, respectively, and vibrations , ;
with an amplituds of up to 2.5 mm) call for creater snterna rotating motor : )
power and increased strength of equipmeist désign. This, too, leads to
increased dimensions, greater weight, and bigger power requirements.

The low antenna height of about five meters and the preater degree -
of ship's motion are responsible for the considerable losses in range .
and targe® detection prdliability owing to distortion of the antenns radia-
tion pattern in the vertical plane, smaller zone of direct visibility,
and flucinations in reflected signals because of oscillations in the
ancenna beam when the ship is rolling and pitching. To compensate for
these losses it is essential to increase the power characteristics of
the power unit, which, as we know, involves s more complex piece of

eouioment; it means increasing the power, and the dimensions and weight
2s well as lessened reliability.

)
Taking into account the vast number of small ships in the fleet as a ‘
whole, the radar equirment should be developed with a view to the economic
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and technological requirements of large scale productiony, including the
necessary unification of instruments and units nerforming similar func-
tions in the Kivach-1l and Kivach-2 radar sets, reducing the total number
of types and lowering the rated values of the constituent parts, main-
taining:normsl access to: the various elements, units, assemblies for /9
convenience in replacing or installi:g elements and in control and

adjustment work. All these factors limit the possibility of developing
small-sized ecuipment.
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Therefore, each of the foregoing contradictions couid not be fulfilled
in their entirety, and individual compromising solutions are in order.

I-2. FXINCIPLES OF DESIGN AND BASIC RADAR PARAMETERS

3 | Maximun range of detection. To obtain the necessary range of target
% . pickup. (up to 2y miles with an antenna height above the water surface of
; 5-10 meters) the radaz unit should have 2 power characteristic of about
3 170 db. Such .a characteristic is achieved, for example, in the Donets-2

: radar set by using a large antenns and s relatively powerful (15 kw)

transmitter, a magnetron, and modulatcr which is cooled hy a specisl blowing
system,

desirable to decrease the vertical dimensions of the: antenna and lower
transmitter power down to 7 kw after eliminating the need for cooling; and
to compensate for lossés in pulse power by increasing the frequency of
pulsing in the far zone, decreasing the receiver noise factor, providing

8 better match between the recaiver passband and the transmitter pulse

spectrum, as well as by optimizing the antenna beam in the vertical plane
with allowance for rolling and pitching..

’ It was found in the case of the Kivach type radar set that it is

Experimentstion with radar models at sea demonstrated that when the
main pulse is prolonged the reflecting capacity of targets increases
somewhat more than is generally accepted. For exarple, when the duration
of the main pulse is increased from 0,12 to 0,5 usecs the pesk power of
the reflected signal at the rzceiver input increases an average of 3 db for
a point target and 7 - 10 db for an eztended ccastal target. This clearly
demonstrates the desirability of increasing the duration of the main pulse
on the range scale where range resolution is limited only by the resolving
power of the indicator CRT. To get additional gain in the signal-to-noise

ratio in this case it is necessary to decrease the receiver passband
correspondingly.

For kmown radar equipment parameters, given a certain amount of ship
motion and a cértain coverage zone, there is a particular optimal antenna
beam width in the vertical plane at which maximum target detection pro-
bability is insured. In developing the Kivach radar set for a mean square
value of ship's roll of + 10° and a pitch of ¥ 3,5°, a relationship was
set up between the probability of detecting a target in a given detection
zone and the width of the beam. It was found here that the optimsl width
of the psttern in the vertical plane i3 zbout 250, This is greater than
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the figure for known domesiiically produced radar equipment -~ in tke f10
Donets and Don radar sets the width is 20°, In order to get a beam
widened to 25° it is necessary to have a smaller antenna dimension in

the vertical plane; this decreases the wind load, making it possibile

to reduce the power of' the drive mechanism.

Blind zone. This charzeteristic is 2 function of many parameters:
duration of the main pulse base, CRT indicator resolving power, image
scale, antenna height, width and inclination of 1its beam in the verticsl
plane, decouoling between transmitting and receiving circuits during
the generation and radiation of the main pulse, the passband and shape
of the amplitude and freouency characteristic curves of the receiver in
the input signal dynamic rznge, the recovery time of the receiver-amplifier
circuit (including the discharger) following the effects of 2 powerful
main oulse, the length of the waveguide channel and its voltage standing
wave ratio, synchronization stability of the scan relative to the main
pulse, and the power characteristics of the radar set (pulse power of

tranemitter, antenna gain, snd losses in the superhigh frequency channels).

In selecting a sufficiently short duration main pulse (0.1 usec at
the 0.5 amplitude level and 0.35 usec base) one of the obstacles to any
reduction in the vlind zone is the fact that the powerful videopulse of
the modulator is trained toward the receiver, which produces an inter-
ference at the receiver output of up to 0.6 usec duration., Careful shield-
ing of the modulator and blocking all its couplingg with filters made
it possible to eliminate this interference in the radar set. Another reason
is insufficient decoupllng between the transmitter and receiver on the shf
channel, chiefly in the antenna switch (it does not exceed 25 db).
Accordingly, ythe leakage of the main pulse (about 15 watts of nower)
ignites the flischarger, whose regeaeration time lasts several microseconds,
and thereby [impedes reception of the signal. After cllpnlng by the dis-
charger thi&s pulse of about 40 microwatts goes to the receiver imput, over-
loading it;and, as a consequence, it i. lengthened considerably (up to
0.5 usecs ) To decrease this elongation a pulse of special form is fed
to the receiver input in order to temporarily control the gain; this
decreasess the gain during the effective time of the main pulse following

which it restores the gain for the period of the varalyzing effect of the
dischargsr,

Sinice the range to the target is measured in the radar sct from the
moment of radiation of the pulse by the anténna (after the time of passage
of the:pulbe through the waveguide channel), the waveguide channel may be
regardjd as a delay line capable of reducing the blind zone somewhat.
Howeve/r, it has not been practically possible to get a travelling wave
coeffl.cient in the circuit over 0.8 - 0.9; hence, when the main pulse [11
travgls threugh the waveguide it is repeatedly reflected by the ends of the
cheagiel 8hd the interior disconfinuities. This tends to elongate the
main »ulse at the receiver input and therefore increases the blind zone.

It was determined through experimentation that the use of a 10-12
meter long waveguide channel permits reduction of the dead zone, In
this sense there was found an idesl channel length of five meters at
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which the dead zcne is reduced by avproximately six meters. Contributing N
to the reduction of the dead zone to less than 25 meters were the following:
exy. sion of the antenna beam in the vertical rlane to 25° use of the i
new 1, e 18JIM5B CRT with better resolution (about L00 spots per diameter) y ;
eularglng the image ‘scale on the screen-- off-centering the image on the ,
0/l mile range scale (fig. I-1) -- %o 30 mm on this scale (fig. I-2),- :
and developing a non-overloading logarithmic type receiver. ‘
oo e ey e v o 4w v somtmar =e  men rwreesery
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Fig, I-1. Image on the O,k mile Fig. I-2,
scale (water area of Kerch fishing
port - interference suppression
switch on)

Presentation off-centered
in the 0.4P mile scale (water area
of Kerch fishing port - interference
suporession switch on)

Resolution. The measures crployed to obtain a small dead zone include:
a short probing pulse, wide passband and non-overioading receiver, high
CRT resolution, and iarge scale image; all these insure sufficiently
high range resolution not in excess of 25 meters.,

[V CU I UV SN

Bearing discrimination is determined, bssically, by the antenna beam /12
in the horizontal plane. Its width in +he Kivach=-1l radar set is 1.7°
and side lobe attenuation is not less than 25 db. The image center is
off-centered on the 0.4 P mile scale to improve the resolution in the
near zone; by means of this off-centering procedure the angular dimensions
of the target markers observed near the center can be reduced. An operating
regulstor of the salient point of the discriminator video amplifier ampli-
tude curve is provided to improve resolution and mgke for better observation
of signais sgainst an interference background, This device makes it pos- \
sible to sharpen the pezks of target echoes.

B R b

Target determination accuracy. In the case of small vessels 2 suffic- %

iently high degree of accuracy is necessary to determine the coordinates,
especially in the near zone,
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1 In the Kivach radar set the spacing accuracy (standard deviation) of
: the renge scale markers is within 0.59. An adjustable ranre sighting ring
operating betweer zerc ani the maximmum renge of 2L miles is used to provide
greater accuracy in rsnge measurement in tae markers and to establish the

A ' boundaries of danger zones on the screen when the vessel is sailing *hrough
e nNarrow passages.

LAt e A

The radial-circalar sweep shaping circuit is designed with two fixed
deflecting coils with permanent magnets for centering and focussing the
sweep. This insured quiet operation, imoroved indicator stability and
reliability of operation, and contributed toward reducing its dimensions.
In this case, the maximum error in the transfer of bearing angles from
the antenna and of the chip's course from the gyrocompass to the indicator
do not exceed one degree. The accuracy (standard deviation) of deter-
mining directions of the target is also not over one degree. Offsetting : =
the image center on the maximum scale ~llows of greater accuracy in measur-

ing directions by visually halving the tarpget marker and thus reducing X :
the error factor.

~
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Space scanning. Thne equipment is capable of scanning space in a cir- . ;

cular manner within the limits of O to 24 miles. The largest im=ge size, 1

which conforms to the conditions of use of radar eqvipment on smsll ships, } !

is provided on the 0.4 mile scale. The moderate scan rate of 17 turns per ' ;
minute used in the Xivach set is adequate to provide information in time ) :
in the case of slow-speed, small displ~cement vessels. Taking into account :

the wind loading, such a scan rate is convenient for the small radar units. ’ N

It permits the use of low power motors of sbout 50 watts for roteting the ‘ i

i
sntenna, znd it allows of a greater number of palses accumilating on the .
indicator when 2 target is illuminated, therecby increasing iarget detection
probability.

The new type 18JIMSB cethode ray tube produces a clear image with im-
proved brightness (over 300 nits).

/13

Invulnerability to interference. One of the most important character- '
istics of this radar set is its invulnerability to ses clutter and atmos- i
pheric precipitation. Efficient radar equipment funciioning is especially
important in rough seas and in poor visibility.
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Automatic time gain control is widely used in foreign and domestically
manuf~ctured marine radar sets as an interference killing feature.
However, this system has-some considerable drawbacks which hinder its use
by the navigator. ATGC is a programmed system and is anot autematically
regulated. It operates independently of the direction of the antenna '
beam, whereas the intensity of reflections from surface waves is governed '
by the position of the wave front to the direction of the beam; during -
a single turn of the antenna this intensity mey change 5 to 10 db or rore. ;
Depending on the intensity of the sea clutler, the automatic time gain con-
trol is set manuaily. It requires thet the cperator have a certain amount
of skill and that he have some knowledge of the approximste position of
the targets obscured by the clutter. The operator must exercise extra E :
care and attention since there is the chance of suppressing useful reflected ‘
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Signals with an amplitude only slightiy above that cf tke clutter level.
Therefore, the gain control requires constant tuning while in operations
and calls for a highly skilled operator. #lso, there is every danger of
getting a poor quality echo even where sea clutter is not oresent.

Furthermore, automatic time gain control does not insure sgainst interfer-
ences due to atmospheric precipitation.

In searching for ways to improve on invulnerability to interference,
much work was done on comparative evaluations of the following interference
suporession systems: automatic time gain control and other automatic gain
controls such as high speed automatic gain control, noise zutomatic time

gain control, and instantaneous autometic gain control; pclarization
methods and logarithmic receivers.

Calculstions and experiments for determining the effectiveness of
polarization methods of protection against interference at sea and during
rainstorms demonstrated that circular and lateral polarization (cross
polarization) of radiation in marine radar sets can offer a gain of from
5 to 10 db in the signal-to-noise ratio with respect to rsin comnared
with linear (horizontal) volarization of radiation, but actually it does
not provide protection against reflections from ocean waves and snow.

In that case there is a reduction in the effective radar operating range
owing to decreased reflecting capacity of targets and losses in the polari-
zer (by L~5 db for circular rzdiation snd & tc 9 db for lateral polarization
in the effective radar operatine range), snd the antenna system tends to
become more complicated. Of the remaining automatic systems, the mest
accepted and efficient means of cvrotection against interference by sea [lh
waves and atmospheric ptecipitation is the logarithmic receiver with a
dynamic band of logarithmic amplitude characteristics within the limits

of from =20 to + 80 db relative to the inherent noise level of the receiver.

Experiments carred out in the Sez of Azov and the Black Sea during
rainstorms confirmed the efficienc of the logarithmic receiver with a dif-
ferentiator as a means of protection against ocean clutter and stmospheric
precipitation interfereuces even in 2 radar set with relatively high
resolution (1like the Kivach), but in this case the coutrast of the overall
image and the vieibility of elongated sloping objects (shorelines
deteriorated. In order to increuse the amount of image contrast in the
Kivach radar set the logarithmic characteristic following the differentiator
is restored aporoximately to that of linesr with the aid »f a special
enti-logarithmic video amplifier. The amplitude characteristic of such a
video ampiifier produces an antilogarithmic effect in the dynamic band
by O - 10 db relative to the level of the inherent receiver noises (it
corresponds to the dynamic band of the brightness indicator)., Deteriora-
tion of the image of elongated objects in the sbsence of interference can
be eliminated by disconnecting the differentiator with the switch on the
radar set control vanel. In this case we preserve the advantages of a
linear receiver with respect to range of target pickup 2nd insure operation-
21 effectiveness and automation of control (the radar set is switched
%o autoratic interference suppression by means of a single tumtler switch).
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To attenuate false echoes from the antenna side lobes end to reduce the
dead zone, the Kivach radar set has a stationary time gain control {of a ¢
special form), when cperating on interference suppressien, which excludes
extra gain in the near zone; this extra gain is present even when receiving B
signals from objects with minimum reflecting surfaces (boats and the like).

Radar control. Since the officer in charge of a small ship cannot devote
much time or attention to the matter of tuning and operating the set, it is
important to simplify to a maximum and automate the process of control.

It is essential to reduce the total number of operating control elements,
especially those calling for tuning, which require the constant, sttention
of the operator, in addition to special oualifications and the requisite
time to.do the tuning work., Instead of tunable regulators it is desirable
to use "Yes-No" type switches or push buttons.

By automating the process of control (switching the interference sup- :
pressor, automatic frequency tuning, etc) and stabilizing the operating i
modes to get better quality imeges on the screen, it was possible in the ‘
Kivach equipment to reduce the overall number of operating control elements
down to five (not counting the bearing and range cursors or coupling to
gyrocompass); only one of these elements -~ the discriminator -- is tunable.
The radar system and control panel (scales, control and signzlling elementis,
sighting systems, image scales, etc) were designed with an eye to engineer-
ing psychology and technical aesthetigs. For example, tarough the operation .
of sighting to determine the direction of a target marker on the Kivach-2 415
radar indicator, the operator can simultaneously read off his own course,
the relative bearing, and the true bearing of the target.

R 1 -
P

Instruments contained in the ship's radio shacks do not contain struc- '
tural sources of acoustic noises. The light signals in the controlsystem .
give the operator information about the voltage in the electrical system, !
whether the power converter and transmitter are switched on, the type of
range scale set, and the intervals between the range markers.

e

Control of radar set operating efficiency and its reliability. A small ;
ship handler without special radio engineering training cannov perform
auality service repair work on a2 radar set with standard metering equipment
as it is done in the case of other navigational radar sets. Furthermore,
in the smaller sized sets access to the various elements and units that
have to be checked for electrical snd operating characteristics is difficult
and unsafe, especially since the checks have to be made with the set in
operating condition. This impedes the work of the base specialist. In this
case only two structural solutions are possible: either do not plan on
rep~iring the apparatus while at sea, or develop 2n uncomplicated, though

automated, built-in system of control, which would allow the ship's officer
readily to seek out and correct 2 malfun,tion.
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As a result of a merrked reduction in time dedicated to search of N
melfunctions, the automated system of control has the effect of increasing ' p
equipment relisbility inasmuch as its readiness factor increases (the 3
probability that at any given moment the equipment is ready for operation), %
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According to results of factory tests the Kivach radsr set has a 0.99
readiness reliability fsctor and a .95 reliability during 2ny eight-hour
watch.
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On the basis of information contained in tle radar screen even in the
absence of targets, by taking into- account the iimiting conditions of
their detection in the scanning zcue, the criteria for resolution; and '
accuracy in determining coordinates, it is possible to formulate The
reguirements cf a control signal to insure complete automated control of
radar functioning. In the general case e ship's navigational radar system

should insure the solution of two tactical problems: detection of various
objects or targets and deteramining their position.

The following husic, tactical parameters should be within the limits
of tolerance in a normslly functioning radar set for the resolution of
these provlems: the field of view; the maximum r age of detection;

minimna rauge of detection (dead zone); range and bearing discrimi..stiong
and accuracy in determining range and bearing.

s e o Y A NI WIS

/16
It is compiicated process to measure these elements directly and czlls
for special radar testing conditions (a range) snd radar targets, reference
equipment whos: position and radar characteristics are precisely known. ‘
In this comection, uncomplicated measurements and checks of engineering
parameters of individual parts meking up the radar equipment are ordinarily
empioyed both in the equipment fabrication stage and during operational use.
Of the several parameters which govern the powe’r characteristics of the
radsr set and on which the range of varget detection depends, the following
-are checked! mean transmitter power, antenna gain, tuning the receiver %o
transmitter frequency, the repetition rate and duration of mzin pulses,
sensitivity and receiver passband, sisbility of sutomatic frecuency control,
scanning speed, etc. Control of one complate parameter such as the radar
power characteristic is accomplished indirectly means of a post-operational
check of a multiplicity of individual parameters. This is not convenient
inasmuch as it increases the production control cycle, raises the probabili-

ty of missing the defec’, increases the overall contrel error, and calls
for highly scecialized servicing.
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Therefore, in the concluding stage of groduction control, in neriodic E
and acceptance tests of radar equioment, as well as during operational
uge it is desirable to check the radar set for system functioning as a
whole. In this case, it is nocessary to control, at least approximately,
the basic tactical parametiwrs of the radar set on the "within-not within"
standards basis, v ing some equivalent target which can simulate the soic-
tion of a radar problem, namely, detecting and determining the position
of a target, This problem shculd be resolved with a radar indicator, i.e,

under c¢onditions of observation which are identical with operating conditions
when observations are made of rcal targets.
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A circulsr scanning visual brightness display unit is usually employed
as the indicstor in surveillance radar equipment, hence the general

information as to the functioning conditions of & radsr unit can and
should be obtained by observing the display unit screen.
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control conditions, it is possible, even in the absence of externsl objects
of information i.e. targets, to obtain contrcl information sbout the
following: circular scanning of space by the radial circular motion of

the sweep on the screen and the uniform iliumination of the whole screen
by noises; -bout the range image scale by the presence and number of

scale masrkings used to read off the distance; zbsut the direction scale by
the presence and position of the bearing mariker of own ship -~nd the absence
of ellipticity in the rznge scale circles. /17

To obtain complete information on the disnlsy unit screen as to the
functioning of the radar system in all of the =bove tactical parsmeters,
the control system should, in adéition to the informa2tion available on
the screen (in the absence of targets), simulzte 2z point ecuivalent of the
target with a control signal that should satisfy definite criteria.

To check the maximum range of detection, the control signal should satis-
2y the following requirements.

1. It shoxld have mz2in pulse varameters (pulse duration, wavelength,
repetitio; frequency, number of pulses per nackei) such as to oroduce
power conditions equivalent to real condiii~ns in the reception, amplifica-
tion, and accumulation of the con‘rol signal. This mskes it possible to
control the tuning of the receiver channel by the automatic frequency con-
trol system, the gain, receiver and video amplifier vassband, and the
storags capacity, resolution, and the indicator capacity of the CRT.

2. It should disappear (or diminishbelow tolerance) when the power
characteristics of the radar system are reduced below set tolerance values,
i.e, it should devend on the retio of pulse power radiated by the antenna
tc the tureshold sensitivity of the receiver.

As a2 control of the minimal range of detection, the control signal
should satisfy the requirements set forth under points 1, 2, and 3.

3, It should be located and picked up near the brunds of the radar
system dead area adjacent to the main pulse.

To control the range resolution and accuracy of determining the range,
the control signal should s.tisfy the requirements of points 1, 3, and k.

L. The range (delay) of the control signsl shsuld be kmown precisely
beforchand and recorded. The requirements of points 5 and 6 should be met
to control bearing resolution and accuracy in determining bearing.

5. The shape of the control signal pulse packet envelove should be
determined by the radar antenna radiation pattern, i.e. the width of the
control signal merker on th~ screen should be a monotonic function of the
width of the antenna patiern in the horizontal plane.

6. The contrsl signal should produce a msrker on the display unit

phe diraction of which should be fixed relstive to zero (crurse merker) »nd
known beforehand,
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In the Kivach radar set the "nrint" e-uvivalent of the target =nd its

position with resnect to range #nd cirection is simul-ted by means of »
control device ‘the schematic diagram of which is showm in fig. I-3.

The control device consists of the fixed control antenna 2 for /18
receiving a portion of the energy from the radar main pulse (in accordance
with points 1 ond 5) when the antenna beam 1 of the surveillance
radsr is directed toward the control antenra, the high frequency delay
line 3 for the fixed deisy of the control signel for the time (range)
corresronding to the radar system dead area (»ccording to points 3 and k),

a techological attenuator l for setting (calibrating) the necessary
threshold attenuation of the control signal (in -accordance with point 2)
and the directional coupler 5 for feeding in the control signal to the
common signsl input of the receiver.

”M%MH@%& to receiver

Fig, I-3. Schematic diagram of device for control of radar system
power characteristics

The control antenna is set at a certain fixed bearing angle (according
to point 6). Its radiation pattern and distance from the circular scanning
radar antemna is so selected as to insure the necessary radio communications
with the control antenna and to exclude the distorting influence of the
latter on the radar antenna radiation pattern.

In a properly functioning rudar system the received control signal
18 observed on the radar screen as an archcd brightness marker with previous-
ly known coordinates. In the absence of a control marker on the screen (if
the power curve and radar dead area have extended outside permissible
limits), and changes *n the position or shape of the control signal marker,
the operator obtains information about sny impairment in the functioning
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of the radar set from the zpprooriate tactical parameter. [}9

The radar sntenna, the wsveguide channel 9, and the rotating junction
10 are controlied only in the direction of transmission of the main pulse,
but this has no theoretical importance in the oualiity of control since
the efficiency of these elements in transmitting and reception are the same.
The control signal is fed to the receiver, bypassing antenna switch 8
and receiver discharger 7. This excludes signal ottenuationin the dis~
charger during its period of regeneration and makes it possible to utilize
a smsll sized cable with relatively low specific attenuation os a delay
line 3. The receiver circuit is protected during contrsl with an electro-
magnetic screen 6 which is usually present in a radar set to attenuate
the radar signals or interferences.

In the methed of control discussed, conformance of ‘ndividual radar
parameters that determine the power characteristics (transmitter power,
antenna gain, etc) to 2 standard has no significance, as is 2lso true in
operation. I} is important that the power characteristics of the radar set
as a whole correspond to a standard (it is possible that deterioration ol

some power parameters are compensated for by the presence of a reserve’in
others).

Since the operator utilizes the visual brightness indicztor for con-
trolling the power characteristic as he does in operation, in both instances
the operator, as a recorder of information, is part of the "overator-radar®
ov rall system of signal detection. In this control mode it is possible
to ignore the error of the operator in detecting the threshcld control
signal, i-.e. the error of solving the problem: "Signel present -~ Signal not
present® (this error can be as much as 2 db). If changes in conditions of
observaticn (screen luminance, indicator brightness capacity, ship's motion,
noise, vibraticns, etc) make for less favorable detection of the control
signal and thereby reduce the power characteristics of the rac - set,
these very same conditions make less favorable the detection of a signal
from a real target when the radar set is in operating condition.

For repairs at sea the radar set is designed with unit construction
and & kit of spare narts and accessories which includes all the replaceable
units and the most vulnerable elements such as the magnetron, klystron,
discharger, crystals, and the CRT. The radar system is tuned and adjusted
wilen under way by a built-in system of control instruments.

The control system provides for the issuance of visual information of
the M"yes-no" *ype about the extension beyond permi..sible limits of controllable
output paremeters of replacezble units and elements of the radar set.
In this case, the following are checked in order: functioning and power ng
characteristics of the set; condition of all power sources; state of control
(auto-control) system units; condition of all radar operating units; state

of all the more unreliable replacesble radar elements (magnetron, klystron,
discharger, and crystals).

The operating time, from the moment the radar set is f'irst switched
on, is recorded by a special counter.
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Equipment reliability is improved by taking the load off the electrical
and radio elements. In thic case the electrical load factors in the
Kivsch radar set do not exceed 0.5 in power for resistors, 0.7 in voltage
for condensers, 0.7 in voltage and power for send-receive switches, 0.% in
pover for vacuum tubes, 0.5 in power and current for relays and commtator

and adjusting devices, and 0.8 in current density for transformer<, chokes,
and inductance coils.

To improve reliability and economy of electric power supnly, all
electronic devices used in the set (with the exceotion of the magnetvon;
Klystron, CRT, and discharger) are semiconductors, and the intermediate
frequency amplifier consists of nuvistors (metallo-ceramic tetrodes). The

lire converter (static) -1so consists of semiconductor devices., Printed
circuits are used in most units.

For better reliability and to reduce the time and cost of repair and
sertice work, provision has been made in the radar set to protect the feed
source and power consuming units against short circuits, temmorary overloads,
end jumps in current and voltage when the radar set is switched on and off;
it is slso provided with automatic protection for the line converter, modu-
lator, scanning devices, and electrovacuum equipment, such as the magretron,
CRT, and Xlystron, with marked changes in power voltage resulting in inadmis-

sible operating rates., 4 system of signal lights indicastes whe fuses have
burned out in feed ssurce circuits.

I-3 COMPOSITION OF SET

The set is made up of the instruments shown in fig. I-LA (antenna
rotating system); TI (receiver-iransmitter); W1 (display unit); C (1line con-

verter); T (device for coupling in the gyrocorpass is used only in the
Kivach-2 radar).

Depending on the on-board electrical system for powering the set
(2L, 110, 220 volts, LOO cycles), instrument C is supplied in approoriate

versions such as: C/2l volus; C/110 volts; C/220 volts; C/~ 220 volts-L00
cycles.,

If the set is powered by a three-phase 220/380 volt, 50 cycie current
through an AJIA-1,5M type assembly, the radar set is additionally equipped
with the C/~ 220 volt, LOO cycle device. In this case, the current of
~~220 volts is set at the output end of the AJIA-1.5M .nit. Depending on
the type of gyrocompass coupled in,device I is also supplied with the
H3R-101TB differential selsyn (when coupled to the Kurs-li type eyrocompass)
or the CACM-1A selsyn (when coupling to the Amur type gyrocompass).

Instrument A is supplied with a receiver selsyn B C-LOUAH For the
Kurs-y~ gyrocowpass, or the CC-150 selsyn for the Amur gyrocompass.

In addition to the basic instruments the outfit includes the following:

installation set (waveguide feeder line, calibrated delay cable, and slements
for instellation); sel of operating documents; set of spare varts, tools and
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appurtenances JILI-1 czhinet; stacking outfite, set of containers. Cables
necessary for outside assembly of instrumentation are not included- as part
of the ouifit but are delivered by the enterprise that installs the radar

equipment on the ship. The dimensions and weight of the instrumentation Zga
used in the s»% are listed in Table I-1.
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Fig. I-4, Radar instruments: 1 - A4; 2~ WM; 3-TI; L-C;5-T 1

Radar units are given code numbers consisting of the code assigned
to the apparatus or instrument of which it is a part, and codes indicating
the number of the unit in the apparatus. Subunits are assigned code

numbers consisting of the unit code and digits designating the number of
the sub-unit.

Apparatus TJ consists of the following units: II-1 (wmodulator), TI-2
(superhigh frequency unit), II-3 (receiver), TI-l (sutomatic frequency
tuning unit), TI-5 (rectifier £ 110 volts, + 27 volts), II-6 (rectifier -
600 volts, -300 volts, ~500 volts), TI-7 (rectifier +40O volts, + 50 volts),
I1-8 (rectifier -12.6 volts, -LO volts), I1-9 (rectifier -110 volts/150 volts),
T1-10 (unit efficiency analyzer), TI-11 (control unit).

Avparatus ¥I includes the following units: H-? (sconning unit), ¥-2 '
(ranger mavker unit), -3 (video mixer), M-k (rectifier +1kh kw), ¥I-5 '§
(scale mechanism), -5 (range sighting ring shaoer).
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] Apparatus A consists of the following units and subunits: unit A-1 (ra-
dar antenna), unit A-2 (2ntenna rotat‘ng device), subunit 4-2/1 (reducer),

subunit A-2/2 (rotating shf juncticn), subunit A-2/3 (remote ir-nsmission
of direction device), and unit A-3 (control antenua).
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Apparatus C includes unit C-1, the master oscillator.

The radar set kit »f soare parts, tools, and accessories consists of
the following removable units: JI-1, T1-3, TI-5, TI-A, T1-7, T¥-2, TI-9,
I1-10, ¥, -2, M-3, Fi-k, HA-F, and C-1. It also includes the following
spare parts: cathode ray tube, magneiron, heterodyne (klystron), discharger,
range sighting ring potentiometer, crystal diodes, dryer, course marker
contect assembly, scale and signal illumination bulbs, frzes, veriable [33
discrimination resistor, rotating transformer (phase splitter), electric
motor for rotating the antenna, selsyns for coupling with gyrocorpass (in
the Kivach-2 radar set). The kits of spares also include tools (1I-57 dev-

jce, fiie, wrenches, screwdrivers, etc) and accessories such as solder,
lubricent, etc,
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Table I-1

Dimensions and Veight of Apparatus
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mounted at a height of 10 meters above sea level -~ not over 25 miles. ¢
3. Resolution at a probability of 0.5; range resolution on 0.4 mile

Apparatus Dimersions Minus Packing Remarks ¢
nen kg {
é
I:-.ootyo.oo h6m6h30h ha B
A ( Kivach-1 radar) 14;30x34lix350 24 5
A ( Xivach-2 radar) 11430x38lx355 27 !
H . ..0000. ¢ 380x800x660 33 Dimensions for !
bulkhead version Z
T 234x93x168 3 i
C/=2l volts 501x503x245 35 P
C/=110 volts h13%560x239 30 !
/=220 volts 111 3x560x239 30 1
C/ ~220 volts, 40O  290x126x198 15 ’i
cycles p
| |
! I~} OPERATING CHARACTERISTICS AND' SPECIFICATIONS z
; 1. Target detection range with a 0.5 probebility and antenna mounted ‘% .
| 10 meters above sea level: ‘ﬁ
! & ship of 1,000 tons displacement with superstructure height of 12 7]
3 meters -- not under 8 miles; :
i averrge tyne ocean buoy 3.2 meters high without corner reflector -- it
! not under 1.8 miles. 1
% 2. Minimum detection ranges (dead area) at 0.5 probability and antenna ‘%
?
)
{
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I 8.0, 16, and 2L miles.

6. Fixed range markers for reading off the range on 311 scales, and
an adjustable range sight ring.

The intervals between range markers or. the different scales are: 0.2,
G.2, 0.4, 1.0, 2.0, 4.0, and 4.0 miles, respectively, and the instability
1 (mean square deviation) does not zxceed 0.5%.

The adjus“able range sight circle operates within the limit of 0-24 miles.

Nonlinearity of range sweep on 0.4-16 mile scales -~ not in excess of
37, 2ud on the 2k mile scale ~- not in excess of l%.

4 7. For greater asccuracy and bearing discrimination in the near zone,
and for improved observation of signals in the vicinity of the dead area
the radar has an image off-centering system on the 0.LP scale.

8. The scanning rate {antenna rotation) is 15-19 rpm.

9, Width of antenna radiation pattern: in the verticsl plane 25¢ + 2,59;
in the horizontal plane -- 1.7° # 0,15° with side lobe atienuation not less
than 25 db.

10, Diameter of CKT is 180 mm, which is increased to 230 mm Yy lens
buiit into the radar viewing hcod.

11. Trensmitter pulse power -- 7 kw,

12, Duration of main pulse -- 0.1 usecs on scales up to four miles, and
0.3 usecs on scales over four miles; pulse repetition frequencies -~ 3100
pulses per second and 2000 pulses per second.

13. Pulse swnsitivity of the receiver-incicator circuit is 120 db/watt
on scales up to L miles «ad 122 db/watt on scales over L miles. Automatic
tuning of klystron frequency provided. i

14. Readiness time of radar set after closing switch -- four minutes,

15. Set accepts power supply from on board dc power circuits of 2L,

110, or 220 wolts, or from a single phase 220 volt, LOO cycle alternating lgh
current. The set czn also be fed by an on board three-phase 220/380 volt,
i 50 cycle currernt through the AJIA-1,5M converter.
The permissible limit of deviation in the voltsge line is * 10%; limit
of deviation in frequency is * 5%.

16. 'The power requirements of the set from the on-board electric
power line for the listed voltages are as follows:

24 volts =-- not over 500 watts,

110 volts -- not over 40O watts, 1

220 volts -~ not over 450 watts,

~ 220 volts, LOO cycles -~ not over 350 watts. 3

17. The set is protected against short circuits. 3

18. The intensity of industrisl type radio interferences produced
by the set are well within the Union-wide standards of permissible industrial
radio interferences for ships with metallic hulls,

19, Superhigh frequency intensity -~ radistion from aspparatus II with
cover closed -- not in excess of 10 uwatts/cm?.

20, Apparatuses A, II, and C do not produce acoustic noises in excess
of 85 db at frequencies of 50 - 40O cycles or 75 db at frequencies over
400 cycles., In the ¥ znd I" apparatuses structural sources of acoustic
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z scale not over 25 meters, bearing resolution on 1.6 mile scale not over 2°, ]
: Mear square error in target bearing measurement (within 350° limiv) ER
{ -~ not over 1°, 1In this case the maximum error in the transfér of angles .
: from antenna and gyrocompass to the indicator is not in excess of 1°, i
Y 5. The set containt seven range scales, to wit: 0.h, 0.8, 1.6, 4.0, I
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noise are not present. )

21. The set is so designed that when at ses it can be used readily by
n~vigation section personnel after they have studied the specifications and
oparating instructions. Technical maintenance ar? servicing of set at
the bave should be performed by trained speci-lis:s.

22, The set is operated from the control panels of equipments ¥ 2nd T .

23. Operational checks of the functioning of the radar set and the
efficiency of the vnits and assemblies 2re effectuated by a Luilt-in automated
control system. The operating time from the moment the set is first switched
on is recorded by a special counter. The main control panel is contained
on spparatus T1.

2. The set is tuned during operation by built-in instrumentation.

25, The equipment is capable of 2li-hour uninterrupted operation.

26. The equipment is capable of withstanding effects of climatic
factors {Table I-2).

27. Set capable of detecting tarpet with ship rolling up to + 129,

28, Instrument A is watertight; instruments II, ¥I, C, and T™ are 25
spray-proof,

29, The set can withstand mechanical ef ects in accordance with the
USSR Rules of Registry (Part XII-1, Radio Equipment).

30, Apparatus A is rosistent to wind loads at velocities up to 50 m/sec
and is stable at wind velocities up to 70 m/sec., Eouioments ¥I, II, and C
are provided with shock absorbers.

31, The dimensions of the several apparatuses allow of transfer
through hatchways 600 x 600 mn in size.

Table I-2
Effect of Climstic Factors

Talue of Affecting Factor on

Affecting Factors

Apparatus A Other Gear
Increased ambient temperature, °C
operating +60 +50
maximm +65 +65
Decreased ambient temperature, OU
operating -10 -10
maximum -50 -50
Increased humidity at a temperature
of L0o C, percent 95-100 95-98

I-5 TECHNICAL AND OPERATING DOCUMENTATION

The delivery size of ivas Kivach-l znd Kivach-2 sets is det~rmined by
the general specification of these systems, as well as the order documentation
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in which the customer indicates the kind of vcliage in the on-board circuit
and provides a schematic diagram of the waveguide system (applicable to a
particular tyre of vessel),. or orders 2 modification of a typical waveguide

system and indicates the tyne of receiving selsyn.unit for the Kivach for
coupling with a particular kind of gyrocompass.

A1l information about the sets necessary for the client and ship -designer
is contained in the technical specifications in which the following elements
are described for a particular set: its purpose, makeup of the set and
supplementary eaquipment, the technical and operasting choracteristics; the
installation area requirements on the ship; size of delivery package; docu-~
ments governing standards and methodg of testing the apparatuses; technical

specifications governing the marking, vpacking, storage and transportation
of equipment; customer guarantees.

AL m’

The following are inclosed with the package of technical specificestions:
genersl specifications (systems; containers, waveguide line and assembly
kit); list of speres, tools, and accessories and kit of operating documents;
diagrams showing the location of apparatuses on the ship and electrical out-
levs; disgrams giving dimensions of radar set gear and cabinet for spares,
tools, snd accessories; table of weights, dimensions, and heat release; table
of standard waveguide conduits; drawings of individual special elements for

a3acembling and securing the gpparatus on the ship such as gaskets, nlates,
coverings, ete).

o o w
o o e {0 K e T IME e AL

Set adjustment during the mgnufacturing process at the plant is accom-
plished in accordance with instructions on adjustment and tuning.

The set is tested and accepted at the manufacturer's plant in accordance
with specifications govering wanufacture and acceptance in which the follow-
ing elements are stipulated: technical reavirements. of the eauipment, methods
of testing, rules for the acceptance of the products and scope of acceptance-
delivery and periodic tests of apparstus at the manufacturing plant. A

1list of the metering instruments and eauipment necessary for testing is oro-
vided in the appendix to the specifications.

e e B A Ay Eoneae WY T -
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Test results and acceptance of the radar equipment at the plant are 26

formulated at the plant as an officlal record of the acceptance and delivery
tests performed,

R P

The testing and acceptance of a radar set on the ship (after the equip-
ment is assembled and installed) is carried out in accordance with pro-
visions set forth in the dncument "Program, Standards, and Methods of
Testing Kivaci-1 and Kivach~2 Radar Equipment on Ships," in which the con-

) ditions governing the tests at the mooring srea and while under way are

Y stipulated, A 1list of the control and metering instruments and equipment
. necessary for the tests is provided in an appendix to this document.,

3

. The complement of operating technical documentation delivered with
the set is determined by the list of servicz documents. The service

documents of the radsr set include the following: the list of service docu-
mentsy technical descriptions; instructions for operation; logbook;
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operating diagramy layout of electrical connectionss electric power circuits
-and circuit protection for the on voard power lines, hoth for alternating
znd direct current voltages; list of spares, tools, and accessories: schem-
atic electrical diagrams of all set equipment; electrical diagrams of ~11
radar electronic units; list of elements for all electrical circuitss
element marking schemes in the elecironic units and instruments; kinematic
diaggrams of mechenical diagrams of mechanical units and subunits.
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I-6 BLOCK DIAGRAM OF RADAR SET

Structurally, the radar set consists of separate devices containing
the following functicnal enauipmeni.,

Appsratus Ir --- the receiver-transmitter, rectifier anc control system.
It shapes 2nd generates high frequency main pulses, transforms and amplifies
signals reflected from targets and received by the antenna, feeds radar

devices with rectified voltages and controls the efficiency of replaceable ; ?
units and assemblies.

e m o ———— it — "
e

Apparatus A is the antenna rotating mechanism. It directs the beamed ;
main pulse energy and receives sign.ls reflected from objects, threby :
insuring continuous circular scanning of space, Device A of the Kivach-2 f
gat also connects with the gyrocompass and thereby receives information i
about the shin's course when orientation is determined with respect to the !

{
§
§

meridign.

Apraratus I is an indicating device. It indicates signals reflected

from objects, provides a reading of its coordinates, and controls the f
operation of the whole set.

Apparatus C is a line voltage converter. It converts the on board .
voltage into the 220 volt, LOO cycle feed required for the set mechanisms b
and stabilizes it. iowever, the C/220 volt,lL00 cycle device, in contrast '
to other versions of apparatus C, merely performs the functions of a

stabilizer of the on board line voltage., Also contained in the C appara- [27
tus is the automatic radar switching circuit.

Apparatus I is the device which couples in the gyrocompass. In the

¥
t
I
{
Kivach-2 radar set it conjugates communicastion with the gyrocompass and %
controls image orientation.

Synchroniz tion of operation of radsr mechanisms (see appendix 1) is
effectuated by synch pulses formed in the modulator (unit II-1). rlhese i
pulses actuate the scanning unit (31-1), the range sighting circule unit z
(11-6), range marker unit (¥I-2) through the sweep unit and the automatic !
time gain control circuit of the receiver (unit II-3). '

The pawerful high frequency energy ovulses genersted by the shf oscilla- ,
tor, whose duration is determined by the length of the modulator pulses, :
pass through the shf unit (II-2), the waveguide transm’ssion line and ;
rotating shf junction in apoaratus A and are then radiated as the main

i
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pulses by the directional antenna (unit A-1) into s~ace to illuminate
objects in the radar active zone.

Pt

A portion of the energy reflected from the objects as echoes return to
the antenna and oroceed through. th: waveguide transmission line to the :
receiver input (into the shf unit) in which the shf pulses are converted 2
into intermediate frequency pulses (in the receiver mixer) ond then ampli~ 3
fied and cdetected in unit II-3 . The detected video pulces are amviified 5

in unit -3 :nd the video pulses from its output go to the CRT to produce
the target brightness markers on the screen.

Unit II-L {~utomatic f~equency control) automatically tunes the inter-
mediate fre~uvency of signals entering the receiver input.

The range scale marker pulses are develoved in the FI-2 unit, The
adjustable range sight ring (msrker) pulse is formed in unit ¥A-6. The
range scczle merker pulse and the range sight ring pulses rre fed into |
the video mixer (unit 11-3) and together with the reflected signals are fed !
to the O°T indicator., The radial circular scon for oresenting the terrain ;
on the CRT screen is produced by units -1 and A-2, ‘iere, the scale )
markers on the screen are obgerved as fixed concentric circles; the ranse 5

i
|
i
|
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sight ring is ceen as a civclé whose radius (renge ) ch-nges with the turn-
‘ng of the range sight ring knob; and the course marker is seen as a radial
line when the aporopriate contact in wnit A-2 is closed.

Units II-10, II-11, and the control system of unit C-1, located in
anparatus C, sutomatically control the operating efficiency of the re-
ploceable units and assemblies, while unit A-3 ond the delay cabie suto- i
matically control the functioning and oower characteristics of the set. £88 ‘

The Kivach-1 radar unit diagram differs from the Kivach-2 unit only
in that the T apparatus is lacking in the former, as well as the elements
coupled to it in subunit A-2/3, i.e. the gyrocompass coupling selsyn,
electromagnet for switching over orientetion of image and mechanical

coupling of selsyn (via the differential and electromagnetic contaci)
to the phase splitter,
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FUNCTIONAL AND SCHEMATIC DIAGRAMS OF RADAR SET i

Functionally, the radar set consists of the following devices:
transmitter (unit TI-1 and the shf oscillator circuit); the rotating
antenna system (unit A-1, -2, and the waveguide communication line); coup~
lings with the gyrocompass in the Kivach-2 radar (equipment I and assem-
blies for the remote transmission of directions to unit A-2/3; receiver

(units IT2, II3, II-L, and ¥i-3); the indicator (units ¥I-1, 11-2, -5,
-6, and the CRT circuit); power equipment (device C, units 1I-5, II-6,
11-7, TI-8, II-9, and II~hS; control system (unit X¥-10, IT-11, A-3,
control circuit of units II-L, C-1, and the K2X essemblies).
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The functional disgram of the Kivach-2 radar set is given in appendix
2. This same diagram appliss to the Kivach-1l unit as well, but lacking
in the latter is apvaratus I and its cjupling with apparatus A; unit

A-2 is presented in another version (without units for coupling to the
£7TOCOMPASS) .

Tae functional diagram of the radar set is adaptable to the several
kinds of onboard line circuits, but in order to use the 220 volt, 40O i
cycle nower line the circuit of apparatus C lacks unit C-1 and an inverter
circuit built with thyristors., The schematic diagrams of the electrical
rircuits of instruments TI, W, A, I and C/=220 volts 2re given in ‘
appendixes 3 - 7. The electric power diagrams and the protections for
the alternsting current voltage, direct current volitege, =nd onboard network {
circuits are presented in appexidixes 8, 9, and 10, respectively.

PR S

The circuit of a typical waveguide transmission line is described in :
I1-2,

IT-1 TRANSMITTER BEQUIPMENT

The transmitter iz designed to shape and generate periodic main shf pul- ‘
ses and video pulses i*me-related to them which serve to synchronize the

operation of other radar units znd to form the automatic time gain control |
pulse,
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Structurally, the transmitter consists of the modulator (unit II-1) and
the shf oscillator. The modulator is tubeless and is assembled with /29
magnetic elements (saturation choke coil with rectanguler hysteresis

loop). A type MM-507 ragnetron with an outnut of 7 kw is used in the shf
oscillator., .

The transmitter equipment has the following specifications,
1. The transmitter, )

Average power on the smell scales (0.LP); O.b; 0.8; 1.6; and L miles) E
not under 1.h watts, end not less than 2.7 watts on the larger scales (8,
16, and 24 miles).

Duration of main pulse o

on the small scales o.1f8:8§ usecs, and on
the large scales it is 0,37§

3 usecs, +
Pulse repetition frequency on small scales 3000 -§88 pulses/sec, and
on the larger scales it is 2000 ¥ 150 pulses/sec.

Modulating gulse of negative polarity with an amplitude of 5.3 - A.5 kw.
2. Synchronization pulses.

Duration L & .05 us.cs.

Lead relstive to the modulating pulse L ¥ .05 usecs.
Amplitude 10-12 volis,

Polarity, positive.

Duration of leading edge not over 0.2 usecs.

3. Automatic time gain control strobe shzping pulses.

Duration on small scales 0.1 - 0.25 usecs, and on the large scales
it 15 0.25 - 0.6 usecs.

Amplitude 35 - 50 volts
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polarity negative.

%
i
i
The trancmitter equipment operates as follows. When the set is switched 2

to the master oscillator of the modulator, a -LO volt current is fed in :

from the rectifier (Unit II-8). The master oscillator convists of a i

self-oscillating multivibrator built with type f228B switching diodes 41

! and M2, Under the influence of the 4O volt current the master oscillator

1 develops rectangular pulses with positive polarity and a duration of

. 2-3 usecs with an amplitude of about 7 watts which go to tne converter

3 2nd first compression stage of the magnetic modulator. Two pulse repeti- !

b tion freouencies are provided through & relay for switching over the |

2 pulse recurrence frequency (P2 type P30-22) by cutting in various resistors

i to the multivibrator of the master oscillator: 3000 pulses/sec on the

§ small scales, and 2000 pulses/sec on the large scales.

1

i

i

\

i

i

t

i

i

The dec modulator power supply of 100-15C volts fed from unit TI-9 '
is ch-nged in the converter (type KY201JI controlled diodes A7 and A9) i
and in the first compression stage into pulses of positive polarity with ]
an approximate duration of about one usec ~nd an amplitude of 8-9 kw. j
Vhen operating in the small scales, the pulses frem the first compression i
stage go to the second compression stage where they are reduced to 0.1 [
usecs where they have an amplitude of about 4.5 kw. Vhen the set is
operating on the large scales, there is fed to the 0.3 pulse shaping stage
from unit I1-9 a current magnetizing the switching choke coil and the
pulses from tne first compression stage coming to this stage and perallelly
to the second compression stage are reduced to 0.3 usecs. The pulre [go ;
amplitude is approximately # kw. In both operating modes these pvlses
are fed to the output pulse transformer which is designed to match the
load resistance (of the magnetron) with the output resistence of the
! modulator. These pulses, with an amplitude of 5.3 - 6.5 kw and negative 3
! polarity, from the secondary winding of the pulse transformer are fed i
! to the cathode of the magnetron oscillator JI1 (appendix 3) which generates, !
é under their influence, the aporoximateiy 7 kw shf pulses,

{

The magnetron filament is fed from the filamént transformer Tpl through
anti~interference filters. The TI-1 unit is slso fed through snti-inter- ‘
ference filters which exclude the effect of the modulating pulse on the
receiver unit in the feed and other circuits. The shf oulses gc¢ through 1

3 the circulator of unit IT-2 and the waveguide trnsmission line to the
| antenna rotating device (apparatus A).

The operation of the radar devices is time synchronized by pulses
formed in unit II-1l. Pulses from the first compression stage are taken
off for the synch pulse formation circuit (type /2288 [12 diode). Pulses
of positive polarity, a duration of L usecs, an amplitude of 11 volts with
a recurrence frequency of the master oscillator go from the output of the
: circuit to trigger the indicater snd the automatic time gain centrol circuit
' (into unit II-3)., A pulse of negative polarity and an amplitude of about
. L0 volts, equal in durstion to that of the modulating pulse, is taken

, from the output pulse transformer of the modulator through the pulse voltage
t divider to form the automatic time gain control pulre in unit ¥I-3,
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Uniform control of magnetron current within the limits necessary
for the normal operation of the msgnetron (current in pulse -- L-6 amps)
fe obtained by changing the amplitudes of the modulating pulse. In this
casf;,, the time constant of the converter storage circuit is changed by
means of a variable resiswvur. The average current of the magnetron of
1.5 ma, which corresponds to a pulse current of S amos, is set beforehand
by selecting the modulator feed voltage from unit TI-9. DPepending on the
spresd of modulator parameters, this voltage is selected zithin the
limits from 90 to 115 volts in the 0.1 usec operation, end from 136 to 156
volts in the 0.3 usec operation. The required voltage is provided by

) R P AT BT

setting the jumpers in connection III-1 of unit II-1 (cf spoendix 3) tetween

contact 2 and one of the contacts 3-8 of the comnection in the 0.1 usec
operation, and between contact 1 and one of the contacts 9-13 in the
0.3 usec .operation. In the process, a number of operating coils in the
transformer secondary winding of unit II-9 are commted and the rectified
voltage on-cuwdact 21 in the connection changes discontinuously (inter-
mittently) by approximately S volts within the previously indicated limits.

In order co prevent the modulator from becoming inoperable due to
short circui%ing, there is a protective circuit in the magnetron load
(relay P3, type P3C-15, and Pl, type P3C-9). The average current of the
magnetron flows through the winding of relay P3, and if it does not
excerd the nominal value by less than three-fold, relay P3 is activated.

The fwed is taken, in this case, from the master oscillator by means
of relay Pl.

II-2 ANTENNA ROTATING SYSTEM

The antenna rotating system is designed to transmit high frequency
energy from the transmitter tc the antenna, radiating it directionally
into spses by circular scanning, receiving the energy reflected from
objects, and feeding it into the radar receiver.

The following elements are included in its makeup (cf appendix 2):

waveguide transmission line, radar antenna {unit A-1), and antenna rotating
drive (unit A-2).

The antenna rotating drive element consists of three subunits: the
reducer (suhunit A-2/1), rotating shf adapter (subunit A-2/2), and devices
for remote transmission of bearings or directions (subunit A-2/3).

The antenna rotating apparatus has the following specifications.

1, The radar antenna.

Width of radiation pattern in the horizontal plane at the half power
points is 1.7 % 0.15°.

Width of radiation pattern in the vertical plane at the helf power
points iz 25 + 2,50,

Antenna gein -- about 700,

Radiabtiof; pattern side lobe attenuation in horizontsl plane not under
25 db,

25

/31

o e s

ML DT Ry R sd

N

.




e s e s -

Kl B P

o e —————

Specific change in antenna beam direction in the mzgnetron freguency
band not in excess of 0.5 asngle minutes/mesahertz.

2. Antenna rotation drive unit.

Speed of rotation of drive mechenism output shaft 17 + 2 rpm.

Voltage standing wave ration of snf adapter not over 1.2,

Change in voltage standing wave ratio during drive mechznism rotation
not over 0,15.

3. Waveguide transmission 1line,

Voltage standing wave ratio of transmission line not over l.k.

Admissible attenuation introduced by waveguide transmission line at a
length up to 6 meters not over 0.2 db/m; with a length up to 8 meters ~-
not over 0,18 db/m; and with lengths over 8 meters -- not over 0.16 db/m.

The antenna waveguide system operates as follows. The shf pulses
from the transmitter are fed via the waveguide transmission line intc the
antenna rotating device (apparatus A).

The standard waveguide transmission line (fig. II-1) permits mounting
the antenna 5-10C meters above the ship's waterline. It consists of
special sections that zre essentisl to the installation of the line.
The conical adapter insures connecting the waveguide transmission line 122
to the output of the transmitter (they have waveguides of different
cross gections), a flexible tube to provide elasticity cf connection between
the waveguide transmission line and apparatus II. The 1aveguide section
with a settling reservoir safeguards against entrapment of water in the
receiver-transmitter in the event the transmission line seal is broken.
The dehydrating section in which a silica gel cartridge is placed insures
keeping the wawveguide dry if moisture should penetrste into the line.
In addition to these essential sections the waveguide transmission line
includes the straigut sections to provide the necessary length of the line.

The radar antenna (unit A-1) forms the radiation pattern in the hori-
zontal and vertical planes. It is o slotted type sectoral horn inside of
wnich is disposed the traveling wave slot radiator with fiiter array.

The radistor forms a radiation pattern in the horim ntal plane (fig. II-2).
The pattern in the vertical plane is formed by the horn.

The antenna rotates closkwise and is powered by an Ml direct current
motor, type CJ/1-369 (in unit A-2), which is coupled to the antenna shaft /33
by a reducer (subunit A-2/1). The reducer insures an antenna rotating
speed of 17 % 2 rpm by means of the ML motor turning at a speed of L4000 rpm.

The required antenna turning speed is set by means of resistor Rl (sppendix 5),

which is inserted into the electric motor turning circuit. The shaft of
the 5BT-II phase splitter, which splits the sawtooth voltage proceeding
from the indicator to the sine and cosine components to form the radiglly

circular sweep, rotates synchronously with the rotation of the antenna in
subunit A-2/3.

The KII~]. course marker contact device mechanically closes contact 1 with

every turn of the antenna (the instant the antenna sweeps across the ship's
centerline).

26
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Fig. II-1. Diagram of standard waveguide transmission line:
1, Conical waveguide adapter; 2. flexible tube; 3. straght waveguide
section; ). radial waveguide section; 5. sesling gasket; 6. waveguide

section with settling reservoir; 7. dehydration section; 8, straight tubing.

II.3 GYROCOMPASS COUPLING APPARATUS

The device used for coupling in the gyrocompass is designed to stabil-

ize the image with respect to the meridian on the Kivach-2 radar display
unit and to switch over to image orientation with respect to the ship's

course or the ship's meridian. It can be used for coupling in the Amur
and Kurs-li type gyrocompasses.

Structurally, the coupling apparatus consists of the device for connecting
the gyrocompass (device I” ) and separate assemblies in subunit 4-2/3 of the
Kivach-2 set (the celsyn-receiver, mechanical differential, and type orien-

tation changover switch),

The equipment operates as follows.
instrument I

of + 27 volts is taken from the electromagnet 3li~1 in apparatus A and

its mechanical switch connects the shaft o phase inverter M3 to the antenna
rotating shaft vis the tapered differential, which adds course vslue to the

antenna relative bearing value (cf appendix 1). The course value is fed

27
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Then tumbler switch B2 locatzd in
(appendix 6) is set in the "By meridian" position, a cu