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MOBILE ACQUISITION AND
GUIDANCE RADAR P-30-M
TECHNICAL DESCRIPTION YeA1.231.008 TO-B
Part I: THE TRANSCEIVER

(English Trdnslqﬁon)
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TECHNICAL DESCRIPTION YeAl.231.008 T0-D

PART I. THE TRANSCEIVER
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| | ' Table of Conventional Designmations = (p 2)

j PPS / Centimeter-wave transceiver cabinet .

) PS - Centimeter-wave transmitter
TS ~ Thyratron unit of centimeter-wave transmitter
Vvs - High=voltage receifier of centimcter-wave transmitter .
PRS~1 - Centinmeter-wave receiver
Shu-1 2 Cobntrol cabinet.
TK-03 - Slip ring !
APS-1 : . ~ , .
B,V,G,;EE - Centimeter-wave antenna switch 0"
Ye,Zh .
BZ - Trigger unit
ABZ - Emergency trigger unit

FDp-02 - Main :$elsyn unit
VPL-30 - High-frequency unit

PDU-1 - Remote control panel
RL-30-1 ~ Radio relay line
MK-1 - Elevating mechanism for vertical beam antenna -
MKP - Elevating mechanism for slant beam antenna
SDh1 - Selsyn of horizontal reflector elevating unit
y sSDP - Selsyn of slant reflector elevating unit
‘ SMs - Centimeter-wave magnetron coupling element
_ VZhs - Centimeter-wave rigid waveguide .
:j VvPS « Centimeter-wvave wavegulde coupling .
] Vss - Waveguide mixer of centimeter-wave signal
E UVCh-1 . - Travelling-wave tube microwave amplifier {(p 3)
: ‘ SGS-1 - Flexible centimeter-wave coupling - ' ‘ ~
] ov-l - Vertical reflector radiating element
| ON-1 =.Slant reflector radiating element
RK - Distributor box
KK~1
KK-2 = =« Cable junction box
KK-3 . .
3 IKO-1 - Plen position indicator
IKO-KPN : « PPI of command guidance post
IAD-1 - Azimuth-range indicator
IIV-1 ~ Height measurement indicator
DUS-1l - - Station remote control cabinet
ZN~-Fl1l =~ Master voltage cabinet
¥ BP-150 - Power supply unit - 150 voltis
_ . Vs-3 - IKO-1 and IAD-1 video signal unit
1 vs-L - TIV-1 video signal unit

S5-1 - Signal mixer
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Table of Conventional Designations for NRZ-1 Ground Radar Inter:ogator

-11
..ls
| -22
o B-20
- B-13

W www

- B-2k
. B=1l2 -

B-1h
B-16

Transmitter

. Phase detector unit
C6ntzol panel {

Transceiver unit

Receiver

Transceiver power supply unit
Antenna _ '
Antenna drive unit

Distributing and circuit-protecting unit
Indicator ,
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CHAPTER ONE

L GENERAL INFORMATION

1. TPunction of the Station

)

‘The P-BOM mobile radar (Figure l) serves for ‘the detection and

‘2. Gomposition of the Station

' The P-30M radar unit contains: ‘ -

Co TR 'identification of aireraft, determination of their coordinates, and the :
B guidance of friendly fighter aireraft toward enemy aircraft.

vehicle No 1 (transceiver cabin) == trailer type KZU-16;

'vehicle No 2 (indicator vehicle) -- truck ZIL-157;

vehicle No 5 (prime mover type ATS);

vehicle No 6 (antenna stowage) =-- trailer type 2PN-k;

, vehicle No 3 (electrical power unit) -- trailer type 2PN-6;

. vehicle No 4 (electrical power unit) -- trailer type 2PN-6;

vehicle No 7 (RL-30-1 power supply) -- trailer type 1-AP-1.5;

aw apparatus and equipment of the command post which are transported
~4in contalners and special boxes.

[page 6 - probably text - missing]

N .

PPI (IKO-1) cabinet

azimuth-range indicatbr (iAD-l) cabinet;

height indicator (IIV-1) cabinet;

transmitter cabinet P-1l-1 of radio relay line‘RL‘-30-l;

transceiver and indicator cabinet of identification

system NRZ~-1;

identification system unit (B-12);

(» 9)

50X1-HUM
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| Fig 4. Vehicle No 2 (tmck'with indicators) (p 10)

| SIS

~Fig 5. Electric Power Unit (trailer) - (p 11)

| v 50X1-HUM
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T ;-- lO line telephone switchboard,' ? ; -

- 7&&10 set type R-109D for communication with c@mmand post,

3
#

- == gpare parts cabinet; j

f

- -- auxiliary equipment (ventilating-heating unit?, lights,
' cable boxes, cable spools with cable,. chairs, etc.

Electrical power unit (vehicles No 3 and h).  This ayétem inc¢ludes
two electrical pover units -- main and reserve. Lo

.One of the trailers with an electrical power unit 1s shown in Figure B¢
_ Each trailer contains: L e -/
. diesel generator type ESD-504V/230;

~= distributing board; |

-- auxiliary equipment (cable boxes, fuel tanks with fuel, etc.).

Vehicle No 6. Figure 6 shows an external view of vehicle No 6. The
trailer has special attachments for storing and securing movable parts.

The following components are carried on the trailer platform: (p 13]

reflectors in a special containe:}

the riged beam of the reflector; | _ -

-= beam for attachment of horizontal réflector;

-- cantilever for attachment of horizontal reflector;

high-frequency unit VPL-30 in a special housing;

boxes with measuring instruments;

box with theodolite » etc.

The body of the trailer is covered with a tarpaulin.
50X1-HUM
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The prime mover (vehicle No 5). Figure 7 shows an overall view of
the prime mover.

A Ji% 1s located on the front bumper of the prime mover for the purpose
of mounting the antenna system of the station. During transport, the
Jib is secured to the platform of the trailer. In addition, the trailer,
platform is used to carry boxes with the waveguides and the mast of the
transmitting antenna of the RL-30-1 system.

4. Basic Installations of the Station, Their
Function and Principles of Operation

The P-30M station contains the following basic installations:
-~ centimeter-wave transceivgr; ' |

-- NRZ-1 trapsceiver;

.- station indicators;

-« radio relay line;

-~ indicators of the command guidance post;

i ' -- electrical power units.

Centimeter-Wave Transceivers o (b 15)

The centimeter-wave transceivers prdvide for the detection of
i aircraft and the determination of their coordinates -- slant range,
] ) azimuth, and altitude. v

Transceiver of the Identification System

" The ground radar interrogator NRZ-1 inecluded in the make-up of the

! radar unit is designed for operation in a system of radar identification
for ascertaining the identity of aireraft equipped with the appropriate
1 jdentification apparatus.

The principle of operation of the identification system is as follows,

' An interrogator operates on the principle of automatic radio communication
/ with a special "responder" unit located in the aircraft.

50X1-HUM

:
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When an interrogation i1s sent, the interrogator transmitter generaves

short high-frequency pulses which are radiated by the antenna in the
direction of the interrogated aircraft.
/ .

The interrogation signals are received Dby the aircraft .csponder, and
the responder automatically generates and transmits coded response signals
at the same frequency. The response signals are coded on the basis of the
duration of the pulses and their phase sequence.

[page 16 (text) missing]

The indicator equipment includes: the plan position indicators, (p 17)
the azimuth-range indicator, the height measurement indicator, the
plan position monitoring indicator located in the station's remote
control cabinet, and the master -voltage cablnet. '

The plan position indicator (IKO-1) is used to observe the position
of the target in space and then to determine its slant range and azimuth.

The display on the screen of the indicator (Figure 8) is produced in
a polar coordinate system, since the movement of the electron beam along
the radius of the screen (from the center to the edge) corresponds to
range scanning,and the rotation of this line corresponds to azimuth
a As a result, an undistorted plan of the position of the target
. reproduced on the screen of the indicator.

The azimuth range indicator (IAD-1) makes it possible to observe any
sector of the zone of operation of the station on an enlarged scale and
to more accurately determine the range and azimuth of the target. '

The display on the screen of this indicator (Figure 9) is produced
in a rectangular coordinate system. Azimuth scanning is carried out
on the horizontal axis and range scanning on the vertical.

This display on the screen corresponds to the true position of the
target in the chosen sector of space and is used in guidance operations
for closing aircraft.

The ‘height measurement indicator (IIV-1) serves for determining {p 20)
the altitude of targets.

Two markers from each target (corresponding to the horizontal
and vertical channels of the station) are produced on the screen of
this indicator (Figure 10). The altitude of the target is read from
a scale projected on the screen of a cathode-ray tube by a special
optical device. *
50X1-HUM
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The plan position indicator monitoxr is identical to the main PPI

and is used to evaluate the overall aerial situation and for remote

_ control of the operation of all equipment in the station. This Coe

indicator operates in conjunction with the remote control panel of the SRR
transceiver apparatus. e

, The master voltage cabinet includes equipment for the generation

- of trigger pulses and range markers and voltages for the synchronous - R
. tracking system. Also located in the master voltage cabinet in vehiele -~ ' %
- No 2 is apparatus for protecting the video signals against nonsynchronous LT ke
- ~pulse noises. ;oo SRR

50X1- HUM @
et
d
8

| /
. " ' A block diagram of the indicator eggipmgdt i8 given in Figure 1l.

The Radio Relay Iine .t- ' S ‘f.; O E
The display of the air situation observed on the PPI scope of S %:
the station is transmitted to indicators at the command guidance post =~ = - Tl

by means of a radlo relay line (RL-30-1). AT

R The transmitter for the line is located in the indicator vehicle (p 23)
| of the station. The radio relay line receiver is located at the

command guidance post at a distance of not more than 15 km from the
| : station.

R S

ERCY Sy M
B T

Eiectrical Power Supply Equipment

Power for the stdtion may be taken from a 220-volt 50-¢ps three-' N :, '%i
phase industrial line with a power consumption on the order of 33 kva, - ‘
or the station may be supplied from its own elcctrical power unite. o

Two electrical power units -- the main and ‘the reserve -- are
included in the components of the P-30M station. Each unit can provide o
8-hour continuous operation of the station. The station need not be . -b
shut down when changing from en industrial power source to operation : B
from its own power source or when changlng from the main electrical power
unit to the reserve,

: The station transmitters are supplied with a high-frequency voltage
at LOO eps. .A frequency converter (type VPL-30) is used for this

purpose.

' The receiver of the radio relay line and the indicators of the
command guidance post are supplied from a separate type AD-S unit.

" An over-all block diagram of the station is given in Figure'¥2.'5oxj_HL“w A

o _ o

o o g
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CHAPTER II = L (p 25) 8
'THE ANTENNA EQUIPMENT » I
1. The Make-Up of the Antenna B
. &
The antenna equipment consists of:l ~g§
-- two antennas for centimeter-wave channels: one vertical. |
beam antenna and oné slant beam antenna. .
. T )
Figure 3 shows the positions of the antenna equipment on the trans-~. ;:;,
ceiver cabin. o A : T : B
The vertical beam antennas use horizontal reflector l. The ‘Q
radiator unit 2 consists of a bank of radiating elements. . Fa5
, The slant beam antennas use slant reflector element 3 with radia-“f“fA 4 ;’ &
4ting element unit k4. . RS N
. . .
4 ¥ .
The radiating elements of the horizontal and slant reflectors are o .
shown in Figures 13 and 1k. b g
: - ' N
L

2, The Vertical Beam Antenna fof Centimetgr-ﬂave Channels

The vertical beam antenna for centimeter wave channels consists of ;"
one horizontal reflecting element and a unit of the radiating elements -
(Figure_ls). ' ,' .

The initial position of the reflector is with its optical axis at ' . '
an angle of plus 420" to vhe horizontal. '

Figure 16 shows an over-all view of the directivity pattern of
the antenna in the vertical plane with the radiator in the initial
position. : '

Each of the radiating elements is connected to a separate tran- (p 30)
sceiver (channels one, two and three).

The horn antenna of the second channel is positionéd on the _
optical axis of the reflector, since the maximum directivity pattern
of this channel coincides with the direction of the optical axis of
the reflector. The horn radiator of the Pirst channel is positioned
above the radiator of the second channel and, in keeping with 1ts

50X1-HUM,
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Fig 13. Radiétihg Elements of the Horizontal Reflector (p 26)

R

"y

Fig lh ; Radiatring‘rjEleujxentA.a of the Slant Reflector (p 27)

-Fig 15. Radiating Elements of the Vertical-Beam Antenna
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-Fig 17.  Types of Dipoles (p 31)
a. large cap-type dipole
b,c. small cap-type dipoles
d. ball-type dipole
. g | - o i B
i
i
Pig 18, Radiators of the Slant-Beam Antenna (p 33)
(without protective housing and lock)
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' . . maxium directivity pattern, slants toward the optical axis of the R ;
reflector by an angle of minus two degrees. Below the second channel , ;;

radiator is the third channel nine-dipole radiator, which forms an , i
1so0-altitudinal directivity pattern, the maximum of which is at an ST

angle of/plus 6.5 degrees to the horizontal. =

The horns are designed so that nearly all of their radiated enexgy
will fall on the surface of the reflector. This is accomplished by
an appropriate choice of the flare angle of the horns and by special b
cylindrical divergent lenses installed in front of each of the horns.
The horns are matched to the feeder waveguides (waveguide must operate
in a traveling-wave}mode) by means of diaphragms inside the horns. The
dimensions and positioning of the diaphragms are determined during '
factory adjustment of the radiating unit.

The reflector of the third channel consists of half~-wave dipoles ' N
of various types (Figure 17) installed on the wide wall of the feeder &
vaveguide. Each dipole is fed by a short segment of a coaxial line, (p 32) Tk
the inside conductor of which is terminated in a stub which extends A
into the cavity of the waveguide. The distance that the coupling stub - ?ﬁ

T~ , extends down into the waveguide determines what part of the power fed’j:, -

to the third channel radiator is diverted to the other dipole. The
distribution of power to the dipoles is selected so as to provide an
iso-altitudinal directivity pattern for the third channel. Most of
the power is fed to the dipole closest to the focus of the reflector;
for this reason the diameter of the coaxial line where the dipole is , 14
connected is larger than that of the other dipoles (Figure 15a). The
coupling element of this gipole is made-in the form of a cap. The
coupling stubs of the second, third and. fourth dipoles are rods with
spheres at the end (Figure 17 g); the fifth, sixth, seventh, eighth
and ninth dipoles have cap-type coupling elements (Figure.l7 b, v).. o oo

The radiator of the third channel is matched by placing the shorted .
(grounded) wall of the waveguide above the first dipole. '

_All the radiators in the unit are covered with a protective penoplast
housing. ‘

3. The Stant Beam Antenna for Centimeter-Wave Channels

The slant beam antenna for centimeter-wave channels consists of .
one slant reflector and a unit of three radiators (Figure 18). _ :

All the radiators are enclosed in a protective housing of peno- (p 36)
. Plast . ' .

-
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4, The Reflectoxr :

The antenna system has two reflectors(Figure 3, positions 1 and 3),»
each of ¥hich (Figure 20) is a truncated paraboloid of revolution.

The reflector dimensions are 9.7 x 3'meters; the focal distance is
2.5 meters. '

Both reflectors are similar in design, with ridged frame re-
inforcement. The ridged frame is a riveted box-type design of duralu-
ninum sheets and 1s made up of three parts: the center part has a
continuous rectangular cross section, and the peripheral sections have
a variable rectangular cross section.

In order to increase the strength and rigidity of the frame construce

" tion, transverse septa are riveted along its entire length. Circular

holes are cut into both sides of the frame in order to reduce the weight
and wind loads. | '

On the frame of the reflector are eleven grating sectioms, which ar¢ '
attached to the frame by means of clips. The ends of the grating sections
are attached to the frame by tubular struts. A grating section consists
of a section, or structural panel, of stressed aluminum screening with
a 10 x 10-mm mesh. When installed, the séctions make up the working
surface of the reflector. .

Figures 21 and 22 show the method of'fixing the reflector to the (p 38) '
cabin. ‘ S

The horizontal reflector is attached to the horizontal frame on,
the front of the cabin by means of two swivel joints, which are two of
the support points for the reflector. The third support point is . -
connected to the rocking mechanism. :

The reflector unit is attached by means.of a bracket.

The horizontal frame is fastened to two supporting plates attached
to the wall of the cabin. On one plate, the frame is attached to a

_pin, and on the other plate, the frame is attached by spring bolts.

The adjustment of the reflector in the horizontal posititn 1s done
by rotating the frame on the pin by means of adjusting bolts. After
the adjustment, the spring bolts are stressed.

One of the swivel joints of the frame on which the reflector is
suspended has a special screw mechanism which moves the reflector in

“the horizontal plane in order to set the reflector at an angle °§0X144Uhﬂ

10 degrees with respect to the slant reflector.

} Declassified in Part - Sanitized Copy Approved for Release 2013/09/10 : CIA-RDP80T00246A031500270001-2

s

—



|
Declassified in Part - Sanitized Copy Approved for Release 2013/09/10 : CIA-RDP80T00246A031500270001-2

‘ ‘ | 50X1-HUM

Fig 21. Attachment of the Slant Reflector to the Cabin

1. cabin

2, special bracket (left) (p 39)
3. special bracket (right) '
L. slant reflector

5. rocking bracket

50X1-HUM

“ | J | - &5 -

Declassified in Part - Sanitized Copy Approved for Release 2013/09/10 : CIA-RDP80T00246A031500270001-2



\ \
Declassified in Part - Sanitized Copy Approved for Release 2013/09/10 : CIA-RDP80T00246A031500270001-2

7 BOX1-HUM

. '
. e e s Lt L
-~

)
§
|
e

s
Fig 22, Attachment of the Horizontal Reflector to the Cabin
1. * cabin - '
2, horizontal reflector ' :
3. rocking mechanism (p 40)

. o
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: . . _The slant reflector is attached to a trihcdral girder unit a‘btached
_ " 10 the roof of the cabin. .

On tﬁc lower edge of the reflector are two chocks with lugs that : o
fit into the brackets of the girder unit and attach to it by means of
pins. , . '

RS
. : S
NESE AR VR R X

At the three support points on the back of the reflector are the (p hl)
connections of the frame of the rocking mechanism, the rear end of B
which 1s connected to the rod of the rocking mechanism. S

5/ The Reflector Rocking Mechanism

The rocking mechanism changes the anglc of inclination of the

vertical plane: from -2° to -8° for the horizontal reflector, and
‘from -2° to +-8° for the slant reflector, both in relation to the . R
original positions. ' ' o

-4_5 . Remarks: -To guarantee the adjustment of the reflectors, the following
ranges of adjustment are possible with the rocking meohanisms°

-- 80 Qt 0.3°) to - 7% (10.3%) for the slant reflector.:’
in the vertical plane; and

+ 8° (+0.3%) to - 5° (+o 3°) for the horizontal reflector |-
in the vertical plane., B I

/

The rocking mechanism for the horizontal reflector is attached ° (ﬁ y2) -
at one end to the strut of the horizontal frame, and at the other end -
to the three-point reflector attachment.

The rocking mechanism of the slant reflector is attached at one end
to the bracket-on the cover of the cabin, and at the other end to the .
rear end of the frame of the rocking mechanism of the slant reflector. . - ?{

The rocking mechanism (Figure 23) consists of an electric motor 1
attached to reduction-gear housing 2 by a flange. Inside the reduction-~ .
. gear housing is the worm gear and its worm wheel., :

The worm wheel is connected to the nut of the drive screw. On the S

drive screw are two collars which disconnect the drive-screw nut from ' k
the worm wheel, thereby disengaging the mechanism, when the screw moves e
to the end position. The final position of the mechanism is set during . }ﬁ_
factory adjustment by shifting the collars. On the housing of the ‘ . e
rocking mechanism and on the drive screw are swivel joints 3 and 4, . e

- -which attach the rocking mechanism to the cabin and to the reflector. R

B : ’S'o'xi-HUMQ
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..,Fié 23. The Rocking Mechanism (p 43)

1. electric motor
2. reduction~gear housing

3,4. swivels for attaching the mechanism
5. dial

50X1-HUM
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‘I‘he rcduction gear has a device which 1s used to shut off the
motor amf to’ ad,just the rocking mechanism manually with a wrench.
Dial 5, which indicates the angle setting of the reflector when :tt
is adjusted manually, is at‘cached to the drive S5CYew.,

50X1-HUM
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HIGH-FREQUENCY CHANNELS i

LS

|
| - CHAPTER THRER - (e @

T

1. High-Frequency Channels of the Centimeter Range

|
1
w
i

Block Diagram of the Channel

The station has six high-frequency channels all similar in comstruc-
tion. The block diagram of one of the high-frequency channels is shown
on Figure 2k. :

The following basic components comprise the centimeter-wave channel:

- magnetron coupling element SMS
- rigid waveguide VZhs
'« antenna switch APS«1 with a mixer of the AFC channel : (o

: - waveguide coupling VPS for coupling of the antenna switch
with the high-frequency amplifier incorporating a traveling-wave tube

- = flexible coupling SGS-1

L T A L s e
EHORSs LS T

- waveguide channel terminating in a radiator.

Magnetron Coupling Element

The magnetron coupling element SMS (Figure 25) serves as a non-
reflecting coupling between the magnetron coaxial output and the wave-
gulde. Two types of magnetrons with different outputs of high-frequency
energy are used in the centimeter-wave transmitters. In conjunction -
with this, two types of magnetron coupling elements are used. (p 47)

N "The first type of magnetron coupling element is in the form of a E
T-shape coupling between the coaxial line and the waveguide. v "

Tt consists of a waveguide section 1 having a 38 x 88.5 mm cross
section which gradually changes to a section 34 x 72 mm. The latter
waveguide section is rigidly connected through an opening in its wide
wall to a cylindrical brass section (:bushing 2) which serves as an
external conduit to the coaxial transmissi®n line.

This section is connected with the aid of lock nut 3 to the external i
conductor of the coaxial output of the magnetron. 7 v aE

"0 | - e

i"-'

| 5OX1I1UM
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-_Fig L. Block Diagram of One of the Centimeter-Range Channels
of the High-Frequency System (p 45)

i

j o 1. reflector

‘ . ‘ 2, radiating element

[ 3. waveguide channel with SGS
L. antenna switch

| . 5. rigid waveguide

| _ . 6. magnetron coupling element

| ‘ ' ' : 7. magnetron

! ' 8. waveguide coupling

| o - | ~ 50X1-HUM
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Fig 25. Magnetron Coupling Element SMS (p 46)

rectangular waveguide 5. exciter
bushing 6. tip
lock nut 7. flange
quarter-wave cavity 8. throw lock

9. air pipe

50X1-HUM
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A reliable contact at the junction is formed by a quarter-wave R
shorted cavity 4. A cylindrical stub with exciter 5 is connected to '
the middle part of the side wall of the waveguide. The stub axis coincldes
with th€ axis of the external conductor of the coaxial cable. The ex-
citer has a hole for connection with the internal conductor of the co-
axial cable. The internal conductor of the coaxial cable is in a form
of a split brass cylinder (tip 6) which is connected at one end with the

- exciter and at the other end with the extension of the magnetron loop.
The coupling loop extension forms the internal conductor of the magnetron .
coaxial outlet.

The waveguide part of the magnetron coupling element has, at the (p 4,8)

smaller cross section, flange 7 for comnection to rigid waveguide VZhS
. with the aid of throw locks 8; on the other side it is closed. The high- -

I frequency energy is transmitted from the magnetron through the coaxial
B - . . cable to the exciter, which, in turn, excites & type Hy; wave in the

| waveguide. '
The horizontal part of the T-shape coupling, on which the exciter is_ "[‘
~ mounted, can be looked upon as an inner conductor of a short-circuited. f

coaxial cable connected to the end of an exciter. The waveguide wall -

serves in this case as an outer conductor. The dimensions of the magnetron,/
coupling-element components and their mutual positions are selected in

such a manner, that within the range of the centimeter waves used; the
transfer of energy from the magnetron to the waveguide takes place without
appreciable reflection. On the narrow side walls of the SMS elenent are

four slots for the exit of hot air. , v

Air if forced by a blower through tube 9 to cool the magnetron
outlet. | '

The second type of the magnetron coupling element SM3-B (Figure 26) .
consists of a 34 x 72 mm waveguide chamber 1, which is closed at one end. :

At the coupling of unit SMS-B with the magnetron,s coaxial line is
formed in which the inside surface of bushing 2 serves as the outer )
conductor, and the magnetron stub 3 serves as the inmer conductor. For
better matching,the inside surface of the bushing is tapered. (p 50)

The waveguide is thus excited by ~a dipole which is a continuation -
of the stub. To ensure dielectric strength at the coupling, the magnetron
stub is enclosed in an evacuated glass envelope 4. A blower supplies
air through tube 5 for cooling the magnetron outlet and the glass
{ envelope; this air escapes through the louvers cut in the side walls

' of the ‘chamber.

50X1-HUM
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' Fig 26. Magnetron Coupling Element SMS-B
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Fig 27. Rigid Waveguide

(p 51)

28. General View of the .
Antenna Switch {(p 53)

rectangular waveguide
directional coupler

flange for connection of
the rectangular discharge
gap

ATR-chamber with round
discharge gap

AFC mixer

connection for measurements
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The shape of the flange and its connection to the ncxb element of the _—
channel is similar to that of the first type SMS. o

/4

The magnetron coupling element is located in the transmitter unit

" cabinet PS, is rigidly connected to the maguetron bracket, and serves to
. support the magnetron.

Rigid Waveguidc‘

The rigid waveguide VZhS connects (Figure 27) element SMS to the

antenna switch. /

It is in the form of a section of rectangular rigid waveguide. _
Flanges, soldered to both ends of the rigid waveguide, connect to element
SMS and the antenna switch. A choke flange is used to connect element
SMS, and a plain flange 1is used to connc;ét the antenna switch.

Antenna Switch . (p.52)

During the transmission period the antenna switch ensures conduction
of high-frequency energy from the magnetron to the antenna, and protects
the receiver from overvoltage. During the reception. period it ensures
conduction of high-frequency energy from antenna to receiver without
excessive losses. :

The antenna switch consists of a section of rectangular waveguide on
which are mounted two gas-welded discharge gaps, a directional coupler
and AFC channel mixer (description of the latter is given in chapter VII).

A general view of the antenna switch is shown in Figure 28, and the K
block diagram in Figure 29. .

The lower discharge gap type RR-7 (Figure 30) is placed in a cavity
resonator which is coupled with the waveguide by a slot in the narrow
wall. The resonator with the discharge gap 1s called the anti ~transmit-

~ receive switch (ATR).

At a distance of 1/2 k from the ATR-switch ( .1 is the wavelength)
on the wide wall of the rectangular waveguide is mounted a rectangular
discharge gap (Figure 30). ‘

When the channel is assembled, the gap is mounted between the antenna
switch and the flange of the waveguide coupling. A branch consisting
of a half-wave section and a recta.ngular distharge gap is called the

JR switch.

50X1-HUM
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to antenna

i ki
' B . Fig 29, Block Dj f
K QHMeNrEe - g lagram o
o the Antenna Switch (p 54)

" to TW-tube amplifier

1, ATR switch

4 = A2 2. TR switch
- L_“‘ ‘ 3. AFC mixer
‘ T = 4, directional
A 2. coupler
o2 "to AFC channel
| Lan |
]
!

—d

N

N
to magnetron

Fig 30. Gas Dischargers (p 54)

a. RR-7 discharger b. rectangular discharger
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.Q ' The rectangular discharge gap serves as a preliminary protection. (p 55)

The discharger RR-T consists of a glass envelope filled with argon.
In the énvelope are placed two brass diaphragms on which are mounted
hollow tapering stubs with a small ‘gap between them; this gap can be
regulated by a screw placed in the end wall of the discharger. When
Placed in the chamber, the discharger forms a toroidal resonator, the
; : . resonance frequency of which is controlled by the magnitude of the gap
between the tapering stubs. - )

The preliminary-protection discharger consists of a quarter-wave
waveguide section. ' The ends of the section are closed by diaphragms in
form of metal sheets with rectangular openings. The glass envelope is
filled with argon and an admixture of water vapors; the envelope has a
rectangular shape and is placed inside the waveguide section. The
intensity of the electric field close to the diaphragm is greater than
in the adjacent waveguide, which facilitates the firing of the discharger
gap. Since the resonance response of the diaphragm is highly selective,
the size of discharger gap varies for different wave lengths. For this

~ reason four types of discharger are used:; RR-20 for the APS-1-V, RR=-2
' for the APS-1V and APS-1-G, RR-3 for the APS-1-D and RR-4 for the APS-1-Zh '
and APS-l-Ye, ’

Equivalent Circuit of the Ahtenna Switch (p 56)

At low power in the waveguide, the voltage across the gap of
discharger RR-7 is low, therefore the gap is not fired and its cavity.
circuit is equivalent to a tuned circuit with relatively high Q-factor.
When energy from the magnetron travels along the waveguide, the voltage
at the spark-gap of the discharger rises, the spark gap is broken and
the cavity circuit of the resonator becomesequivalent to a highly
detuned circuit. Since the Q-factor of the circuit is high, the equi-
valent impedance of the broken and unbroken spark gap differ from each

. other considerably. The latter property makes the discharger capable of
switching on for either receiption or transmission. '

On the equivalent diagram of the antenna switch (Figure 31) the
waveguide is replaced by a two-wire line. The branch from the narrow
wall of the waveguide is shown as a section of the line connected in.
parallel to the main line. The branch from the wide wall of the wave-
guide is shown as a section of line connected to the main line. Such

. a substitution is permissible only under the assumption that oscillations
i of only one type exist in the waveguide. In the waveguide the energy
/~ ‘ propagates in 'the wave mode Hy;. " .

50X1-HUM
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Fig 31. Equivalent Circuit of the Antenna Switch (p 57)
1. equivalent circuit of the ATR~-switch

2, TR-switch
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The ATR gap, represented in the form of eqpivalent c¢ircuilt 1, is
connect in parallcl with the line.

| P, ety A

- The/discharger TR-2 1s inserted into the line and is shown as two (p 58)
spark gaps spaced at a distance of 1/k ) .

T v
.o x

Operation of the Circuit During Reception: The ATR switch is coupled

to the waveguide through a slot in the narrow wall. The ATR switch is -
positioned so that it corresponds to a resonance cavity equivalent to
a two-wire line through a quarter-wave branch.

N

= e e

At points a-a the input impedance is very high when the gap is not
broken.

L R e L [
. .

This impedance is converted through the quarter~wave branch-into a-
very low impedance. Therefore, the closed ATR.switch shorts the eqpivalent
two-wire line. Since the ATR switch is located at a distance of 1/2
from the TR switch, the high-frequency energy from the antenna is not
admitted to the magnetron (the input impedance of the half-wave line,
shorted at the end, is equal to 0). '

[— ey

The TR-switeh is coupled to the waveguide through.an opening in
the wide wall. The coupling is selected in such a manner that the input
impedance of the TR-switch is matched to the waveguide, so that the ‘
energy of the reflected signals enters the receiver channel without ki
loss. 5

Operation of the Circuit During Transmission: During the transmitting

Period the spark: gaps of the ATR and TR switches are broken. The ATR=
switch circuit becomes detuned, its input impedance becomes very small, (p 59) E
and through the quarter-wave loop it is converted into a very large
impedance in parallel with the main line. Therefore, the high-frequency . {
- energy is freely transferred from the magnetron to the antenna without ]
:
|

any reflection from the ATR-switch.

At high voltage in the main channel, the gas inside discharger 2
(TR-switch) becomes ionized and an electrodeless breakdown occurs at the }
imput window of the discharger. b

Directional Coupler

i
The directional coupler serves as a connecting element during any
changes of wavelength and magnetron spectrum, as well as any changes in

receiver power and sensitivity. "

T e .
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, The diregtional coupler consists of a short section of waveguide
: . coupled throdgh a special opening with the wide wall of the main wave-
guide. Tt isimounted at a certain angle to the wide wall of the wave-
guide, ahd is'terminated at one end in an absorber and at the other end
in a matched output for a standard 50-ohm connector. 'The absorber forms
a traveling wave inside the directional coupler. '

In the antenna switches type APS-Zh and APS-Ye, the directional
coupler is mounted perpendicular to wide wall of the waveguid e,

/ Flexible Coupling

The station has provisions for changing the angle of inclination of
each of the reflectors in the antenna array. : _
Since the waveguide is rigidly fixed on both ehds, there should be (P 60)

- some means of changing the angle of inclination of one part of the wave- :
gulde with respect to the other. : '

BT For this purpose the wavcguide'channel is provided with a flcxiblgf?i-

"coupling AGA-1 (Figure 32). It consists of a corrugated waveguide

section,

The size and spacing of the corrugatiéns are selected in such a
manner that they will not affect the performance of the high-frequency
channel. ' ' y

To provide mechanical strength and to restrict the corrugations
from excessive stretching, the flexible coupling has a hinged joint.

The position of the flexible coupling is selected in such a manner
that the axis of rotation of the movable -flange (located closer to the I

antenna) coincides with the axis of rotation of the reflector.——

Waveguide Line

The standard waveguide sections type RZL-72 x 34, in the form of
rectangular copper tube with inner cross section of 72 x 34 mm, are used
for the transmission of high-frequency energy.

Under normal atmospheric conditions,.thé waveguide-is capable of
conducting about 2 megawatts of power without breakdown. The efficiency
i of power transmission in the wavegulde is about 95 percent.

K 4
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Fig 32, Flexible Coupling SGS-1 (p 61)

1. rubber casing
2. corrugated waveguide
3. corner

\ Fig 33.
> choke flange
i 1B (p 64)
44 .
: A
=
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' The internal walls of the waveguide are coated with a special lacquer
to prevent corrosion. )
Sincé 1t is inconvenient to transport long wavcguides, they are made (P §2)
in individual sections which are connected during the assembly of the ¢
.radar station, :

In order to prevent excessive power loss through imperfect contact
at the junction of the individual sections, ,the section ends are provided
" with special choke flanges. (Figure 33). ;
In the choke flange is cut an annular groove 1/&;{. deep. The
distance from the groove to the wide wall of the waveguide is also /M,;L
Part of the flange within the groove and waveguide is somewhat depressed
with respect to the peripheral part. Therefore, at the junction with a
plane flange, the two parts.form, together with the annular groove, a
- cavity equivalent to the waveguide line terminated at one end, thus the
region of direct contact falls in those parts of the line which have the
lowest currents (current nodes). Therefore, imperfection of the junction
~ does not create excessive power loss. ]
Imperfection of the flanges often leads to sparking. This phenomenon
can be eliminated by placing metal 1nserts into the flange groove near
the narrow wall of the waveguide. R
This eliminates the possibility of the formation of fields which (p 63)
might lead eventually to sparking at the flanges.

At the choke-flange Junctions the uniformity changes but slightly :
and therefore does not produce any appreciable rcflection. ,
The choke~flange cavity is filled with fosm plastic in order to prevent «
moisture accumulation. For drainage of moisture from the waveguides,
holes are made in the lowest parts of the waveguidc channcl,' -

50X1-HUM
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" _CHAPTER FOUR - (p 65) |-

/ - THE TRANSMITTING EQUIPMENT

_ The radar transmitting equipment is intended for generating short-
- duration, centimeter-range electromagnetic pulses which are radiated into
space from the radar antenna.

- The radar eq_uipment includes six centime'ber-wave transmitters PS
each for a different frequency band, and a ground interrogator NRZ-1.

A schematic showing the interaction of the tra.nsmitter wlth other
wnits of the radar is given as Figure 3k.

The transmitters 7 - 12 are interconnected with the following units:

- antenmna switchesl - 6 S

- receiving equipment : ¢

- triggering unit BZ (16)

- control cabinet ShU (14) and remote control panel PDU-1 (18) -

- electric station (20) and high-frequency unit VPL-30 (19)
through the distributing box RK (15).

P —

The transmitters are triggered by pulses generated in the BZ unit.
From vehicle No 2 the trigger-pulse voltage is admitted to vehicle No 1 ’
to the control cabinet ShU-1 (14) and then to the transmitters PS (7-125

The trigger-pulse circuit terminates in the unit PS No 4 (11), ' (P 67)
therefore the circuit of this transmitter is provided with an equivalent ,
load for the cable which conducts the indicated pulses. The trigger o
pulse is fed from wnit BZ to NRZ-1l. -

If vehicle No 1 is not connected to vehicle No 2, or the wnit BZ
in vehicle No 2 is disconnected, then the transmitters can be triggered ¢
by the emergency triggering unit located in control cabinet ShU-l. b

All the centimeter-wave transmitters are connected to the unit )
ShU=-1 through the control, testing and protection circuits. All local =
controls of these {transmitters are on the fron'b panel of the unit ShU-1 :
and on transmitter control panels.

Remote control of the transmitters is carried out from the remote~
control panel PDU-1 (18) located in the cabinet DUS-l (18) on vehicle
No 2. _

The 3~phase, 220-v, 50=-cps and the 3-phase, 200-v, 40OO-cps power 50X1-HUM
supply to the transmitters are fed to the terminal block of the trans=-
m:.ters fromthe distributing box RK.

- Ll -
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ALl the comnections of the transmitters with other wnits of vehicle (p 68) .
No 1 axe made with type RPShE and PK-49 cable. .

Centimeter-Wave Transmitter (PS). ‘ .
7 :

1. Genera_l Information on the Transmitter. - . | . ' v -
Esch of the transmitters has the following chavacteristics:

Pulse power fed to the load..ccceveeecccnvees 850-900 kw

Wave length of the generated oscillations.... fixed

High-freq_uency p'l]lse duratioNecssscssesesense about 2.7 ..'» 1

/ microsec. ,

Power consumption from the 50-cps power '
AELWOTK o ¢ e 0 sessassserossessssssssnssscsasses SbOUt 4OO va
Power consumption from the 40O-cps power ) , ‘
networko.n.-.................‘..........'..'-.. about3m0 .-’

Each transmitter incorporates a magnetron type ML-29 \
operating &t a specific frequency subband.

Functional Diagram of the Transmitter

The functional dlagram of the transmitter is shown in Figure 35.
The transmitter consists of the following units: :

High-voltage rectifier 1 which generates T-8 kv dc voltage of posi~
tive polarity. ' ' :

The rectifier draws power from a 3-phdse, 200-v, 400-cps network. . .
Charging Choke 2. The use of an inductive charge=-storage circuﬁ':‘ (p 70) R

in the transmitters permits to obtain approximately a doubled voltage .
of the power source (high-voltage rectifier).

Fnergy Storing Device - Artificial Long Line 3, serves to shape
the voltage modulating pulses in an approximately trapezoidal form.
A pulsed thyratron acts as switching element T. At the instant the
trigger pulse is admitted to the thyratron grid, it discharges the long
artificial line through the load. '

 Prigger-pulse amplifier 6 generates pulses which are admitted to
the control grid of the thyratron in order to fire it. :

Pulse transformer 4 matches the de-current resistance of the
magnetion \ith the characteristic impedance of the long artificial
line, and increases the voltage of the modulating pulses.

, 50X1-HUM
Magnetron oscillator 5 consists of a pulse magnetron and a system
of permanent magnets. The magnetron acts as a source of high-frequency
oscillations vhich are radiated into space.

- L6 -
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77777 Fig 35. PFunctional .Diagra.m of the Transmitter PS (p 69)
1. high~voltage rectifier -

2. charging choke

3. artificial long line

4 pulse transformer

5. magnetron

6. trigger pulse amplifier
7. switching element

8. protection-diode

9. compensating circuit

50X1-HUM
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'The compensating circuit smoothes leading edge peaks formed at the
beginning of the ma.gne‘cron oscillations.

_ : Prote/cti{re diode 8 (circuit) protects' the transmitter components |
from overvoltage during recharging of the artificial long line due to
sparking or breakdowns in the magnetron. .

2. Schematic Diagram of the Transmitter

The schematic diagram of the transmitter is shown ir Figure 36.

The power supply/to the transmitter is drawn from a 3-phase, 220-v,

50=-cps power network of the radar station and from the higher-frequency

power pack VFL~30 which generates 3-phase, 200-v, 400O-cps power.

The 50-~cps voltage is switched on by eutomatic device P3 (AD-3 x 5)
whith provides thermal and overload protection. This voltage is applied
to the primary windings ofthe anéde~filament transformer Tr 2, to the’

windings of the protective~diode filament transformer Tr 5,.and to the . .
windings of motor ML which drives the magnetron and TWT cooling blower. S

The 1;OO-c:ps voltage is used in the transmitter eircuit to obtain
the desired magnetron anode-voltage and is sw:.tched on by automatic
device RL (AD - 3 x 5).

The automatic device Rl is sxwitched on 5-6 min after automatic
device R3 has been switched on. :

The delay is necessary for heating the cathodes of the tra.nsmltter
tubes before switching on the plate voltage. The automatic device R1,. -
is switched on by ‘the motor-operated time relay in unit ShU-l1.

The 400=«cps voltage is admitted through fuses Pr 3, Pr 5, Pr 4 to
. the 3-~phase autotransformer Tr 4 with contact plates P 6 and then to
the primaxry winding of the anode transformer Tr 3 of the high-voltage
rectifier. The autotransformer controls the voltage within the 10%
limits of the value supplied to transformer Tr 3.

Su¢h a regulation makes it possible to set up in each transmitter
the required value of the dc component of the magnetron anode current
when a2ll of the transmitters are supplied from a common 400~cps voltage
source.

The high-voltage rectifier operates on the principle of a 6-phase .
cireuit. Selenium diddes serve as the rectifyings units. Capacitor C-
14 serves to smoothen the rectified current. T

After switching on the automatic device R 1, a reduced voltage of
the order of 150-160 v is applied to the primary winding of transformer
_ Tr 3, *his vol’ca.p;e is then raised with the aid of a rheostat in unit

I' . ' —zl-8_

S0X1-HUM .
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- (p73) |
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ShU-1 (or TsDU-1) until a rated value of the anode current of the magne- : .
tron 1s reached. Sudden application of full voltage to the magnetron D

anode may lead to a breakdown in the magnetron, thus rendering it use-
less. )

To understand better the operation of the charging circuit let us {p 74) -
examine the diagram showm on Figure 37. '

The diagram represents merely a simplified schematic of the modu-
lator charging circuit of the transmitter.

B g

In this circuit,qapacitor C discharges fully in an interval T
through load R when the key K is closed for a short time.

During interval T there occurs a slow (as compared to the discharge
_period) Process of charging of the capacitor from the dc-voltage source
E through choke L. :

B Sheat

In the actual circuit a thyratron perfofms ‘the function of key K. : ‘ :

Since the closing of the key and discharge of the capacitor occur - P
during a period considerably shorter than the period needed to charge ' :
it, it can be assumed that the current flowing in the choke does not
change during this period, i.e., each charging cycle beginsunder identi-
cal initial conditions (voltage across the capacitor is Us. = 0, current
in the choke is i3 = 0.) B <8

JAE

, In a specific case, when all the energy is stored in the capacitor
?t the :)Lnstance of discharge, current in the choke is equal to zero
13 = 0).

This case corresponds to the so-called resonance charge. .The case
~ of resonance charge is utilized in the actual modulator circuit of the -
transmitter, because under these conditions the efficiency of circuit
charging  is improved, and loading of the thyratron withthe charge-
cireuit current is avoided. :

The transient processes occuring in the charging circuit are (p 76)
shown on the Figure 37 a; a maximum voltage, twiece that of the power
source E, is obtained across the capacitor U. max When charged through
choke L. When the principle of resonance charging of the ecapacitor
is used, the natural frequency of the charging circuit should be one
half the commutation frequency.

|

. i

In the previous discussions we did not take into consideration i :

the attenuation in the charging circuit caused by “the resistance of ‘o

the charging choke. Since this resistance is relatively low, the - ’ i
nature of the charging process is but slightly effected; however, the 50X1-HUM :
voltage across the capacitor at the end of charging cycle will not E
reach 2E, but will be only 1.85 to 1.95 of E. i

-5 - | | @
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.. Fig, 37, Simplified Diagram of the Manipulator Charging Circuit,

o | ‘ -5l -

- 50X1-HUM
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Graphs for changes of voltage across the capacitor Us and current -
in the charging.circuit i3 are shown on Figure 37, b and:c., ' ’ b
' The dtted line indicates the voltage changes across the capacitor -
when periodic discharges of this capacitor are absent (under actual a
cond:;.’cions this corresponds to discontinvation of transmitter trigger- n
ing . . i . . .4-

Due to the effect of the choke impedance, voltage oscillations
across the capacitor decay, and a voltage, equal to that of the source N
is established across the capacitor.

The rectifier output voltage is of positive polarity and is equal = (p 77) L °
to 7-8 kv. This voltage 1s admitted through the charging choke Dr 1 ‘ : 1
to the input of artificial long line U 1. As a result of the transient
process, the line capacitors of the charging artificial line will be o A
charged to a voltage of 1h4-15 kv, 4. e., %o a voltage almost double - ' )
that of the rectifier. : .

The artifical long line consists of eight T-shaped inductive-~ S K
capacitive sections placed in an oil-filled tank. The characteristic - ' .
impedance of the line is 25 ohms. The line discharges through the pri-

mary winding of impulse transformer Tr 6. The hydrogen-filled pulse

thyratron V3, type TGI 1-400/16,serves as the switching element of the a
circuit. . O

The thyratron fires at the instances when the voltage across the
capacitors of the artificial long line is at its maximum. -This condie
tion is fulfilled in the transmitter circuit by the fact that the
natural frequency of the charging circuit is selected in accordance ,
with the repetition rate of the trigger pulses.

The thyratron is fired at the instant of arrival on its control
grid of the triggering pulses generated in the trigger-pulse amplifier !
circuit which incorporates tubes Vy (6N8S) and Vo (6P8S). The amplifier : o
is triggered by pulses admltted from triggering unit B3.

Prior .to the arrival of 'l;hé trigger pulse both halves of the tube ,
V3 are blocked by negative bias supplied to the control grid from “(p 78)
resistors-R32 and R 15 of the voltage dividers R 2, R1%, R 15, and R .
16. : ' , :

The triggering pulse a.dmitted to the grid of the left half of the
tube makes both halves of the tube conduct in proper sequence. The
current passing through the tube forms a positive pulse in the second- .
ary winding pi" the blocking transformer Tr 1. 50X1-HUM. I+ '

This pulse is admitted to the control.grid of the tube V, which '
functions as a cathode follower. The pulse formed at the res stors R L
and R 5, with an amplitude of the order of 200 v, is fed through a filter .

- 52 - .
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. - consisting of capacitors C'6, C T, C 8, C9 and choke L 1 to the thyra- 5OX1'_HUM
© 4ron grid. This filter protects the amplifier low-voltage clrecuits from
the effect of short-duration voltage surges with amplitudes of several
kilovolts originating in the thyratron grmd circuit at the instant of
i'bs fir

The amplifier-tube power is drawn from a rectifier D 1 assembled
with selenium piles type AVS-18-306 or AVS-16-306 on the principle of
a full-wave bridge rectifier. The plate voltage of the amplifier tubes
is equal to 300 v.

The discharge period ofthe artificial long line is 2.8-3.2 microsec.
Choke L, is connected to the anodecircuit of the thyratron and limits mo
the inl%ia.l current surge through the thyratron caused by the discharge  (p T9)
. of parasitic capacitances of the cireuit; such a surge is harmful to L .
- the thyratron.
A negative voltage pulse with an amplitude of 7-8 kv is formed

across ‘the pri winding of . the pulse  transformer during -
~ the, discharge "of the line. The +transformation = coefficient of

the pulse transformer is 1 L, 25. Therefore negative-polarity voltage. -
~ pulses with an amplitude of the order of 26 - 30 kv are formed on the "~
- pecondary.

These pulses are fed to the magnetron cathode.

A pulse magnetron Vs type MI-29, of one of the subbands B »°V, G
D, Zh, is in operation at the transmitter depending on the frequency
used. ,

, The filament .voltage is supplied to the magnetron cathode from

- anode-heater transformer Trp through two parallel secondary windings
of a pulse transformer. With this type of filament supply, the necessity
of using a f:.la.ment transformer wrbh high-volta.ge insulation is elim=-
inated. .

The lemp LN2 with a resistor R 11 connected in pa.ra.llel signals
the condition of the filament circuit.

Capacitor C 19 balances the potentigl of the high-voltage texr-
minals of the pulse-transformer secondary windings. The anode ac
current component of the magnebtron is shorted to the frame through o
blocking ca.pa.ci‘oors ¢ 18 and € 20. ,-3‘/ '

The air-discharge gap RL 1 fires at.substantial increase of volt-
age across the secondary windings, thus protec‘bing the pulse {rans-
former and magnetron from overvoltage. '

e T

50X1-HUM

Decla33|f|ed in Part - Sanitized Copy Approved for Release 2013/09/10 : CIA-RDP80T00246A031500270001-2 -~



O \
Declassified in Part - Sanitized Copy Approved for Release 2013/09/10 : CIA-RDP8OTOO246A0315002700‘01-2

, | 50X1-HUM - @
The dc-component of the magnetron anode current is admitted through (p 80)
filter L 3, C 16 to the measuring milliammeter IP 1. Filter L 3, Dr 2, ,
C 16, C 17 prevents mutual interferences from the radar transmitters. ’ - e
Resistor K 10 forms a bypass for the de-component when the transmitter ' :
is disconnected from the remote-control eircuit TsDU-1. :

A compensating circuit consists of resistor R 9 and capacitor C 15, - . .5
and is connected in parallel with the primary winding of the pulse.trans- . - |-
former. Resistor R 9 (24 ohm) 1s approximately equal to thewave imped- , -
ance of the artificial long line (25 obm), and the capacitance of C 15 . S
is equal to 0.01 micr/gfarad. - . - .

At the start of the line discharge, when the voltage at the magne- N

tron is low and it does not oscillate, the resistance of the line to - ~. - SR P
de-current 1s relatively high. Therefore, during this period (ebout o
0.2 microsec) the line is charging through a resistance which is con~ Lo

. siderably greater than the wave impedance. : R

‘ On the leading edge of the modulating pulse may originate peaks e ‘
- which would upset the normal performance of the magnetron. In the pre~ " . :
- sence of the compensating circuit, the line becomes loaded at the ini- R
tial instance of discharge with a resistance equal to that of the wave
impedance, whereas, after a certain time,vwhen the capacitor becomes ‘ S
fully charged, -the circuit loses its effect on the process of dis- : ha
charge. The time constant of the compensating circuit is selected to
be approximately equal to the leading-edge duration of the modulating
pulse. . . . :

Sparking and breakdowns sametimes occur in the magnetron during - (p 81)
its operation. The load of the artificial long line is shorted during S
the breakdown of the magnetron, because under those conditions the . L
magnetron offers but very low resistance. Now the line recharges,and _ <
& reverse~polarity voltage is impressed on it. During a few cycles ,

of such a recharge, the voltage in the line may reach such a value as ‘ .
to become dangerous to the electrie insulation of. the charging choke - R
and the thyratron. For the protection of the transmitter circuit - _
elements from a breakdown, a protective diode circuit is provide con-
sisting of kenotron V Lt type V1-0.1/30, resistors R 7 and R 8, and
capacitors C 10 and C 11. g : ‘

T

~ The time constant for the circuit resistance and for the artifi-- '
cial long-line capacitance is such, that the charging of the line .. ' oo
through the circult takes place considerably faster that the charg- B
ing of the line from the power source. .

. The excitation winding of the protection relay R 2 type RKMP-1
is connected in series with the circuit resistors. . .- - 50X1-HUM

-

-S4 -~ - -‘ ' .
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During frequent sparking and breakdowns in the magnetron, current

" in the protective diode circuit rises to a value sufficient to operate

relay R 2. Closing of the contacts of this relay disconnects the

- automatic/device R 1 and removes the supply voltage from the transmltter )
circurb D

The dc-component of the recifier current passes also through the
relay R 2 winding. In case of sparking in the thyratron or breakdowms .
in the charging circult of the artificlal long line, the rectifier
current rises sharply and actuates the protective relay.

Capacitors C 10 ‘and C 11 form a path tothe frame for the ac-current

‘ | component flowing in the protective dlode circuit; this cuxrrent crea.’ces .
& certain hindrance to the relay operation. . ‘

A centrifugal disconnecﬁor R 4 type TsR-1 protects the blower
motor. If the speed of rotation drops or the motor stops completely,
the disconnector operates and switches off the automatic devices R 1
and R 3.

The transmitter cabinet is provided witha safety door. When the
cabinet door is opened during the operation of the transmitter, the
. contactors of the door safety devices KPl and KP 2 open. As a
result, the automatic device R 1 is disconnected,and high-voltage is
removed from the transmitter circuit. The lamp LN 1 indicates the

presence of the 40O-cps voltage.

To remove the residual electric charge from the charging-circuit
components of the transmitter,a protective discharger is provided,

~ which is mounted on the high-voltage rectifier unit. When the cabinet

door is opened, the movable contact of the discharger commects the

'high-voltage outlet of this rectifier to ’che frame.

Svltch Va disconmects the transmitter while the rest of the vehicle

- No 1 eaquipment continues to operate. Receptacle'G 5, with 220-v supply,
is provided for the measuring instruments, portable lamps, soldering

equipment etc.

_The transmitter performance is monltored with the aid of millimm-

meter IP 1 which measures the dc-com:ponen’c of the magnetron anode cur-
rent and of the oscillograph. '

Control receptacles G 1, G 2, G 3 and G 4 are provided for con-

" nection to the oscillograph.

To the receptacle G 4 is supplied part of the charging voltage

of the artificial long line teken from capcitor C 18 of the car50X1-HUM '
' voltage divider (C12, C 13). The receptacles G 1, G 2, and G 3 serve,

respectively, for the control of the trigger pulses at the amplifier
input R the blocking-oscillator pulses and the thyra.tron grid pulses.

\
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-3. Main Components of the Transmitter ngh-Voltage Rectifier. > ' .
- [
A schematic diagram of the high-voltage rectii‘ier (VVS) is shown T
in Figure 38 ) _ e
! TR
The 200-v, LOO-cps voltage is fed from the higher-frequency generat~ - : ‘“

- ing unit VPL-3O o 3-phase tra.nsformer Tr 3.

The stepped-up volta.ge from this trans; ‘ormer is admitted to a ‘
selenium rectifier assembled on the principle of a G-phase cirecuit, o
To each phase of the secondary winding of the 3-phase transformer are - (p 84)
connected two arms of selenium piles having conduction in oppos:i.te o
directions.

Each rectifier amm consists of ten 'seleni}zm piles type AVS-25-309.-

The negative poles of the three arms with foreward conduction are
connected together and form the positive pdle of the rectifier. The - ‘PoOs =
itive. poles of the other arms with reverse conduction are also con- . o
nected to each other and form the negative pole of the rectifier. TR A

B A e e
cEAT A s ) -
D G S L S

- he . . EF AN -

The positive-polarity rectified voltege is fed to a filter con-
sisting of capacitor C 1l with capacitance of 0.25 microfarads. After
the filter this voltage is admitted through a charging choke Dr 1 to
the transmitter circuit.

The filament transformer Tr 5 is fed froma 220-v, 50~cps power
clrcuit. The 5-v secondary voltage of this transformer is fed through
the high-voltage bushing I-5, having two insulated outlets, to the
filament of {he protective diode located in the transmitter

ALl components of the! high-voltage rectifier (plate transformer, " > “.
filament . transformer, selenium rectifier, charging choke) are placed .
in a common o:xl-filled tank.-

'.'L’he selenium rectifier is mounted on a textolite plate which is
fastened to the cover by stubs.

The plate also serves as an insulator between the ‘selenium - {p 86) - 3
rectifier and the transformers. A

On the top of the cover are the expansion cup, moisture absorber » ' Lo
capacitor, protective discharger, two high~voltage and six low-voltage . 1S
insulators. The expansion cup has a hole covered with a plug, which :
is used to measure the oil level.

During operation the moisture sbsorber is screwed "into a hole
on the side wall of the expansion cup. During transportation this hole50X1 -HUM"
is closed with a plug and the moisture absorber is screwed into a:
" blind hole on the tank cover.

E |
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High-Voltage Rectifier '
(p87)

high-~voltage insulators
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filter capacitor
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moisture absorber
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‘ - : A general view of the high-voltage rectifier is shown in Figure 39.

~ The fundamental specifications of the rectifier are:

- 4 rectified voltage 1s +7 kv at 300-ma load; |
~ filament voltage 1s 5 v at a 5-a load; ‘
- rectified voltage ripple at the output does not exceed 1.5%; ,
- inductance of the charging choke is 18 henries with bias : /
current 0.3 a; : '
- the unit is 500 mm long, 260 mm wide and 44O mm high with /.
the bushings. ' ‘ 4 o o ' L

Artificial Léng line

The artifical long line forms almost trapezoidal modulating pulses.:
An artifical long line of type D is used in the circult of transmitter
Ps. ’ ) - ) .

. " The _1ine has the following specifications: . | ' f.- (p 88)

N - amplitude of the chargingvoltage 1s 16 kv;

' wave impedance is 25 ohms;
Inductance of a single section is 3.75 micro-henry;
capacitance of each section is 6,000 micromicrofarad;
number of sections is 8; '
voltage-pulse duration formed by the line with 25-ohm load
is 2.8 to 3.2 microsec; ° :
- total capacitance is 0.048 microfarad.

The schematic diagram of the artificial long line is shown in
Figure 40. The line unitin assembled form is shown is Figure 41.
All other components are mounted on the inside of the cover. The ' .-
coils are wound on textolite forms. The winding is of single-layer
type using bare silvered wires. Individual sections of the induction
coil are placed at such a distance from each other as to ensure a mini-
mm of mutual inductance, which effects the shape of the modulating
pulse. The section capacitors have mica insulation and are joined
into individual packages. '

On the outer side of cover are mownted: insulators R a.ir-gap‘ dis?-
chargers, over-voltage protection elements of the line, oil-level
indicator and carrying handles. : : '

/ The dimensions of the line unit are: length is 260 mm, width is
280 mm, the total height with the insulators is 260 mm and it weighs
56 kg with oil. - - : ' , 4
o 50X1-HUM
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| Fig 40. Schematic Diagram of the Artificial Long Line (p 89)

Fig 41. Artificial Long Line, Type D (p 90)

1. tank

2. covers

3. high-voltage insulators
4. air-gap discharger

50X1-HUM
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- @ ' Thyratron Unit

The thyratron unit consists of the following components:
< trigger pulse amplifiexr with its rectifiex;
~ switching element (pulsed thyrstron); and -
~ anoderheater transformer.

The schematic diagram of the thyratron unit is shown in Figure 42.
Trigger Pulse Amplifier '

'The trigger pulsé ammplifier cbnsists of a two=gtage circult which
generates the thyratron firing pulses. The amplifier is triggered by
pulses admitted from trigger wnit BS. :

Prior tothe arrival of the trigger pulse, both halves of tube V 1.
- are cut--off by the negative bias supplied to the control grids of the
tube from resistors R 2 and R 15 of voltage dividers R 2, R 14, and R
15, R 16. The triggering pulse admitted to the grid of the left half
P of tube V 1 causes both halves of the tube to conduct in sequence. The' S
current flowlng through tube V 1 forms on the ‘secondary winding of B
blocking-transformer Tr 1 a pulse of positive polarity. :

_ The positive pulse from the blocking-;bécillator is admitted to
the control grid of tube V 2 (6N3S) of the output amplifier assembled
on the principle of a cathode follower. :

The cathode follower acts as a power amplifier. The plate current,’

originating in tube V 2 when it is opened by the blocking-oscillator

~ pulse, is much greater than the grid current, therefore the pulse formed
on the cathode load of the tube is considerably amplified in power. The
amplitude of this signal is somewhat smaller that the amplitude of the (p 93)
blocking-oscillator pulse which causes the tube to conduct, because the .
emplification factor of the cathode follower is less than unity. The
amplitude of the pulse voltage at the output of the cathode follower is
gbout 200 v. : : .

-

. Rectifier D 1 with selenium piles type AVS-18-306, assembled on
the principle of a full-wave bridge circuit ,. supplies power to the

plate circuits of the amplifier tubes. Voltage to the selenium piles
is supplied from the step-up winding of anode-heater transformer Tr 2.
The two heater windings of this transformer supply power to the magne~ -
tron heater and to the thyratron. ’

 The h-microfarad capacitor C 4 filters the rectified current.
" The output voltage of the rectifier is +300 v. ' S0X1-HUM

: The anode~heater transformer has four windingé:;['one_ primary, three
. ~ secondary] and is of a semi-closed type. S

- 61 -
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The primary winding is connected to the power networlk.

The second winding (outlets 12, 13) supplies voltage to the selenium
rectifier

ey~ < e ey
— R ! 4
A X o ) . . )
P s s e -

The third winding (outlets 14, 15) supplies power to the 'bhyra.tron
heater. 1In order to maintain the thyratron heater voltage within per-
missible limits during power-line voltage fluctua.tlon , the transformer
primary winding is provided with taps. :

Al

The fourth winding (outlets 9, 10, ll) supplies power to the magne- (p 94)
tron heater. .

L e Sl
“

' Swltching Element

Hydrogen-filled pulse thyratron V3 (TGI-lLOO-l6) serves as the
switching element in the modulator circuit of the transmitter. '

The thyratron has the following fundamental parameters: o

- heater voltage . « v v v + v v v o v o . . 6.3V +5%

~heater current « + + « v 4 4 4 o« o s . . 9.5 to 11.6 &

- maximum forward anode voltage . « « » + o 16 kv

- maximum reverse anode voltage. «'« « + ... 16 kv

- maximum anode current in pulse . . . . . . 400 a

- maximum mean value of anode current. . . . 500 milliamp
) - maximum pulse repetition rate . . . . . . 500 cps

= time spread of the leading edge of
anode current .« « ¢ ¢ ¢ ¢« « ¢ o « « o + o not greatey than
0.04 microsec
- cathode heating time . + « + « « + « + ... 6 min

Grid Firing Pulse:

nd amplitude S 8 - 4 4 e s s 4 e & e & » not 1eSS than 200 v
~duration . .+ ¢ . ¢ . . . .. . not lessthan 2.5 microsec
-Ser\rice life- . s e s » . .‘ * e e ¢ . 200 hours

The firing process of the thyratron proceeds in the foliowing (p‘ 95)

manner. Positive polarity pulses with an amplitude of about 200 v and
a front edge rise rate of 400-500 v/mlcrosec are admitted to the con-
trol grid of the thyratron from the trigger-pulse amplifier. The
triggering pulse breaks the grid-cathode gap in the thyratron. Thus
the grid acquires a potential. close to that of the cathode , which, in
turn, causes a breakdown of the anode~-grid gap. Now the charging cur-
rent of the artificlallong line begins to flow through the thyratron,
while its anode voltage falls to a value determined by the internal S0X1-HUM i
resista.nce of the thyratron. »
o

ey
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. : : During the instant of breakdowm of the thyratron anode-grida gap,

the grid acquires for a few hundredths of a mieroseceond s potential elose
to that of the anode, i.e., of the order of several kilovolts. This may
be accompanied by a sudden surge of grid current, which would result in
consideralle overvoltage in the grid circult .of the thyratron. To pro-
tect the output circuits of the trigger-pulse amplifier from the effect
of the thyratron grid-current surges, a filter consisting of choke L 1
and capacitors C 6, C 7, ¢ 8 and C 9 is connected to the grid circuit.
The:choke has two sections, each having an inductance of 32 microhenries.
The capacitance of each capacitor is 1,000 micromicrofarad.

After the thyratron is fired, a discharge of parasitic capacitances  (p 96)
of the modulator eircuit takes place, which is followed by the discharge ‘
of the artifieial long line. The discharge of the parasitic capacitances

is a very rapid process and is accompanied by a rapid rise of current

in the thyratron. Any very rapid rise of current is dangerous to the

thyratron, and for this reason a T-microhenry choke L 2 is connected to

the thyratron anode circuit which limits the current rise. This choke

coll is wound on a ceramic form. ' -

Construction of the Thyratron Unit.

The thyratron unit consists of a dismountable frame on which are
mounted the components of the trigger-pulse smplifier, thyratron and
anode~heater transformer. ) _

A general view of the thyratron unit is showm in Figure L43.

In the right part of the frame are tubes 6N8S. and 6P8S of the
trigger-pulse amplifier and blocking transformer.

In the left front part of the frame , on a special panel mounted ‘
on a rack is thyratron TGI-100/16. The special panel is designed to -
rermit a free access of cooling air tothe thyratron base. Behind the -
thyratron is its anode choke. '

* In the back part of the frame are mounted the anode-heater trans-  (p 98)
former and the filter capacitor of the rectifier. .
. On the inner side of the frame are mounted the components of
the trigger-pulse amplifier, the rectifier selenium piles and the
filter elements of the thyratron-grid circuit.

: The thyratron unlt is connected to the transmitter circuit by _ ‘
/ contact discomnector 20 which is mounted on the inside of the front — /
wall of the frame. On the outside of the same wall are located con-
trol jacks which are marked: IMP. ZAP. (TRIGGER FULSE), EL, GEN.5OX,] HUM ,
(BLOCKING OSCILLATOR), SET.TIR. (GRID THYRATRON); these jacks are’ ol
for monitoring the performance of the thyratron wnit. On the same :
wall is mounted a fuse for the trigger-pulse amplifier.

. L ' : Lo

-

~
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Fig k2.  (p 92)!
- _Schematic i
Diagram of the 8t
Thyratron Unit  ,j
I
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Fig 43.  (p 97)
Thyratron Unit

\
1. thyratron

TGI-1-400/16
2., 6N8S tube
3. 6P35 tube
L. plate choke

5. plate heater
transformer

50X1-HUM
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o An opening with removable cover is provided in the front wall for -
' _measuring voltages at the contacts of the connector.

The dimensions of the unit are: length - 427 mm, width = 190 mm,
height - 272 mm, weight - T kg. A j

Pulse Transformer

The pulse transformer matches the load impedance of the transmitter
manipulator with the characteristic impedance of the arxtifical long line
and increases the amplitude of the modula.ting pulses.

Magnetron MI-29, w1th nominal resistance to de-current (internal
resistance) of the order of 450 omms and anode voltage of 26-30 kv
serves as the modulator Load..

The characteristic impedance of the artificial long iﬁ;ne is 25 omms.. (p 99)

For the indicated value of the characteristic impedance » the trans-
formation factor of the pulse transformer is 1 : L4.25 when the amplitude ...
of the modulating pulses is within the limits of 26-30 kv.

The transformer has one primary and two secondary windings. Two
secondary windings are essential for the selected system of power supply to
- the magnetron heater of the transmitter. :

‘ A dlagram indicating connections of the pulse-transformer windings
. is shown 3in Figure L,

_ The primary winding consists of two sections wound on both legs
of the core and connected in parallel. .

. One end of the Primary winding is connected to the bushing insula- = ' :
tor and the other to the transformer fra.me

Bach of the secondary windings also consists of two sections wound.
on two ends of the core legs and connected in series.

A " The high-voltage ends of the secondary windings leading to the
magnetron cathode are connected to a bushing insuwlator with two insulated
outlets. The low-voltage ends are also connected %o 'bush:.ng insulators
to whlch the magnetron heater voltage is applied.

_ 1T‘igures kS and 46 show general view of the pulse transformer and . (p 101)
) - of the transformer with the tank removed. . .
A1l the nmain components of the pulse transformer are. mounte«5ox1 HUM
of its cover. On the outside of the transformer cover are locatcwu
inswlators, air discharge gap for protection of the magnetron and trans-
former windings during overvoltages, dryer and blocking capac1tors

. ’ ’ . o ) Zr )
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Fig Uk (p100) 3 3 : o 9
i Winding Connection T
of the H
Pulse Transformer "
|
,’ ,
: 7 Wi
w w"Il 2 - '
¥ ¥ s Ed I k2
¢
-Fig 4L5. The Pulse Transformer 5/OX"IA—’|:|\U|\/|
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Fig 46. Pulse Transformer with Tank Removed (p 103)

1. core

2. coils of secondary winding
3. air-gap discharger

L. moisture absorber

5. blocking capacitors

50X1-HUM
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The fundamental specifications of the pulse trensformer are:

- transformation factor . . « « . . e oo s Ltol2s
dissipation factor . « « « + + . ¢« . . s .nOt grea.ter than
1.5%

- efficiency « e .-'. el e & & ¢ & 8 o ¢ e'6e 095"90%
- pulse voltage amplitude on the ' '
secondary ‘finding * - . . . . . 'o [ . L N ) 26"‘30 kV'

- pulse leading-front duration + . . . . . .0.2 -0.4 microsec

~ZAVerage POWEr + + ¢« ¢+ « o ¢« ¢« s 4 o + « o @bout 2,000 w
Diméns ions: /

-ieng'bh...'...._......\-.....322mm

"Wia‘bh *« o ] . @ ’.. . . [ . @ . . . . . . l9’+mm

- total height with the insulator . . . - . 442 mn

welght with ol « v « v v v o o o 45 kg

Magnetron Oscillator

The magnetron oscillator of the transmitter consists of one of the -

type MI-29 magnetrons (depending on the subband used by the station) and
the magnetic system.. o -

The magnetron genefates powerful, short-duration pulses of electro-

magnetic energy in the centimiter wave-length range and transmits them
through the waveguide channel to the station antenna.

R

The magnetron. specifications are as follows:

- puise power delivered by the magnetron to the waveguide duringl" '

normal operation is 850-900 Ikw; '

= efficlency of the magnetron is 50-55%

-iintensity of the magnetic field in the gap between the poles of
the permanent magnets is about 2,500 ocersteds;

- shape of the voltage pulses fed to the magnetron anode circult
1s almost trapezoidal; duration of the pulse leading edge is
about 0.3 microsec and of the trailing edge about L5 microsec;
non-uniformity of the pulse peaks as measured between points
on the level of 0.9 if the amplitude does not exceed 10%;

- duration of the high-frequency pulse of the magnetron is from
2.5 to 2.8 microsec; the pulse has an almost square shape; dura-

- . tion of the leading and trailing edges of the pulse is about

0.2 microsec; - _
- the generated frequency band (width of the energy spectrum) is
within the limits of 0.6 to 1.2 me. as soon as the high wal+oea

50X1-HUM =

(p 104)

is supplied to the magnetron anode, the magnetron heater *.59?“_;H.UM _

is removed, and the magnetron cathodenow becomes heated by the
anode current. The cathode operating temperature is set by
anode currents of about 4O milliamp.

- 68 -
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Therefore the magnetron current should be set at a value gbove 40 " (p 105)
milliamp. The maghetrons in the radio range-finder channels are shown 5ox1-HUM
in Table No 1. - _

Table No 1
R ‘Maggetrons used.in the Station ' - |
N - 77 Channels - ”
I | : MI-29G
Ir ‘ T MIL-29Zh
IIT o ML~-29V
v - MI-29Ye
v o - MI-29B
VI : ‘ * MI-20D
Magnetron _‘ljype'm-29

Magnetron ML-29 'genera'bes power pulses in the centimeter wave-length’
range having & power of 850-900 kw at the pulse. A general view of the
magnetrons MI-29V, MI-29G, MI-20D, MI-20Ye apd ME-29Zh is shown in

Figure L7.

The magnetron specifications are: .

Heater voltage «.oeeveceoses A 1~
Heater current «coceeees e eieeeeeeaans veieie 3.0-3.6a
Magnetic field intensity at the center of : ‘
the gap formed by permanet magnets.......... 2,500 oersteds
Anode voltage ceeececiens teereeasseeecsseses 26-30 kv _ .
Meximum pulse duration ....oeeeeeees ceeeneas 2.8 microsec
At a high-frequency pulse duration of about 2.7 microsec (» 106)

and noxmal repetition rate: _ .
- the de-component of anode  current is 55-60 milliamp;
- width of effective frequency spectrum is 0.6 -1.2 Me.

The magnetron MI-29B (Figure 48) differs from the rest of the magne-
trons of this series in that the inside conductor of the coaxial section
passes into the vacuum exciter of the rectangular wavegulde. The indi-
cated difference is necessitated by performance peculiarities of the
magnetron in the given band of the operating frequency range. For this
reason the oscillation exciter is absent in the SMS block of the MI-20B
magnetron. ' ' ) ‘

MI-29 mignetrons ‘have provisions'.for forced cooling of the anode
‘mitc . * ’ ’

- 69 =

50X1-HUM

Declassified in Part - Sanitized Copy Approved for Release 2013/09/10 : CIA-RDP80T00246A031500270001-2



Declassified in Part - Sanitized Copy Approved for Release 2013/09/10 : CIA-RDP8OT00246AO31500270001-{2

| | 50X1-HUM @) |
Magnetlc System E
:

The magnetic system (Figure 49) consists of two L-shaped permanent L
magnets t}/pe MP-1478 mounted on a flat plate made of armco iron.  The b
magnetron is positloned in the air gap between the poles of the magnets. i
The magnets are cast from a magnico alloy with high coersive force. The pole . f

. surfaces, bases of the magnets and thé part of the plate that touches '
the magnets are highly polished.

-~

To ensure normal performance of themgnetron, a provision is made

for the control of the netic field intensity by means of a netic
shunt. which can reduce I'tr:l%% field intensity by X ¥25O oerstedsmagAlso

J
'w%‘tglelig m%ensi%}lwsrh?. uﬁnﬁ gsg%bler‘gs %St%rgg?ﬁg E?t%%ev%%élﬁet (p 107)

The main parameters of the magnetic system are: ' , 5 '

- length of‘ the inter-pole air gap .evevessss 60 mm o .
- magnetic field intensity with the = - A
magnetic shunt in extreme lower position .. 2650 + 50 oersteds
- range of magnetic field control .c.vvesses. 150-250 ocersteds

'
e e e ey e

Dimensions:
- width ...... Ceriencarecnnan tecivenaresanses HOODMM
- depth ¢voevenenenennn, teenen teecstennas esees 225 nm
- height seeevnenenn, Ceeiecerenaaans veens eo 340 mm
- welgh‘c of the assem‘bled system :anludlng C ‘
“the magnetic shunt .........e....o..uee 55 kg (about) %

Pzrote ction Pane‘l:

On the protection panel (Figure 50) are mounted the circuit compo- :
nents of the protective diode and type RKMP-l relay. N

For connecting the protective panel elements to the transmitter
circuit, a terminal block with four contacts is provided on the panel.

Blower for Cooling the Magne’crori and TWTL

The fan that cools the magnetron and TWT is driven by an induction
notor DI-T5. The speed of this motor is 2,800 rpm. The motor draws
its power from a 3-phase 220-v, SO-cps pover line.‘

Thé blower outlet is connected to manifold air duct Throughtwo ofsuch (p 112)
ramifications the air is directed to the magnetron radiakor from the side
of the heaterleads, through the third one to the side of the magnetron

power output, and through the fourth to the open:.ng in the solenoid
Jacket of the ‘I’WT _ _ , 50X1-HUM

I
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| Fig 47. Magnetrons (p 109)
1. MI-Z9D 3. MI-29V 5. MI-29Ye
2, MI-29G L., MI-29Zh

Fig 48, Magnetron MI-29B (p 109) 50X1-HUM
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Fig 49. (p 110)
The Magnetic
System
‘ I
o
Fig 50. (p 111)

Protection Panel

‘l. type RKMP-1 relay

(2. resistors in cir-
cuit of the
protection diode

3. blocking
capacitors

50X1-HUM
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;;L - 41 . 71
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Fi'g 51. Connection of Windings in the (p 113)

Regulating Autotransformer
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. (left plate) Warning !
When the tumbler is switched,
the button must be pressed
for 2-3 seconds

50X1-HUM

(right plate) Attention !
When replacing a magnetron,
regulate the current by
moving wires 45-1, 46-1 and

47-1 to the corresponding
contacts on the same blocks
P6-I, P6-1I, P6-II1, with
the voltage switched off.

-} N i
7 BHHM AHME'
NPUCMEHE MATHETPO
3 s . s\ HA PEFYNHPOBKY TOMA |
( NPEOYNPEMAEHAE! AR : * NPOMIBOAMTL NYTEM |
NPYU BHAGHEHKE TYMBNEPA €4 axmuns gfr'?g:"zuunzpuons%th%gpz
ATE AM(AT . L7
°s:a0m’:":f Jmate =orers (g8 454461 H4H RANPY-
e i B TUE ONHOKME HHBIE HOH
& TAMTBI TEX IHE HONO-
&A0K ne 0K N61N6-0.n6-
NEPEHNFOMEHRE

QTHAKNMEHHOM HANP A~
WEHMK

B, .. “
«.‘—\ N npPOoM3IBOAKTL NPH
J
~ .

[

~-Fig 52, The Control Panel (p 114)

- 1. milliammeter for measuring magnetron current
2. signal lamps

3. PS-Unit toggle switch
4. button

5. test jack

6. fuses

7. 220~v jacks

50X1-HUM
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B . o A centrifugal disconnector,type TsR-1,1s mounted on the free end of . =~
- | ‘the electric motor shaft. , o : P R

The blover is fastened with steel clamps to anhé.héi;_iroﬁ"%ih%}ié" ST
upper pa.r’f of the cabinet. _ ' :

. Control Autotransformer

o The control autotransformer allows up to 10% variation in the
value of the 400-cps voltage which is applied to the primary winding
~of the step-up transformer of the high-voltage rectifier (wnit vws). -~ . 0
Thus it is possible to adjust on each transmitter the desired value of ... - i *
the dc~camponent of t’he magnetron anode current when the bower supply
to all transmitters is drawn from a common 400=-cps voltage source. ‘

- The connections of the windings in the sutotransformer are 111us-
- trated in Figure 51. - S ¢

Control Panel

The control panel is of a swinging type on which the control and
monitoring components are mounted. o

A schematic diagrm of the control pamel is shown in Figﬁre 53.  (p 1s5) .
On the panel are located:

_ - = milliemmeter IP-1 with a 0-100-milliamp dial for measuring
the de-component of the magnetron anode current; b
- - elements of the filter in the circuit of the de-component of ¢ -
the magnetron anode current (chokes L3, Dré and capacitors C16, 017);\ :
~ contact plates P 6 of the control autotransformer; .
) - signal lamp LN 2, "Magnetron Heater", and its shunting wire e
' resistor Rll; _ L
- signal lemp LN 1, "ANODE" (with resistor conmnected in series) .
which indicates the presence of L0o0~cps voltage at the input of the .
high-voltage rectifier; - _ =
= transmitter switch V 2;
- -capacitor -C 18 of the capacitive voltage divider;
- control jack G L4, 'CHARGING OF LINE"; :
: - fuses Pr 2 and Pr 6 in the supply éircuit of the anode-~heater
" transformer is the thyratron unit and z 220-v; S50-cps Jack; . :
, ~220-v, 50-cps Jacks G 5 for Dower supply to measuring instry-
' ments, soldering iron, portable lamps, ete. '
Adapter - blocks with clamps, located in the housing of the regulat-
ing autotransformer, are used to connect the components of the control
DPanel with the transmitter circuit. no . : ’ :

' ; - : -5 .

‘50X1-HUM
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Per. toxm MW

] " Fig 53. Schematic Diagram of the Control Panel  (p 116)

al

1., control panel

50X1-HUM
Fig 54. Transmitter Cabinet (p 118)
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are mounted in front of the pulse transformer.

. the cabinet is the blower. :

-]

‘ 50X1-HUM
Construction of the Transmitter Cabinet , ' ! (p 117) |

The '3ransmitter cabinet is shown in Figures 54 and 55.

. In the lower part of the cabinet to the right is the high-voltage
rectifier unit §,: next to it is the artificial long line 6, and to the
left is pulse transformer 5. S :

The elements of the correcting circult - capacitor and resistor 9,

i

The protection pé"a,nel T is mounted directly in the cover of the
line unit. The protection diode is mounted on a special clemp placed-
over the high-voltage line insulators. ' :

In the upper part of the cabinet are thyratron unit 2 and magnetroh _
system 3.  Over the thyratron unit and toward the fwont is control. panel
1, behind it the control autotransformer and close to the rear wall of

The blower ducts are mounted behind the magnetic system.

In case of necessity the air-duct can be detached from the blower,
and the blower removed from the cabinet.

Automatic devices L type AD-3 x 5,are mounted in the left part of
the cabinet in front of the magnetic system.

The coupling element between the magnetron and the waveguide line. (p 120)

" is mounted on a bracket of the magnetic system. The unit is set on its

axis in such a mamner that it permits a limited movement of the SMS.
This ensures an accurate coupling of the SMS magnetron coupling unit -

- flanges with the waveguide. S

50X1-HUM
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s

| Fig 55. Transmitter Cabinet With Doors Open (p 119)

control panel

thyratron unit

magnetic system

automatic devices, type AD-3x5

pulse transformer

artificial long line

protection panel

high-¥oltage rectifier

capacitor and resistor of the correcting circuit
R-4P type relay

* e ° @

OV XYoo\ EWND K
e o & o @

|

50X1-HUM
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CHAPTER FIVE (p 121)

~

THE RECEIVING EQUIPMENT
/ .

The receivers, which are part of the staticm equipment, are
designed for amplifying the high~frequency signals received by the
antennas, after they have been reflected from targets, and converting

them to d-c pulses. \ —- —
The receiver complex includes sik PRS-1 centimetef-wave,receivera.

A dlagram showing:hhe interaction of the receivers with other units
of the station is given in Figure 56.

The reflected signals received by the antenna are fed through the
APS~1 antenna switches to the PRS-l receivers. Part of the power of
the corresponding transmitter is applied through the attenuators of
the APS-1 antenna switches to the input of the automatic frequency
control channel of each receiver.

The PRS-l receivers are supplied from a 220=-volt, 50-cps line,

| while the d-c voltages for supplying the receivers are provided in the
receivers themselves, .

Video signals from the output of each PRS-l receiver are fed through
slip-ring TK-03 to the input of the appropriate unit of signal mixer SS-1.

The mixed video signals are applied to units VS~3 and VS-l of the

 indicators.

!

All receivers are controlled from remote control panel FDU-1 p 123) .
located in the indicator vehicle. . _ -

The following parts are on this panel:
,
~-= galn control potentiometers for all receivers;
== switches for switching on and off the instantaneous AGC and
differentiating circuits of all PRS-l receivers.

The instantaneous AGC circuits of the first and fourth, second

and fifth, and third and sixth centimeter-wave channels are switched on

and off simultaneously by the appropriate switches. The differentiating
circults of the first and fourth, second and fifth, and third and sixth
centimeter-wave channels are switched on and off simultaneously in
exactly the same manuer. ' ‘

50X1-HUM
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Fig 56. Réceiver-Eq\iipment Connections With Other Radar-Station Units (p 122)

1-6.
7-12.
13.
14.
15 .
116,
17.
18.
19 .
20.

APS-1 antenna switches

PRS-l centimeter-wave receivers

SS-1 signal mixer (channels 1,2,3)

55-1 signal mixer (channels 4,5,6)

VS-3 video signal unit

indicator

PDU~1 remote control panel

NRZ-1 ground-radar-interrogator receiver (B-15)

NRZ-1 ground-radar-interrogator transmitter (B-11)

NRZ-1 ground-radar-interrogator indicator (B-16)

- 80 =
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The Centimeter-Wave Receivers (PRS-1) . (e l21¥) -

1. General Information

/Basic Technical Characteristics of the Receiver

The receiver is characterized by the following basic data:

1. Operating frequency -~ fixed. : , ) .

2. Receiver circuit - superheterodyne with high«frequency S
amplification encompassing a travelling-wave tube, with single~step
frequency conversion provided by a wavegulde mixer. A reflex klystron

"i8 used as the local oscillator in the receiver.

The types of APS-1 (antenna switch) units and AFC~1 blocks of the

-, receivers are shown in Table 2.

Table 2

Types of APS-1 Units and AFC-1l Blocks ,
of the Centimeter~wave Receivers

Channel Type of Frequency of Local Oscillator Type of

No. . APS Relative to Signal Frequency . AFC Block
I ' G below N
- IX Zh , below N
III v . above v
- IV Ye above v /
v B ' above Vv
VI D above . vV

3. The noise factor of the receiver is not irorse than 1l. (p. 125)
4. The pass band is 0.7.10.15 me. » ,
5. The maximum amplitude of signal pulses at the receiver output
(vith a load of 750 meters) is not less than 3 v.
6. With manual gain control, the amplification factor is at least
300. '
T. - The following auxiliary devices are eancompassed in the receiver
for noise protection: ' '
- ‘Instantaneous autoxna"cic gain control (MARU) for protection against
loss of sensitivity as a result of interference in the form of high=

amplitude longeduration signals; _ 50X1-HUM

-8l -

T m——— e e e e

Declassified in Part - Sanitized Copy Approved for Release 2013/09/10 : CIA-RDP80T00246A031500270001-2



Declassified in Part - Sanitized Copy Approved for Release 2013/09/10 : CIA-RDP80T00246A031500270001-2

50X1-HUM

~N

50X1-HUM

(9zT d) JeATE00] OAEN-IS3WTIUS) 9 JO WRISRTQ [RUOTIUN  °LS Ept ;
| S s Sy, S U |
! oot T T L2 H 93 A\ S¢ e €2 +_ 23 m
o — : dure due | '} . g
! R e | duwe | hdb=uln o] ] XTI m
-l ~ g\/ T HHOona KITO“.H_H. Qam < -.HUWE < 'MH .HaHH i D% ) w
] VAR . ] V o
! . osTnd Supizoq 1L T Sgion o 0¢ {& :
| .
0s2- AT~ v E ] B
“ Toxquod T, . : ULy m
| o "ba1g o _ K W Bl
! oy _ Teunuey | “ 52 m.
u / - {980 | HEO) e
' " © > teooq}t - 2|
1 [ }>-A 0ST- | e
| TOIZUOD " um._ _—
Homaﬁm 1 uten '
b i : : SdA
maowﬁ.mmv__ SFOIPH | o—p o '
545 : o . 1
maoﬁmv“ A 0z 11 {ZA! 19T 4130 " Y
! dure
HOLTHR, ! ~ muavi | | vl | mavm B I
FIORAA, A 02 ¢ _ _ Tt Il . |
“ - | g H 3 R 4 “ 9\ *
dure dwe dure due | [due due due JoxTu
1 legeg | due J03 ~ a Lk A_ a [ —11 JI '-v a ld ale epTn3 ..M.%M.Mm
A U 09pTA {1 }08%8( € FA T ||-eaem
104190 _\ Teutal | 09PTA L 2 I _
' ST it €T 2t Tt 0T 3 g L 9 - ! S 1
3 —llll.ll‘l"llli|||.||'|‘|||l.ll.lll|l-.|..|la||.||||‘ll.l.ll.l'.l||
I i A

- 82 -

Declassified in Part - Sanitized Copy Approved for Release 2013/09/10 : CIA-RDP8OT00246AO31500270001'_-_2



: \
|
Declassified in Part - Sanitized Copy Approved for Release 2013/09/10 : CIA-RDP8OT00246AO3150027000?-2

’

. _ : : 50X1-HUM
A 4 - g dirrerentiat;pg device for protection of the channel against
' & loss of sensitivity as a result of interferemce in the form of a long
duration signal. .

8. Tﬁ; receiver has automatic frequency control of the local
oscillator; the AFC range is T 7.5 mc. o g

9. The receiver is powered.from a three=~phase, 22Q~volt, 50=-cps
a=c network. H ' , B

Functional Diagram of the Receiver

A functional diagéam of the receiver, shown in Figure 57, includes
& signal channel and an AFC channel. .

The signal channel includes the following basic elements:

. =~ RF amplifier 3 with waveguide coupling 2 and antenna switch (APS) (p 127)
19; : o R
-- signal mixer 5 with preselector k;
-~ local oscillator 21;
-~ seven-stage IF amplifier 6-12 "o
== detector 13;
== video amplifier 1k4; ' —_
-~ final amplifier; ‘ ‘
' == three stages of instantaneous AGC (MARU) 16, 17, and 18;
== differentiating network (counected to video amplifier imput) 1.

The automatic frequency control (AFC) channel includes:

-~ attenuator 20; o "
-= AFC mixer 22;

-~ two-gtage IF amplifier 23 and 24;
== discriminator 25; :

=~ pulse amplifier 26;

== control tube 27;

search generator.

]
-

The reflector RF signal 1s taken from antenna switch 19 to the input
of unit UVCh~l (RF amplifier) 3 where it is amplifie@ and sent to mixer
5 of the signal channel. A voltage from local oscillator 21 is also
applied to this point., :

As a result of this conversion, IF pulses are obtained which are (p 128)
separated within the input circuit of IF amplifier 6 of the signal . ;
channel. These pulses are amplified in the subsequent stages 6 through

12 of the IF amplifier and are converted by detector 13 to d-c pui50X1-HUM
(video pulses), which are then amplified by the video amplifier.

‘l’ L S ' -

«

——
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Part of the energy of the RF pulses taken from the tramsmitter

" through attenuator 20 of the unit APS-1 (antenna switch) 1s fed to mixer

22 of the AFC chanuel, to which is also applied a voltage from local

: oscillator /21

These pulses are first converted to IF pulses and then to d~c
pulses which control the thyratron circuit regulating the rrequency of
the local oscillator.

Local and remote galn control are provided by the application of a
negative voltage to the grids of the second and third IF amplifier
stages; this is dependent upon the position of “‘the “Gain Control"
switch In unit PRS-1, '

The voltages for renote switching~-in. of - the 4ifferentiating circuit _ :'3 f;'f'

and MARU relays are applied through 'a plug in unit PRSe1l to the appropriate
network.

The differentiating clrcuit is connected in the grid circuit of the
video amplifier. The three MARU stages are connected to the last three IR

- stages of the IF amplifier. '

Power for the receiver is taken frOm transformers and germanium j(p 129)
rectifiers mounted in unit PRS-1, while the yoltage stabilization -

circuit is also located here in an indépendent subassembly == the

stabilization block.

Schematic diagrams of the control panel and the power supply unit
(PRS-1) for the IF amplifier and AFC blocks and the supply voltage

,stabilization block are given in a separate album.,

2. The Signal Channel : T

Wavegulde Coupling From APS-l to UVCh~l (VPS)

The waveguide coupling (Figure 58) serves as a link between the
antenna switch (APS-l) and the microwave amplifier (UVCh-l)

IV is a waveguide of complex configuration w1th different cross-
sections at either end. One end of the coupling has a special flange
which is joined to the rectangular ATR tube of unit APS-1l. The other
end of the coupling is terminated with a rlange for connection to unit

|
- The cross=-section of the coupling on the UVCh end is T2 x 10 mm 5ox1|4UhA

.. and corresponds to the crosse-section of the UVCh waveguide. The cross-

section of the other end of the coupling is determined by the dimensions -

of the rectangular ATR tube.

-8l -
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Fig 58. . Waveguide Junction ' (p 130) i

1. tuning screws '

50X1-HUM “

. -85 -

Declassified in Part - Sanitized Copy Approved for Release 2013/09/10 : CIA-RDP80T00246A031500270001-2



e i“».

\
Declassified in Par‘t - Sanitized Copy Approved for Release 2013/09/10 : CIA-RDP80T00246A031500270001-2

| - o 50X1-HUM
& ‘ , " . The transition from one ‘cross-section to the other is accomplished (p 131)
smoothly in the middle section of the waveguide. B

Three {tuning stubs are located in the wide wall of the wavegulde
to eliminate reflections caused by bends and by the change in crosse-
section, as well as for the purpose of matching the input of UVCh with

\

unit APCh-l, The position of these stubs is fixed after tuning by
1 means of lock nuts.,:

Travelling-Wave Tube Microwave Amplifier
./’

The microwave ampliﬂer (UvCh-1) is connected between the rectangular

ATR tube of the receiving arm of the antenna switch and the preselector
of the signal mixer. .

Use of the microwave amplifier reduces the demands on the quality

of the crystal detector and on the circuit of the IF amplifier input
stages. ’

In addition, introduction of the microwave amplifier increases the
protection of the crystal mixer against the action of strong RF pulses.

A The UVCh-l unit includes: '

== travelling-wave tube, type UV-1B; o

. == focusing system (solenoid) which produces a longitudinal
magnetic field; :

-~ a matching device which matchés the input and output of the
amplifier; ~ : !

~- a centering system for the UV-1B tube, ' - (p132)

A schematic diagram of unit UVCh-1 is given in Flgure 59.

Power'Supp}y for Unit UVCh-l.

All supply voltages to unit UVCh~l come through a cable from uﬁit
PRS«1. S : '

;- _' " Design of Unit UVCh-1

An over-all view of unit UVCh«1
UV-1B is shown in Figure 61. .

() o - ok

is gi\;en in Figurev60, vhile 50X1-HUM / .
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' Fig 60. UVCh-1 Unit (TW-tube Microwave Amplifier) (p 134)

piston adjusting knobs
input centering device
side coil in housing
input-waveguide flange
center coil in housing
side coil in housing
output-waveguide flange
power plug-in

B3O WnmE\WNDH
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-~

-

Fig 62. Cross Sectional View of the UVCh-1 (TW—tube Microwave Amplifier)
at the Conjunction of Waveguide and Housing

138
1. flange 4. Dbrass tube (p 138)
2. side coil 5. housing
| 3. center coil 6. piston
i
‘ 50X1-HUM
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. The following voltages are required for tube UV-1B:
Filament . 2=3 Vv
Control electrode 0-25 v relative to cathode
Plate 'I ' 0=100 v " no
Plate II ‘ . . 150-225 v " " ground
: L - 300-375 v " - " cathode
Collector ' L50 v " voom
’ . ’ 300' v 1] " [ [

These voltages are controllabie, sincé the operating mode of the
cube is selected for each individual tube within limits close to its
B r&ting.

In order to simplify the rectifier of unit PRS-1 and t0 use common
voltages of +300 and ~150 v for the receiver, the cathode of the tube is
not grounded, and a voltage of ~150 v is applied to it. o

The stabilized voltages of =150 and +300 v and the filament voltage  (p 136)
are taken from unit PRS-1 through the control panel located in this unis ... .
~ and pass through the power cable to the electrodes of tube UV=1B. s

Of particular importance is the stability of the voltage at the helix
(plate II) which controls the interaction of ,the electrons with the
electromagnetic wave (interaction voltage). The amplification of the
travelling=wave tube is very critical with respect to this voltage.

A d-c voltage is applied to the s§0lendild, and the initial current ‘ j
of the solenoid is equal to 8% 0.3 a. When the solenoid heats up, this . /
current drops to 6 ~ 7 a at which the required strength of the magnetic
field 1s achieved. . '

The design characteristics and basic dimensions of the amplifier ﬁ N
unit are determined by the position which the unit occupies in the RF
tract of the receiver and by the dimensions of the tube (TW) and the
. solenoid. ' : )

The amplifier unit consists mainly of three parts: solenoid,
waveguldes with tuning eléments, and the system used to center the tube
in the magnetic field. : :

In order to avoid undue distortion and attenuation of thermagnetic

field in those places where the tube is linked to the input and output
; waveguides, the solenoid is made in the form of three individual coils

/ and has a total length somewhat greater than that of the helix of the
tube, C .
. : , "HUM
The solenoid consists of three coils whose total resistance 82051 HU
temperature £220°C is 2.80 < 3.3 ohms. _ (p 137)-

- 90 -
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The coils are wound on brass tubes (Figure 62). These tubes serve -
as the outer shell of the coaxial helical line in the center coil and
- as RF filter plates in the side coils. The tubes are connected as a
single pieqp by bushings extending from the side walls of the waveguides.

The cross-section of the waveguide channels of the amplifier are
selected at T2 x 10 mm. The width of the narrow wall of the waveguides
1s determined@ by the léngth of the exciter stubs of the UV-1B tube.
Flat flanges 1 are fitted to one side of the waveguides to permit attache
ment Of the amplifier to the waveguide coupling at the input end and
attachment to the preselector cavity of the signal mixer at the output ‘
end. On the other side, each waveguide is shorted by a piston 6 which,
by means of a special drive, can be moved along the waveguide to
provide tuning to maximum signal transmission.

The ends of the outer coils are covered by two metal plates to
which the tube and the device used to center it in the magnetic field
are attached. The tube is held by an ordimary 8-pin tube socket and a
cap holder with segmented lobes. The position of th¢ tube along the
axis of the unit 1s adjusted by changing spacers duriung factory adjust-
. . ment. Incorrect adjustment of the tube causes a deterioration in its
1 ~ sensltivity. '

: Each centering device consists of a system of two eccentriecs. (p 139)
. One eccentric is formed by a cylinder, to which the tube socket (or

cap holder) is fixed, fastened to a metal disk with an eccentricity of
0.6 mm relative to the cemter of the disk. The other eccentric is

formed by a round cylinder, the axis of the external surface of which

is displaced relative to the immer surface also by 0.6 mm (Figure 63).

If one of the centering devices is kept stationary, rotation of
both eccentrics of the other device will cause a movement of the center
of the spiral of this end of the tube as shown at the right in Figure 63,

If both centering devices are adjusted, the axis of the tube can
"be’ made to occupy any position in space, limited by the cylinder to a <.
diameter of 2.4 mm, relative to the axis of the focusing system.

Correct orientation of the beginning of the helix relative to the
axis of the lnput waveguide noticeable improves the matching of the tube
with the microwave channel. In view of this, the cylinder of the tube
socket 1s held in the centering device in such a way that, ounce the tube
has been centerej in the magnetic field, the tube may be rotated around
its own axis. :

The armature of the solenoid is placed in a cylindrical sheath made
.of soft steel which screens the tube against the influence of ex®50X1-HUM
fields. . : : -

»
-

g ' -
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. Fig 63. System of Two Eccentrics in UVCh-1 Amplifier Unit (p 140) Y
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Fig 64. Main Elements in the Reflex Klystron '- /] £
{p2) | . 2 ‘ ?
1. repeller (reflecting electrode) I — 3. '
- 2, resonator grids AR | 4
3. accelerating electrode —TT = ‘
L. focusing cylinder P g A ,r
5. cathode ' P, [ Ve “8' }
6. heater y ' o ﬁ Ny !
{ . ,. . 4‘ !
't! {
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The solenoid heats up during its operation and 1s therefore cooled
by 8 fan in the transmitter unit from which an air duct runs to an ,
opening in the base of unit UVCh-l (travelling-wave.tube amplifier)., (p 1h1)

The né;d for cooling arises because of the fact that, without cool=
ing and at the high temperatures within the body of the vehicle, the
solenold may become overheated, ' .

The weight of unit UVCh-1 is approximately 40 kg.

; The Local Os¢illator

A 10-centimeter reflex klystron of the Kbll'type with an external
cavity resonator circuit is used as the oscillator tube.

The basic elements of the reflex klystron are showa in Figure 64, \\,.M

When the supply voltages are applied to the klystrbn, oscillations ..%;
are set up in the local oscillator circuit which may be maintained under e
certain conditions. :

The mechanism by which these oscillatiops are maintained in the
klystron circuit may be explained as follows. Electrons escaping from
the cathode enter the electrical field of the resonator circuit as a
result of the action of the voltage of the accelerating electrode and .-
the grids of the resonator (approximately 250 v). This beam, whose
electrons are homogeneous with respect to velocity and distribution,
enters the space between the grids of the resonator and is velocity-
modulated as a result of the action of the high-frequency electrical field..

When the electrons escape from the grid area they have different -
velocities, whereupon they are bunched during the time that they move in
the area of the reflector plate (the drift space). Bunching occurs in (p 143)
the beam around those electrons which pass the gap between the grids at
that moment when the a-c voltage in the' resonator passes through zero
and the electrical field in the gap between the grids changes from

 retarding to accelerating. Thus, the distribution of charges in the

beam is not homogeneous and, consequently, -the beam contains an J
alternating current component. : : -/

When the electrons return due to the action of the repelling field
of the reflector, the current maximuns of the beam must pass the grids
of the resonator at those moments when there is voltage in the resonator,
which creates a retarding field for 'he electrons.

: o 50X1-HUM
Only in this manner will the e):ctron beam Impart energy to the

beocal oselllator circuit and sustair oscillations in the' elrecuit., If .

this did not occur, the electron bee: itself would remove energy from the
circuit,and oscillations would cease. . '
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The characteristic feature of any reflex klystron is the possibility

- of changing the frequency of generated osclllations by changing the

voltage at the reflector. In any reflex klystron there are several
voltage regions at the reflector at which conditions of generation are
maintained, . ' i :
B . # ' .

. Pigure 65 sﬁéws approximately the regions of gener gion'for the Kall |

klystron for a voltage of -250 v at the resonator. The regions of (p 1l4b) -
. generation are numbered in order. The first (I) is the region of gemera=- . -

tion with the highest negative voltage of =250 v, the second (II) has a
voltage of approximately =140 v, etc. :

The local oscillator which we have considered uses the second
region of generation, at which klystron K11, as a rule, provides
maximum power.

Figure 65 also shows the relationships 'of changes in power and
frequency of the klystron to changes in voltage at the reflector within
the 1imits of the region of generation.. The frequency increases when the
voltage at the reflector is increased. The change in klystron frequency -

caused by changing the voltage at the reflector between the polnts of et

half power is called the electron ‘uning range.

The electron tuning range of the K-11 klyétron local oscillator is

" approximately 7.5 mec.

An over-all view of the K-11 klystron is shown in Figure 66.

High-frequency energy is taken from the klystron circult by means .
of a coupling loop. The coupling Joint is connected to a T-joint from
which the local oscillator voltage is led to both mixers by means of

‘two high-frequency cables.

Stable operation of the local oscillator requires that all fastening
screws be fully tightened and the tuning stubs be securely locked.

Power for the local oscillator is taken from the same rectifier (p 147)
which feeds the entire receiver. A voltage of 4300 v is applied through
voltage=droppling resistor R26 to the accelerating electrode and the .
klystron resonator. i '

A negative voltage from potentiometer R34 is applied to the repeller
electrode of the klystron during manual adjustment of the frequency. This
voltage may be varied from =55 to -220 v. With automatic frequency ’
control, voltage is applied to the repeller electrode from the plate of
the search generator tube of the APCh-1 (AFC) metwork.

©. 50X1-HUM
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Fig 65. K-11 Klystron Oscillation Regions  ( p 145 )
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Tig 66. Local Oscillator with K-11 Klystron (p 146)

opénings for tuning plungers

output for feeding voltage to the repeller
safety-lock bolt for attachment to PRS-1 unit
high-frequency Tee

flange with coupling loop

demountable housing

local-oscillator resonator

output for voltage supply to resonator
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67. Signal Mixer
waveguide of mixer
crystal detector
plunger-adjusting screw
plunger

split bushing
clamp nut

crystal holder
special plug

local oscillator
coupling device
collar

. +-wave filter

12,
lh-
150
16.

17.

18.
19-

9 (p 148)

preselector cavity

preselector tuning plunger

plunger c¢lamp nut

capacitive probe for coupling to the
local oscillator .

screw for adjusting coupling to local
oscillator

connection for local-oscillator cable

flange for attaching to microwave-

waveguide output

50X1-HUM
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‘, | ‘ Signal Mixer With Preselector Cavity

The signal mixer 1is used to convert the pulses of the microwave
slgnal to intermediate-frequency pulses. The signal mixer is shown in
Figure 67. The mixer consists of waveguide section 1 with a cross=
section of 72 x 10 mm across which is placed a type DGS crystal’.
detector 2. One end of the waveguide is closed by plunger L, which
1s moved by means of screw 3, whose position is fixed upon tuning. At
the other end are two diaphragms, which are separated from each other -
by a distance of half a wavelength and form the resonance cavity of the
preselector; the end of the cavity is fitted with a rectangular flange
for attachment to UVCh-l.. On the wide wall of the waveguide mixer is:
guide bushing 5 of the crystal holder with lock nut 6. Crystal 2 is ° (p 149)
screwed into crystal holder 7 and is placed in the waveguide s0 that its-
other terminal is connected to the center lead..of special plug 8 of a '
cable leading to unit UPCH-l. ' )

On this wall also is a device for connection to local oscillator.9.
This device is described in the description of the AFC mixer. An T e
externally threaded bushing 10 for counection to special plug 8 is EETRE
located on the opposite wall. -

A special box contains quarter-wave filter 11, which passes RF
energy to the input of UPCh-l (IF amplifier). The converted
frequency is sent to UPCh-1l by means of a section of coaxial cable.
The resonance cavity of the preselector is a section of rectangular

‘ . wavegulde with a cross-section of 72 x 10 mm with two coupling windows
" at the ends. : : '

A tuning screw (plunger) is placed in the waveguide of the preselector:
cavity so that the gap between its end and the waveguide wall forms a
lumped capacitance for the resonance cavity circuit. The resonance )
cavity represents a tunable selector device since it is equivalent to a '
circuit connected between the microwave amplifier and the signal mixer,

IF Amplifier and Detector (UPCh-l)

_ The voltage taken from the signal mixer is fed through high-frequency {p 150)
cable RK-47 and the input plug to input winding L1 of the circuit (see L
schematic diagram). In order that the cable does not introduce a reaction

| in the input circult, the geometric length of the cable is selected so

/ that its electrical length is equal to half the wavelength of the D
: - intermediate frequency oscillations. An equivalent diagram of the S
input circuit of URCh (IF emplifier) is given in Figwre 68. gowqpum 7

® —on
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Fig 68. Equivalent Circuit Diagram of the o
Input Circuit of the UPCh-1 (p 151)
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The current from the signal mixer, formed as a result of the
- detection of the local oscillator voltage, passes through resistors RL
and R2. ,

Resxséor R2 serves as a shunt for the measuring instrument of unit
PRS-1 (when measuring the mixer current with this instrument); resistor
. Rl and capacitors Cl and C2 are intended as a by-pass.

_ The IF amplifier uses seven amplification stages with ldentical .
circults which are resonance tuned to a frequency of 30 mc. The first
six stages use 6Zh1P tubes and the last stage uses a 6Zh5P tube,
/ .

All circuits are formed by inductance coils, auxiliary capacitors
connected iniparallel with them, the capacitance of the tubes, and the
capacitance of the wiring. The input circuit is tuned with a carbonyl.
iron core and all other circuits with brass cores. - :

The passband of each circuit is determined by the total capacitance‘
of the circuit and the shunting resistor connected to the plate cireuit -
of the tube, . . e

The IF voltage formed in the input circuilt is amplified by the
first and subsequent stages of the IF amplifier. A voltage from the
+120~v circuit is applied to the plates and screen grids of the 6ZhlP

50X1-HUM |

tubes. (p 152) o

In order to avoid the necessity of having large blocking capacitors

g
°

X

PR

W

TH
v EN

between the stages, the circuit coils ( with the exception of the Lnput
circuit), the auxiliary capacitors of the circuits, and the shunting -
resistors are connected to the plate circuits of the tubes. '
FAR)
Bias at the grids of the IF amplifler tubes 1s applied through RF .
chokes. ‘

The supply voltage of 4120 v is applied to the UPCh stages through
a resistance network which weakens parasitic feedback in the plate
circuit between stages. - :

RF chokes wound on ferrite rods and having high loss at high frequehcy
are included in the filament supply circuits of the tubes. These chokes
provide high attenuation of IF parasitic couplings through the filament
circuits.

In addition, all supply circuits are blocked by capacitors neax the |
1nput contacts of the power supply plug. -

The-+300 v applied to the plate of tube GZhSP also passes through

an inductance-capacitence filter. : aE | 50X1-HUM
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® ' T 50X1-HUM
o The eiveult of one stage of UPCh (the IF amplifier) is shown in
© TFigure 69. ,

Circu;y 14, C9 represents the load in the plate circult of preceding
tube V2. A

e The inductance of the circuit is trimmed during factory adjustment _
" by means of the brass core.

S The load of the stage examined above is the circuit in the plate of (p 153)
- V3 formed by coil 15, capacitor Clh and shunting resistor Rillk.

Resistor Rik in the plate circuit of tube V3 determines the gain -*
- and the passband of the given stage. RE-choke Dr6 protects the grid of
_." . the tube against strong signal overloads by maintaining a constant bias
" voltage on the grid of V3. An initial automatic. blas of the grid circult
‘18 created at resistor R13 in the cathode circuit of the tube, which is ~
blocked by capacitor Cl15. N '

o~

The cathode of tube V3 1is connected through decoupling resistor Rl2 Q?;-' r
to test Jack K3, where the operating mode and performance of the stage
is monitored. :

The plate of tube V3 is connected %o the grid of tube Vh of the
subsequent stage by coupling capacitor ClT7.

Recelver gain is adjusted locally by changing the gain of the
second and third tubes by applying a negative voltage to thelr control
grids from the potentiometer located on the control panel of unit PRS-1.

Remote gain control is accomplished by applying a bias to the same
stages from the potentiométer located in unit PDU-Ll (remote control panel).
The "Gain Control" switch on the panel of unit PRS-l is used to change
from 1ocal to remote galu control.

IF-voltages are taken from the plate circults of the fifth, sixth, (p 155) -
and seventh IF-amplifier stages through blocking capacitors to the MARU . :
(instantaneous AGC) stages. A control voltage is applied through filters
to the control grids fo the fifth, sixth, and seventh IF—ampleier stages

. from the MARU stages.

Dhe IF-amplifier detector is formed by a twin diode 6Kh2P.

A diagram of the output stage of the IF amplifier and the detector
is given in Figure TO. , .

' - IF-voltage is applied to the cathode of the detector throws50X1-HUM
- -blocking capacitor C35 from the plate of the final IF-amplifier stage,
.. which is based on tube 6Zh5P. Choke Drl9 permits passage of the direct Y
current component of diode 6Kh2P. The load.resistance in the plate

%%. s T T © -101 -

;‘peclassified in Part - Sanitized Copy Approved for Release 2013/09/10 : CIA-RDP80T00246A031500270001-2



Declassified in Part - Sanitized Copy Approved for Release 2013/09/10 : CIA-RDP80T00246A031500270001-2

50X1-HUM
S
y )
[ v ; i
{ . . . ‘
' RO e o (
-— — Co—¢120v]
R 7?25« f
;_ F—T Cn o
| T A6 ‘&QmYb,gEEé_J
; 6Zh1P,
‘ \
!
1
1' '%Cw
! to filament |  Dr8 _, .
3 | 0F V2" s Qg y—m A6 3V |
N U ) === L
! toV2 grid fO‘P: o [IF amp gain ] :
P _circuit, [ c

By

ontrol |

Fig 69. Diagram of a Typical UPCh (IF-Amplifier-Detector)
Stage : (p 154)
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Fig ?O. Diagram of the UPCh-l Output Stage and Detector

(p 156)
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50X1 HUM '

circuit of the detector, equal to 4.2 kilohms (resisters R26 and RRT 4n o
Pigure T3), is located in the grid circult of the video amplifier of the S
"APCh-~1" block. . : , . N

/ . |

Two series-connected resistors R38 and R39 (Figure T0), which are &
multipliers for the instrument on the control panel of unit PRS-1, are - E
connected to the plate of the detector. X
The plate of the detector is also connected through decoupling el Ej;

resistor R37 to a test Jack which is used to monitor the performance of - . ;u
the detector. . ‘ : .

/

Capacitor €36 shuats the load of the detector agalnst intermediate
frequencies. The values of the load resistance of the detector and the ) B
capacitance which shunts it are selected 80 that the signal will not» - B
be noticeably distorted. : o

A negative d-c pulse is taken from the load of the detector. (p 157)

| .Choke Dr20 is connected between the detector and the output contact - - %f
'~ of plug connector F2 of the UPCh~1 block (connected by coaxial cable to e )
' the video amplifier). This choke, together with the input capacitance

of the IF-amplifier tube and the capacitance of the cable, creates a

filter which impedes the penetration of IF-voltages into the video a _ - _
amplifier. Such a filter prevents the appearance of parasitic feedback .= . "
through the video amplifier circuits.

The MARU-Cireuit

The MARU (instantaneous AGC) circuit protects the radar from ro L
pulse noises with large amplitudes and durations exceeding'that of the ' 1
useful signal. , o

The MARU-circuit automatically reduces the gain of the last three
stages of the IF-amplifier when interference is present at its input -
~ during operation. At the same time, the MARU-circult does not attenuate
the working pulses received immediately behind the interference.

The MARU-circuit consists of three stages built around type ON1P 28
and 6N2P twin triodes (see schematic diagram). The first, second, and i
third stages are connected between the plate and grid circuits of the
fifth, sixth, and seventh IF-amplifier stages, respectively. The
three MARU-stages provide sufficient depth of gain control — a
reduction of the flat part of the noise pulses to the noise level.

FIO8 s DR

g e -

| The IF-voltage from the plate circuits of the fifth, sixth, and (QOKJ-'I'UM
- seventh stages of the IF-amplifier are applied through blocking :

capacitors to the corresponding halves of the triodes, which are’ . f :
.connected in a diode detector circuit. A‘ diagram of one MARU-stage is ‘ _ .
glven in Figure T1. ' '

- 104 -
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Fig 71. Diagram of One MARU Stage (p 159)
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Fig 72. 0Oscillogram of an Output |
Pulse When the MARU is ‘

9perating

1. MARU stages 1,2,and 3 connected;
2. MARU stages 2 and 3 connected;
3. MARU stage 3 connected.

(p 160)

v o s W W e mm

. - +126 v

Futput_7%-03] ,.

=150 v

‘L_ ~chassis N

diff. relay
-~ 6.3V

-

fig 73. Schematic Diagram of the Audio~Frequency Amplifier (p 16250X1-HUM

- +
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@ ‘ - . BOX1-HUM
. Resistor Rk, . shunted by capacitor Ck3, serves as the load of the
detector.

A rectifled voltage is applied through decoupling resistor RHB to
the grid of the second half of the triode, which is connected in a
cathode follower circuit. Resistor R43, which is connected to the
-150-v source, serves as the load in the cathode circuit of this
: triode. The direct current component of the triode causes a drop in
i voltage across cathode resistor RU43 approximately equal to 150 v,
i . Hence, the voltage between the cathode and ground is approximately
4 equal t0-0.2 v. This initial voltage causes a slight change in the
gain of that IF-amplifier stage with which the glven MARU-stage is
connected. y

The gain of the MARU-stage is increased by positive d-c feedback -
from the output of the cathode follower to the cathode of the detector
through RF choke Dr2k, Thils choke blocks the path to intermediate
frequencies,

The other MARU-stageé are similar to the one described. . e

- In order to prevent the third-MARU stage from being triggered by
a sufficiently high noise level at its input, the detector of this
stage is blocked by a certain initial bias so that it begins operating
at a certain "threshold." The triggering threshold is determined by (p 161)
the magnitude of negative bilas applied to the plate of the diode of ‘
this stage from divider R4T and RL8 (see schematic diagram), which 1s
connected to the =150-v network. The simultaneous application of a
 bias to the grid of the triode of this stage is compensated by the
1 : choice of a resistance in the cathode circuit of the triode.
_ ‘The triggering threshold of the third MARU-stage is selected so as
to prevent suppression of pulses of nominal amplitude.

Resistors Rh1, R4k, and R49 and the wiring capacitance and input
capacitances of the tubes in all the MARU-stages create a delay in the
triggering of the circuit for a period of time greater than the durationm
of the signal reflected from a siugle target.

T A

An oscillogram of the pulse at the output of the receiver (and at
the load of the IF-amplifier detector) together with a square pulse
having an amplitude of up to 0.2 v at the amplifier iuput, is shown in
Figure 72 .

[ - - Y _ . ..
The Audio-Amplifier (UNCh) and Differentiating Circuit B

50X1-HUM
: The audio-smplifier consists of two stages: +the preamplifier and .
= . - the final stage of the cathode follower (Figure 73). '
-~ 107 -
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, - ‘ 50X1-HUM
' Video-Preamplifier and Output Amplifiers - . (p 163)

Y e
FEYNECANE T

The preamplifier (video-smplifier) receives the: required input
voltage at the grid of the output stage, which is the power amplifier,

FE A9 Ml
IR AT

Both UNCh—stages are based on a 6N6P twin triode. The signals are R ¢
fed by means of a special coaxial cable from the output of the detector - B
located in the UPChel block to the APCh=l (AFC) block which contains the . T
audlo amplifier. Resistors R26 and R27 form the load of the audio~ - . R &
amplifier detector. Video pulses are taken from resistor R26 to the 2 PR 5+
grid.of the video ampldfier. : D |

S gt

Negative pulse signals are applied to the input of the video IR T
amplifier. The video amplifier tube is normally open and has a small. -~ = =~ = b=
negative bias between the grid and cathode as a result of the drop in ' IR A
voltage across resistor R26.

When large amplitude signals arrive, the video amplifier tube 1s
blocked,and limiting occurs. The cathode resistor of the preamplifier.
18 shunted by capacitor €25 for the purpose of decreasing negative '
feedback,which attenuates the gain of the pulse signals. T

The grid circuit of the video amplifier is protected against B
negative voltage from the output of the detector (d-c) by blocking (p 16L4) -
capacitor C27. Because of the presence of this capacitor, a change in : :
nolse level at the output of the II‘-ampllfier does not lead to a change
in gain of the audio a.mplif:.er.

Grid leakage of the video amplifier is formed by the back resistance’’
of crystal diode D2, type D2-Ye, which simultaneously performs the role
of a d=c restorer at the grid of the tube during overloading.

The limiting threshold of the video amplifier depends on the supply
voltage, the plate load R29, shunting resistor R33, and on the bias at
the control grid. The values of resistors R28, R29, and R33 is chosen
s0 that the amplitude of the signal at the plate of the left triode o
does not exceed 6 volts. : . -

Positive pulses pass from the plate of the left triode through N A
blocking capacitor C2k to the grid of right triode 6N6P. Capacitor C2L BT L
blocks the control grid of the output stage against a positive voltage
from the plate of the video amplifier.
{ . P
In the, absence of a signal, the right triode is in an almost closed i
state, since a large negative bias is applied to its grid through N
resistor R3l and crystal diode D3 of the type D2-Ye. The necessity for5ox1 HUM o
obtaining a sufficiently large current pulse results iniselecting the A7
operating point in the lower bend of the characteristic of the tube. . - ’
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Crystal diode D3, type D2-Ye, which is counected in the grid (p 165)

‘eircuit of the output stage, prevents overloading of this stage by :
" pulses of long duration and amplitude; that is, it plays the role of a
dec restorgr. . S . ' :

The load of the output stage of the audio amplifier is au end~
matched coaxial cable with a wave impedance of 75 ohms. This stage is R
in the form of a cathode-follower circuit. To prevent discharge of the = .
- cathode of the tube to the heater (filament) when the load cable is -
- disconnected, the cathode of the output-stage tube is shunted to ground =~ .
" by resistor R3k. ' 3 o

o This resistance is chosen on the basis that the tmue load of the -
-~ stage differs little from the wave impedance of the cable (R34 - 560 ohms).

Both stages of the audio amplifier are supplied from a 4120-v
stabilized voltage source. ‘ _ _—

Test Jack plug G2, connected to the output plug of the audio ampli- o

T fier, is used to monitor the operation of the.amplifier and the entire
© 7~ receiver in the "APCh-1l" block. ‘ :

Gfid—bias voltage is fed to the right triode from a special voltage
divider consisting of resistors R30 and R32.. This divider is supplied
" from a «~150-v circuit. ' o . :

The Differentiating Circuit . 3 .(p:166) o

In order to prevent overloading (blocking) of the video-amplifier’
stage by pulse noise of long duration, 1t is possible to connect (by
means of relay Rl) a differentiating circuit comprising resistor R35 and
_ capacitor C28 into the control-grid circuit of the tube in place of
- resistor R26, ' ' o

-

A differentiating circuit is not alwayﬁ'needed in the video-
. amplifier channel, since in a number of cases it 1s necessary to observe
large groups of "overlapping” signals. -

In differentiation,only the front of these slgnals 1s reproduced.
Individual signals are not visible.. Therefore, the differentiating
- circuit is connected remotely from the PDU-1 panel at the decision of
the operator. Also, it is desirable to switch on this circuit simule
taneously with the switching-on of the MARU-circuit.

. T

‘ The detected pulses are applied to the grid of tube V26 tr50X1-HUM
- capacitor C28 from the full load of the detector and through capacitor . .
C2T and the contacts of relay Rl from part of the load (from R26). Vhen -
- v91tage is applied to the excitation winding of the relay, resistor S

2209 & e
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R 25 1is connected in parallel with R36,and capacitor €27 is disconnected
from the control grid of the tube. In this case, the signal is applied
to the grid ouly through capacitor C28 and is differentiated by circuit
€28 and R25/with parallel-connected resistor R36.

The required values of C28 and R25 are determined by the duration (p 167)
of the working pulse of the radar, The working pulse must not be
differentiated, slince this would cause a decrease in the output signal
while maintaining the seme noise level, that is, the sensitivity of the
receiver would be reduced.

3. The Automatic Frequency Control (AFC) Channel

The purpose of the automatic frequency control is to change the
frequency of the local oscillator in such a ‘manner that the intermediate
frequency will remain unchauged in the event of a drift in frequency of
the transmitter or the local oscillator itself,

The AFC channel includes an AFC mixer'and an AFC circult; a e
schematic diagram of the APCh-l (AFC) block is given in a separate album.

The AFC circuit consists of two IF-amplifier stages, a discriminator,
a video amplifier, and track and search stages.

50X1-HUM
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Fig 74. APCh (Automatic-Frequency-Control) Channel Mixer o (p 168)

i 1. coupling loop . _ 8. space with absorbing layer
; 2. c¢ylindrical tube 9. Tee
, 3. holder 10. coupling rod
L. attenuator 11. coupling-rod base
5. inside conductor 12. coupling-rod screw
6. connector for voltage © 13. i-wave filter
supply from local
oscillator

7. 1inside plunger
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The AFC Channel Mixer : :

The AFCacharnel mixer (Figure T4) converts the high-frequency pulses
(reaching its input from the transmitter and through an attemuator) into
- IF-pulses. .

The AFC-mixer is a coaxial circult containing a type DGS-detector.
This eircuit is linked by means of coupling .loop 1 through attenuator 4 to '
the rectangular wavegulde of the antenna switch. The attenuator is a’ (p 169)
~ small cylindrical tube 2 soldered to the wide wall of the main waveguide
- of the antenna switch. '

Optimum attenuvation is achieved during complex tuning by moving the ¥
AFC-mixer and the coupling loop in an axial direction, thus increasing or
decreasing signal attenuation. The position of the AFC-mixer is fixed by
clamp 3 once the required attenuation is obtained.

For shorter waves corresponding to the higher harmonics (third and
£ifth) of the magnetron, the attenuator has less attenuation, and oscilla-
tions at these harmonics could burn out or damage the crystal upon striking
it. This is prevented by the introduction of two plates 4 made of a high-
loss material (pertinax with an absorbent layer) into the attemuator. The
‘energy of the signal passing through the attenuator is picked up by the
coupling loop and excites oscillations in the mixer circuit. Voltage is
applied from the local oscillator through plug 6 to the coupler of the mixer. -

. The power applied to the AFC-mixer from the local oscillator is reg-
ulated by means of a speclal device. Imner rod T of the local-oseillator
input to the mixer is connected through T-junction 9 to a novable rod 10
terminated with a cap 1l. This cap, being at a great distance from inner -
conductor 5 of the mixer, forms a capacitive coupling. The gap between
the cap and the inner conductor 5 may be adjusted by means of screw 12 (p 170)
which is rigidly attached to rod 10. The position of the rod is fixed by - .
a lock nut. - '

In the plug connector of the local-oscillator input of the mixer is
a special gasket 8 with an absorbent layer.. This gasket matches the input
of the mixer to the wave impedance of the cable which brings energy from )
the local oscillator to the mixer. , S

IF-voltege is teken from the detector by a special plug connector.
This connector has a quarter-wave filter 13 which does not pass high fre-
quencies to the input of the AFC-circuit. : : } :

50X1-HUM
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“Fig 75. Diagram of o IF-Amplifier Stages of an AFC Chamel  (p 171)
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IF-Amplifier of the AFC Chennel

- The voltage taken from the AFC mixer is sent by a sbhort high-frequency
cable RK-47 to the input plug of the AFC (Figure 75). The input circuit is
in the forfu of an eutotransformer circuit. ' The length of the cable and its
connection to part of the coils of the input circuit are determined by the

necessity for decreasing the capacity reaction of the cable to the circuit,
which is necessary to permit tuning of the input circuit to the intermedi-

ate frequency.

!

i

[ ‘
50X1-HUM .

E .

Matehing of the AFC-input circuit with the impedance of the AFC-mixer
is not ciitical. The passband of the input circuit is widened by shunting
the circult with resistor B3.

e

‘Resistor R2 serves as a shunt for the meter in unit PRS-l when meas- (pl72)
uring the AFC-mixer current. ’

The first stage of the IF-amplifier is based on a pentode dircuit with
tube 6Zh1P.

T — e

T The second stage uses a 6ZhSP tube to provide the necessary gain.

A circuit formed by coll I2, the input and output capacitances of the o
tubes, and the capacitance of the wiring serves as the load for the first P
stage. Resistor R9 in the plate load of the ‘first tube, which shunts this '
circult, determines the gain of the stage and the frequency passband. +d

: Bias at the control grid of the fitst stage is provided by a voltage
drop across cathode resistor RT.

The second IF-emplification stage of the APCh~1l (AFC) block is loaded
by a circuit connected to the discriminator.

A controlled negative bias is applied to the grid circuit of tube
6ZhSP to compensate aging of the tubes. The bias voltage is teken from
potentiometer R5. Resistor R4k provides the necessary initial bias.

The circuits are tuned to a frequency of 30 me. Thelr passband is
determined by the operating characteristic of the discriminator.

The function of the remaining elemeni:.s of the amplifier is the same as _ .
in the amplifiers of the UPCh-1 block. F

The Discriminator ' (p 173)
A circuit diagram of the discriminator is given in Figure T6. The -
discriminator is based on tube V22, type 6Kh2P. 50X1-HUM
- B
- 114 - {
} .

'_"’,.

" Declassified in Part - Sanitized Copy Approved for Release 2013/09/10 : CIA-RDP8OTOO246AO31500270001-2l



i b ke

[
Declassified in Part - Sanitized Copy Approved for Release 2013/09/10 : CIA-RDP80T00246A031500270601-2

: C , 50X1-HUM
The plate circuit of V21 consists of two series-connected inductence .

colls I3 and b capacitors C10 and C12, and the capacitance of 6ZhSP plus
the wiring. ' ¥

The d.{scr:i.minator circuit, consisting of coil L5 and capacitor C13,
as well as of the capacitances of the diodes connected in series with it
and capacitors Cl4, Cl5, Cl6, and C17, is inductively coupled with coil
L4 of the plate circuit of 6ZhS5P.

The inductence of the plate circuit i,_s divided into two parts (13 and

. L4) for the purpose of providing a sufficiently small coupling between the

plate circuit and discriminator circuit. Hence, it is possible to place
L4 and L5 én & single small frame.

The weak coupling between the i:»la‘be circuit and the discriminator is
necessary to avoid double-humped resonance curves in the coupling system.

The symmetry of the parameters of the arm of the discriminator has a ,
particilar influence on its operating quality. In order to achieve good ‘
symmetry, one half of coil L5 is wound between the turns of the obher half .
of the winding. . _ o - o

Of no less influence on the operation of the discriminator is the
symuetry of the diode loads and the capacitance of the diodes themselves.

This is achieved in the above discriminator circuit by conmnecting oaddts {p 175)
tional capacitors Cl4 and Cl5 in parallel with the diodes of tube 6Kh2P - .
and by individually grounding the loads of these diodes (which are also

of identical value). For operation of the discriminator with both loads

R12, C16 and Rl4, C17, which are connected to the chassis, the diodes are
connected in series in the arm of the discriminator (one with the plate

‘toward the circuit and the other with the cathode toward the circuit).

Choke Dr-7 permits passage of the d-c component of the diodes in the -
discriminator. Resistor R1l prevents impact excitation of the choke dur-
ing pulse operation. - ' :

The middle point of the discriminator coil is connected thropgh capa- -
citor C11 to the plate of tube 6ZhSP. '

A simplified equivalent circuit diagram of the discriminator (for high

" frequency- operation) is given in Figure T7.-

The voltage in each diode 1s made up of two components. One component
is the voltage in the plate circuit Uy, and the second component is equal
+o0 half the voltage in the discriminator circuit. The values of load capa~ |
citors Cl6 and C1T are selected so that the voltage (in the operating fre- -
quency range) in the right electrodes (according to the circuit in Figure 7
T7) of both discriminator diodes may be considered equal, to zero50X1-HUM -

-
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‘ S In the coil of the plate clrcult of 6ZhSP the pha.se of cuggé(sjuH.;.l%Mags :
1 joltage Uy by approximately 90° (see the vector-dlagram in Figure 78). The .
.- magnetic %lux vector &1 of the plate coil coincides in phase with current ., = -
vector II / _ _ A

i

: . The emf (&) induced in the coil of the second circult lags the maga: (p 178) ]

_petic flux vector &y by 90°. The current in the coll of the second circuit . ..

~ - Irg coincides in phase with the induced emf. The voltage in the coil of . .73

o the second circuit Urr leads the circuit current by 90° and. coincides in
v “phase angle with current vector Ig. _ L

4
3
+ T
v

. . The vector diagram given in Fn.gure 78 is valid only when both coupled
. circuits are resonance-t\med. to the freq_uency of the signal. o

§ It is setn from the vector diagram given in Figure 78 that the voltage " °

~ induced at the resonant frequency in the discriminator circuit as a result . ;.

- of the inductive coupling between L4 and L5 lags the voltage in the plate = 7]
- cireuit by 90°%. ‘ ‘,’“-];,,.f.

L In view of the fact that voltage U; is connected to the mlddle point. .
“o%  of the coil of circuit L5, C13 and that the ends of coil L5 are connected. .
- - . 4o each of the diodes, the voltage in each diode will eau&l the . vector which
is the sum of the vectors of component voltages Up and “IL . The vector

. diagram of volteges in the discriminator diodes dnring operation at the
fL resonant frequency is given in Figure T9a.

Vectors Uak; and Uaky — ‘the voltages 'between the plates and ca.thodes o
" of the first and second diodes of the discriminator — are LJnmn)erica.lly '
. equal when operating at the resonant freq;uency_.

Ty = Bl

_ In this case the volteges rectified by the diodes at loads R12 a.nd ;Cp 180)
" R13 are also equal in value. Bat, according to the eircuit in which the' . . =~
diodes are connected, these voltages are opposrte in sign.. :

The ocutput voltage of the d.:.scrim:.nator, taken from the voltage di-
. wvider comsisting of two equal resistors R18 and R15, is equal to zeéro when
e 'bhe resonant frequency is applied to the discriminator.

3 When a signal at a frequency other than- the resonant frequency is a.p- ’
_ plied to the diseriminator, the phase shift of vector Uyr will change de- .~
" pending upon the frequency. - As & result of the change inpphase shift of

vectors UIL , the total voltage vectors in the diodes will also change both
. 2 ] ;
- in directlon as well as in value (see Figures 79b and. T9e and Figure 80)

5OX1 HUM
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. - The voltages at the loads of the diodes will also change m5%luljyﬁMc

with changes in the amplitudes of vectors Ua.kI and Ual:II for any departure
from the resonant frequency.

The o{tput voltage of the dlscriminator, which is the algebraic half-
sum of the voltages at the loads of the dliodes, changes in value and sign
with changes in the frequency of the signal at the discriminator input,
dependifigrupon the magnitude and the sule 1o which the frequency differs
from the resonait frequency of the discrimnator (usually called the "zexo"
point of the discriminator characteristic). The frequency characteristic of
the discriminator is g1Ven in Figure 81. v

b As a consequence of thetassymetry of the trensmitter pulse and its fre-

- quency spectrum, two-polarity pulses will appear af the ocutput of the dis-
criminator when it operatés in the pulse mode even when the discriminator (p 183)
is completely balanced by precise tuning of the slgna.l to the zero frequency
of the dlscrimmator characteristic.

The presence of two-polarity pulses at the output of the disciminator
is unavoidable. The parameters of the discriminator circuit used in the
~ network are such that they permit a sharp reduction in the amplitude of un-
e ~ compensated residual pulses to a value which allows for sufficiently reli- .
s able operation of the automatic control system. '

Two types of APCh-l blocks are manufactured -- type "N" and type "V"
‘w= which differ only in the polarity of the disoduminator characteristic. .

Type "V" blocks have a negative polarity lmmp in the disciiminator .
characteristic at frequencies less than "zero and a positive hump at fre-
- quencles above "zero." .

The discriminator characteristic of type "N 'blocks has the opposite
polarity, as shown in Figure 82. ‘

The video amplifier, which is based on 6Zh5P tube, connected after the
discriminator, reverses the polarity of the pu.lses from the discriminator .
output.

: The curves given in. Figuwe 82 show the polarity and shape of the en-
velopes of pulses at the output of the discriminator ("discriminator pulses")

and the output of the video amplii‘:.er ("AFC pulses") for type "V" and "N"
' 'blocks.

50X1-HUM
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. o Frequency Characteristics of the Discriminator 50X1- HUM 185)
| o for Types "N and V' APCh-1 Blocks

The -thyratron circui’c is trn.ggered. 'by posrbive pulses at its input
(the outpub of the video emplifier).

Therefore, the work:.ng pulses at the loa.d. of the discriminator must
- have negative polarity.

_ Normal operation of the recelver requires that the appearance of the
positive AFC-~pulse, when operating with the AFC-circuit, coincide with the
intermediate frequency, whlch is near the zero point of the disciiminator
characteristic. .

For the first and second channels , where the local-oscillator frequency
osc is less than the transmitter frequency fi,. (see Table 2), the inter-
med.gate frequency. '

fin'l: f“l:r - i'o:ac ’

and for the third, fourth, fifth, and sixth channels, where the local-oscile
lator frequency is greater than the frequency of the transmitter,

fint - 'fosc - fyp o

When the search generator of the AFC-clrcuit is opera.ting , the fre-
. quency of the local oscillator changes, thus changing the intermediate fre-
quency &t the same time. Figure 84 shows a graph of the voltage change at
the reflector. S )

i

L When the search .generator 1s operating, the ¥elue of the negative volt-
.. age Upgp drops, causing a drop in‘the frequency of the local oscillator.

_ When the transmitters of the first and second channels are operating,(p 186)
a drop in frequency of the local oscillator causes an increase in the inter-
mediate frequency at the discriminator input, and when the third, fourth,
fifth, and sixth channels are operating, the intermediate frequency decreases,
as shown in : ’E:i:gure 82 by the arrows.

When the a.'bove conditions are satisfied, there should first appear .}" :

~ negative AFC-pulses and then positive pulses. Therefore, the characteris- /

. tics of discriminators for ty’pe "N" and "V" AEU ‘blocks have the shape shown
,inFiguneBe. ‘ L , R

50X1-HUM |
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AFC-Pulse-Circuit Amplifier _

The output voltage of the discriminator is applied directly to the grid
of tube V23 (see schematic diagram), wo that the load of the discriminator
18, &t the ‘same time, the grid leakege: resistance of the amplifier. The
pulse amplifier amplifies the signals to the level required for normal op-
eration of the tracking stage and is built around a 6Zh5P tube.

Resistors R16 and R18 serve as the load of the tube. The gain provided
by this stage is approximately 80. Voltage from part of the load (resistor
R18) 1s applied through coupling capacitor C18 to the test jack "AFC-Pulse."

The initial bias of the tube is sdlected so as to provide undistorted
2mpli;§'ication of the pulses of operating polarity (negative at the giid of
Zh5P) «

The Thyratron Circuit (p 187)

The thyratron circuit comprises a tracking stage using control tube
7G1-0.1/1.3 and a search stage using tube TG1-0.1/0.3 (Figure 83).

A voltage of -250 v is applied to a voltage divider consisting of re-
sistors R22; R20, and R25. The voltage drop across resistor R25 is approx-
imately 230 v. The cathodes of both thyratrons V24 and V25 are connected
to this resistor. : '

The voltage drop across resistor R20, equal to.9+410 v, is applied K
through resistor R19 to the control grid of thyratron V2 of the tracking
stage and .creates a negative bias at the grid with respect to the cathode :
which keeps the thyratron in a cutoff condition. '

A bilas equal to the voltage drop across resistors R20 and R22 is applied
through resistor R24 to the grid of thyratron V25 of ~the search stage. .
Chenging the value of resistor R22 changes the bias and, thus, the firing '
potential of the search-stage thyratron.

The Search Mode

The search mode is that mode of operation of the AFC-circuit in which
the voltage at the reflector plate of the klystron changes periodically
within wide limits and, accordingly, the frequency of the klystron changes
within the range of generation.

The bias of thyratron V25 is selected so that when the voltage bet.:{p 190)
tween the plate and cathode equals 170 v (corresponding to a plate poten-
tial of =60 v relative to ground), the thyratron fires and begins to con-
duct current. The thyratron remains open until the plate voltage aPI50X1-HUM:
the voltage of the cathode. While the thyratron is open, almost all the
plate voltage (+ 120 v) flows through resistors R21 and R23. :

- 122 -
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50X1-HUM .
The change in plate potential during the conducting period occurs as :
& result of the rapid recharging of capacitor C25 through the small resis- '
tance of the thyratron from the negative cathode wvoltage source.
Capa.ci/tor C22 is charged to a voltage of ~210 v. - This voltage is less:
than the cathode-to-ground voltage by an amount equal to the woltage "drop
. in the thyratron (15 v). At the end of recharging, the thyratron is
- quenched, and capacitor C235 again begins to recharge from the +120 v source
thromgh resistors R21 and R23. The voltage at the plate begins to increase
to +120 v.

Recharging continues until the voltage in capacitor C23 reaches the
firing potential, at which time the entire cycle is repeated.-: .

The time constant of the circuit conslsting of resistors R21 and R23
and capacitor €23 is such that each cycle lasts approximately one second.

Thus, a sawtooth voltage which changes from -210 v to -60 v is applied
to the repeller electrode of the thyratron in the search mode, as shown in
Figure S4. (p 191)

This cycle of the search mode is repeated uniil thyratron V2k (Figure
83) opens , and operation of the AFC-circuit switches to the tracking mode.

As was noted above, it is desirable that klystron K-11 operate in the
second region of generation (where it provides the greatest power).

In -order to avoid the possibility of the klystron operating in a region
where it provides less power, the firing potential of thyratron V25 is fixed
during factory adjustment so that the voltage of the search generator does

- not reach those values in which this region is loca‘ced. ‘

The Tracking Mode ~

The tracking mode is that mode of operation of the AFC circuit in which
the voltage at the reflector plate of the klystron is automatically maintained
at a level vhere the difference between the frequencies of the transmitter
and the local oscillator remain approximately equal to the intermediate fre-
quency. A positi¥e pulse is applied to the grid of the tracking-stage thyw=
ratron V24 as a result of the operation of the search generator and the'dis-
eriminator eircult. The thyratron opens (when the firing pulse is sufficient)
and conducts current until its plate voltage reaches the potential of the
cathode.

While tube V24 is open, a voltage of +J.20 v flows, for the most part,
through resistor R21, and capacitor C21l is recharged through the ‘tube to s,(p 192)
the potential of the cathode (-120 v). A 50X1-HUM
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. o Thyratron L V2h is q_uenched at the end of recharging. Since the poten~ =~ ..

“4ial in capacitor C21 after firing of V24 is more negative than in capacitor R
€23, the charging voltage of capacitor C23 changes. .

In the/ beginning, capacitor C21 cha.rges capacitor €23 with a nega.tive CTa
charge, and the voltage in it, as well as in the reflector, will d.rop (will 5 o
become more negative). . L

: As capacitor €21 ra.pi dlscharges from the +120-¥ source (C?.l, R21
- having a small time constant), the decrease in voltage in capacitor C23 is
- delayed and, at a certain moment, begins to increase because it is
o charged from the same;+120 v source. o

: - The speed of charging of capacitors C21 and C2% determines the law of
- change of the voltage at the reflector in the tracking mode.

, The initial voltage drop in capacitor C23 results in the intermediate
freguency becoming greater than 30 mc, and nega.tive Pulses agaln pass to the -
grid of thbe vak.

~.v . The increasein voltage at the reflector continues until -the :Lntermed-.
: ilate frequency again passes through & value of 30 me. Then tube V24 will"
again receive a posititre pu.lse ,ifire, and repeat the process once more.

A dlagram of voltage changes at the klystron reflector during opera~ (p 193) -
tion of the thyratron circuit in the tracking mode is shown in Figure 85. . = .-
This oscillogram may be seen at the output of the AFC- circuit.

L Voltage fluctuations at the reflector dnr:.ng tracking cause changes in
- the intermediate frequency withln limits of %100 ke.

This occurs after every three-four pulses of the transmitter (I‘igure i
~ 86) when thyratron V23 (Figure 83) is operating in a steady-state tracking -~ « /.
. ‘mode, &5 may be seen at the test Jack "AFC"‘MSG-" g

- If the frequency of the transmitter drops slightly, the frequency of e
- the local oscillator must also drop in order to obtain iniintermediate fre-
quency of 30 me; that is, it is necessary that the voltage at the reflector
become more positive. This is performed automatically.

, If, when,the transmitter frequency drops, the intermediate frequency
first becomes greater then 30 mc, ‘a positive pulse will appear at the output’
of the discriminator. Consequently, negative pulses will pass to the grid
. . of thyratron V24 (Figure 83) and it will not fire. During this time, capa-
e citor €23 will continue to charge from the -120-v source and the voltage in =~
~ it, and, hence, in the reflector, will become more positive, as seen in A
. Figure 85 (section ab). Charging continues until the frequency of the local
.-~ oscillator again reaches a value at which the intermedlate frequency will ¢
... .+ pass through a value of 30 mc. Then the tracking process will proceed in '
“ . the usual manner. . :

- 125 = .
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If the frequency of the transmitter increases, the voltage at (p 196)
" the klystron reflector must become more negative in order that the
.. frequency, of the local oscillator also 1ncrease to produce an intermediate
freqpencf'of 30 me. - : :

Since in this_case'the intermediate frequency at first becomes less

. than 30 me, negative pulses appear at the output of the discriminator S ‘

and positive pulses flow to the grid of thyratron vai (Figure 83) amd = .. [
trigger it. S

After each pulse, capacitor C21 recharges‘to a voltage of -210 v.
Thus, capacitor C21 recharges capacitor €23 more often than in the normal
operating mode, and the latter assumes a more negative potential (Figure

. 85; sector cd). . _ N _ . ‘ 1;
As a result, the frequency of the local oscillator increases. When L _{ﬁﬁ
! the intermediate frequency slightly exceeds & value of 30 mec, negative . = f4
pulses flow to the grid of the tracking thyratron and the process proceeds . R
as usual. : _ o -;/_
| Manual Freguency Control ' S ﬂ/ﬁ ‘ gi

Tuning the klystron and checking the operation of the AFC circuit :
réquire that the voltage at the reflector of the klystron be changed slowly.
This adJustment is accomplished with a potentiometer located on the control

- panel of unit PRS-l at the position of the "Manual" frequencyuadjustment
switch. -

With the transmitter on, the pulses observed'at'the output of the k
video amplifier of the AFC-circuit ("AFC-Pulse" jack) will first be ’ o
negative ahd then positive if the shaft of the potentiometer is (p 197)

turned in a clockwise direction (Figure 87). The law of voltage L "Eﬁ
change at the reflector in this case will be the same as when operating I
the AFc-circuit in the search mode. : : _ R ¥

4. Common Circuits of the Receiver - - '. - fﬁ

The control and monitoring circuits and the power supply circuit are . : .__;3
the common circuits of the receiver. . ‘ a iﬁ

Control and Monitoring Panel

- The control and monitoring panel (see schematic diagram) is used to
establish and monitor the operating mode of tube UV-1l [UVCh-l 7], as .

. well as to monitor the crystal-mixer currents, the voltage at‘the detector, 2
“and, the supply voltages of the receiver. . ;}

50X1-HUM
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Fig 86. AFC Pulses in the Tracking Mode (p 195)

Fig 87. AFC Pulses During Manual Adjustment of the _
, Local Oscillator Frequency " (p 198)
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. switches (V2 and V3) with 10 and 7 positions, respectively. The designa- .

The operating mode of the traveling-ane.pube is adjusted by .
potentiometers RS,  R13, R15, and R63. . o -

The dﬁrrent 4n the solenoid of the tube is adjusted with resistor RS,

.  v1ocated in unit PRS-1 near relay RA-l. The solenoid current is adjusted
.. at the factory and when UVCh-1 or the diodes which supply the solenoid
‘are replaced. o ‘ ; A

50X1-HUM -~
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Resistors R73,.RT4, and RTS in the -250-v circuit are used to
apply a manual-frequency-control voltage from -250 to =50 v to the
klystron reflector, at the same time maintaining operation of the

. klystron within the limits of one region of generation. (p 199)

Resistor R72, connected between the klystron resonator and the

300 v circuit, is a voltage-dropping resistor. The voltage drop
across this resistor is equal to approximately 50 v as'a result of the
klystron current flowing through it.

‘The manual-gain-control voltage is taken from potentiometer RTT,

which is connected through resistor R78 to the -150-v circuit. Resistor | =

R79 improves the smoothness of adjustment.

The monitoring circuit uses a 100-microamp instrument IPl, type
M-48k, which has been reconnected for 125 microamps, 100 mv. The instru-'
ment is connected to different .circuits by means of two three-wafer

tions of the positions of each switch are shown in the schematic diagram
and on the control panel of unit PRS-1l.’ : :

Dividers consisting of range”mu}tipliers and wire shunts are used
in the <300, 4120, and -250 v measuring circults to drop. the voltage

at the contacts of switch V5. The range multipliers limit the current ’ .

through the measurement circuits. The shunt resistances provide the
necessary limits and measurement accuracy for the instrument. '

. . .
Measuring transformer Tr5, used for measurements of the traveling-
wave tube filament circuit and the filament circuits of the remaining
tubes, permits the presence of up to 35 v at the input of the tube volt=
meter (with resistors RS54 and R55), which is sufficient for operating the

voltmeter under linear conditions and providing high messurement accuracy(p 200)

of the filaments.

L The tubé—voitﬁeter qifcuit for ﬁhe,filameﬁt éircuiﬁs’in¢ludes‘a}”} o
\type 8Kn2P twin diode which rectifies the a-c voltage. = L

¥
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Parameters Measured With Instrument IP1 (p 201)
Parémét9r 1 Position of Position of | Rated | Scale Measure.,
switch V2 Bwitch V3 Value accuracy
“"Receiver Mode|"IW Tube Mode
Monitox" Monitor". :
1- 2 3 L 5 6
Voltage =250v 3 any 250v red 10%
' sector
Voltage 4120V Iy any 120v " 10%
Voltage +300v l 5 any 300v {500v(IV)| 100%
Filament volt.| 6 any except 2 6.3 |red line 5%

of tubes (TW filament) ' - :
Volt. at out- T any 05v Sv 10%
put of detect. : . | (Iv-100)

Signal mixer 8 any O.2ma | blue 10%
current sector
AFC mixer- 9 any O.6mar, o 10%
current ‘ :
TW tube sole- |11 (TW circuit 5 6:8a {1loa(V) - 5%
noid current |  monitor) |
TW tube fila- " 6. 2.1+2.9 {3V(I) 0.05v
ment voltage
Voltage at TW " T | 0:25v |25v(II) 3%
control elect. } :
Voltage at 1lst " 8 0+100v 125v 3%
‘plate TW tube (I11) '
. Current at 2nd " 9 0:10pa |500pa 3%
plate TW tube |- ' (Iv)
Collec. currers " 10 to SOOFa 500pa 3%

TW tube | L (IV) :
Voltage at 2nd " 1 to 300v | 500v 3%
plate (TW helix) ) (V) 50X1-HUM
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The d-c components of the initial ‘diode current are mutually ' BT
equalized by connecting the diodes 1n opposition. B ¥
Depéﬁding upon the position of the switches, instrument IPLl 1is o B
used as a d-c or a-c voltmeter, milliammeter, microammeter, and ' b
ammeter. . : , o N 'Eﬁ
Measurement accuracy in the cirecuit is determined by the accuracy IR ?

_ of instrument IPl as well as the precision of the range multipliers
. and shunts. . ' o

TR

Table 3 glves tﬁe parameters'meésured with instrument IPl.. : ol

In order to avoid disturbing the parameters of the voltmeter : , SR
when taking measurements in the eircuits of the tube and traveling-wave - K
tube filaments, two potentiometers R52 and RS54 are connected into the
circuit with which the readings of instrument IP-1 (at 6.3 and 2.6-vOl
points) are factory set according, to a standard meter. _

"~ : Switches V2 and V3 make it possible to use instrument IP-1 for . (p-202) - .
all necessary measurements of the receiver operating modes. PR o

L S e - MY Pl SR

Switch V9 switches the operating mode from local gain control
‘of the IF emplifier to remote control.

The neon lamps located near the safety fuses light when the
fuses burn out. - :

, Lamps NIL4 and NLS are used to monitor switching-on of the travelings . -
wave tube circuits and the common receiver circuits. ' o

i

Incandescent lamp IN-1 (“Solenoid Supply") signals the burning out i

of 10-amp fuse Pr5 in the solenoid power supply circuit of UVCh-1. : -

Only lamps' NL4 and NL5 should be on when the receiver is opérating
normally. ' -

Glowing of the remaining lamps is an indication of faulty
. operation of the corresponding power supply circuits.

switeh V1 ("V.N. [rectified voltage] Common") switches on the -+ 300, o
4120, -250, =150, ‘and -#26-v rectifiers, while switch V5 ("V.N. ™7 Tube®) |

applies rectified voltages of +300 and -150 v to the operating-mode - o
“econtrol circuit of the traveling-wave tube. " L L o

50X1-HUM

-130'- L . B .

Declassified in Part - Sanitized Copy Approved for Release 2013/09/10 : CIA-RDP80T00246A031500270001:2



|
Deqlassmed in Part - Sanitized Copy Approved for Release 2013/09/10 : CIA-RDP8OT00246AO315002700‘01-2

® o - ~ 50X1-HUM
1 The tube filaments are turned on simultaneously with the applica-
tion of the line voltage to the power plug of unit PRS-1, while the
filament voltage is somewhat reduced before switch V1 (V.N. Common) is
switched /on. ’ ’

On the control desk is a test jack to which a portable imstrument, (p 203)
similar to the one located in unit PRS-1, may be connected. The
portable instrument is used to nonitor the power supply in the event:
of a malfunction of the main instrument, as well as when it 1s necessary
t0 observe these conditions at a distange from the receiver. ’

! Power-Slipply Circuit

Technical Data

The power-supply circuit provides thé foilowing voltages:

a) a stabilized voltage of -250 v at a load current of 15 ma; voltage

- stability is within 1% at load drops from 15 ma to zero and network ‘ :
- . voltage fluctuations of 4 5%; voltage fluctuations - not more than R
’ 0.03%; internal resistance is not more than 10 ohms; S _/fﬂ

&
7
o,
L‘:ﬂ

: b) a stabilized voltage of 1300 v at a load current of 80 ma;
Aq o voltage stability (with load drops from 80 ma to zero and network e
& I voltage fluctuations of - 5%) is not worse than 1.6%; voltage fluctuations .

' . are not more then 0.02%; internal resistance is not more than 5 ohms. o

- ¢) a stabilized voltage of 4120 v at & load current of 95 ma; :
‘ yoltage stability (with load drops from o5 to 4O ma and network voltage.
fluctuations of 4 5%) is not worse than 2%; voltage fluctuations mnot
more than 0.02%; internal resistance is not more than 15 ohms;
, d) a stabilized voltage of -150 v at a load current of 20 ma; .
" yoltage stability with network voltage fluctuations of 5% 1s not - (p 204)
worse than 0.5%; voltage fluctuations do. not, exceed 0.01% . o

_:>-e) three stabilized filament voltages: . . = | - ' L

- 6.5 v at a load current of 6 &
-- 6.3.v at a load current of 1.3 &;
-- 4.2°v at a load current of 1.0 a. -

, f) stability of the filament voltage'with a rated load and
" network voltage fluctuations of - 5% is not worse than 1%.
A~functiopal diagram of the receiver power supply»is glver~y- _

"‘131"
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Fig 88. Functional Diagram of Receiver Power Supply (p 205) . .

1. AC relay, type RA-1 9. source of reference voltage
' 2, transformer for rectifiers of the =250~v circuit and of
3. -+300-v and --120-v rectifier - the output voltage of the
4e —4300-v electronic stabilizer =150-v circuit '
5. -+120-v electronic stabilizer 10, plus-minus-26-v rectifier
6. filament transformer for 11, saturable coil
electronic stabilizers 12, electronic filament stabi-
7. =250 and ~150-v rectifier lizer
8. =250-v electronic stabilizer - 13, stabilized-filament trans- o
' former u e
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Schematic Diagfam of the Receiver Power Supply

A scgematic diagram of the receiver power supply is given in
Figure 89. ' . - - :

A three-phase, 220-v, S.O-éps\» voltage is applied to plug connector ‘
Shl (contacts 3, 5, 7) from unit PS and from there to the primary contacts
of relay RA-1, to the primary winding of filament transformer Trk, and
to the primary winding of Tr3uwhich is connected in séries with Drl.

The rectifiers a"r'e supplied from the secondary windings of three-

phase transformer Trl, the primary winding of which is supplied from the
220-v 50 cps network, through the contacts of relay RA-l. § , '

As seen in Figure 90, the' transformer has five s‘econd'ary windings
for supplying the rectifiers: : X

winding II -- 300 v (120 v) ‘ | g (p-208)
| winding III -- 250 v (-150 v) '
windings IV, V, VI -- +26 v.

Local switching-off of the rectified voltage of unit PRS-1 is

.accomplished by means of switch VI which breaks the coil circuit of relay

RA-lo ‘

The < 300-v and + 120-v Rectifier

The <-300-v and +léo-v rectifier (Figure 9la) is designed on a
si{x-phase. circuit and, is supplied from winding II of transformer Tr-l.
Type D-211 silicon diodes are used as the rectifier valves.

One resisﬁance-shunted valve is used in each phase. A filter
consisting of two capacitors Cll and C1l2 with a total capacitance of

1k )af is used 'to smooth pulsations at the rectifier output.

" From the filter output the rectified voltage is applied to a 4 300-v
electronic stabilizer and through voltage-dropping resistor R71 to a
" 120-v electronic stabilizer.

l
The -+ 300-v and 4 120-v Electronic Stabilizer

The < 300—V electronic stabilizer is désigned as a circuit with
series-connected control elements connected to the load circudOX1-HUM

- 135 -
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Fig 9ia. Dlagram of the +300-v and +l20-v Rectifier (p 209)
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Tube V2, type 6S19P, is used as the regulating stage. ' (p.210)

_ The grid circuit of this triode is gpﬁnected through grid
' suppressor Rl [?], R2 to the plate of the left triode of Vi of the
¢ontrol stage. : T : .

The cathode of this triode serves as the output of the ¥ 300-v
electronic stabilizer. i

A control element with two amplification stages (twin triode Vk,
type 6N2P) is used to obtain high stability.

Resistor R8 serves as the plate load of the left triode.

_ The control grid for the left triode is connected to the plate of
the right triode through grid suppressor R10, The cathode of the left
triode is connected to the middle point of divider Rk, R5, which is
connected to the output of the +300-v electronic stabilizer.

Resistor R9 serves as the plate load. of the right triode. ffv

| The control grid of the right triode is connected to the chassis.
The cathode of the right triode is connected through resistor R3T to
divider R18, R19, R20, one end of which is connected to the + 300-v
ecircuit and the other end to the -150-v reference voltage.

The stabilization circuit operates as follows. With a change (for.

example, increase) in the voltage at the output of the electronic ‘

- stabilizer as a result of an increase in the voltage at its input or

.a drop in load current, the voltage applied to the input of the control
system (the cathode of the right triode of Vl)<increases. This change (p 211)
in voltage is amplified by the two-stage amplifier and is applied in
opposite phase to the grid of the regulating element {tube V2). " The
internal resistance of the regulating element lncreases, increasing the
voltage drop in the element, and compensates for the increase in output
voltage. '

'The efficiency of the stabilization circuit during rapid changes
in output voltage is increased by the presence of capacitors C3 and ch
which smooth pulsations of the output voltage, since any rapid change
in voltage is applied directly to the grids of the amplifiers of the
control element. '

The +120-v electronic stabilizer is a circuit with a series-connected ..
regulating element and two-stage amplifying element. A stabilized
voltage of -250 v is used as the reference voltage. : 50X1-HUM

-~
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Three parallel-connected tubes V1, V6, and V7 (type 6519P) are used

e s
PP - SRS FNP S S

., " as the regulating stage.

A rectified voltage of approximately 240-v is applied to the plates
- of regulating tubes V1, V6,vand,v7 through voltage-dropping resistor
‘RT1 of the supply c¢irceuit; one end of the resistor is connected to the
positive pole of the +L00-v rectifier, which simultaneously supplies
~ the +300-v electronic stabilizer, and the other end is connected to
. * . capacitor C13 which, with resistor R7l, forms the smoothing filter.

3 The cathodes of %egulating tubes Vl,fv6,-and V7 serve as the  (p 212)
'j output of the electronic stabilizer. -

. The control stage of the electronic stabilizer uses a tw1n triode .
6N2P, tube v9..

Resistor R26 is the plate load of the left triode. The control
: grid of the left triode is comnected to the plate of the right triode
N through grid suppressor R25. The cathode of the left triode is connected
" to the middle point of divider R23, R24, which is connected to the -250 volt,
eircuit.

Resistor R27, connected to the 1‘120-v'source, sexrves as the plate .
load of the right triode.

The control grid of the right triode is connected to resistors R28 .
and R29. The cathode of the right triocde is connected to divider R30,
R31, R32, which is connected to the -250 and -+ 120-v sources. .

; ey

The plate of the left triode is connected through'grid 5UPPressors

A high-resistance ‘aivider consisting of resistors R30 and R32 and
potentiometer R31, the cursor of which is connected to the cathode of the
right triode of V9, is used to regulate the stabilized output voltage.

Capacitor c8, which prevents excitation of the circuit from the side
of the control stage and decreases pulsations of the -+120-v circuit,
is connected in the sontroivgrid eircuit of the left triode of v9.lﬂﬂ

.-

. 50X1-HUM

Declassified in Part - Sanitized Copy Approved for Release 2013/09/10 : CIA-RDP8OTOO246A0315(‘)0.270001-2"

O ok SRS RS Cpse s DS

R S S |

R i o S

TR
PO O DD SOV S




| |
Declassified in fart - Sanitized Copy Approved for Release 2013/09/10 : CIA-RDP80T00246A031500270001-2

o .. ‘ 50X1-HUM
A ' The -250-v and -150-v Reetifier ) (p 213)

The rectifier (Figure 92) is based on & 6-phase circuit. ‘Type
D-211 diodes are used as the rectifier valves.

The rectifier is supplied from winding III of three-phasé
transformer Trl. :

The negative pole of the rectifier is the -250-v outputi

The positive voltage of the rectifier is applied to the -250-v
electronic stabilizer.

Capacitors €7, €8, and C9 are connected at the output of the.

rectifier for the purpose of smoothing the pulsations of the rectified

voltage. v

Voltage at the rectifier output is equal to approximately 340 v,
The -250-v electronic stabilizer is based on a circuit similar to

that of the 300-v stabilizer, the difference being opposite polarity at
the stabilizer output.

The positive pole of the stabilizer is connected to the chassis.
- The negative voltage of the stabilizer is used to supply the receiver
circuits.
Tube V5--- a type 6N2P twin triode -- is used as the control element.

The stabilizer circuit is shown in Figure 93a. ‘

The -150-v Stabilized Circuit

| (p 216)
!

A stabilized voltage of -150 v (Figure 93b) is taken from the
cathode of stabilovolt [voltage stabilizer] V8, type SGLP, which is the .
reference voltage source for the -250-v electronic stabilizer. The
internal resistance of the -150-v circuit is determined by the internal
resistance of the SG1P stabilovolt. '

. The external characteristic of the stabilovolt has a sector in which
. - the voltage at the terminals of the tube changes insignificantly when a
current of 5 & 30 ma passes through it. This sector is used to operate
the «150 v stabilization circuit.

m—

50X1-HUM
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Selection of an operating point on the characteristic of the stabilizer
is provided by the connection of load resistor R53 into 1tscircuit.

Capacétor C10, located -in unit PRS- l is used to decrease pulsations
at the stabilizer output.

The 6.3-v Stabilized-Filament-Voltage Circuit

The 6.3~v stabilized-filament-voltage circuit (Figure 94) consists K
of the sensitive element of the circuit -- tube V10 (diode UTsllS) --
the control stage based on tube V1l, type 6S19P, saturation choke Drl,
and filament transformer Tr3.

The control winding of the choke is connected directly to the (p 217)
4120-v circuit. The other end of this winding is connected to the
. plate of regulating tube V11, type 6S19P. The cathode of tube V1l is
connected to the chassis. '

The control grid of the tube is connected to the plate of diode VlO,
type 4Tslls, through grid suppressor R36.

Resistors R34 and R35, the load of the diode, are connected in the
diode circuit. '

The =150-v circuit is used as the reference voltage and is appliedd
to the diode filament circuit through resistor R33.

The filament circuit of the control diode is supplied from filament
transformer Tr3. '

The stabilized voltage taken from the,windiﬁgs of transformer Tr3
is applied to the filament circuits of the receiver.

The circuit operates as follows:

Changes in line voltage are transmitted to the input of filament
transformer Tr3. At this time, the heating of the diode intensifies,
leading to an increase in the emission of its cathode and, consequently,
t0 an increase in plate current. The potential of the plate decreases,
causing an increase in negative bias at the grid of tube V1l and a
decrease in its plate current. At the same time, the current in the
control winding of choke Dr-1, which is connected in series with the
plate, decreases.

The decrease in excitation current of the control winding of
regulating windings of the choke and, as a result, leads to an
additional voltage drop within it. This voltage drop compensates for -

" the initial increase in line voltage.
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... Fig 96. Vector Diagram for the Plus-Minus-26-Volt
Rectifier Voltages . (p 221)
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A decoupling network consisting of resistor R33 and capacitor Cll
i1s used to decrease the effects of induction of the magnetic amplifier
on the -150-v circuit. .

The 426-v Rectifier

The 4'26~v rectifier is used to supply the coils of the traveling-
wave-tube solenoid with a current of up to 8 ampbres. .

The +-26~v rectifier is arranged in a 12-phase circuit with type
D-202 silicon junction-type diodes (two in parallel for each phase).
The rectifier is supplied from windings IV, V, and VI of transformer
Tr-l1 connected in a l2-phase circuit. A schematic diagram of the
rectifier is given in Figure 95.

The windings which supply the 4'26-v rectifier are designed and
connected in such a way that the output voltages form a symmetrical
12-phase star with a zero point. The vectors of these voltages are equal
in magnitude and are shifted 30° in phase with respect to each other,
forming a symmetrical star.

The magnitude and direction of the vectors in each individual winding
and at the output of the transformer may be determined by means of the
vector diagram shown in Figure 96.

A voltage on the order of 22 ; 25 v, established by means of a (p 222)
wire resistor rated at approximately 1l ohm, is required for feeding :
the solenoid coll. The resistor is connected in series with the
4 26.v circuit and a voltage on the order of 1 : 6 v flows through
it,’ depending on resistance fluctuations of the solenoid coil.

Due to the use of a l2-phase rectifier, voltage pulsations are
not more than 5%,

A 10-a fuse is 1ncorporated in the rectifier circuit for protection
against short-circuiting of the 4 26-v circuitir: .

*  B50X1-HUM
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Fig 97. PRS-1 Centimeter-Wave Receiver (p 223)

1. connector for remote control
2. connection for UVCh-1 supply
3. connection for power supply to
entire PRS-1 unit
L. local oscillator
5. UPCh-1 block
6. APCh-1 block
7. stabilization block
8. control panel
9, fuses
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. S . 5. Design of the Recelver g

: - Over-All View and Connection Diagram
1 v S : ‘
1 / )
The centimeter-wave receiver (Figure 97) is designed in the form -
 of individual units housed in the PPS [transceiver] cabinet.

A connection diagram of the receivel is givép in Figure 98.

The transmitter fan, connected by an air duct to an opening in
the top of the PPS-cabinet, is used to cool the UVCh-l unit. Additional
spacers are placed between the cabinet and the UVCh-1 unit for the
purpose of height adjustment. :

3 . - ' The signal mixer and AFC-mixer are connected to the local 'oscillator
1 oo and appropriate networks by cable jumpers (RK-4T cable).. : :

. A1l RF-plugs of the receiver have a wave 1mpedance“of 50 ohms (p 225)
corresponding to the wave impedance of the RK-U47 cable. )

All external moving parts of the receiver (coupling rods for the -
local oscillators in the mixers, adJjustment screw of the preselector
" resonator, crystal holders in the mixers, tuning stubs of the waveguide
junction, and tuning knobs for the plungers of unit UVCh-1) are located
in easily accessible positions. . : : :

PRI TSR TSN AU ST WAL RNV P

The designs of unit UVCh-1, the mixers, and the waveguide junction
are examined in the descriptive sections corresponding to these units.:

PO UL}

The Design of Unit PRS-1 (Receiver) - T

- Unit PRS-1 is composed of the following subassemblies: the UPCh—Lf
(IF-amp) block, the APCh-1 (AFC) block, the stabilization block, and
the local oscillator circuit in a separate housing.

Lo R

Subassembly construction makes it possible to easily replace
faulty components with spares during combat operation of the radar.

The local oscillator circult is attached:to the left side of the
unit by four screws. ' : '

Voltages are sent to the klystron through a tube socket placed
3 on the base of the klystron inside the unit. @ . :

Voltages to the reflector plate and the,resonatof are carried (p 226)
individually by flexible conductors. ' - ©
: ' 50X1-HUM
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All external control elements of the receiver are exposed at the
- control panel. Additional elements for controling the circuits are-.
mounted within the unit, mainly on a 36-contact wiring board, as well
as on. the side of the chassis._

Filter and blocking capacitors are placed on a horizontal panel and
side wall of the chassis. :

At the top ‘of the chassis are: three-phase transformer, two filament
transformers, choke, a-c relay for local.connection of high voltage,
two plates with diodes of the -250, + 300, and + 26-v rectifiers, as
well as the range multiplier of the solenoid circuit.

The fuse in the solenoid~supply.circﬁit and the solenoid-current-
measurement shunt are on a plate located in the upper part of the unit.

The fuses in the supply circuit of the "-250-v" rectifier are on
a plate on transformer Tr-l.

The remaining range multipliers and shunts for the meters of unit
PRS-1 are mounted below the chassis.

At the bottom left of the unit are thrée plugs and the fuse jack of
the filament éircuit.

The line voltage of 220 v, 50 cps, is applied to unit PRS-1 through
| an 8-pin plug; a 20-pin plug connects unit PRS-1 with unit UVCh-1. '

A four-pin plug is used for the remote supply of relay voltages . (p 227)

for the differentiating and MARU-circuits and gain-control cirecuit of
the IF-amplifier.

' . Design of the Blocks

All three blocks of the receiver — UPCh-1, APCh-1, and the
stabilization block — are built on chassis of identical dimensions.
The blocks are connected to unit PRS-l by means of 20-pin plugs. Each.
block has two guide rods located in such a way as to avoid the possi-
bility of error by placing one block in the position meant for another.
The output of the detector of block UPCh-l is connected to the input -

of the audio amplifier (block APCh-l) by means of an RK-19 cable
terminated at both ends by plug-in connectors.
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The wiring side of block UPCh-1 (Figure 99) is divided by a
partition into two sections. In one section are mounted all IF-
amplifier/and detector stages, and in the ‘other section are the
MARU-stages (including three RES-6 relays)

The method used in attaching the cover of unit UPCh-1l provides
reliable electrical contact between it and the chassls along the entire
length of the block.

All wiring is positioned 80 as to minimize parasitic coupling
between the stages.

On the front panel of the block are test jacks, screws of the cores
of the eight circuit coils, and the instrument part of the "Detector-
OGutput" plug.

The APCh-1 block (Figure 100) has partial separation between the (éég)
AFC~input stages and the audio-frequency amplifier-output stage to
N prevent coupling between these circuits.

The discriminator circuit and relay RES-6 of the differentiating’
circuit are attached to the top of the chassis of the block.

On the front panel of the block are the shafts of the "AFC-Gain"
and "Saw-Tooth-Pulse-Frequency" potentiometers, test measurement jacks
of the two tubes of the IF-amplifier and discriminator, two test jacks =~ |
"ARC~Pulse"” and "IF-Amplifier Output," as well as the screws of the brass
cores of the four circuit cells.

The electrical wiring in the stabilization block (Figure 101) is 1in
the form of a bunched circuit. -

On the’ frOnt panel of the block are the shafts of the potentio-

meters for regulating the +120, -250, +3oo, and 6.3-v stabilized
voltages.

50X1-HUM
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Fig 99. UPCh-1 Block

guide bolts

20-contact receptacle

UPCh stages

one of the test sockets

input connector for mixer cable
screw for attaching to PRS-1 unit
. MARU relay

MARU stages

detector output
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Fig 100, APCh-1 Block

guide bolts

20-contact receptacle
discriminator loop

one of the test sockets
APCh .input connector
UNCh output connector
differential relay

(no entry)

UNCh input connector
"UNCh Output" test socket
"APCh Pulse" test socket
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Fig 101. Stabilization Block (p 231)
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: : ~ CHAPTER SIX " (p 232)

CONTROL, TESTING AND PROTECTIVE EQUIPMENT' ' - |

1. General Information - |

Function of the 'System‘ and its Components

The control, testing and protective equipment provide:

-- local and remote automatic smtchmg of the tra.nscelver,

-- remote control of the receivers;

-=- check on the operating mode of the transceiver H

-= remote control of the 400-cps generator voltage coming from
the transcelver and indicator vehicles;

-~ local and remote control of the rotation of the transceiver
cabin with the delivery of a warning sound signal;

-- remote control of the antenna elevation;

-~ remote check on the elevation angles of the antenna; '

== check on the 50-and 400-cps voltage of the three-phase power B
supply networks;

-~ control of the accessories to the transceiver;

== protection of the main components of the transceiver and , (p 233)
accessories during breakdown or'equipment failure.. ' '

_ bThe‘hcontrol, testing and protective equipment futther provide:

-=- control, testing and protection of transceiver equipment ;

-= 400-cps generator voltage control; :

-~ control and proétection of electric drive motors for rotating
cabin;

-=- control, testing a.nd protection of antenna rocking mechanism.

o | The system for control, testing. andprotection draws electric power
from a 220=-volt, So-cps network. .

Block Diagram of the System

The block diagram of the control, testing and protective system is
" given in Figure 102, which also shows the number of devices connected
to the system and their interconnectlons and connections with the radar
veh:.cles . v

o Some parts of the control, testing and protection system are T
. grouped and designed as independent units; they are the: 50X1-HUM
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Fig 1.02. _Block Diagram of Cont.rol Testmg and Protection System (p 23&)
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. o ShehU-1 control cabinet, the PDU-l remote control panel, the (p 235)
~ units UN-1, UN-II and the distributor box RK. All the other elements. :
. of the system are installed directly in the sections and devices and are
. connected }o the circuits in these sections and devices.

The ShchU=1 control cabinet is the central position among the system
equipment according to the number of comnections with other parts of the
radar. In it are concentrated the main electrlcal devices of the system
and the local control devices.

} £

2. Technical Information On the Parts of the System

Funcetion and Opera.tion of the Control, Testing and Protective Sys’cem of
- ‘the Transceiver

. When the transceiver is connected, the system provides':

-= instantaneous voltage to the filament circuits; s

== (within 30-65 seconds) voltage to the stand-by circuits that -
protect the PS-transmitters;

-= (within 130-165 seconds) voltage to the plate circuits of the
PRS-1 receivers; '

~= (within 340-375 seconds) voltage to ‘the plate circults of the
transmitters.

The system provides independent operation of each of the 'transceiver
channels.

. Remote conbrol of the transceiver equipment and regulation and test- (p 236)

ing of its operation are done from remote-control panel PDU-1 in the |,
indicator vehicle. . _

Loca.l control of the transceiver equipment regu.le.tlon of the operate -
ing mode of this equipment, and testing of the operations are done from
units ShehU-1, PS, PRS-l a.nd RK, which are installed in the transceiver
vehicle.

Figure 103 shows the prine ipal circuit diagram for the control,
testing and protection system. The diagram is divided into zones for:
the sake of convenience. ' ,

Switching from remote control to local control and back is done
o with the switch marked "priyemo-pered appar. ShchU=-1-V2," which has
{ ok positions' ‘

"DIST" ~ switch position for remote control;
"WYKL" - on-switch for transceiver apparatus;
MNAKAL"« on-switch for filament circuits of transceiver apparatus;-

"ANOD" - local on-switch for pla‘ce circuits of the transceiver -

. ; . apparatus.

50X1-HUM
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. | o In the "DIST" position, the electrical circuit for the aut%%liljuwl\{lit

is readied for remote switching on and off of the transcelver apparatus
- andfor remote starting and stopping of electric motor that drives the
- rotating c;a.bin. - '

i
In the "VYKL" position the.power supplied to the automatic portion ,
of the transceiver apparatus is disconnected and its main sections are (p 238)
shut down. The "NAKAL" and "ANOD" positions provide for local step-by-
step switching-on of the apparatus. . In the "ANOD" position the apparatus
~ is turned on completely : K

: The ShU-1 V2 swi’cch can be throvn from the "NAKAL" position to the
"ANOD" position at any time. It can also be set at the "ANOD" position
immediately. In the latter case, the sequence and time delay of step-
by-step switching-on of the apparatus are guaranteed automatically, '
as is also:the case in remote control.

1

‘Remote Control of the Transceiver Equipment and Monitor:mg its 0peration "

‘ The transceiver equipment can be opera.ted by remote control after
-~ the ShU V2 switch has been set at position "DIST".

The tra.nsceiver equipment is switiched on and off from the PDU-1
remote control panel with switch PDU-1 V 10 "PPA". (ALl components in-
the PDU-1 remote control panel appear.on the schematic diagram without
the panel nwdber PDU-1 prefixed. For example, switch PDU-1 V2 is given -
in the dlagram only as ~V2.) L :

When the PDU-1 V 10 "PPA" switchis turned on, the automatic process (p 239)
of switching on the transceiver equipment begins. The process is com- o
pleted only if the contact PDU V19 (zone 19) of the push-button switch

is'closed; this switch is connected mechanically with the slide of the

variable rheostat PDU R8 (zone 20) that regulates the L0O-cycle genera-

tor voltage. In this case,.the slide of the rheostat must be in a posi~

tion corresponding to a low voltage fed from the hOO-cycle generator

to the plate circuits ofthe tra.nsmltter.

For the sake of convenience, the single automatic process of
switching on the transceiver equipment is divided into two parts:
© switching on of the filament circuits and switching on of the plate
cireuits. This division corresponds to the "NAKAL" and "ANOD" switch-
" ing pos:.’c:.ons of the ShehU-1 V2 switch (zone 8) in local control.

Switching on the Filament Circults: - When switch POV V10 (zone 7)
is on, the following control circuits are supplied electrical energy;
the winding of the automatic device ShU-1 Rl-b (zone 7), the winding
of the automatic devices PSL=R3a to PS6-R3a (zone 17), all for ~he
,opera.tion of PPSl to PPS6 - ‘ . 50X1-HUM
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Electrical energy is fed to winding ShU-1 Rl-d (zone 7) in steps,5:OX1 HUM P
phase-A voltage 220 volts, 50 cps (zones 1, 2); fuse PDU Pr3 (zone T7);
switch PDU V10; ring 51 of slip-r TK-03; switch ShU~l V2-a; winding

| ShU-1 Rl-b; switch RK V1 (zone 6,u';§; ring T3 of slip ring TK-03; phase-

B, 220 volts, 50 cycles (zones 1, 2).

Unlike winding SHU-1 Rl-b (zone 7), windings PS-1 to PS-6 (zome 17) (p 240)
Gbtain current flowing additionally through fuses PS1-PrT to PS6-Pr7 :
-and switches PS1 V2 to Psé6 V2.

Antomatic devices ShU-1 RL and PS1-R3 to PS6-R3 respond and make ~
contact with their contacts ShU-1 Rl-a (zone T) and PS1-R3-v to PS6-R3-v r
(zone 22, 23). - '

The closing of the main contacts PS1-R3-v to PS6-R3-v of the auto-
matic filement controls of the transceiver cabinets PPS guarantees a -
supply of electrical energy to the filament circuits of transmitters PS S
1 to PS 6 through transformers PSL-Tr2 to PS6-Tr2 (zome 22) and PS1-Tr§ K
to PS6-Tr5 (zone 23), as well as to the ML electric motors of PSL to '

. PS6 (zone 23) for the fans that cool the magnetrons, and to the fila-
ment éircuit of receivers PRS-1 to PRS-6 through their filament trans-
formers. o

When the electric motors of the fa.fns_ reach their required rpm, the £
centrifugal relaysonthe rotor shafts disengage their contacts PSL-Rh F
to PS6-Rk (zone 17). : . A

The "filament-on" indicator lamps are fed from the OK-10 Bl battery .
through contacts ShU-l Rl-v (zone 3% and ShU-1 R3-d. At this tinme,
however, no current passes through lamps ShU-1 LN2 and PDU-LNG, since : :
the rectifiers ShU-1 and PDU D2 are connected in opposition to the
battery. The moment the contacts ShU-1 Rl-a (zone T) are closed, the ,
two-phase motor ShU-1 R2-a (zone 8) of the timing relay ShU-1 R2 begins .
to run. This relay guarantees the required delay of time and sequence i
| of steps in the automatic switching-on of the transceiver equipment. (p 2h1) |
As relay ShU-1 R2 begins to operate, its electromagnetic coupling , ;
ShU-1 R2-b is likewlse activated. '

The winding of the electromagnetic coupling receives current from : !
phases A and B after the main contacts ShU-1 Rl-a (zone T). Motor i
ShU-1 R2-a (zone 8) is fed through resistances ShU RT, R8, and R9, which
supply the winding with two voltages (llo-v)90 degrees out of phase.

The secondary contacts PSL R3-b to PS .6 R3-b (zone 19) of the
automatic filament controls are activated at the same time.as the main
contacts PSL R3-v to PS6 R3-v (zonme 22, 23); the secondary contacts >
activate the automatic plate controls PS1 Rl to PS6 RL. 50X1-HUM

From 30 to 65 seconds after switch PDU V10 (zone T7) and, conse=
quently, the windings of motor timing relay ShU.l R2-a (zone 8)are

activiated, and contach ShU-1 R2-G (zone 1 61?)’ vhich prepares the | .
rotective circuit of trangmivters PSL to P86 (zdne 17) for operation,
6 closed. - - 140 | A ‘
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‘ h

Pr2 (zone T); and voltege phase B, 220-v, 50 cps (zones 1, 2)..

. V=19. This blocking is necessary in order that, when the L40O-cycle

Switching on the Plate Circuits: The plate circuits are S?f.ol.)v(\;lx:cHuUM

on remotely only in those transciever (PPS) cabinets in which the
switches PDU-1V 12 to PDU-1V 17 (zone 18) are on. .

Some /130-165 seconds after the closing of the switching-on circuits
PPA via switch PDU-1V10 (zone T7), contact ShU-1 R2-d (zone 18) of the
motor relay closes the windings of the plate-relays of the receivers--
PRS1-Rl-a-PRS6 Rl-a. The windings PRS1.Rl-a to PRS6 Rl-a are fed via: . '
phase A, 220 volts, 50 cps (zone 1, 2); fuse PDU PR3 (zcne 7); fuse .PIU--. (p 242)
V10; ring S1 of slip-ring TK-03; fuse ShU-1 V2-v (zone 18); contact
ShU-1 R2-d; switches PRS1 V1 to PRS6 V1; windings PRS1 Pl-a to PRS6
Pl-a; rings 46, 48, 50, 52, S5k, and 56 of slipring TK-03; switches PDU -
V12 to PDU V17; fuse PIU Pr2 (zome 7?; phase B voltage, 220 v, 50 cps
(zones 1, 2). o _ :

e

When current has passed through windings PRS1 Rl-a to PRS6 Rl-a
(zones 18, 19), contacts PRS1 Rl-b to PRS6 Rl-b (zone 22) close, supply-
ing voltage to the Trl transformers of the receivers PRS1 to PRS6.

The plate circuits of the 'tra.nsceiver equipment, which draw current
from the 400-cps generator (zone 5), can be switched on by turning all

. the way to the left the knob of rheostat PDU R8 (zone 20) used for - ‘
remote voltage regulation of the LOO~cycle generator (REG. TOKOV MAGNETR.).

Some 340-375 sec after the -PPA switch-on circuits.are closed by -
switch PDU V10 (zone '(), contact ShU-1 R2-e (zone 19) excites the wind- -
ing of relay ShU-1l R3-v through theé circuits: phase A, 220 volts, SO
cps (zones 1, 2); fuse PDU Pr3 (zone T); switch PDU V10; ring 51 of
slip~ring TK-03; switch ShU-1l V2-v (zone 18); contact ShU-1 R2-ye;

-winding Shu-l R3-v; switch ShU-Ll R2-d (z9ne 19); ring 59 of slip-ring

TK-3 (zone 19); pushbutton switch FDU V19; fuse PDU Pr2 (zone 7); and (p 243)
voltage phase B, 220 volts, 50 cps (zomes 1, 2).  When winding ShU-1 '
R3~v (zone 19) is exicted, its contacts ShU-1 R3-b (zone 19), ShU-1 L.
R3-r and ShU-1 R3-d (z9ne 34) claése. " _

The windings of the automatic plate controls PS1 Rl-a to PS6 Rl-a
(zone 18) are fed through contact Shu-1 R3-b (zone 19).

The supply circuit for the windings of the PS1 Rl-a to PS6 Rl-a
automatic plate controls is: voltagephase A, 220 v, 50 cps (zdnes 1,
2); fuse PDU Pr3 (zone T); switch PDU, V10; ring 51 of slip-ring TK-03
(zone T); switch ShU-1 V2-v (zone 18); contact ShU-1 R2-ye; contact

 ShU-1 R3-b; contact PS1-6 R5-v; winding PS1l Rl-a; contact PS1-6 R3~b;

blocking devices PS 1-6KPL and PS1-6KP2; rings 46, 48, 50, 52, 58, and
56 of slip-ring TK-03 (zone 18); switches PDU V12 to PDU 17; fuse FDU

Contact SHU-1 R3-a (zone 19) blocks the pushbutton switch FOOX1-HUM

-

voltege is increased (by turning the lmob Of rheostat PDU-1 Rs) from

160-170 volts to its rated value of .200 volts, thereby disengaging the '

- 161 - .
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contacts of the pushbutton switch PDU V19, there will be no disengagemésp.?g'HUM

of the winding of relay ShU-1 R3-v (zone 19) end, consequently, no dis-
_engagement of the plate circuits of the automatic devices in the PPS
transceiver /cabinets . : :

The contacts of switch PDU-1 V-19 are blocked by contact ShU-1
R3-a as follows: on one side, contact Shu-1 R3-a (zone 19) is connected
to winding ShU-l R3=-v directly, whereas pushbutton switch FDU V19 is
connected to it via ring 59 of slip-ring TK-03 and switch ShU~1 V2-d.

On the other side, contact ShU-l R3-a is connected to voltage Phase B .
(220-v, 50 cps; zones 1, 2)through switch RK V1 (zones 6, 7) and ring
73 of slip-ring TK-03, whereas switch PDU V19 (zone 19) is connected to
this phase through fuse PDU Pr2 (zone T).

Contact ShU-1 R3-d (zone 34) switches the electrical energy of the
signal lemps LU LN2 (zone 35), Shu-1 LN3, PDU LN5 and PDU IN6, which comes
from battery OK-1051 (zones 32, 3%,) to the secondary winding of trans-
former ShU-1 Trk (zones 32, 333. When this happens, not only lamps ShU-1
IN3 (zone 35) end PDU LN5, which indicste that the filements are on,
light up, but also lamps ShU-1 LN2 end PDU ING, which indicate that the

~ plate voltage is switched on, since the latter lamps are fed from the
half-wave rectifier circuit. to

When current haes passed through the windings of automatic devices
* pS1 Rl-a to PS6 Rl-a (zones 18, 19), their main contacts PSl Rl-v to
PS6 Rl-v (zone 26) close thereby supplying 160-170 volts (100 cps) to
autometic transformersPS1 Trl to PS6 Trk from the generator of unit
BPL-30 (zone 5) via the contacts of the starter with manual drive AVL
on VPL-30, rings 70, 72, and T4 of slip-ring TK-03 (zones 6, T), switch
RK V1, contacts PSL Rl-b to PS6 Rl-b (zome 26), and fuses PSL Pr3 to
PS6 Pr3, PS1 Prl to PS6 Prh, and PS1 Pr5 to PS6 Pr5. At this time,
lemps PSL LNL to PS6 LNL (zone 25) begin to light up, signalling that

the trensmitters are receiving plate voltage. - (p 245)-

Voltage is supply from autotransfopmers PS1 Trl to PS6 Trhk (zones
25, 26, 27) to the primary windings of the high-voltage transformers
in VvS (high-voltege rectifier of the transmitters) through switches

(tlocks) PSL V1 to PS6 V1.

As the main contacts PS1 Rl=v to PS6 Rl-v close, blocking contacts
PSL R1b-to PS6 (zone 22) open, which disconnects the filements of the
magnetrons in sections PSL to Psé.

Some 5-10 seconds after contact ShU-1 R2-ye (zome 19) closes,
thereby supplying plete voltege, contact ShU-1 R2-v (zone 8) opens;
electric motor ShiU-1 R2-a stops, whereas all ‘the transceiver equipment

(p 244)

.-

remains in the fully on position.. - 50X1 -H.UM

-
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Remote Control of Various Circuits of the Transceiver Equlpmen-c

‘ L | | 50X1- HUM .
In normal operation of the radar, trigger pulses are fed to the ind.i-
cator and ‘to the transceiver equipment from section B3 (Zones 9, 10),

located in‘cabinet ZN-Fl of vehicle No 2. N

During this time, the shaping c:.rcuit of sec‘cion ABZ (emergency

triggernng unit) in the ShU-1 cabinet is in the condition, "warmed-up o ’/
- standby" (its load circuit is :mterrupted by the contacts of the trigger-. . /
* switching relay in unit ABZ). _ . /

If, for eny reason at all, the feeding of trigger pulses from the (p 246)
© ABZ unit in cabinet ZN-FL (master voltage cabinet) to the transceiver : :
equipment is interiupted, the transceiver continues to operate, since
the trigger circuit of the transceiver equipment is fed automat:.cally
from the ABZ unit in cabinet ShU-l. '

If unit ABZ is removed,or par‘blally removed, from cabinet ShU-l,
then the trigger circuit of the transceiver apparatus remains connected
only to the BZ unit of cabinet ZN-Fl (master voltage), since the contacts
of pushbutton-switch ShU-1 V1 are closed when the ABZ un::b is removed
; (they are open during normal opera:b:xon of the rada.r)

In oxrder that pla‘l,e voltage be supplied to cabinet ZN-F1 when the BZ,
| .. unit is withdrawn or partially pulled out, the circuitry provides an

‘ - -interruption of current fed to cabinet ZN~-F1, ‘opening the filament

| ' circuit of the automatic device located in unit UPT-1 of this cabinet.

v The operating principle of the power supply circuit for automatic
 trigger switching and for the ABZ (emergency triggering) unit are given
: in the description of unit ABZ. .

For the remote gain control circuits of all the receivers, a voltage
of =150 volts from the BP-150 unit in DUS-1 remote control cabin (zone 13)
is fed to the PDU-1 vol'bage dividers, which consist of resistors PDU
Rsli.s to PIU R 17 (zones 8 9) and poten‘b;ometers PDU R to PDUR 6 (zone
16). ' ‘

| _ The remote gain control for receivers PRS 1 to PRS 6 is provided . (p 247)

‘ - by potentiometers PDU RL to FDU R6 (zone 1Q). (

L v : . The remote control circuits of the MARU (instantaneous automatic

j gain control) and differentiating relays are fed a voltage.from selenium

. rectifier PDU-1 Dl (zones 26, 27), which is comnected to the 220-volt,

[ . . bO=cycle network through transformer PDU~1 Trl. Switches PDU-1 V2, L, '_

-7 . " end 6 (zone 23) turn the MARU-relay of the PRS-1 receivers to channels L

one and four; the second switch (PDU-1 VL) connects to channels two and o
.- five; &nd the third switch (PDU-1 V6) connects to channgls three S0X1-HUM .

"+ - .. Each of the PRS-l receiveis has three MARU-releys (UPCh R1l in zone 2; .
' UPCh R2 and UPCh R3 in zone 24), the windings of vhich are comnected in -~

@  Fruel g
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Switches PDU~L Vi, 3, and 5 (zone 22) are used to engage and dis-
engage the differentiating relays PRS1 APCh Rl to PRS6 APCh Rl (zone 22)
in the PRS-1 receivers. The first of these relays connects 1o channels
one and fodr; the second connects to channels two and five; and the third
relay connects to channels ‘three and six. ' i :

Local Control of the Transceiver Equipment
N -
The transceiver equipment can be switched on from “the panel of
caebinet ShU-1l in the trensceiver vehicle in:two different ways, either
first the channel then the plate voliage, or both together.

The entire transceiver installation cante switched on at once by (p 2u8)

throwing switch ShU-~1 V2 (zones 8, 18, 19, 20, 29) from the "VYKL" posi=-
tion to the "ANOD" position.

Here the process of switching on the equipment automatically is
completely snalogous to the direct process that takes place during remote
switching-on of <he transceiver apparstus.

, Local Switching-on of the Filament Circuits: The filament circuits
in the transceiver are switched on locally by throwing switch ShU-1 V2
from the "VYKL" position to the "NAKAL" position.

Here, in addition to the operations performed by the automatic
components in the remote control situation (see "Switching-On the Fila-
ment Cireuits"), contacts ShU-1 R2-d (zone 19) end ShU-1 R2-ye (zone 19)
close, end contact ShU-1 R2-v (zone 8) opens. The closing of contacts
ShU-1 R2-d. and ShU-l R2-ye does not cause the. plate relays and auto-
matbic devices to disengage, since their circuit is interrupted when
switch ShU-1 V2-v (zones 18, 19) is in the "NAKAL" position. The open-
ing of contact ShU-1 R2-v (zone 8) causes the interruption of the ShU-1
R2-2 circuit of the motor timing relay, which stops the motor. All -
the contacts of motor timing relay ShU-1 R2, as well as ShU-l R2-v,
remain closed. ' _

The filament circuits of the 'branséeiver 'equipnent mey remain
closéd for any length of time.

Tocal Switching-On of the Plate Circuits: The plate circuits of (p 249)

the transceiver equipment must be switched on separately at each transe:

ceiver; this is done by throwing switch ShU-L1 V2 (zones 8, 18, 19, 20,

and 29) from the "NAKAL" position to the "ANOD" position. - .
- After the transceiver apparatus has been on "NAKAL" (filament) .

for more ‘than 375 seconds, the plate circuits of the transmitters and .

receivers should be switched on immediately after setting switch ShU-1

to position "ANOD." However, switching-on of the plate circuits of the

- 164 -
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euler switch PRSL V1 to PRS6 VL (zone 18) in the circuit of the wifide

" PS trensmitters [will not occur] if the knob of the voltage contd0X1-HUM

rheostat of the LOO-cycle generator ShU-1 R8 (zone 20) is not turned all

 the way to the left. This extreme position of the knob corresponds 1o
“the L0OO-cycle generator voltage of 167-170 volts end to the closed posi-
tion of thé contact of the pushbutton switch Shu-1l V 19 {zone 19).

The instenteneous switching-on of the plate circuits of the trans-
ceiver equipment immediately after setting the ShU-1 V2 switch to the
"ANOD" position is guarenteed by the previous functioning of the auto-
matic components. : ' '

Tocal Control of Various Transceiver Circuits - (p 250)

In case of necessity', the 50 and. hOOécycle pover circuits can be -
cut off by switch RK VL (zone 6). .

Complete cutoff of the .transceivér equipment requires the additional |

" disconnecting of the Sh6 plug in cable box No 2 of vehicle No 1, or

disconnecting vehicles No 1 and No 2 at the power source.

The appropriate switch among switches PS1 V2 to PS6. V2 (zones 16,
17) which interrupts one of the PS1 R3-a to PS6 R3e windings end one of
the PSL PrT to PS6 Pr7 motor protecting fuses, may be used to shut down'
one (or several) of the PPS transceivers (thezothers remaining in opera-
tion). e 4
_ When the circuit of one of the windings PSL R3-a to PS6 R3-a is
interrupted, contacts PS1 R3-b to PS6 R3-b (zone 19) and PSL R3-v to

PS6 R3-v (zone 23) open. Contacts PS1 R3-v to PS6 R3-v disconnect the
“ eiréuit that feeds the 220-v 50-cps voltage to the apparatus of & given

cabinet. ihen a contact PSL R3-b to PS6 R3-b (zome 19)'is interrupted,

~ the circuit feeding a PS1 Rl-a to PS6 Rl-a winding is interrupted. - -

As a result, contacts PS1 Rl-b to PS6 Rl-b (zone 22) close, and - -
contacts PS1 Rl-g to PS6 Rl-g (zones 25, 27, 27) open;.consequently the .-

supply of the LOO-cps pover is interrupted.

The cabinet is completely discomnected. After-some time, an

~electric motor PSL ML to PS6 ML (zone 23) of the fan in the partichlar

cebinet stops and its centrifugal relay PSL Rl to PS6 R4 (zome 1T)
closes its comtacts; but the fuse PSL Pr7 to PS6 Pr7 (zome 17) does not :
burn out, since the switch PSL V2 to PS6 V2 (zone:16) is off. . (p 251) .

The plate voltage of any of the receivers is cut off by its partis
ing PRSL Rl-a to PRS6 Rl-a.  The contacts FRSL Rl«b to PRS6 R1-B gg@ﬁg
22) of this relay disconnect the rectifier supply circuit in the50X1-HUM
recelver. No loecal control is provided “for "thé! MARU~relays nor for
the differentioting relays in the FRS-L receivers.

L =165 =
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Checking Transceiver Operation S50X1 -HUM

Among the factors that decide the operating mode of the transceiver
equipment are the 50-cps and 40O-cps three-phase voltages, which are
consequently checked both locally and remotely in the indicator vehicle.

: The voltages are checked remotely in the indicator vehicle by volt-
meter PDU-1 IP-7 (zone 3) with switch PDU-1 V7, and are checked locally
in the transceiver vehicle by voltmeter ShU-1 IP1 (zone 20) with switch
Shiy=1 V4 (zone 20).

s i

The control values for the operation of the PSL1 to PS6 transmitters
‘ themselves are the plate currents of the megnetrons, which are check by , :
milliemmeters PS1 IPL to PS6 IPL (zone 26),PDU-1 IPL to FDU-1 IPS. b

In addition, the operation of the transcelver equipment is monitored (p 252)
- with the following signal lamps: ' ,

— ShU-1 LN3 (zone 35) end PDU LN5, which indicate whether the
PPA filament circuits are on; » .

— ShU-1 LN? and PDU IN6, which indicate whether the plate B =
voltage is being supplied to the PPS cabinets (check on 50-cps circuits); 3

- — PS146 INL (zone 25), which indicate whether plate voltage
is be:)'».ng supplied to trensmitters PS1 to PS6 (check on the LOO-cps cir-
cuits); ‘

~: ShU-1 INL (zone 35) and PDU LNk (zone 36) which indicate
breckdown of transmitters PSL to PS6; :

~ SHU-1 INL, ShU-1 IN2 and SHU-1 LN3 (zone 9), which indicate

fuse failures in the 220-volt, .50 eps supply circults to units ABZ and - 1
I“:D"an S

Operation of the Protective Equipment of the Transceiver

The 50-cps three~phase power circuits at the input of the PPS
cabinets are protected from overloads by the thermal protection of the
PS1 R3 to PS6 R3 automatic controls (zone 23) and from short circuiting
by the overload protection of these same controls.

The 400-cps three-phase power circuits at tle input of cabinets PPS1-PPS6
are protected from shortecircuiting (hever less than double protection) :
by safety fuses PPS 1-6 Pr-35 (zones 25, 26, 27), and from overloads (p 253)
by the termal protection of the RL (zone 26) automatic controls. 50X1-HUM/

The PS transmitters 126 have special protective circuits against
continuous &parking of the magnetrons, overloading of the high-voltage
rectifier VVS, and the absence of cooling air supplied to the magnetrons.
These protective circuits operate aé% follows: :

. ’ . - l - ’
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. I . ‘ ‘ _ - . 90X1-HUM
. - When breskdown occurs in any of the transmitters PSL to PS6, .. .
- -~ the corresponding contact (depending on the type of breakdown) [of
relays] PS 1 R2-b to PS6 R2-b (zone 1T7) or PSL R4 to PS6 Rk is closed.

THe contact PSL R2~b to PS6 R2-b of the parbicular rélsy closes: '
when there is continuous sparking of the magnetron, or when the high-
.. voltage rectifier is ov_e_rloaded.

A delayed response of the relay is necessary so that the trems-
 mitter will not shut off during a brief, weak sparking of the magnetran. . .
The contact of centrifugal relays PSL R2 to PS6 R4 (zone 17) closes when

the rpm drops or the motor of the electric fan cooling the magnetron
stops. ! ' ’ :

.| ©  Vhen there is an extended period of sparking by the magnetron in
‘ any of the transmitters PSL to PS6, the relay is forced to respond once
. the current in winding PS1 R2-a to PS6 R2-a (zone 17) reaches a certain
value. : R

The R2-b contact of PS1 to PS6 closes the circuit of the PS (B-Zh) /

.. R=5a winding of the relay protecting the PS transmitter (B - Zh). The .| /
. PS (B - Zh) R5-a winding (zone 18) is fed By phase A voltage (220 volts, o/
50 cps) .(zone L4); through fuse PDU-1 PR3 (zone T), switch PDU-1 V10, (p 254)

ring 51 of slip-ring TKS03, switch ShU-1 V2-a, winding Ps (B - Zh) R5-a
(zone 18), contact PS (B-Zh) R2-b (zone 18), blocking devices PS (B - Zh)
Kp 1 end Kp 2 (zone 18), rings 46, L7, 48, 50, 52, and 54 of slip-ring -
TK-03, switch PDU-lb 12-17, fuse FDU-1l Pr 2, and voltege phase B (220
volts, 50 cps; zone 4). The passage of current in winding PS (B4 Zh)
R5~a causes the corresponding relay PS {B= Zh )RS teoperate, breaking '
contacts PS (B:% Zh) RS5-b. ~

_ The PS (B 2 Zh) R5-v contact (zonme 19) interrupts the circuit of
" the PS (B <.Zh) Rl-a winding of the automatic plate control. This causes ... - °
contacts PS (B-: Zh) Rl-v (zone 26) to open and contacts PS (B % Zh) Rl-b -
(zone 22) to close. The first of these contacts shuts off the plate cir-
cuit of the transmitter, and the second contact closes the filament cir-
cuit of the magnetrons in the PS (B 4 Zh) units. During this operation,
the power supply to the transmitier plate circuits is.cut off. .
-- Contact PS (B # Zh) R5-g (zonme 34) closes the circuit of the break-
dovn signalling 1emps ShU-1 ILNL (zone 35) and PDU-1 LN-4 (zonme 36), which
are connected in parallel. o ' - .

. When the megnetron-cooling-fan motor stops, the protective circuit
/ ~ for the PS (B 2 Zh) transmitters: operates differently than when there is
: continuous sparking of the megnetron, i.e., when the contacts.of the . .
centrifugal relay PS (B < Zh) (zone 17) close, the current passes through

_the following circuite: ¢ R R

‘ . ) i
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| 50X1-HUM
phase A (225-v, 50 cps; zones 3, L), switch PDU-1 Pr3 (zone T), (p 255)
ring 51 of slip-ring TKO3, switch ShU=1l V2-a, fuse PS (B+2Zh)PrT, .
contact PS (B & Zh) Rk, switch PS (B 3 zh) V2 (zone 17), pushbutton PS
(B 2 zn) KL, resistor PS (B 2 2Zh) R12, R13, contacts ShU-1 R2-g, switch
RK-V1, ring 73 of slip-ring TK-03, and phase V (220-v, 50 cps). Fuse
PS (B = Zh) PrT7 melts; the PS (B % Zh) R3-a winding of the automatic con-
trol disconnects; the automatic control is switched off, cutting off the
220 volts (50 cps) from the power networks of unit PS (B & zh).

The interruption of the comtacts PS (B = Zhg R3-b entails the
interruption of the automatic control PS (B = Zh) Rl-a and the discon-
nection of the 220-volt LOO-cps power. When the automatic tontrol PS

(B £ zh) R3-a shuts off, the P8 (B2 Zh) R3-v contacts close, end the 220~
volt, 50-cycle phase B voltage is fed to the winding of relay PS (B - Zh)
R5-a. Relay PS (B % Zh) R5 operates; contacts PS (B 2 zh) R5-g close
and 12 volts from trensformer ShU-1 Trk exe fed to the breakdown signal-
ling lemps (ShU-1 LN1, PDU-1 LNk). :

ol

The doors of the PPS cabinets have electrical cutoffs for safety
during operation with high voltages.

Remote Reclosing of the Plate Circuits of the PPS (B = Zh)

When there is & breakdown in the plate circuits, the filament cir=
cuits remain on,and cooling of the transmitter continues; this affords
the possibility of reclosing the eircuits any time after the emergency
relay PS (B - Zh) R5 operates.

Remote reclosing of the plate cirveuits is done by first throwing . (p 256)
the toggle switch PDU-1 V12-17 to the off position and then on again,
after first reducing the current in the magnetrons to minimum.

. When the toggle switch is off, the cireuit that feeds relay PS
(B I %h) R5 is deactivated, thereby: ‘

a) interrupting contatts PS (B -3 Zh) R5-g, which removes the
emergency signal; R

b) closing contacts PS (B < Zh) R5-v, which prepares the cirecuit
for closing the automatic plate control; i

_ ¢) interrupting contacts PS (B 3 Zh) R5-b, which clears the
automatically blocked relay.

When toggle switch PDU-1 V12-1T is subsequently throwvn to the
on position, the plate circuit is reclosed as described above. 50X1-HUM

»
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" as the manipulation of thetoggle switch FDU-1 V12-1T is concerned.
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There are three cases when any one of the transmitters can be re- ‘

‘activated by remote comtrol: ‘ ,

Case 1/ After reactivation, the emergency signel goes off and magne=.
tron current (in the PDU unit) appesrs. The reasons for this breakdown
could have been: an incidental brief sparking of the magnetron; en inci-
dental’. brief spark-over in the waveguide; a brief "sparking" of the thyra-

_tron; a brief surge in the voltage supply circuit; a brief chenge in the

trigger pulse repetition rate.

Case 2. The emergency signal goes off when the toggle switch is
thrown to the off position but comes back on when the toggle switch is
thrown to the on position. When the toggle switch is throwm on, the mag- -
netron current appears end then disappears. The cause here could be a

. persistent sparking of the megnetron, thyratron, pulse transformer or  (p 257)
"charging line. ' B

Case 3. The emergency signal does not go off when the toggle switch

- is thrown to the off position. The breekdown in this case is due to

& failure in the filsment circuit and trensmitter-cooling fan circuit,
‘thereby: . : '

-

a.) stopping the motor of the fan that cools the magnetron;

b) discomnecting the automatic control PS (B $ Zh) R3 as a

result of a failure or of the tripping of the overload trélay] . o _ / .

If the toggle switch is thrown off and on a couple of times without
reclosing the plate circuits, the PFPK [ 4vansceiver] must be shut down
and, the reason for the failure investigated, or the toggle switch PDU-1
V 12 to PIU-1 V17 of the faulty - transmitter must be switched off. Here
(when the breskdovn is in the plate circu:‘g'bs) the emergency signal from
the particular transmitter will die out ,and the signalling devices (vreak-
down lemp) mey produce & signal when there is a breakdown in any one of
the other transmitters. , . - -

.
\\'\\; .

Local Reclosing of a Plate Circuit

'a) The plate-circuit cabinet is .automatically hooked up when the
door is ppened and then closed, i.e., when the blocking~mechanisms PS
(B - Zh) Kpl end Kp2 are temporarily interrupted. -

b) All the csbinets are immediately reconnected vhen'the, mode

' swltch SHU-1 V2 is successively thrown to the positions “ANOD-NAKAL-ANOD". ¢

The local reclosing process is analogous to remote closing 50X1-HUM
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ThelhOO-Cycle Voltage Generator System .5OX1 -HUM;g) ’

The system for regula'ﬁ':!.ng the voltage of the LOO-cps generator is
designed to guarantee remote adjustment of this frequency during asuto-

matic con’cz/ol .

The components of the voltage regulating system are found in the
PDU-1 unit, the ShU-1 cabinet (both zone 20) and in the high~frequency
unit VPL-30 (zones 3-5). The schematic circuit diagram of the VPL-30
unit provides a menual and automatic control of the 400~cps voltege and
a local adjustment of the L40O-eps voltage during automatic control.

The control, testing and protective system of the radar is designed a
for automatic regulation of the 400-cps voltage with remote control ' | .
(adjustment-setting) of its level. | : ¥

The FPDU R8 and ShU-1 R6 remote volbage regulating rheostats and the ‘ -
current-limiting resistor ShU-1 R5 are connected in parallel with the ;
resistance of the VPL-30 unit (zone 4). Such en arrangment allovs &
change of the voltage level within the limits of" 160 - 215 volts. ]

The 100-cps. voltage can be regulated at different times with two : '
rheostats ShU-1 R6 and PDU R8, which are located in the transceiver -
vehicle and indicator vehicle and are controlled by switch ShU-1 V2-g. (p 259) -
Vhen this switch is thrown to the "DIST" (remote control) position, : g
the vdltage level can be controlled remotely from the FPDU-1l remote con- ‘
trol panel.

In the other three positions of this switch ("VYKL," "NAKAL" and

"ANOD"), the 400-cps voltage level can be controlled remotely from the
ShU-1l control cabinet. , - 4

System for Controlling and Protecting the Csbin brive ’ f

The system that controls and protects the electric motor that rotates
the treansceiver cabin provides: ‘

-- local and remote on and off switching of the electriec motor;

-= rotation of the cabin at 3 rpm at 720 rpm motor speed; '

~-- rotation of the cabin at 6 rpm at 1,440 rpm motor speed;

-=- warning sound signal prior to rotation of the cabin;

~= protection of the power circuits and control cirecuits for
the electric motor from short-circuiting and appreciable
overloads; ' ‘ - :

-= interruption of the power supply to the electric motor of -
the cabin drive during manual operation, as well as when the '
cabin lock is up (locked). : S0X1-HUM

Pl
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A schematic cyycuit diagram of the -syétem that controlsb and proteéts . (p'260)/'
. the electric.motor cabin drive is shown in.zones 27-31 in Figure 103. -

B The OKi-ML electric motor (zone 31) can be switched on end off,
e regardless of whether the transceiver equipment is on or off. .

The electric motor that rotates the cabin is turned on and off by
means of the PDU VIl (zones 28, 29) switch, marked “VRASHCHENIYE KABINY' - . . =/ :
(rotation of cabin), which has thrée positions: "VYKL.", "30b", and "6 . ... i
ob" ("on", "3 rpm", and "6 rpm"). The ShU-1 V6 (zone 295 switch used o
for local control of motor-rpm .- has these same positions.

The PDU V11 and ShU-1 V6 switches cen be thrown from the “on" posi-
tion to the "3 rpu" position by merely depressing either of the push-
buttons PDU V18 or ShU-1 V7. ;

]

Starting the Cabin-Rotating Motor

< In oxder for the PDU V1l switch to be thrown from the off position
‘ . to the position "3 rpm", the PDU V18 pushbutton switeh (zone 28), which
| : is coupled to it, must be depressed; this supplies power to the OK 5 Trl
(zone 28) transformer. The current in the primery winding of this trans-
former passes from voltage phase A (220-v, 50 cps; zones 1, 2) through L o
fuse PDU Pr2 (zone T), pushbutton switch PDU V18 (zone 28), ring 55 of '
the TK-03 slip-ring, switch RK V1 (zone.6), ring T3 of the TK-03 slip-
ring, to voltage phase B (50 cps, 220-v;.zones.l, 2). ‘
g4 .

At this time the OK 5 ULl (zone 28) warning sound signal operates. . . (p 261)

When the PDU V11 (zone 29) switch is in the "3 rpm" position, _ -
power is supplied from voltage phase A to the winding of the ShU-1l . L
R10-b relay (zones 28, 29), and flows from there through fuse FDU- Pr3
(zone T) switch PDU V1l (zone 2‘9%, ring 53 of the TK-03 slip-ring, switch
ShU-1 V2-ye {zone 29), blocking [capacitors] OK 3 Kpl and OK % Kpl, the
normally closed contact of the QK2'R1 relay, the relay winding ShU-1
R10-b, the normally closed contact of reley ShU-L1 R13 ( zone 29), switch
. Rk V1, ring 73 of the TK-03 slip-ring, and:.to the phase B. voltage (220-v,
" - 50 cps; zomes 1, 2). , , _ C

e The automatic [relay] ShU-1 RLO operates, breaking its contacts ShU-1
, " R10-v (zone 29); contacts ShU-1 R1LO-a (zones 28, 29) are reversed, and the
ShU-L R10-g contacts (zone 30) close. The ShU-1 R10-v contact (zone 29) -
/. is a blocking contact, which prevents the switching-on of automatic . )
-~ [relays] suU-1 R12 and ShU-1R13 when the ShU-1 R1O is at position "3 r
{ © rpm.” C o R ‘ it R :

- e, S U,

| 50X1-HUM -
-1n- OX1-HUM
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The closing of contacts ShU-1 R10-g (zone 30) connects the windings

. - \ .. .. . P o ;
of the QKL clectric motor (zone 31), waich is conncected in o delta neu- -
worl, to the 220-volt, 50-cps power supply; then the eleciric wmotor begins .

+o rotote the cebin of the tronsceiver vehicle.

When the rotor of the electric motor reaches & speed. of 550-~650 rm, . :
the contact of the mechanical (centrifugal) relay OK2 Rl (zone 29) is (p 262) !
reversed, allowing the circuit of the automatic "6 rmm" relay windings {
£hU-1 R12-b and ShU-1 R13-b (zone 29) to be closed. ‘ ;

If the cabin-rotating switch, "VRASHCHENIYE KABILY ", is prematurcly
thrown from position "3 rpm'" to position "6 rpa’' before the motor has ' L
attoined sufficient speed, the motor will die out. If the switch is P

~ thrown imediately to "6 rmi", the motor will not turn on. - L

When the switch is thrown from 3 rml to 6 rmm, the ShU-1 Rl12-b : i
and SHU-1 R13-b windings (zone 29) of the auvtomatic 6 rpn control are (1
not sble to close the OK2 RL comtact (zone 29). At the same time, both L0
ends of the ShU-1 R10-b winding of the automatic 3 rpm control are con= | ,’
nected o the some phase B, i.e., to points of equal pobential. ’

, I
When the switch is throwm from 3-rpnm 1o 6-—rpm after the revercal {

 of conmtact OK2 Rl (zone 29), the automatic 3 rpm control [relay] Suu-i , ]
R10 is deactbivated, and the automatic 6-rpm relays ShU-1 Rle and R13, :
whose windings are comnected in parallel, arve activated. }
.

L

When these R12 and R13 relays operate, contact ShU<1 R13a (zone: 29)
opens, cnd comtacts ShU-1 Rl2a (zone 2G), R12-v {zone 30) and R13-v -
\zone 31) close. )

Contact ShU-1 Ri3a (zone 29) of the mutual blocking device of the (p 263) ¢
automatic G-rpm and 3-rpm relays Opens the circuit of the Shu-l R10-Db }
winding (zone 28) of the automatic 3-rpn relay. : , :

Contact ShU-1 Rl2-a (zone 29) blocks the normallyopen contacts of
relay OK2 RL (zone 29), and the main contacts ShU-1 Rl2-v (zone 30)of
ihe automatic G-rmm relay ShU-1 R 12 switch the windings of the OK 1 ML- .
electric motor (zone 31) from the delta to the double-star network. -

The main contacts ShU~-L R13-v of the automatic 6-rmm relay connect
the windings of the OK 1 ML electric motor to the 220-volt, 50-cycle
network. The electric motor that drives the cabin increases speed until
it reaches the operating speed to rotate the cabin &bt 6 rpa. S

Locel control of the system is similar to that described above.
' : T 50X1-HUM
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Protection of tl}e Electric Motor

. The protection of the power circuits of the motor from shorting and
overloading is guaranteed by the overload and thermal protection” of the

eutomatic 3-rpm control ShU-1 V10 and of the sutomatic 6-rpm relay ShU-1.

R13.

50X1-HUM

A reciprocal ‘blocking arrangement .in the control circuits of the - S

automatic 3-rpm and 6-rpm [relays] consisting of contacts ShU-1 R10-v
(zone 29) and ShU-1 Rl3-a (zone 295, prevents the possibility of the
'l:wo speeds being turned on at the same time.

The safety fuses that protect 'bhe control circults of the trans-

ceiver equipment arewed to protect the conbtrol circuits of the electric
.motor that rotates the cabin from shorting and a.pprec:.able overloads.

The manual-drive blocking contacts OIG KPl are connected to the
control circuit of the cabin-rotating motor in order to guarantee safe
operation of the manual cabin-rotating drive. In series with these
contacts is a cabin-lock cutoff OK4 PKL, which cuts off the electric
motor when the cabin is braked (or stuck)

In order for the cabin-lock cutoff to operé.’oe properly, the lock

- rods must be all the way in the socket.

Control, Testing and Protection of the Antenna-Elevating
Mechanisms _

, The system for controlling, 'bestmg and protec’cmg the antenna-ele-.
vating mechanisms provides: v .

- remote switching-oén, switching-otf and reversmg of the electr:.c

motors that drive the antenna-eclevating mechanlsms (hor:.zon'bal and. . . ..

slant antennas separately);

- mechanical disconnection of the electric motors of each of the
antennas when the latter reach their limiting positions;.

~ mechanical elevetion of the antennas by manual drive;

- remote monitoring of the angle of elevation of the antennas
(horizontal end slant antennas sepaitely);

-= protection of the electrical éircuits of the motor and selsyns.

(i; 26k)

»

A schematic circuit diegram of the- system for controlling, te5gxq HUMP 265)

ing and protecting the antenna-elevatmg mecha.nlsms is shown in zones .
30-35.

'.-173.-,
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Remote control and monitoring are done from the PDU-1 remote control
panel and the U1l and UNP voltage- regulat:.on units.

This system consists of two systems similar in type (the sys‘ce"x for

elevating the horizontal antenna and the system for elevating the slant
a.ntenna), the elements of which differ :m design only very slightly.

Controlling the Electric Motors of the Antenha—Elevating Mechanisms

The MKL Ml motor {zone 31) of the mechanism that elevates the hori-
zontal antenna is switched remotely (on, off, reverse) by switch PDU V8,
which has three positions: "VERKH" (high), "NIZ" (low) end a third cen-
tral position at which the motor is disconnected. _

The switch automatically moves from-the exbreme positions to the
center off position. : J

The MKL M1 motor can also be switched remotely (on, off, reverse) -~ =
from the UNL antenna-rocking control unit by means of switch UNL V1 (zones
30-31), which also has the same three positions.

An analogous switch PDU V9 (zone 32) controls the MKL ML motor  (p 266)

 (zone 32) of the slant-antenna clevating mechanism from the PDU-1 unit,
and switch UNPL (zone 32) controls the mechanism from the slan’l:-antenna o
rocking control unit UI‘IP. o

The UNP V1 (zone 32) switch also returns automatically to the center
(off) position from the extreme positions. The PDU-1, UN1 and UNP units

control the antenna elevating mechanisms in separate (not comblned) ‘opera- :
tion only.

isms are described in CHAPTER ELEVEN.

Remote Monitoring of the Elevation Angles of the Antennas

The elevation angle of each antenna i1s checked by the correspondmg
selsyn generators.

The angle of elevation of the horizontal antenna is read from the
dlals of the receiving selsyn PDU ML (zone 33) and UN1 ML (zone 34), and
the angle of elevation of the slant antenna is read from the dials of
the PDU M2 and UNP ML receiving selSJn. :

110 volts from the PDU Trl transformer (zome 27) is fed to the 20X1-HUM

excitation windings of the receiving selsyn.

|

|

The design and principle of operation of the antenna elevatmg mechan=~
|

|

|

|

|

110 volts from the ShU-1 Trk trensformer (zone 33) is fed to the

|

excitation windings of the SD1 ML. (zone.33) and SDP ML (zone 35) {trans=- (p 267)

mitting selsyn through safety fuse ShU-1 Pré (zones 32, 33).
: - 17& -
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The electric motors of the elevating mechanisms are protected from
" overloads by the thermal protection of the automatic ShU-1 Rl (zone 31.)
and ShU-1 K15 (zones 32, 33) relays, end are protected from short-
o circumting by ‘the overload protection of 'bhe same auwtomatic releys. '

ST Safety fuses protect the selsyn clrcu:rts from shorting end from
.Iextreme overloading.

System For Controlling and Prb'becting Tra.nsceiver Accessories .

. The system for controlling and protecting the aux:.‘L:Lary devices for
~ the tramsceiver equipment:

~- connects all external electrical circuits with the rotating cabln,
‘—. switches. the 50-¢ps and 400-cps. three—phase power networks on . and d off;
~ switches the ligh bulbs in the transceiver cabin on and off (p 268)

-locally, and switches them from the regular opera.tmg povwer to emergency - -
~ power;
~ -~ switches the rota:t.ing-c'abi[n exhaust’ fans end electric-. . heaters
" on raid off; -
=~ sWwitches the same exhaust fans and electric hea:bers from regular -
‘power to external power. during repalrs;
" =~ gswitches on the measuring mstruments,
-- switches on the portable lights and soldering irons; ,
' — protects the 50 and 400-cps power networks for the illumination, = = .
electric fans, electric heaters and plug and Jack assemblies;
- protects against lightning. .

The components of this system of auxilla.ry control and protection
are shown in the schematic circuit diagram of ’che system for controllmg y
checking and protecting the radar.

The rings of slip-ring TK-03 (zones o-36) connect up all the external
o™ électrical circuits with the rota.tlng cabin.

Switch RK V1 (zones 6, T) switches the SO-cps and hoo-cps power net-
works on and off 1oca.lly .

Locel switching-on, switching-off and reversing from regular to ¢
emergency power of the OK7 INL (zone 33; OKS8 1Nl and OKl2 LNL cabin
lights is done by the ShU-1 V7 (zone 33) switch, marked OSVESHCHENIYE
_ (illumination), which has three positions:. SET' (network), VYKL (of£), . .- :
[ and AKKUM (battery). Under ordinary conditions, the illumination lemps (p 269)
’ are connected up to the 50-cps power network through ;bransformer ShU-l ERCEE

o tr-l (zone 33). 50X1 -HUM
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Three OKLO batteries comnected in series (zonme 3h4) are used as an ,U - ’
emérgency power source for illumination. P

The automatic [relays] ShU-1 R16 (zones 36, 37) end ShUl RL7 (zones
37, 38) provide local switching of the OKS ML (zone 36) and OK 6 1
- (zone 37) electric motors of the cabin exhaust fens, and also provide
protection against overloading and shorting. Switch ShU-1 V8, marked
OBOGREV KABINY {cebin heating), turns the OK9 electric heaters (zones
38, 39) on and off.

Switch RK V2 (zones 37, 38), which has the three positions, VNUIR
(internel), VYKL (off) and VNESHN (external), switches the cabin fan
motors and electric heaters from the internal power network to the
external.

Sockets of the ShU-1 and PPS cabinets on the TX-03 slip-ring RK
distributor box and in the KK-3 cable box on the outside wall of the
rotating cebin are used to connect up the ;measuring instruments, port-
able lights and soldering irons. These sockets are supplied with 220

volts, 50 cps.

On the ShU~1 cabinet are sockets with 1l2-volt AC-DC power, comnected
o the cabin-lighting circuit, which supply power 4o the low-voltage
lamps and soldering irons. , ‘ - F
The 220-volt, 50-cps power networks are protected from overloads - %
and short-circuiting by automatic devices [releys] in the correspond- (P 270)
ing units. ‘ .

The 200-volt, 400-cps, power networks are protected from overloads
and shorting by the VPL-30 AV 1 (zone 5) starter and safety fuses in
the PS transmitters 1 - 6. : .

Tuses in the various units of the transceiver cabin protect the
lighting, heating, and plug-and-socket circuits from shorting and high
overloads. . '

A1l the vehicles have lightning rods; lightning rod "3" of the
transceiver vehicle is shown in zonme T. The ground in the transceiver B
vehicle passes through ring 5 of the TK-03 slip-ring {zone T), the .
chassis of the ShU-1 cabinet, and from there to all the cabinets end ' v |
units of the equipment. , - )

The transceiver-cabin iground.ing 'terminai; which is connected to the
cabin undercarriage and ring 5 of slip-ring TK-03, 1is located in the
KK~l cable box. : oo S _

.-
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oo 3. Units of the System L : : ' o :

/ ' The SHU-1 Control Cabinet

The SHU-1 comtrol cAbinet'(Figure 104) 45 in the transceiver cabin.

v In the control cabinet are the con‘croll:.ng, adjusting and testing (p 271)
* devices,! relays and automatic devices which connect and service the BT
- transceiver equipment fuses and signal lamps. The control cabinet also
. contains items not inteprally comnected to it, namely the ABZ emergency
. trigger unit, the transformer that supplies the main transducer unit FD-02
- (selsyn un:.'bs the transformer thet supplies both the cabin lighting
* eircuits and those of the selsyns in 'the antenna—elevatmg mechanisms.

.The -RT-10B rada.r tester is on the 'bop cover of the control cabinet.

. Two three-phase volteges (220 volts, 50 cycles; 200 volts, LOO cycles)
are supplied to 'bhe control cabinet from dlstrlbu’cor box RK.

Twelve volts AC are fed from the OK 10 ba.t‘cery to the control ca.bine't. - .

Figure 105 shows the schematic circuit c'llagram for the ShU-l con-
trol cebinet. Sectiodn 2 of this chapter describes the operation of the
 automatic devices and control devices of the ShU-1, which are a component

part of the control, testing and protective system of the radar.

. . "Their distribution in the panel is shown in Figure 106. The lower
part of the cabinet contains the pull-out ABZ trigger unit.

" Between the swmg—open ‘panel and the pull-out units are 'bhe auto- - (p 2714-)
matic protective devices for the antenna rockmg mechanlsms and the auto- . =«
matic cebin fan sw:rbches, :

Behind the front panel, inside the cabme‘o, is a pa.nel with relays -
and sutomatic devides; this panel can be swung forward until stopped by
: two extensions; in the. opera‘blng posrblon, it is hel& by two sa.fety-
i . locked screvs. v _

) * When the front panel is open and the swmg-ou’c pa.nel is swung out »
the contact strips ms:.de ‘the control cab:.ne'b are access:.ble.

A schema.tic clrcuit dmgram of 'bhe ShU-l is on the ms:.de right
[ - . . wall of the cabme'b.-_ AR

s ~ 50X1-HUM
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Fig 104. ShU-1 Control Cabinet (p 272)

1., ABZ trigger unit
: 2. meter
] 3. mode switch
- 4. pushbutton switch
j %« cabin-rotation switch
6., 12-volt socket

50X1-HUM
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The PDU-1 Remote Control Panel _ S0X1-HUM . |

The PDU-1 (Figure 107) is in the center upper part of the DUS-1
remote~control cabinet in the indicator vehicle and is used Tor the
remote control of the transcelver equipment and awriliaries and to
regulate, check, protect and indicate their opera'bion.

A schematic circuit diagram of the PDU-1 is shavn in Flgure 108. (p275)

The PDU-1 components are supplied 220 vol'ts ; 50=-cycles, from one
three-phase network and 200 volts, 400 cycles, from the other three-

~ phase network, as well as -150 volts from the BP—150 power pack in the

DUS-~1 remote control cabinet.

The operation of the PDU-1 componen’cs is described in section 2 of
this chapter. The PDU-1 is of a flat metal design and swings dowm on
hinges to the horizontal posl:t;,on vhere it is held by side rods at'tached
tothe DUS~1 cabinet.

‘When the panel is opened, the cix ccuit components can be reached for
testing or repair. :

In the operatbing position, the panel is held in the vertical pos:.-
tion by two safety-locked screws.

A schematic circuit diagram of the PDU-1 is displayed on the metal ;
rack mounted on the top of the PDU-1l cabinet. ~ n

The UN I and UN II Units

The UN I and UN.II units (Figure 109) control the rocking of the
horizontal and slant antennas.

- These units are located in vehicle Mo 2; the UN I unit is at the ’
top right of the IKO-1 (PPI) cabinet, and the UN II is also at the top (» 279)
right of the IIV-1l height-measuring indicator. The units contain
receiving selsyns and switches for controlling the rocking of the antennas. -

Figure 110 givés the schematic daagrams of the units. The units
are fed ..phase A and phase B voltages, 220 volts, 50 cycles, from the
three-phase network, through the RSheh [conmtrol pa.nel?] of vehicle No 2.

The operation of these unlts is described in 'the section on the

. operation of the antenna rocking mechanisms. Both units are made of a
welded steel frame and sheet side panels, which can be removed. for

access to components.

50X1-HUM

" The schemo.tic circuit diagrams are on the outside walls of +the
units, the UN I on the right, the UN II on the left wall.

- 180 - .
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Fig 106. ShU-1 Cabinet With Open Front Panel (p 276)

1. ABZ control unit
2. automatic controls and relays

3. control panel:

50X1-HUM

o - 181 - ;

- Declassified in Part - Sanitized Copy Approved for Release 2013/09/10 : CIA-RDP80T00246A031500270001-2



\ |
Declassified in Part - Sanitized Copy Approved for Release 2013/09/10 : CIA-RDP80T00246A031500270001-2

. 50X1-HUM

Fig 107. PDU-1 Remote Control Panel (p 277)

. fuses

signal lamps

dials of receiving selsyns
rocking-mechanism switches

W

*
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Fig 108. Schematic Diagr&m of the PDU-l Remote ,
Contro]. Panel L | p 278)
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Fig 169.

2.

50X1-HUM

UN-I and UN-II Antenna Rocking Controls (p 280)
switches of antenna rocking megchanisms
dials of receiving selsyns (selsyn motors)

50X1-HUM
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® Cabinet 1 down  50X1-HUM

, 220-v phase A (AM) ] 1 i .
: rocking from PIEU-l 2 leg :
| 220~v phase V QM) | 4 4 '-‘" eant I
[ focking from PDU-1{ 9 2 y
1 rocking control 12
| rocking control 11

‘i stator 3 NV\—'-
| selsyn chassis 7 - ,.,I; .?'“l :
h check 5 ' .

’ l check 6 UN-I :
l‘ ~603 VO].tls ——————-—-@——T-—E N . ‘
: chassis 19 : '

| | |

“ Cabinet 1

220-v phase A(1M)
rocking from PDU-1
220-v phase V(1M)
rocking from PDU-1

elevation of
antenna 11

i

rocking control 12
rocking control 11
selsyn chassis
check

. check
: stator

wWilos =3

- UN-II ‘
Cabinet 2 ‘ !

~ 6,3 volts O-frrr— ® T - E
- chassis ® :

' Fig-110, Principal Circuit Diagram of the UN-I.and UN-II.
Antenna Rocking Controls '

e
RO

(p 281)

- 50X1-HUM
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4. The ABZ (Emergeuncy Trigger) Unit

The pyrpose of the ABZ unit: o , v i;

1. +to form trigger pulses used in the automatic operation of ‘
the PPA; and : - e

2. to switch the triggering of the PPA (transceiver) automati-
- cally.

When trigger pulses arrive from the BZ unit of the ZNF (master
voltage) cabinet, they are applied to the input of the transmitter
trigger circuit; when the supply of trigger pulses from the BZ unit of
the ZNF~1 cabinet to the input of the PPA trigger circuit is cut off,
equivalent pulses are fed from the ABZ unit of the ShU cabinet.

The switching circuit provides a switching-over from the BZ unit (p 282) ?
in the ZNF cabinet to the triggering of the transmitters from the ABZ
unit in the ShU-1 cabinet. '

The current supplied from the 50-cycle network does not exceed 0.3
amp at 220 volts. '

The protective circuit for the unit gua}antees the removal of the
output voltage whenever there is & short in the "plus 330-volt" circuit.

PrincipaliCircuit Diagram of the ABZ. NB2.073.901 SKhE

The unit is fed with 220 volts AC, 50 cps at the primary of
transformer Tr-l through fuse Pr-l (0.25 amp). The rectifier is - S
~ designed as a bridge circuit with four selenium piles, type AVS-25-15.

The rectified voltage is fed through a pi-shaped filter, consisting
of resistor Rl and capacitors Cl and C2, to the plate circuit of tube
V1 (6P8S) of the pulse triggering circuit and to the plate circuits of
tubesV3 (6N8S) and V4 (6P9) of the automatic trigger switching circuit.

The trapezoidal voltage from the output of the second stage of (p 28%) g
the amplifier-limiter is fed through capacitor C5 to the 3.6 winding i
of blocking transformer Tr2 where 1%t is differentiated.

The peaked pulses formed as a result of differentiation are fed
to the grid circuit of the blocking oscillator which is operated in the
¢riggered mode by a negative bias taken from resistor R10 of voltage
divider R1l, R1O. , | : 50X1-HUM

-

- 186 - | “ |  7' ‘ "I.)

- gun - g " | ‘ ‘
Declassified in Part - Sanitized Copy Approved for Release 2013/09/10 : CIA-RDP8__OTQQZ46AO31500270001-21



Declassified in Part - Sanitized Copy Approved for Release 2013/09/10 : CIA-RDP80T00246A031500270001-2 .

S50X1 —HUI\/I"—"I .

4

50X1-HUM .

-

L

. *aoqTuTT~Jafyyrdue
ay3 Jo o8e3s 984T 9Yy3 Jo Andut 9yj3 03 3SUIQEDd UG
ayj woaJy paj sT a3eqToa sdo~QQY% Teprosnutls ®© ‘qoo08
T-NUS 8u3 JO 6 Pue g s90equod ySnoayl °(S8N9 §) 2-A .
JSMOTTOF 8poy3ed “(S8H9 §) Z-A J0IBTITOSO Jumioorq pue -
‘(sgi9) T-A #qny JejWIT-JoTJITdwe prIZ-aqe1d afe3s

-O0M3} B JO S3STSUO0D 3TNOJTO Sutwaog ssTnd-a283ta3 sTYY ,t..w".w._..”,_..,...‘_.: 5 -

TU 24V Y3 JO weaSerq 3MIJT) [edouTad | eTTT %1

]
|

Declassified in Part - Sanitized Copy Approved for Release 2013/09/10 : CIA-RDPS80T00246A031500270001-2



| | — |
Declassified in Part - Sanitized Copy Approved for Release 2013/09/10 : CIA-RDP80T00246A031500270001-2

@ P | 50X1-HUM
=4

Fig 112, (p 287)
General View of the
ABZ Ermergency Trigger

Unit
A
N4
7t
-
2
Fig 113. (p 288) '
General View of RK Distributor Box

1 1., voltage switch (50 amd 400-cps)
i . 2, tester in case

: 3. fuses

1 L., switch V2

1 5. busbar assembly

......

50X1-HUM
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. 'low value of the plate current. Since the winding of relay RSCEAQ-);(; I;IéJ M

connected to the plate circuilt of tube V4, the relay is de-energized,
and 1ts moving contacts come together with the lower fixed contacts.

When {ge trigger pulses are cut off at the Input of the thyratron,
the negative bias 18 removed from the grid of tube Vi; its plate current
increases, causing relsy RSCh-Sa to operate.

The moving contacts of the RSCh-Sa relay are closed againat the
upper fixed contacts.

3 ' ' Design of the ABZ (Emergency Trigger) Unit

) The unit is assembled on a standard chassis and installed in the -
: left lower opening of eabinet ShU-1.

i The ‘tube section of the assembly contains: three 6N8S tubes

‘ (tubes V1, V2, and V3) and one 6N9 (Vh). Inside are transformers
Tr-1 and Tr-2 selenium piles AVS-25-15, capacitors Cl and C2, relay

~ RSCh-52, and a resistor (Rl) type PEV-10.

Type MLT resistors and type XSO capacitors are mounted on tube
panels, supporting contacts and two mounting plates..

On the front panel of the unit are the PRl tuse and two TN-O 3
signal lamps.

The distributor box contalns the components for switchingeon, --(ﬁ 289) -
switching=-off, reversing and directing electrical energy, the
distribution busbar, safety-fuse holders and plug sockets. . e

On the top of the box, with the speclal sockets, are the anmpere=

voltmeter (tester) and microammeter in containers.

When switch V1 1s on, a three-phase voltage (220 volts, 50 cps,
200 volts, 40O c¢cps) is fed to busbars Pl-P6, which distribute the
electrical energy t¢ the equipment of the PPS (transceiver) cabinets
and the ShU~l control cabinets. Switch V2 counects the electric heaters -
and electric exhaust fans, plus the plug and jack assemblies Gl-G4 to
the internal or external voltage network (220 volts, 50 cps).

Safety fnees Prl and Pr2 protect agalnst short circuiting during
:operations with the portable electrical equipmeént and instruments.

The distributor RK is designed as a rectangular box and consists of
a frame, top cover, front panel, packaged six-pole switch, busbar_ cceemhilw
external power supply panel, a front door that opeus, . two gide pa5QZU tﬂ!“n
one bottom panel. C s . -

® -1 -
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‘ o The busbar assembly is near the bottom of the chassis. ThSOX1-HUM
: busbars- are attached to insulating sheets and have ‘bolt and screw
— counectors.

The extei'nal power supply psnel is on ,the right of the busbar
assembly, behind the front door.

A schematic circult diagram is attached to the back of the door. (p 290) -

5. Control, Testing and Protective Equipment. General Information

Among the electrical equipment and instruments of the control,
testing and protection system for the radar are certain special automatic
devices and relays that are. designed for use under conditions other than .

normal.
v

These are classified as follows:

Automatic devices : ,

‘ - automatic devices with electromagnets (remote AC.
;1 . drives, types AD-3x5, AD-3x5 v/2; AD-3x15)

| . , = gutomatic: devices with hané operation, types

AP50-ZMT, AZ120., ‘ : S L ,

C i v
. Relays: '

3 . ' R S ) "

; ' : — AC timing relays: motor relay type RVM-300-2 and

| _ thermal rele.ys type TRV-IVM, ' ' o

U -— centrifugal speed-control relays R types TsR-l and
mechanical (MR) ; : .

--f'velectrOmag'netic voltage rela.ys:

a) DC relays, types RAD-lI»P, Rscmsa

i | b) AC relays, type RA-UP; )

g : | electromagnetic current rela.yse DC relays, type (p 291) /
RKMP-1, RES=-6. : o :

f i ‘The schematic circuit diagrams of ‘these automatic devices and relays

[ are shova in Figure 111&. C . | .
D R 50X1-HUM
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Automatic Devices-

The type AD-3x5 automatic device is designed to switch-bn aﬁd switeh
. off the three-phase electrical circuits (220 volts, 50 cps, nominal
current 5 amp) and to protect them from current oyerloads.‘

e m—

It has a main electromagnet GE, three main contacts GK, two groups
of blockecontacts BK, three thermal tripping devices (bimetal sheets)
BP, .which operate at medium current overloads, and three electromagnetic
tripping devices ME, which operate at maximum current overloads. Each
of the three poles of the automatic device consists of a GK, BP, and ME -
connected in series. : -

v e pereey s e

The nominal voltage of the GE winding is 220 volts, 50 cycles. 1 ‘f; CE {

A simplification of the kinematic diagram for the AD-3x5 automatic
device is given in Figure 115. The simplification involves the
presentation of the elements of only oue pole of the automatic device,
ingtead of three, and of one group of BK, instead of two. The rigidly
coupled parts form one section. ' '

On the diagram the moving parts are shown with the automatic device
in the "on" position (armature of the main electromagnet drawn in). (p 292)
' Phe directions of movement of the parts when the automatic device is
| turned off are shown by the unbroken arrows. These directions are i
opposite when the main electromagnet is turned on. 7 : %

b

b

!

‘ i

There are eight moving parts and one fixed chassis. ‘ i
b
: k

i

]

When & current overload passes through'the pole of the automatic
device, its current tripping device BP or electromagnetic tripping ; b
device ME causes the shaft of the protective relay to rotate, which ;
opens the main contact GK and reverses the switeh VK. The motion of the
parts in such a case is showa on the kinematic diagram by broken arrows.
The automatic device is switched on again only when the main electro=-
magnet is energized.

The Automatic Device Type AD?3x5 p[g_(withdut protection) is designed g
to switch on and switch off the three-phase electrical networks with ~ .. !
200 volts, 400-cps, nominal current 10 amps, or 220 volts, 50 c¢ps,

!
|
!

nominal current 5 amps. Unlike the type AD-3x5 automatic device, it has
no electrical protection,neither BP (bimetal sheets) nor ME electromagnetic
tripping device (Figures 11k and 115).

The nominal voltage of the GE (nain electromaguet) winding is 220 ol j
volts, 50 cycles. . :
_ ' . 50X1-HUM

-
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AD 3 x5 ” —
AD 3 x 5b/z  —»
AD 3 x 15 >
AD-50;3MT —_—

TRV-1VM relay ——s
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MR relay |
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i
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I23
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<—¥RVI»I-300~2 relay
<= RAD-4, P relay

~<— RSCh-52 relay
|

|
!

<—-RES-6 relay

"“" RA~4 P relay

f'é-f'RKMP—l relay

{
i
'
i
i
{

Fig 114. Schematic Circuit Diagrams of Automatic Devices

(p 293)

o
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L

¢
Fig 115. Simplified Kinematic Diagram of the AD-3 x 5
Automatic Device (p 294)
1. armature of main electromagnet with arm and cylindrical
push red
‘2. protective c¢lamp w:Lth cam
3. clamp with plastic push rod and adjusting screws
L. spring-actuated main contact GK
5, bimetal sheet BP
6. moving contact BK
9-13, adjusting screws
14-~17. retracting springs
- A B,V,G: pivots
GE' main electromacnet
GK: main contact
BK: ° block contact '
ME: electromagnetic current tripping dev1ce

BP:  thermal current tripping device : 5OX1_‘HUM
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The Automatic Device Type AD-3x1l5 1s designed to switch on and
switch off the three-phase electrical networks with 220 volts, 50 cycles
and nominal current 15 amperes, in order to protect these networks from
current overYoads. :

It has one main electromagnet GE, three main contacts GK, two
groups of block-contacts BK, one signal contaci SK to check the operation
of the tripping devices, three thermal tripping devices (vimetal sheets)
BP, which operate when maximum current overloads occur, and a blocking (p 295}
mechanism BM which produces a visual signal when the tripping device '
operates. Each of the three poles consists of a maln contact GK, an
-electromagnetic tripping device ME and a bimetal-sheet tripping device
connected in series. ‘ -

The nominal voltage of the GE winding is 220 volts, 50 cps.

| A simplified kinematic diagram of the AD-3xl5 auwtomatic device is
shown in Figure 116, The simplification involves the illustration of
the elements of only one pole of the automatic device, rather than three.
~ The rigidly coupled parts form one section.

The moving parts are shown on the diagram with the automatic device
in the "oun" position (armature of the main magnet drawn in). The
direction of motion of the parts when the automatic device is turned off is
shown by unbroken arrows (directions opposite when automatic device is on).

When an overload current passes through:the pole of the automatic
device, the current tripping devices BP and ME cause the shaft of the
protective relay to turn, which opens the main contact GK, rewverses the
block-contaot BK and closes the signal contact SK. The motion of the

i ' parts for this case is shown on the kinematic diagram by broken arrows.
The positions of the parts of the automatic device and, consequently,
of the contacts after the tripping device has operated are held by the
blocking mechanism MB (BM). The automatic device is switched on again
only when the main electromagnet is energized, after belng released
manually. :

The Automatic Device AP 50-3MI' is designed to switch om and switch (p 297)
off the electrical networks with 360 volts, 50 cps, or the networks with
220 volts and nominal current of 2.5 amps. , '

The AP 50-3MT has & manual drive mechanism, with pushbutton on and
, off switches, three main contacts GK, three thermal tripping devices
/ (bimetal sheets with haeaters) BP, which operate under medium current
overloads, and three electromagnetic tripping devices ME, which operate k4
at maximum current overloads. Each of the three poles of the automatic
device consists of one main contact GK, one thermal tripping device BP
and one electromagnetic tripping device ME contiéeted in series. The
ad justed current of the thermal tripping device is 1.75 amps.

o ,. S =195 - - - o
50X1-HUM 7
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Fig 116. (p 296) |
Simplified Kinematie Dia- I
gram of AD-3 x 15 Automa- ;

tic Device

1, armature of main electro- |
magnet, axis of armature, |
lever arm on axis and arm |
limiting armature movement ;

2. link j :
3. intermediate lever ’ [ o A
] § :
1

4, link \
5+ lever on axis of push rod S M N\ S
axis of push rod, : j 3" [@d? . Bl
push rods of main con- m '
tacts with screws for | . éﬂ:'. &

8. bimetal sheet of thermal
current-tripping device ,
9. armature of electromagnetic
current-tripping device
10. plastic lever on shaft of
cutoff with adjusting screw
11l. shaft of cutoff with flat
and lever arms
12, axie of cutoff lever and of
signal contact

- 13, catch, axle amd its lever

14, pushbutton for MB blocking
mechanism’

15, retracting spring of mving
contact

16, spring producing contact
pressure

17. retracting spring of electro-

magnetic current tripping

) device -

18, retracting spring of cutoff
" shaft

19. retracting spring of apring
levers ,

adjusting gaps between | & |
main contact and lever I OSRIN B Y T SR
of block déntacts | / A ! e, 3
. 6. lever of moving contact | N Yar e ,
. 7. moving (floating) contact ~T——=-w==- - e ~ - ”“ﬁiff*ﬁiw;—~—»i~«4~?

20, spring of catch
21. spring of pushbutton for

" blocking mechanism
22, armature travel limiter

. 23, support

24, adjusting screw

25. support

26, fixed contact _
27. adjusting screw ;.

28, push rod of bloock

contact
29, second group of block
contacts

- 30, first group of block

contacts
31, signal contact

_ 32. signal slob

A,B B,I" A E, ¥ , 3, V],
K, 'JI, M, H, and T ¢ pivots

 50X1-HUM
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11,800-2,100 rpm.

50X1 HUM
The principle of operation of the tripping mechanisms of this ‘fj.

" automatic device 1s analogous to that of the autowatic devices type ;,yf% *j;lt{}i‘
- AD-3x5 (Fisure 115) S } L T

/

Relaxs

The Motor Timing Relay, Type RVM-300-2 operates on two-phase
(approxxmately 90 degrees phase difference). AC (110 volts, 50 cps),
and is designed to close and open three electric circuits with 220
volts, 50 cps, nominal currents of 3 amps, with time lags of from-

, 30-65 seconds to 3%0-375 seconds. '

The circuits are opened simultaoeously.

The relay has a two-phase synchronous motor, solid and hollow shafts,
four adjustable cams, electromagnetic clutch, which connects the above- (p 298)
mentioned shafts mechanically, gear and worm drives which teduce the L
rpm of the motor shaft down to the rpm of the camsheaft, and four switches,

~ one of which shuts off the electric motor.

The nominal voltage of the electromagnet of- the clutch is 220 volts, -
50 cps.

A kinematic diagram of the RVM-300-2 tyﬁe relay is shown in'Figure llﬁ.i o
The Thermal Timing Relay, Type TRV-1VM is deeigned to close the

electric circuit with 220 volts, 50 cps, and maXimum .current of 0.5 amp.i""
The closed circuit should have an electrical cutoff to guarantee -

 disconnection of the relay immediately after it has operated. The relay'

contact should open without current

The time delay is produced in the TRV-1VM relay by iudirect heating
of the bimetal sheet, when the heater winding is fed a 220 volt, 50=cps
current through a 2-kilohm resistor connected in series. With this
resistance value a nominal time lag of 25«35 seconds is obtained.

Since the relay has countact-type temperature compensatior, the time

of its response depends little on ambient temperature. There is additional ~i
compensation by the bimetal sheet with the uinding. I : :

The Type RSR-1 Relay acts as a commutator of one electrical 220uvolt

" 50«cps, network with nominal current of 0.5 amp wheun the speed of the ‘ (p 299)

shaft of ‘the relay rotor is increased or decreased within the limita_ o
_ , S50X1 HUM
: ,The pominal rpm‘for theArelay is 3,000 TPM. e 7._ : e
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1. worm on shaft of electric motor
2, worm wheel ard worm

'3, wom wheel and gear

. 4. gear on inside (solid) shaft
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Fig 117. Kinematic Diagram of Relay RVM-300-2 {p 300)

- 5, outside (hollow) shaft with adjustable cams

6. armature of electromagnet of the clutch with
‘parts that provide a shifting of the meshi

part of the clutch with the cam
7. shock absorber
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! S The rela.y consists of the £ixed body (stator) with brushes and -

':f‘:rotating rotor with two-ring slip-ring, separately connected to the :
" supporting (fixed) contacts, and ‘with the weighted flat contact- (moving)

spring. /

The Mechanical Relay (MR) switches one electrical network (220
. .volts, ;50" ¢cps, one amp) in two directions when that shaft speed is
: 'reached at which the relay motor is set.

- When the rotor speed increases, the relay operates (reverses
o contacts) at 550-600 rpm. The ndminal relay rotor speed is 1,500 rpm.

The relay has a fixed stator and rotating rotor with solid ring,
which is almost perpendicular to the axis of the rotor when it is
- rotating. In the initial position, the ring is not perpendicular to the '
' axis of rotation. The centrifugal force of the ring creates the axisl
force required to reverse the relay contacts. _
| ' - R
The RAD-4P Type Relay is designed to. switch four electrical (p'301)'ga;'
networks (220 volts, 50 cps, 3 amp) in two directions simultaneously. e
The nominal voltage of the electromagnet in the relay is 220 volts DC.
A 4,000-0ohm limiting resistance is connected into the eircult of the
relay winding. Upon starting, it is short-circuited by the forcing
--block-contacts of the relay. ‘

The RSCh-52 Type Relay can simultaneously switch in two directions ‘
. six noninductive circuits with 26 volts, 2 amps, Or with- 300 volts and o
~ 0.125 amp neminal current. | -

: The nominal voltage of the electromagnet winding in the relay is
135 volts DC. o _ _ _ ’“

The RES-6 Relay switches on and off two 28-volt nc (one amp)
electrical circuits with noninductive loed..

The nominal current of the electromagnet wind ing of the,relay is
32 milliamps. o . oE , _ S ‘

- The current is DC.,

The RA-4P Relay simultaneously switches in two directions four
circuits with 220 volts, 50 cps and nominal current of 2 amps.

_ The nominal voltage of the electromsgnet winding in the relay is R
?220 volts 50 cps._ o L - R

The DC ¢ RKMP-1 Relay is a two-cOil relay which uses an operating -
3 . current of 5206-5T75 milliamps for the secondery winding of i%ts electromagnet, ,
. or 135-175 milliamps for the primary and secondary connected ‘in series. oo

,‘5iOX1—H-UM .
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When the secondary functions end the primary is shorted, the relay (p 302) o
has a So-microsecond delay in responding. :

This rglay is used to protect DC networks from current overloads.

[SRPISU—— | i

The relay contacts can switch a 2-amp current when the voltage at
the open contacts is 32 velts DC, or a =.l-aup current at 300 volts DC,
with noninductive loads. -

&

50X1-HUM
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v | | CHAPI.‘ERSEVEN o T (p303)

ra—

ROTATING CABIN ACCESSORIES
/

- In addition to the cabin equipment described above, there are
also other accessories inside the cabin. These include: the cabin
rotating mechanism, the slip-ring, ekxhaust fans, heaters, lights, .
signalling and cutoff devices, parts to the mechanical and electrical
equipment, cabinet and box containing inventory items and instruments.

1. The TK-03 Slip-Ring

{
] . . ) g
The slip-ring (shown in Figure 118) comnects the external power & ‘
circuits to the transceiver equipment and other equipment inside the ! -

cabin.

' The TK-03 slip-ring, which is in the center of the cabin, provides.
the trapsfer of electric power (50 cps) from the power plant and (400-cps)
from the VPL-30 high-freguéncy unit; electrical connection of the video
_signal circuits, the synchro-generator circuits, control circuits,
- testing and protective circuits, and the ground.

‘ The TK-03 has six power rings, each designed for up to ho amperes; (p 30#)
12 high-frequency shielded rings; 56 low-frequency rings, each designed
for up to 10 amperes, and one grounded ring.

The linear speed of the wiping contact of a slip-ring pair Obrass
a_collector, copper=-graphite brush) does not exceed 0.13 meter per second

The. specific pressure of the power rings is not less than 630 grams
per square centimeter, not less than 840 -grams per square ceantimeter for
the high-frequency and 1OW-freqnency brushes, and not less than 350 grams
per square centimeter for the brush of the grounding ring.

The slip-ring 1nsulation is COmputed for an operation voltage not
over 250 volts (50 cps). .

The stator of the slip-ring has the brush holders attached to it.

" Inside the stator is the rotor, the axis of which colncides with the exis

- of rotation of the transceiver cabin. When the cabin rotates, the rotor
of the slip-rlng remains stationary, and the stator rotates with the cabin.

Yo Carbolite disks,encircling the brass rings,slip over the rotor shaft.
/'f1' The ring taps have rod-shaped busbars- and RK-h9 cables running parallel
- to the axis through the openings in the carbolite disks. .

-~

50X1-HUM .~
The rotor, together with the rings, comprises a collector, witsn wnicnh -

the slip-ring brushes are in contact. Each pair of copper=graphite brushes .-
"4s in ome brush holder whieh is attached to the stator housing. '

. ll: S . " - 01

]
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The brush holders are located on all four sides of the stator, S

The collector has 75 rings, divided into three groups. (p 305)

' The loéer group, consisting of six wide rings, is used for the power_fff
circuits; the upper group, consisting of 13 wide rings, is used for the
high-frequency circuits and the ground.

Each power ring has two brush holders each with two large brushes.
The power brush holders for one ring are codnected in parallel

Each of the high-frequency rings has one brush holder containing
. two small brushes. In the center of this group is a special ground ring
" with one brush holder containing two large brushes. The brushes of -this j
-~ group of rings have a common cover. ' : o

The middle group, consisting of 56 small narrow rings, is used for -
the remaining electrical circuits. Each of the rings in this group has
one brush holder with a pair of small brushes.

' The rotor flange has. taps extending from the rings in the form of
terminal clamps, and [from the] instrument sections [in the form of ]
high-frequency plug=-and=-jack assemblies.

The rotor shaft rides in the stator on two bearings: a single _
radial ball—bearing at the 1ower end and & roller-beering at the upper end.= '

: All the rings, brush holders and inside cable are covered by a
". removable, two-piece corrugated cover.

The common (rotor) flange, with terminal clamps and high-frequency (p 307) ‘

plug-and~jack assemblies, is in the upper part of the rotor and is covered
by a cap. The upper part of the cap is connected to an intermediate
sleeve (adapter coupling), which provides & clutch coupling with the |
‘input shaft of the main selsyn unit FD-02.  At.the top, this unit is |

~ installed on the slip-ring and is connected to it electrically by two -
cables. On top of the FD-02 main selsyn unit is a rotating platform

-for the oscilloscope and telephone. -

: A plate giving the distribution of the rings of the slip-ring is
- attached “to the housing of the slip~-ring. At the base of this plate, on
- the right side, are two pairs of plug-and-Jadk assemblies and fuse holders.',,‘

The cables lead to the. brush holders through the lower flange of

the housing. The external cables, which lead to the upper rotor flange, '.7 L

~ run inside the hollow rotor shaft. T 50)(1 HUM

-'Table'5 lists the_TK;O3 rings.'

=202 -
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- Fig 118, The TX-03 Slip-Ring (p 306)

l. unit of brush holders for high-frequency circuits
2. brush holders for the signalling circuits

3. brush holders for the power circuits ‘
4. rings of the slip ring 1

T
- -
- e SN 3
P . )
o .

50X1-HUM
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Table 5 | ~ 50X1-HUM
* Ring Number Designation
1«4 . /[no entry]
5 .. ground _ ‘
-6 PRS=-1 receiver (No 1) output ' T
7 _ PRS-1 receiver (No 2) output ‘ (p 308) -
8 PRS-l receiver (No 3) output L E
9 .. PRS-l receiver (No 5) output .-
10 .. PRS=1 receiver (No 6) output
1 PRS-1 receiver (No L) output
12 - starter :
-13-lh (no enbry] ' _
15 . PRS-1 amplifier (No 3) control
16 . PRS~1 amplifier (No 4) control:
AT PRS-1 automatic gain control relays (Nos. 3 and 6)
18 PRS-l automatic galn control relays (No h)
19 PRS~1 differential relays (Nos 3 and 6).
20 PRS-1 differential relays (Nos 1 and L)
~ 21 PRS-1 gain control (No 6)
22 PRS-1 gain control (No %)
, 23 PRS-1 gain control (No.2)
24 PRS~1 gain control (No 5)
25 PRS«~1 automatlic gain control relays (Nos 2 and 5)
- 26 PRS-l differential relays (Nos 2 and 5) ‘ .
27 Antenna 1 control
28 rotor of selsyn with 5-degree graduations '
29 antenna 1 coutrol T
. 30 _rotor of selsyn with s-degree graduations
31 antenna 1 rocking control ,
32 rotor of selsyn with S-degree graduations
33 . antenna 1 rocking control SRR
34 “rotor of selsyn with precision graduationS'_u-'
35 antenna 2 control L
36 rotorrof selsyn with precision graduations} :
37 aatenna 2 control _
38 rotor of selsyn with precision graduations -
39 antenna 2 rocking control e
4o rotor of selsyn with coarse graduations
'y : antenna 2 rocking control S
b2 - . rotor of selsyn with coarse graduations Co - (p 309)
43 - stator of selsyn with 5-degree graduations o :
Ly rotor of selsyn with coarse graduationa o
/ 45 [no entry] ' g
46 PPS plate control No 1
47 emergency signal L
48 PPS plate coutrol No 2 -~ 50X1-HUM
kg on-signal for filament and plate :
50 PPS plate control No 3 |

e

PPA control
- Qoh'_ .
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52 . PPS plate control No 4 S0X1-HUM
53 g rotation control : : :
G . PPS plate control No 5 S R T T T
55 rotation warning signal T o '
56 PPS plate control No 6
5T - .. telephoune
58" current to PS magnetron No 1 - -
©59 . . . rheostat .terminal switch
60 current to PS magnetron No 2 -
61 . Loo-cps voltage regulation
62 current to PS magunetron No 3
63 - LOO-cps voltage regulation
6l . eurrent to PS magnetron No k4
65 LOO-cps voltage regulation
66 current to PS magnetron No 5
67 [no entry]
68 ~ current to PS magnetron No 6
69 [ao entry]
70 200 volts, 400 cps, phase A
L 220 volts, 50 cps, phase A
T2 200 volts, 40O cps, phase B
T3 220 volts, 50 cps, phast B
Th 200 volts, 400 cps, phase C
5 ' 220 volts, 50 cps, phase C
2. Eigh-Frequency Motor-Generator Unit VPL-30 i - (p 310)

L The VPL-3O is a unit that produces three-phase DC at 40 cps and
‘tbree-phase AC at 400 cps.

Main techuical data for the VPL-30:

The Electric Motor

, feed voltage - _ i 380/220 volts
feed frequency . ‘ 50 cps.
input current - T5/130 emps

synchronous speed of rotation o 3,000 rpm

The Generator

voltage . S 208 volts
curreht load '  1LO emps _
'load power factor - 0.8 : .
frequency at synchronous speed * . LOO cps '
-gross veight (of motor-generator unit) . 760 kilograms
gross ¥ ! BT X 1-HUM
- 205 -
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' ' Dimeneibns'-ﬂ¥jf-
Clemgth - . 1,330 milligeters
~ width / ‘ - : 650 millimeters
‘height N : , : 1,235 millimeters
Components of the Assemﬁly o o o - v(P:3L1)t

The VPL-30 assembly (Fig. 119) 1ncludes:

T X

- - an electric-motor assembly consisting of an esynchrOnous motor -
o with a squirrel-cage rotor and a synchronous higher-frequency generator, .
: _houaed on a common frame, and a flange-mounted driver,
-‘a control panel; '
= a voltage regulator unit;

: = terminal blocks for conunecting the power supply to the motor and '1[
- other loads. -

The control panel, voltage regulator unit, and terminal blocks are a
mounted on a common frame attached to the assembly housing.

- 3., Ventilation, Heating, and Lighting of the Rotating Cabin

Ventilation of the Cabin

A circulating system of ventilation consisting of two exhaust fans 3
and intake vents 1is designed to maintain a normal temperature within the
cabin.

The moveable vents are over the external opening in the housing of
. the fan. At the time of the station’s transportation, the vents are
closed; and when the station is put into operation, they are -opened by
. means of cranks located in the cabin.

An asyunchronous three-phase, MAO-32/2M type, 0.35-kw electric moton (p 313)
3000 rpm, operates the fans in the cabin.

In the housing of fan No. 1 (0K5), mounted on the front wall of
the cabin, is an S-56 type buzzer which gives a warning signal when
the cabin begins to rotate. In.the housing. of fan No. 2 (OK6), mounted
on the back wall of the cabin, are terminals for connecting.the cables
which supply voltage to the SDG selsyn-transmitter and the MKG rocker 5OX1 HUIVI
.mechanism of the slant reflector.

-
-

: . The fans are turned on from’ the cabinet of automatic mechanisms :
SnU=1 R16 and ShU-1 R17. o
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b

Fig 119, VPL-30 Assembly (minus housing) (p 312)
1, driver ,
2. motor-generator unit

3. control panel
L. terminal box

50X1-HUM

o -
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. ' There are four locations for the intake vents in the c:t:;.b:!.vcx.50:).%1 -HUM-
the lower part of the door to the cabin, on the slde wall behind the
cabinet of PPS No. 5, and on the right wall behind the cabinets of PPS
No. 6 and ShU-1, The veuts on the door are closed from within by
mans of & handwheel. The other vents have screen filters on the inside
which prevent the passage of dirt and dust rrOm the equippent in the
cabin.

Heating of the Cabin

Heating and insulation of the cabin does not cause a marked change
in temperature relative to that of the surrounding air. Therefore, in
winter before turning on the receiving and transmitting apparatus when
shutting down the equipment for a routine check, use the two PET=10-2
type coupled electric heaters in order to raise the temperature in the (p 31&)
.cabin and maintain it above zero (freezing). :

1. Each heater operates on 220 v with 1 kw of power.‘

. The heaters are turned on by a "HEATER" switch on the panel of the
local control cabinet. : ‘

Lighting of the Cabin

An AC-circuit is the main source of illumination for the cabin.
Batteries are used 1n case of emergency.

The cabin has three T-97-type dome lights with SMrl3 alrplane (or '
tank) type electric bulbs (13 v, 15 w).

, A 200-watt transformer located in the local control cabinet is
used to reduce the AC- voltage from 220 to 12 volts..

If the Ac—circuit is not operating, the lights are powered from
two series-connected S5NKN-L5 type alkaline storage batteries, each
having & capacity of 45 a/hr and a rated voltage of 6.25,

The batteries are located at the port of the. cabin., Switching from

the AC-power supply to the batteries is done from the panel of the local

. control cabinet by means of a special three-position switch. The lights
are turned on and off with this same switch. , (p 315)

~——

On the panel of the local control cabinet are sockets for plugging
in portable lights (12 v and 220 v). Sockets for 220 volts are also
located on the panels of the PS [ ? (not legible)] units. On slip ring
TK-03 there are sockets through which 220 volts can be supplied directly -
by plugging in a cable to the PPK.

I - _V. W%

50X1-HUM
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L. Signalling and Holding System ‘

A signalling and holding system has been devised as & safety measure
, - when the C%Pin begins to rotate.

i

The electric motor used to rotate the cabin is turned on remotely or
by means of a switch on the panel of the control cabinet“ In this case
a signal is automdtically given, warning of the beginning of the cabin's
"rotation.

z
%
1

An electric holding device(brake)prevents the motor from starting when |
the cabin is locked in place. This holding device is controlled by a
" terminal switch located at the rear lock.

_ Iblephone communication of the cabin with other units on the station
is maintained by means of a TAI-43 type telephone with a hand generator.

5. Electrical and Mechanical Accessories (p 316)

i
E - All the cabinets of the equipment are installed on shock-absorbers
Q - gecured to the floor as well as against the walls of the cabin. '

In the right rear corner of the cabin is a cabinet with reserve trans-
" mitting and receiving equipment for the cabin.

In the lower compartment of the cabinet are spare receiver blocks

- and & thyratron unit. Above the compartment are eight removeable boxes
containing spare tubes, detectors, fuses, and a special instrument. A

. complete list of spdre parts for the cabin is given in the station parts
list. ,

A folding table is fixed to the rear wall of the cabin under the B
window. When the station is operating, the table serves as a suppoxrt for
the RT-10B. The boxes are transported under the table with the spare
parts kit and ShG-Ol noise generator. Generator RT-10B is installed and
secured to the top of the ShU-1 cabinet. ‘

On the cover of the distributor box of the cabin are located the

portable test instruments: a 125~ & microammeter and a TT-1 type
ampere=-voltmeter.

6. External Auxiliary Equipment of Cabin . (p 317)

Outside the cabin are: the cabin lock, guys for the cabin in the s
traveling position, the antenna-securing equipment, the stairway, ladder.
cable housing and troughs, end other attachments for van KZU-16¢ S50X1-HUM

1
]
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i

Cabin Locg

This is situated in the after part of the van and serves to connect
the cabin to the van in the traveling position.
v ; v
An electric holding device is designed to prevent the cabin-rotating
motor from starting while the cabin is locked in place. When the lock is
in place, the terminal switch breaks the circuit of the power supply to
the motor. :

!

Four guys attached to the main boom of the wvan and engaging hooks in
the frame of the cabin serve to additionally secure the cabin in the trav-
eling position. i

| Assembly for Securing the Horizontal Reflector

The horizontal reflector is supported by an arm attached to the front 3
of the cabin and rests against a frame attached to the sides of the cabin. ' £
Rocking mechanism MK-l is supported by an arm attached to the frame.

During travel, the beam supporting the arm of the horizontal reflector
is transported in vehicle No. 6; and the frame, in vehicle No. 5.

Assembly for Securing the Slant Reflector (p 318)

» Hinged'supports‘are'fixed to two arms secured to the rear of the L
cabin. A frame is attached to the supports by two pins. o

A third point of support for the frame is provided by a beam attached
| to the roof of the cabin. i‘The trunnion of the MKN rocking mechanism is
' _attache& to this beam.

In the traveling position the braces of the beam, together with the . : ]
frame, are pulled down and secured to the back of the cabin. The truss for
the reflector rocker is also secured there.

Cable Hoﬁsing

Cn both sides of the main boom of the van are cable housings, in
which are located electrical outlets. The cables from these housings
pass through the main boom and are secured to the latter with clamps and
covered with troughs.

v Qn the front of the cabin is a cable panel with electrical °utlet5OX1-HLﬂwl'
In the traveling position the outlets are covered with a canvas hood.

” me,—fr:"‘;".v,f_;—-}m.—mnnp’_ﬁ?w.v‘;',,r._, AT e L et o apnrs apri
TR YL KM S - R !
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, TRUCK WITH ROTATING CABIN

The transceiver apparatus and antenna (in the deployed radar) are
mounted on a special two-axle truck consisting of the vehicle, the pivot

support » the ca.bin, the rotating mechanism and the equipment.

The vehicle is the m@bile part of the truck. It also “olds the

- rotating mechanism and sexves 8s. & support for the.cabin.

The link between the vehicle and the ca.bin is the pivot support,

: on which the rotat ng mechanism is mounted.

Electric Motor of the Rotating Mechanisn

A type A=61=i/V induction motor (two speed) rotates the cabin. It A
is fed frcm the three~phase, 220-volt, 50-cps network. The nominal powexr .
of the electric motor is five kilowatts, and the synchronous speed when
connected to the windings of the delta network is 1,500 rpm.

The electric motor is attached to the reduction gear by means of &

3 'flexible clutch.

The driving plate of the clutch is attached to the motor shaft by a

feather key and kept from shifting axially by a special screw which is ( 320) :

locked by & screw collar. ' The driven plate of the cluich is keyed to the
shaft of the driving geer of the reduction gearing by means of a segmented -

key, and is kept from moving longitudinally by & nut with lock washer.
Four ping and a get of rubber rings are placed in the cone of the driven
plate and fastened with nuts. | o

! | , o
Reduction Gear of the Rotating Mechanism

The reduction gear is four-step with three palrs of cylindrical
gears and one palr of bevel gears.

One of the pairs of cylindrical gears has splral teeth ‘che other two
pairs have straight teeth.

A kinema.tic dlagra.m of the reduction gear is given in Figu.re 1.20. o

Manual Drive for the Rotating Mechanism

The manual drive 1s used when the radar is oriented, adjusted or

7-regulated. S _ S T \ .

. .
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Fig 120, Kinematic Dﬁagram of the Reduction Gear of the Rotating

Mechanism
- . 1, spiral driving gear (t = = 18)
A -~ 2, spiral idler gear (t = 3; = LS)
‘ 3. spiral driving gear (t = 3, Z = 18)
L. small bevel goar (t = 3; Z = 45)
5, large bevel gear (t = 4; 2 = 43)
i 6., cylindrical gear (t = 4; 2Z = 20)
‘ 7. cylinirical gear (t = 4; 2Z = 40)
8. cylindrical gear (t = 5; 2Z = 16)
9. cylindrical gear (t = 5; = L0)
'10. disengaging gear (t = 6; Z = 17)
11, claw-half of clutch r
12, clutch plate
13. sprocket wheel (Z = 20)
- 14. horizontal leveld
: 15, flexible clutch
16=17. vertical levers _ o
; fixed gear on vehicle (t wb; Zm 136)

19.

{p-321)
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The main part of this drive congists of & pair of bevel gears,
sprocket, horizontal and vertical shafts and springed coupling rod. The
drive is in a casteiron housing attached to the vertical wall in the cabin

hatche.
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