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Table of Conventional Des;gnations ;

~ RL-30-1 Rsdio Relay Line S . (p5)

NRZ-1 Ground Radar Interrogator

KPN Command Guidance Post, of the RL-30-1 System
ZN-F'1 Master Voltage and Filter Cabinet *

e

BZ Trigger Unit -

SSP Synchroanous Tracking Transmission 'systen

v,

FD~02 Main Selsyn Unit

. l_’:‘

v Rotation Simulator Unit L

VD-1 Secondary Selsyn Unit U“r o | J.".
Us ‘. Servoamplifier Unit SR o N
GCh /. Higher-Frequency Generator Unit ‘ UJ |

3o

' QA-5-1  5-Degree and 30-Degree Marker Unit -

OA-l-1  l-Degree Marker Unit R ,:%’»E
" K0-3 Test Unit | | |
;o TU-1 | Integrating Unit e 3
. vu I | Input Unit-
GR ) Sweep Generator Unilt .

U-0Ch Amplifier Subassembly

IKO-1 Plén Position Indicator - - v: e R B
TI-1 IKO-1 and IKO-V1 Scope Unit = '
; ZR«3 Sweep Delay' Unit for IKO-'-I and IAD~-1

- - IKO-V1 . Plan Poéitj.&:vindicator for Command Guidance Post

RD Range Sweep Unit a (p 6)
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Vs-3 IKO-1 and IAD-l Video Signal Unit i
DUS-1 Station Remote Control Cabinet
SS«1 Si{gnal Mixer
BNF Blanking and Tuning Unit of Noise-Prdﬁection Apparatus

IIV-1 Height Measurement Indicator -
TI-2 = IIV-l Scope Unit : s

PN-12 Projection Adapter of Unit TI-2

- -

i

¥

RU-1 Elevation Sweep Input Unit
RU-2 'Elevation Sweep Output Unit o
VsS4 Video Signal Unit for IIV=-l Y

IAD=-1 Azimuth=-Range Indlicator

TI-3 ,  IAD-1 Scope Unit ' g
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_ BP-200 4200 Volt Pover Supply Unit o

BP-150 =150 Volt Power Supply Unit’ Eo
BP-T 47.1 KV Power Supply Unit
UPT-1 "= ' Power Supply Control Unit
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ShehQv Lighting and Ventilation Panel
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. /. Master voltage and filter cabinet ZN-Fl. ,
e 2. Pilan position indicator cabinet IK --J.. j

50X1-HUM

S

[Note: two pages of original-language tex‘t missing. ]

The instruments of the synchronous tracking transmission system (SSP) (p 9)

“are designed, for the remote transmission of the rotation of the antenna.

Voltages generated by this system are used to turn the deflection coils
in the plan position indicators, to supply the elevation and azimuth sweeps
in the height-measurement and azimuth-range indicators, and for shaping

electrical markers for the angle of rotation.of the antenna. Elements of

the SSP system are component parts of the display equipment cabinets and

~ various auxiliary units. The main selsyn unit of the system is _located_ ir;

* /vehicle No 1.

.

Electrical rangee-marker pips, correspoﬁding to given ranges and a.ngles_ -
of rotation of the antenna, are created on the indicator screens by range
marker instruments located in the master voltage cabinet, :

Each display cablnet receives power from standard power supply units
supplying stabilized voltages of +200 v, =150 v, and 47.1 kv and an

-unstabilized voltage of 4300 v. The tube filament circuits are supplied

T o

—

by self-contailned filament transformers located in each of the units.

The monitoring PPI and ifsWaﬁﬁiii.l—iai'y':'é"c';"uipineht are used to carry””
out continuous remote monitoring of the operation of all statiom receivers
and to select the optimum operating mode for. bhe station.

The remote control panel 1ocated at the monitoring indicator provides
for remote control and/observatlon of equ:.pment in the transceiver cabin.

. e ke . ‘_/
/ 2. Make-up of the Display Equipment : , (p '10)

Vehicle No 2 (Figure 1) coutains: -

e

~. 3. Station remote control cabinet DUS~1.
4, Height measurement indicator cabine% IIV-l. .

5.  Azimuth-range indicator cabinet IAD-1,

6. Radio relay line cabinet P-ll-l.

S

7. Equipment of the interrogator system B-lo, B-l2, B-l)-l- B-l6 SR

8. Communications equipment‘ for the station.

s
[
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Figo 1.

Vehicle No 2.
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Fig. 2.

Arrangement of Equipment in Vehicle No 2.

1 - telephone operator's table; 2 - radio relay line; 3 - IFF system
equipment and spare parts; lj - DUS-1 remote control cabinet; 5 - master
voltage cabinet ZN-F1l; 6 - IAD-1 azimuth-range indicator cabinet; 7 - IKO-1
PPI cabinet; 8 - IIV-1 height measurement indicator cabinet; 9 - spare
parts cabinet; 10 - input distributing board; 1l - output distributing

board; 12 - B~12 control panel.

4
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9. Auxilliary equipment for lighting and ventilation of the vehicle.

A diagram showing the location of.. the equipment ia the vehicle is
given in Fiépre 24 .
The equipment located at the command guidance post and operating in
, the radlo relay system includes:-

1. Receiver cabinet for radio relay line RL-30-l{ .
2; Four'caninets for the IKO-Vl1l plan position indicator.

3. Communications equipment.:

4., Auxilliary equipment, ’

- : i e e e e e e

The ZN-F1 cabinet includes units which generate trigger pulses, (p 13)
range-and azimuthe-marker pulses, and secondary voltages.of the SSP system,
.and which produce voltages of the wmain selsyn unit; it also includes units

o which decrease non-synchronous pulse noises on the screens of the indicators
AT _(filter units) L L

The IKO-l and IKO-V1 cabinets include units used to observe the
position of- targets within the zone of visibility of the station and to
determine their slant range and azimuth. ~ '

e

The DUS-1 cabinet contains the monitoring PPI, mixers of the reflected

signal channel, and the station remote coutrol panel., The scope of the-
_tonitoring indicator may be used to monitor the output circuits of &ll

. .~ recelvers in the station in addition to observing targets and determining
- their coordinates.

The IIV-l cabinet is used to measure the altitude of detected targets.
” Br this purpose, a special. scale is projected ‘on the scope by means of an
“ optical device. ‘ - ¢~

The IAD-1 cabinet is used for the accurate measurement of the slant
range and’ azimuth of detected targets.

R
The radio relay equipment serves for the transmission of displays from

the scope of the PPL to the command post, which may be located up to 15 km
from the stationm. )

The interrogation. system, located in the indicator vehicle, includes

/ transceiver unit B-10, indicator B-16, distributor and circuit-protection
unit Blli, and control panel B-12.

The communications equipment of the station includes a 1lO-line
switchboard with phone, phones located in the ‘indicator cabinets, and a

. VHF radio R~109 for ¢ommunication with the cqmmand guidance post.

50X1-HUM
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a
Heating and ventilation of the vehicle .is provided by an OV=-65 heater
apparatus, an electric heater, and a ventilation system which malntalus
normal temperatures in the cabinets and the ‘vehicle.

”ff/ _ Construction 'of the display equipment is based on the principle of

using small functional units linked together in cabinets serving different

purposes. ,

i i .r.u- : .
A significant number of units are of general purpose and are used in C

different cabinets. Structurally, the majority of the units are made on

standard cast chassis to which are attached the components and assemblies

making up the unit,

. The tubes of each unit are placed in a special tube compartment closed
by a door on the frout panel.

Each cabinet contains, in.addition to the standard units, a group of .
non-standard units. The cabinets are arranged so that the non-standard
units are located in central compartments in the cabinet and the standard (p 15)
units are in side compartments. All cabinets are of a single;type.

The standard units are placed one under the other so that thelr tube
compartments form twe vertical ducts (tube channels) on either side of
the cabinet. The tube channels -of all cabinets are connected to a common
heating-ventilating system of the vehicle, thus maintaining normal
temperature conditions within each cabinet.

On the chassis of each unit is. a.plate uith a picture of the schematic
diagram of the unit, and on the doors of the.tube compartments are plates
with brief data on the unit. .

. " '

The units are connected in each cabinet’ by means of knifé-type connec-
tors, and the cablinet connections in the vehicle are by plug connectors
located on the cable mounting plates of each‘cabinet. ‘

Figure 3 shows the IIV-l, IKO-l and IAD-l cabinets, and Figure 4
ShOWs the ZN~Fl and DUS-1 cabinets. Qv
R

3. Interaction of the Display Equipment.

‘ A diagram showing the interaction of the display equipment is given
in Figure 5. : ‘

Signals from the outputs of the centimeter-wave receivers and voltages
of the test, control, and circuit-protection circuits of the transceiver
apparatus pass from the transceiver cabin, through distributing board
RShch=-3, to vehicle No 2.

50X1-HUM
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Fig. 3. IIV-1, IKO-1, and IAD-1 Displays.

.1 - IIV-1; 2 - IXO-1; 3 - IAD-l.

.'l’ 7
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Fig. 4. ZN-F1 and DUS-1 Cabinets.

| 1 - ZN-F1; 2 - DUS-1l.

el
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Signals are fed from the outputs ‘of the ‘¢entimeter-wave receivers to (p 19)
the DUS-1 cabinet, where they may be viewed on the scope of unit ZR-3 and :
- “the monitoring display, and then to two video channels EI and EIL (corres-:, _
i ' ponding to the receivers of the vertical and ,8lant channels). L

: The signals 1n chaunels EI and EII may be sent to the displays
. directly (first operating mode) or through. wnits for protection agalnst -
~ none-gyuchronous pulse noised (filter units),“located in cabinet ZN-Fl
- (second operating mode).

o - The switching circuits of the first and second operating modes are S
. /5. located in unit VU of cabinet ZN-F1 aﬁd in units S5S~1 of~cab1net DUS~1.

R N A AT

The first mode 1is the direct transmission of signals of channels EI
. and EII to the station displays.
UL The signals are sent to unit VU in cabinet ZN-F1 (EIkf and EIka)
A .~ When the switch is in the position "DUS," the signals are sent directly to
_ '~ " the displays by. vay of IAD-l, IKO~l, IIV-l, cabinet P=1l=l, and distributing
4 . board RShch-h :

; , At the same time, these signals pass through units designed to protect
i .~ against non-synchronous pulse noises, and, after this filtering, return to.-

o cabinet DUS-1 (EI-Fl1 and EII-Fl) where they'are observed -on the scope of ..
the monitoring display; then they are sent through circuits EI-F2 and '
EII-F2 to unit VU in cabinet ZN-Fl to a load equivalent.

g
4
Y
=

q | Switching of these signals occurs in units SS-1 when the signals arve

sent to the monitoring display; that is, when the switch on unit SS-1 is.

3 L 'in the position "VYKh-F," filtered signals from EI and EIL appear on the
o e scope, and when the switch is in the positioﬁ "VYKh 88," unfiltered signals
: . . appear. _ .

E i”",ff.' _ The second mode is the trafsmission of signals of EI and EII to the (p 20)
" .7~ stetion displays after they have been filtered.

! In this mode, the switch in unit VU of cablnet ZN-F1 is placed in the -
A - position "IND.". In this case, the EI and EIL signals are fed to units for
; protection against npn-synchronous pulse noises, are filtered in these P y
4 units, and are sent to the displays by way of the same circuits as in the =~ - . /
~ first operating mode. The monitoring display. of cabinet DUS-1l retains T //
the capability of monitoring the EI and EII 31gnals both before and after
they have been filtered. : . :

The NRZ-1 interrogator signal is sent frOm the output of transmitter
B-1l through a T-junction to the antenna.. The identification signals
received by the antenna are fed through the same T-junction to receiver
B-15 and from the output of the: receiver to cabinets DUS-l and P-1ll-l and
then to distributor board RShch-h where the identificatiou signal circuit
is equivalent loaded. ‘ . - :

56X1-HUM.
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The voltages.from the synchronous tracking transmission circuits are -

sent from main selsyn unit FD-02 of the transceiver cabin to cabinet ZN-Fl,
where the operating mode of the SSP system is switched (operate-simulate)
and seconda;y voltages at frequencies of 1,500 and 43 cps are generated.

The SSP voltages (1,500 and 50 cps) are fed from cabinet ZN-F1 to dis~" <
| tributing board RSheh-3 and from it to the displays. The 50-cps voltage is
| sent to the monitoring display of cabinet DUS-1l, to IKO-l, and to output
board. RShch=li. The 1,500-cps voltages are fed from RShch-3 to the IAD-1 (p 21)
and IIV-1l displays. The 43 cps voltages are sent to cabinet P-1l~l.

Voltages of the control, testing, and ecircuit-protection system of the
transceiver apparatus are applied directly to remote control panel PDU=-1
located in cabinet DUS-1l. . - -

Rocking of the antenna may be controlled from the PDU~l panel or from B
units UN-I (in cabinet IKO-1) and UN-II (in cabinet IIV-l). The voltages of k
these circuits are fed to PDU-1 through RSheh-3. :

The 220 v, 50 cps supply voltége from the electricél power unit in
~ wyehicle No 2 is fed to distributing board RShch-3 and then to each of the
displays in the vehicle and the heating, ventilation, and lighting panels. v

e

The telephone circuits lead to terminals on RShch-3. The telephone
circuit of the display in cabinet DUS-1 is connected to the switchboard.

| Other circuits which are fed to the station displays, in addition to
‘ the external circuits, are the trigger pulse and scale marker circuits, which
originate in cabinet ZN-Fl. :

Two trigger pulses come from cabinet ZN-Fl. One pulse (ZAP-I) is
applied to distributing board RShch~3 and then to the transceiver cabin for :
synchronous triggering of the transmitter. (p 22) !

The second pulse (ZAP-II) is fed in sequence to cabinets DUS-1l, IAD-1,
IKO-1, IIV-1l, NRZ-1, cabinet P-11-1, and to distributing board RShch-L.

The range and azimuth markers are fed in sequence from cabinet ZN-F1 to
cabinets DUS-1, IAD-1, IKO-l, IIV-1, cabinet P-11-1, and to RShch-L.

. The PPI displays operating in the RL-30-l1 radio relay line are connected
to receiver cabinet V-11l-1 through distributing board RShchV-KPN.

‘ The following voltages are applied to each of the cabinets of IKO-Vl:

SSP at a frequency of 50 cps, power supply of 220 v, 50 ecps, mixed signals
through channels EI and EII, and trigger pulses. '

50X1-HUM

~ Declassified in Part - Sanitized Copy Approved for Release 2013/10/24 : CIA-RDP8OT00246AO3160007000143



_ Declassified in Part - Sanitized Copy Approved for Release 2013/10/24 : CIA-RDP80T00246A031600070001-3

/

Q_v”
o
o
(@}
M~
-~ 3 . (@) |
W. AEopmhm zng x03 o3ed m:go,m._”o.w owmv ; T ©
T _ <. 8
— pcosmgdz hm,_nmmﬁa coozvom nosomumucw Jo uex3eTq m .mﬂm 4 M 3
. t 4
S | . _ GRS
. =)
Ne} - B . T ——— . oL o (@)
- T~ Ndd wo. (O . T L ) . 5 4
Ty vad woy o > _ C
2.0 Te— .. e oo - Ioe)
» ” 1 T et ey e . .
» an - - "o a
i
=¥ = I o
: A , o
v ermyes ) 7 P -
: 7-yougy; o7 H.n.m <
g &
- $d>08 +ss ; 177} ) =
¥ i i ] o M
- 3 I E e = o ~——XU5F : k N
N . 3 2|2 .o - - 2 - - o
s - , - 2. 3 =
$ I - - ¥ - 3
Tl 1 5
A - 3 N
q< ; N
1 ‘ - i Qﬁ V)
SO oy e 8
ADY SUA S o)
7 AT , o
(53] 50 ...m s
&t 05 b L
£ ) 2 73 u—
LT » Reya M. N 3 M
Q “Nw A‘yhm.‘/ m © % nVu
. R
RNKIIH g \ 4
§ . ‘ a
S 3 EES e . <
Td-NZ ey _T-QVI T=-0MI sd>00s1-9s55 | "= EH, >
L L4 =i i
2] 1 uDE 50 ) X TE o)
r.vnwl 3 7 UbE VT J QQQ O
%] i ko)
~ o 1G £ ch @D
™ — 0% ] W_
TN e e/} . b=
— 7€ yom [T W c
'fw h" . - \m Nm a
4]"\“‘\‘ " . i " S
— oNe oo :
;e —_— e —— . . _.w.. k=l
- - o, =
e e e , 8
. ‘ N
N y L3
A .,,; =
4 B
; 7]
©
O
o :
AT on A R i E I, e PR ks S ey R VRIS IRl N~ i «Hx L ..w..w S S D



—

Declassified in Part - Sanitized Copy Approved for Release 2013/10/24 . CIA-RDP80T00246A031600070001-3

50X1-HUM

¥9 3TUm - LT fna 3RmM - 91

f7g 9TUN - 4T fT~T-¥0 AWM = NT fgn 3T =~ €7 $05T=dd
IRM - 2T AT 4TUM -~ T fT-0A 37U ~ QT €-0Y 3TUM = §
fT-01 3TWm - g fyn pue ‘ap “T-AT SITUM JOF YOFTME - |
fe3n1d yy3w drags - g {1-G-y0 2TUM - § fysp ITUM -
f002-d9 Tun - € f00€-dd ITUM - 2 fT-1dN IPUM - T

*T4-NZ 39uUTqe) °9 ‘3T

*'wd9sAS NI UT Fusudimbyg
Jo uoTgoRIaqUl (°pjuod) *§ *ITg

50X1-HUM

12
ssified in Part - Sanitized Copy Approved for Release 2013/10/24 : CIA-RDP80T00246A031600070001-3

®
‘ Decla



| I
Declassified in Part - Sanitized Copy Approved for Release 2013/10/24 : CIA-RDP80T00246A031600070001-3

f:: . _ // : Cowm - 50X1 -HUM

! .///7//’ . CHAPTER TWO . S X))
L MASTER VOLTAGE AND FILTER CAEINET ZN-FL - '
e / ' -

1 1. General Information

Cabinet ZN-Fl (Figure 6) generates trigger pulses for the transmitter
and display equipment, range and azimuth scale markers, and supply voltages
for elevation and azimuth scanning of the height measurement indicator and
azimuth-range indicator. In addition, the cabinet also provides for pro-
tection of the video channels against non-synchronous pulse noises. Cabinet

" ZN-Fl also includes devices for simulating rotation of the antenna and the
5 secondary transducer unit of the SSP system.

e e el b

Technical data. Cabinet ZN-F1 produces the following:
3 . l. A positive trigger pulse (with an amplitude of ndt less than 25 v).

2. FRengescale markers of 2, 10 50, and lOO km (with controlled marker
amplitude).

3. Azimuth scale markers of 1°, 59, and 30° (with controlled marker
: _ amplitude). e
o !
' L. Antenna rotation angle voltages of the synchronous tracking trans-
- mission system for supplying the deflection coil rotation system of IKO-1,
A the elevation and azimuth sweeps of IIV-1l and IADbl and the shaping circuits
g for the azimuth scale markers.

2 . Cabinet ZN-Fl also provides for protection of the video channel against

N interference created by adjacent radars having a pulse train rate up to

] 3,000 cps (when the separation of equal or multiple rates between the dis- (p 25)
¥ . turbing radars and the protected radar is not less than 0.5%).

The ratio of the number of markers from one and the same target obser-
ved at IKO-1 before and after the noise-protsction unit must be at least 95%.

E ‘ . Make-up of cabinet ZN-Fl. Cabinet ZN-FL includes ‘the following units:

S

BZ - trigger and range m_arkers;_

0A-1-1 - .one-degree azimuth marke’rs H _
‘ o “ 0A-5-1 ~ five-degree and thirty-degree -;zimuth markers;
E K0-3 - |

monitoring test osc_:ili!.oscope; .
VD-1 -~ secondary selsyn unit; |
:‘ : Us - servoamplifier;

50X1-HUM
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Iv - rotation simqlator; T A [
- 2GCh s - 1,500 cps frequency. generator,;”f' A SR S _f |
VU /////1nput device; - .“é*ﬂi N "gff
. ‘ e I o L _ 3

IU ' .~ integrator;

e

_— BP~300

BP-200 -

sweep generator;

4300 v power supply;

Q.

/. S . ’ : Ly
+200 v power supply; - == ! o ) DL &
BP-150 - =150 v power supply;
UPT-1 = power supply control. .
Units IU~l, KO3, VD-l; IV; and UPT-1 are centralized. In the left
compartments (from top to bottom) are units CA-5-1, GCh, BP-200, and
'~ DBP~300, and in the right compartments -- GR, VU, BZ, OA-l~l, US, and BP=-150.

Wiring diagram and principles of operation of equipment in the cabinet.

A'wiring diagram of equipment in cabineﬁ“ZN-Fl is given in Figure 7.

'Unit BZ generates trigger pulses which are sent to the transceiver (p 26) R
cabin, to all displays, to unit B-16 of the NRZ-1 system, and to the . - . =
transmitter cabinet of the RL-30-1 system. This same unit forms the range - )
scale markers. Units OA-l—l and OA=5«1 generate ‘the azimuth scale markers.'

Units IV, VD-l, GCh, and US belong to the SSP system. Unit IV is the
antenna rotation simulator of the radar. The unit generates primery
voltages for supplying all elements of the SSP system. In additidu, unit
IV provides switching of the primary circuits of SSP running from main
selsyn unit FD-02 and from unit IV. Unit VD=1l generates elevation and
azimuth sweep voltagés for IIV-l and IAD- -1, pulse-shaping voltages for the .
30-degree azimuth markers, and SSP voltages at a frequency of 43 cps used 3
in radio relay line RL-30~l. Unit US is used to rotate the motor in unit . k%e
VD~1l in synchronlzation with the rotation of, the selsyns of uait FD-0O2 or ;'j
unit; IV, ~ Unit GCh generates voltages at a frequency of 1,500 cps for o1
supplying the selsyns in units IV, VD-1, and, FD-02.

‘ The noise~-protection apparatus (units VU, IU-1, and GR) are designed

"' to decrease non-synchronous pulse noises on the -indicator screens which
are created by the operation of neighboring radars, as well as to decrease
noise caused by the recelvers themselves. , ’ :

. Return signals are mixed in units SS-1 (¢abinet DUS-1) and are sent _
- by two channels to the input device (unit VU)—of the no:.se-protection .
apparatus.

50X1-HUM =
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Unit VU shapes all input” signals into pulses of ideuntical amplitude - . >
<=, and duration., These signals pass to unit IU-l where the useful signal is (p 28) L
. " geparated out and amplified. } N _
The fif;ered‘slgnals are applled to the ‘displays or to load equivaf s
lents; that’ is, it is possible to connect the displays in front of the ‘
noise-protection apparatus or behind A ; ‘

///Unit GR generates voltages for splral scanning in tubes LN-7 of unlt

'IU-lo
x/ . - .
" The noise-protection apparatus is capable of independently switching
"on and off the supply voltages. :

Unit KO-3 is used to monitor different’ﬁbints ia the circuits of
units BZ, OA-l-l, OA~5-1, VU, GR, and IU-l. A stabilized voltage of -
*650 v is generated in this unit to supply tubes IN-7 in unit IU-1.

2. Trigger Unit BZ.

Function. The trigger unit (Figure 8) generates trigger pulses
required for synchronous operation of the transceiver and display
equipment and shapes 2, 10, 50, and 100-km rapge markers.

Technical data on the unit. Amplitude of the trigger pulses is at
' least 25 v, pulse duration of ZAP I is on the order of 1 microsecond
and of ZAP II -- not less than 1.5 microseconds, and the repetition rate
is 375 cps. The amplitude of the 10, 50, and 10O-km range marker pulses
is individually controlled within limits of- 640 12 v, the 2-km range .
marker pulse amplitude ~-- within 9 to 12 v, yhlle pulse duration is on - 1 ,
the order of 1 microsecond. o o ‘ . é-e

Functional diagram of the unit. Figureh9'gives a functiqnalvdiagram
. of unit BZ. The unit includes: RS -

-~ quartz oscillator; | we | : ~(p 31)
-- six frequency dlvider stages; 45
. l-
a trigger pulse repeater stage; T

';-\I’.' N

four delay lines;

e

- four output stages for shaping the 2,,10 50, and 100=-km range :
scale markers. .

The principle of operatioﬁ of this circuit is based on division of the-
.stable frequency of the quartz oscillator, wkich generates a relatively L
high frequency of T4,917 cps (75 ke is used for purposes of simplifying .

50X1-HUM
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Fig. 8. Unit BZ.

1 - amplitude control for 2-km markers; 2 - illuminating bulb holder;

3 - amplitude control for 10-km markers; L - amplitude control for S0-km
markers; 5 - amplitude control for 100-km markers; 6 = plug covers;

l 7 - tubes in tube channel; 8 - label inside door.

. 17

50X1-HUM
Declassified in Part - Sanitized Copy Approved for Release 2013/10/24 : CIA-RDP80T00246A031600070001-3



|
Declassified in Part - Sanitized Copy Approved for Release 2013/10/24 : CIA-RDP80T00246A031600070001-3

; i . T T 1) S . -
® - | R S ", BOX1-HUM- ; -

v ; : el
! ‘. . . + cd ey
¢ o ; r Lo T
¢ et ‘. ¥ * ’ ‘ . .
s M * - bt

* ERCN
n\a(!l:‘ t
N,

™

—®

L &

~®

—® '

(’.. . : X ) N . |
>l '.‘:g’}_"

‘ (§> : -

- .

—®

o

. *!
&l

P S
i

ol (] lr] . R L

5
_®
¥
g
e
R
i

Trigser I

1o 5 »

-Km out'

= .

@_‘ Trigser [
®

150,100

i
-

: s ‘.‘
P T
) i Tyl
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l - qﬁartz oscillator; 2 - first divider stage; 3 = second divider stagé; e
L - third divider stage; 5 - fourth divider-stage; 6 - fifth divider stage; .
7 - sixth divider stage; 8 - trigger pulse repeater stage; 9 - delay line .

- Ul; 10 = delay line P2; 11 = delay line U3; .12 - delay line Ul 13 = 2=km’ -
! _ marker ‘output stage; 1], = 10-km marker output stage; 15 - 50-lm marker = - . .
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; | calculations); this frequency is divided in six stages in the follcwing ratio:

first stage == division of 1l:1; 12 s 75 e

second'gtage ew division of 1:5; 12 & 15 ke;

third stage -- division of 1:5; }_5_5 = 3 ke;

fourth stage -~ division of 1:2; :231 2 1.5 ke; -

fifth stage «- divigion of 1:2; z500 ?'750 eps;

sixth stage -- division of 1:2; 750 - 375 cps.

Pulges of the gixth divider stage (ZAP_l), with a frequency of 375 cps,
are used to triggér the transmitter. These pulses are repeated by the -
trigger pulse repeater stage and are seut frcm here to trigger the

4 R ‘display equipment (ZAP 11).. o
.3 Pulges of the first, second, third, and”fourth.divider stages are

~ " used to shape the range marker pulses:
Fivst stage ~= £0 shape the 2;km mérkefg;
1 - second stage -~ to shape the lo-km markers,
third stage -=- t0 shape the 50-km markers, J (p 32)

fourth stage -~ to shape the 100-km markers.

i ) Sm B

The trigger pulses are shaped in the output stages,iwhich are
blocking oscillators synchronized by pulses of the corresponding divider
stage. ' '

N " The blocking oscillators for the 2-km and 10-km markers have separate.
outputs, while the 50 and 100-km blocking oscillators have a common output.
PRES S

) All the frequency divider stages are blocking oscillators. There is
E a delay of the output pulse by 0.3 to 0.4 microsecond in each stage. In
addition, the main pulse emitted by the transhitter is delayed relative to
the output pulse of unit BZ. This delay is ¢aused by the considerable .
length of the counnecting cable and the time requlred to form the main
pulse in the transmitter. The total delay tlme between a pulse of the °
first frequency divider stage in unit BZ and “the main transmitter pulse
must be compensated for by an identical displacement of the : ;
range scale markers, For this purpose a delay line is introduced into /
the synchronization circuit of the 2-km marker-shaping output stage. The '/
pulse of the first divider stage, after being delayed by the line, is seunt
t0 the 2-km marker-shaping output stage. The output pulse of the 2-km
marker blocking oscillator is delayed further by 0.3 to 0.k microsecond.

L2 !

50X1-HUM
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Thus, due to the presence of the delay line, “the moment of
radiation of the main transmitter pulse coincides with one of the
2-km range marker pulses.

The'lo;/SO, and 100-km markers are forméﬁ in the same manner as the B
2-km pulses, Pulses of the second, third, and fourth stages are fed to F
their own output stages. Between the individual divider stages is a delay (p 33) -
of the output pulses by 0.3 to O. L microsecond which is compensated for
by the introduction of delay lines. )

The delay times 1n the 10, 50, and 100-km shaping circults are
different between each of the shaping stages and the output stages. -

The unit has four controls: "AMPL 2," “AMPL'lO," "AMPL 50" and - -
"AMPL 100," which are used for individual adjustment of the amplitude of 5
_the range marker pulses at the output of unit: BZ. : i

Description of the schematic diagram of the unit. A schematic
diagram of unit BZ is given in Figure 10, The first stage of the circuit
is the quartz oscillator which provides sinusoidal voltage at T4,917 CPpS.

"~ fThe oscillator uses the left half of tube V1, and the gquartz is connected !
between the plate and grid of the tube. The"first frequency divider stage 3
is synchronized by sinusoidal oscillations of the quartz oscillator. . 5 ‘ |

g 3

s

‘ Description of the frequency dividers. The first frequency divider
stage 1s a self-excited blocking oscillator. which uses the right half of
tube VL. The synchronizing oscillations from the plate of the left half
of tube V1 are applied to the grid of the right half of the tube through
blocking capacitor Cl3 and the grid winding of blocking transformer Trl.
The large amplitude of the synchronizing oscillations provides precise
synchronization. The blocking oscillator- of*the first divider stage repeats
the quartz frequency, that is, it operates at 4,917 cps.

During the passage of the blocking osciliator pulse, capacitor Clk is’
charged by the grid currents of the tube to a negative voltage which blaoks .
the tube. The capacitor discharges during the interval between pulses
through grid resistor Rl4. With this, the voltage at the grid almost '
reaches the triggering voltage of the tube, and, consequently, the voltage (p 35)
of the quartz oscillator at the grid causes the blocking oscillator to ‘ ;
trigger. sy , ' i

. 1 ’

The external synchronization voltage causes an increase in the potential /- "
at the grid of the right half.of tube V1 and forces the blocking oscillator = =
to fire. - Thus, the frequency of generated pulses is synchronlzed by the y
external voltage of the quartz oscillator.

The second divider stage, like the first, is a self-excited blocking J .
osclllator and is based on the left half of tube V2, Pulses of the first .
divider stage, taken from the cathode of Vib, are used to synchronize this - .

stage. These pulses are applied to the grid of V2a through decoupling '
resistor_R158 and ane af the windince af hlockine trancformer Tr2 (+ 1-4),

50X1-HUM
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Schematic Diagram of Unit BZ.

Fig. 10.
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Resistor R15 reduces the influence of the second frequency divider stage
on the first. .@, ,
In the econ@ stage there is a frequencv division of 5; that is, the
stage operates at’ a frequency of 15 ke. An oscillatory circuit conslsting
- of 12 and Cl6 is connected to the cathode of blocking oscillator V2a %o
. increase the stability of frequency division.’ The natural frequency of the
“ eircuit is 1.5 times greater than the frequehcy of the blocking oscillator .
o of the second frequency divider stage end is equal to 22.5 kc. At the
moment a pulse is generated by the blocking oscillator of the second

. frequency divider stage, sinusoidal 0501llat10ns are excited in this (p 36)

circuit and, as a result, in the cathode.. of “V2a. The voltage between the .
cathode and grid of V2a is the sum of the voltages in the cathode circuit
and ia the grid capacitor (Figure 1l1). Consequently, the grid potential

- of tube V2a relative to the cathode at thesmément of arrival of the first
four pulses of the first frequency divider stage will be considerably less
than the triggering level of tube V2a. o

By the time the f£ifth pulse arrives, the potential of the grld relative :
t0 the cathode increases to the triggering level of the tube and the )
-~ blocking oscillator is excited. The function of the cathode circuit is
- ~to reduce the possibility of symchronization,of the blocking oscillator
by the first four pulses of the first frequency dlvider stage.

The third frequency divider stage is identical to the second, and is
based on tube V2b. .The synchronizing pulse is taken from the cathode of
tube V2a to the grid of tube V2b through decoupling resistor R19 and one
of . the windings of blocking transformer Tr3-(taps- 1-4). This stage
generates pulses at a frequency of 3 ke, ..

The fourth frequency divider stage is, like the first stage, a self-
excited blocking oscillator and is synchronized by pulses from the third
stage. It uses the left half of tube V3 (V3a) Synchronizing pulses are
applied from the cathode of tube V2b through decoupling resistor R22 and
one of the windings of blocking transformer Tr4k (taps 1-4) to the grid of -
tube V3a. The fourth stage divides the frequency of the third by 2; that

-is, 1t operates at a fregueuncy of 1.5 kc.=« ;w.

The f£ifth frequency divxder stage is identical to the fourth stage.
It uses tube V3b. Synchronizing pulses from“the fourth stage are applied
through resistor R26 and one of the w1ndlngs -of blocking transformer TrS
(taps 1-4). The fifth stage divides the frequency of the fourth by 2;  (p 37)
. that is, it operates at a frequency of 750 cps. o !

The sixth frequency divider stage is fundamentally Iike the fifth with
the exception that a voltage of +300 v is applied to the plate of this '
stage in order to.increase the amplitude of the output pulse. The sixth
stage uses tube Via. The syuchronizing pulses of the £ifth stage are
applied through reésistor R29 and one of the windings of blocking transformer
Tr6 (taps l-4). The sixth stage divides the frequency of the £ifth by 2;
that is nesr af V7S otig ’

5OX1 HUM
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Voltage Forms in Blockihg Osci](.'la'bor With Cathode Circuit.

a - form of voltage at grid capacitor of blocking oscillator with frequency
division at 1:5; b - form of voltage in cathode circuit of blocking
oscillator; ¢ - resultant voltage in grid-cathode sector of blocking
oscillator with cathode circuit. :
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The output pulse of this stage is used\as the trigger pulse of the
.transceiver. - oot
In addifion, :this pulse is sent to the grid of the trigger pulse
repeater stage through circuit R35, €22 and the grid winding of blocking
transformer Tr7. The repeater stage is based on tube Vib and is a blocking
oscillator which operates basically the same as the blocking oscillator of
the sixth frequency divider stage. It repeats the frequency of the sixth
. stage. 1Its output pulse, taken from the third winding of blocking trans=: - .
- former Tr7, is not less than 1.5 microseconds in duration and is used to
© trigger the display equipment. - :
PR
Range marker shaping stages. The pulses of the first, second, third,
and fourth frequency divider stages are applied to the output stages of
the 2 10, 50, and 100-km range marker-shaping Clrcults.

The 2-km marker~shaping output stage is a. blocklng oscillator based (p 39)
on tube V5a with negative bias taken from divider R38 and RtO. When the .

" blocking oscillator receives synchronizing pulses from the first frequency
divider stage, it oscillates at the frequency of these incoming pulses.
The synchronizing pulses are taken from the cathode of V1b through delay
line Ul, cireuit R37, C2L, and the grid winding;of blocking transformer
Tr8. The amplitude of the 2-km markers is controlled by means of variable :
resistor R4l connected in series with the output load. The 2=km marker
output pulses are taken from cathode resistor Rh42,

The 10~-km marker-shaping output stage is. a blocking oséillator based
on tube V5b which is blanked by an automatic bias created by circuit th
C25 in the cathode circuit of the blocking oscillator. Synchrounizing
pulses of the second frequency divider stage are applied to the grid of
V5b from the cathode of V2a through delay line U2, circuit RL7, C26, and
the grid-winding of blocking transformer Tr9. The blocking oscillator .
repeats the syunchronlzing pulses. The amplitude of the l0O-km markers 1s
controlled by changlng the plate voltage with resistor R8. Due to the
automatic bias, the value of the bias changes'when the plate voltage is

" changed. In this way the operating mode of “fube V5b and the conditions of
syachronization are maintained. The 10~km marker output pulses are taken
from cathode resistor RUS. : TR

The 50-km and 100-km marker-shaping ouiput stages are also blocking
oscillators and use tubes V6a and V6b, which are blanked by an automatic
bias formed by circuit R52, €28, for Véa and RSS, C30 for V6b. The
synchronizing pulses of the third frequency divider stage are applied to
the grid of Véb (for the 100-km markers) from'the cathode of V3a through
delay line U4, circuit R57, C31, and the grid"winding of blocking trans-
former Trll. The blocking oscillator is exclted at the frequency of the -
synchronizing pulses. The amplitude of the $0-and 1l0O-km markers is cone- - . -
trolled by changing the plate voltages of the”blocking osc;llators with .~
varlable resistors R9 and R59,
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The 50-km and 100-km blocking oscillateors have a common cathode load
R54 from which the mixed 50-and 100-km markers are taken. Independent
regulation of the 50~km and 100-km markers is achieved by suppressing the
50=-km markerg for those ranges which are multlples of 100 km, For this
purpose, the delays provided by lines U3 and Uk are selected so that the
100-km marker blocking oscillator is excited :somewhat earlier than the
50-km marker oscillator. -

In addition, the common cathode circuit of V6 contalns oapacitor c29
which, during the interval of the 100-km marker pulse, charges and increases
the potential of the cathode of V6a. The tube is thus blanked, and
syachronizing pulses arriving at its grid will not’ cause excitation of the
50-km marker’ blocklng oscillator. Capsacitor C29 discharges through '
resistor R53.

Monitoring the pnit. Unit BZ is monitefed by means of six test jacks:

1-1 - for monltoring . oscillations of the quartz at the plate of Via; -

_ Gl-2 -= for monitoring pulses of. the first dlvider ab the cathode of
o~ , V1b;

o G2-l -« for monitoring pulses of the second divider at the cathode of
V2a, .
RIS

G2~2 ~~ for monitoring pulses of the third divider at the cathode of

- V2b; »

/ r .
G3 == for monitoring pulses of the third divider at the cathode of ,
v3a: . o, \ (p'hl)

G4 -- for monitoring pulses of the stxth divider (ZAP II) at the

cathode of Vha. | o /
o L
o The trigger pulse ZAP II is mouitored directly on ‘the screen of the >/
indicator. ' _ -
P ., Test voltages of 41 v and -1 v are used to check the degree of .

operating stability of the trigger pulse-shaping circuit. '

, These test voltages are appliea.to the grid circuits of the blocking
oscillators. '

| The test voltages are taken from a divider con51sting of resistor R3/I !
I and resistors R3/II and R3/III. Resistors R3/II and R3/IIL are connected -
alternately to resistor Rl4/I by means of ‘switeh Vi, Unit KO-3 1s used to
monitor the division frequency. A

: ‘ The unit is operating stably if the division frequency does not change
. when ‘the test voltages are applied.

. U} .
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Design of the unit. Unit BZ is made in the form of a self-contained
instrument on & standard chassis. The tube channel contains six type
-6N8S tubes, six test jacks, and switch V1, On the front panel are the

. potentiometers used to adjust the amplitude of the 2, 10, 50, and 100=km
~range ‘markers. The unit is connected to other units in the cabinet by
means of two plug connectors. The delay lines are located within the unit
next to the front panel. The weight of the unit is 10 kg.

14

3, The Synchronous Tracking Transmission System SSP. (p 42)

Function and technical data. The SSP system serves for the remote
transmission of the angle of rotation of the antenna system to the display
~equipment of the station and consists of an electrical and a power part.

The synchronous power system 1s used to .rotate the deflecting colils
of the plan position indicators in synchronilzation and in phase with the
rotation of the antenna, as well as for rotation of the secondary trans-
mitting selsyns of the electrical synchronous transmission system.

~ - The power system is a two=-channel system and operates at a frequency
of 50 ¢ps. Transmission error does not exceed 6 minutes, and the time
required for synchronization is not more than 15 seconds.

A brief description of the principles of‘operation of the-synchfodous
power and electrical transmission is given below for the putpose of
explaining the operation of the SSP system. ‘

Principle of operation of synchronous power transmission. The prmncl-
ple of operation of the simpler system of a single-channel servodrive may
be seen in Figure 12, w4

The rotating shaft of the antenna system is linked through & reduce
tion gear with a ratio of 1: ] t0 the shaft of 'the transmitting selsyn N
rotor. The single-phase winding of the transmlttlng selsyn stator is
supplied from a 50=-cps network. o .

The voltage from the rotor winding of'thé transmitting selsyn is sent
by a three-phase line to the three-phase W1nding of the receiving selsyn !
stator. W :

N : A
If the rotor of the transmitting selsyn turns and the.rotor of the -/

receiving selsyn is stationary, the voltage in the winding of the latter

will change sinusoidally with a period equal to the period of rotation of

the transmitting selsyn; that 1s, to the period of rotation.of the antenna.

If the rotor of the receiving selsyn turns synchronously with the _
rotation of the rotor of the transmitting selsyn, the voltage in its rotor : ';’ X
winding will have a constant amplitude whose magnitude will be determined S
by the angle between the direction of the rotating magnetic field created (p hk)

50X1-HUM ~
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in the receiving selsyn, and the shaft ‘of the rotor winding. When this
angle is equal to ¥900, the output voltage af, the receiving selsyn will
~ equal zero. ‘ ‘ ’ '

If the’;otor of the receiving selsyn turns through a certain angle
relative to the zero position, a voltage will appear in the rotor winding
whose amplitude and phase will depend on the .size and sign, respectively,
of this angle. This voltage is called the misalignment voltage. , .

M 2 el e B

The misalignment voltage in the servo diive circuit is applied to thejm,~_a}'
input of the sérvoamplifier where 1t is amplified and used to control the
servomotor, which turuns.the output shaft of the servodrive and, with it,
the rotor of the- receivxng selsyn. o

Exact alignment of the position of the transmltting and réceiving .
gelsyn rotors, even with a constant load and a-constant number of turns
of the selsyn, is impossible, since the misalignment voltage in this case "~
will equal zero and the servomotor Wlll cease to0 be supplied w1th voltage.«,

S, N AR (U S M AR W0 TR SRR ) TV

R ST

The synchronizatlon accuracy of a sxngle-channel system is usually
not greater than 1°,

iy 2
s

In order to increase synchronizatibh accuracy, a two-channel remote"_

servodrive system is used. i

W e

. A block diagram of such a system is shown in Figure 13. The shaft

- which rotates the antenna system is linked with the rotor of the coarse-
K .. .- tracking transmitting selsyn through a reduction gear having a ratio of :
5 ©1:1 and with the rotor of the fine-tracking transmitting selsyn through a ‘
- reduction gear having a ratiorof 36:1. "

-

.

.
The single-phage windings of both transmitting selsyms are supplied . ,
- from a 50-cps network, and the three~phase windings are connected to the . -/
: corresponding three-phase windings of the réceiving selsyns. The rotors s
-~ ., of the receiving selsyns are linked to each other and to a servomotor //
- through a reduction gear. The gear ratio between the rotors of the receiva
ing selsyns is 1:36. The voltages from the single-phase windings of both
receiving selsyus are applied to the two inputs of the servosmplifier.
The output voltage of the servoampllfier is. fed to the coutrol winding of
the servomotor.

st AL S

E ; In the coarse-tracking channel of the servoamplifier circuit is a' (p 46)

f o neon lamp which serves as a relay. It disconnects the coarse=tracking .
B . channel when the angle of misalignment between the transmitting selsyn .
g / - and coarse-tracking receiving selsyn is less than 2°930' (average value),

B - and tracking is then carried out with the fine-tracking channel. Conse-

, quently, a two-channel system of this type has a synchronization accuracy

‘ which is 36 times greater than a single-channel system. R

gl

~ 50X1-HUM

o e

Declassified in Part - Sanitized Copy Approved for Release 2013/10/24 : CIA-RDP8OT00246A031600070001-3



Declassified in Part - Sanitized Copy Approved for Release 2013/10/24 : CIA-RDP80T00246A031600070001-3

P A v -
e
_antenna_;
© mas o, ppmmd
--..o, 432,,"

Rye/
/ (¥4 7 -

! Lz 7

1 .

[

Fig. 12. Block Diagram of Single-Channel Remote Servodrive.

L - servomotor.
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1 1 - transmitting selsyn; 2 ~ réceiving selsy:f; 3 - servoamplifier;
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Fig. 13. Block Diagram of Two-Channel Remote Servodrive.
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1 - antenna; 2 - coarse-tracking transmitting selsyn; 3 = coarse-—trackir}g
receiving selsyn; L - fine-tracking transmitfing selsyn; 5 = fine-tracking
receiving selsyn; 6 -~ servoamplifier; 7 - servomotor; 8 = deflecting systems

of displays.
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The single-chanhel system has two zero.posmtions for the receiving
selsyn rotor which are mutually displaced by 180°. But alignment of the
single~channel system in a false-zero position is impossmble, since this
position 1s/nnstab1e. 9

In a two~channel system, the voltage of the coarse~tracking channel
pesses through zero twice for each rotation of the antenna, and the voltage
of the fine~tracking channel passes through zero 36 x 2 = T2 times. As
a result, when the coarse channel is in a false zero position, the fine
channel is in the position of the true zero; that is, the system can be

* aligned in the false~zero position.: To eliminste this, an additional
‘voltage at a frequency of 50 cps is introduced into the coarse=-tracking’

channel in series with the misalignment voltage. As a result of this,
the zero positions of the coarse channel are displaced so that the system
is stable at only one of the zero positions,of the coarse channel; that
is, alignment of the system 'at a false zero is impossible. " A description
of the system of eliminating (striking) the false angle is given in the
description of the servoamplifier unit (US).

Principle of operation of the system of synchronous electrical angle
transmission, Figure 14 shows a block diagrsm of the electrical system
for the synchronous transmission of the angle -of rotation., The rotor of

~ the selsyn generator is linked to the driving shaft (enteuna. shaft). The

stationary single-phase winding of the stator ls supplied by a 1,500-cps
voltage provided by a speclal generator. The voltage is fed from the (p 48)
three~phase winding of the selsyn generator over a three-phase line to

" ‘the three~phase winding of the selsyn transformer.

The rotor of the selsyn generator is turned at a given speed, and the’

. stator of the selsyn transformer is fixed in-a pre~-selected position.

The voltage in the single-phase winding.of the selsyn~transformer
changes sinusoidally; its phase is determined,by the position of the
selsyn generator rotor. |

Descrlption of the circuit of the SSP system. The circuit of the -
SSP system 1s .glven in Figure 15 The following units are included in the
SSP system. ) ) . et : o .

FD=02 «~~ main selsyn unit;

v
Iv -« rotation simulator unit; .
VD-1 -~ secondary selsyn unit;

RS

- Us -=- servoamplifier unit; _—

GCh -~ 1,500~cps voltage generator;$'

-~ recelvers of the synchronous power transmission system in
unlits TI-1 of cabinets IKO~1l and DUS-l; #

" 50X1-HUM
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Fig. lh. Block Diagram of a Synchronous Electrical
Angle~Transmission System.

1 - antenna mast; 2 ~ selsyn generator; 3 = selsyn transformer.
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Fig. 15. Over-All Diagram of the SSP. System. -
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. : .' S [ ! EEEN - . g
- g _ == azlmuth sweep selsyn transformers in units RU-1 and RA of L
~ cabinets IIV-l and IAD-1; ; : w1 ; L e

S

: . m= selsyn transformers of the azimuth marker=-shaping circuits -
in units OA«<lel andOA-5-1 of cabinet ZN-F1; - - . Y :

. A
A

- -~ reference voltage transformer in cabinet ZN-F1l and trans- -
. mitting selsyms supply transformer in cabinet ShU-1.

P

The main selsyn unit FD-02 is located it the transceiver cabin. It . :
~ includes type DI-511 selsyn transmitters for' coarse and fine tracking = =
and selsyn generator DI-511 for the five-degree markers. The bhaft of
unit FD-02 is mechanically coupled to the shidft which rotates the cabin.
When the antenna rotates, the selsyns, which rotate at a corresponding
speed, generate a three-phase master voltage for the 8ynchronous power
. transmission system and a three-phase mastervoltage for shaping the five~ -
degree markers of the synchronous electrical transmission system. These
three-phase voltages are applied to the rotation simulator (IV) located ,
in cabinet ZN-Fl, Unit IV affords the possibility of operating the display
equipment in two modes: _ , T _ T

MR I T T A
b ot iy U e T

1) In the OPERATE mode (With rthe cabin’rotating). In this case, -
- the SSP master voltage generated by unit FD-02 passes through unit IV to L
the display equipment. - Y yoa
i

. 2) 1In the SIMULATE mode, whereby the SSP voltages passing to the
display equipment are generated in uwait IV itself. .

i L A switch located in unit IV is used to change from one mode t0 the
; .. other. The tracking voltages pass from unit IV to the receivers of the
- - ~ synchronous power transmission system located in cabinets ZN-Fl, DUS-1, -
4 © . and IKO-1l, as well as to cabinet P-11-1 and .to distributor board RShch-l.

. These devices::(receivers) consist of a ‘servomotor, linked through a
. reduction gear to type SS-405 receiving selsyns for coarse and fine
tracking, and a servoamplifier (unit US). A two~-phase synchronous motor ’
ADP-262 is used as the servomotor in units TI-1 and an ADP-362 is used in ..
. unit VD-1l. The misalignment voltage between the transmitting selsyns and .
- the receiving selsyns, taken from the single-phase windings of the latter, -
+is amplified by the servoamplifier. The ampiified voltage is fed to the
control winding of the servomotor. w Y '

-

4t

v A voltage of 110 v, 50 cps, called the reference voltage, 1ls applied
to the excitation winding of the servomotor: -This voltage comes through -
{ . unit US from the transformer located in cabimet ZN~Fl. The servomotor o
turns the rotor of the receiving selsyms through a reduction gear, (p 51)
" generating the angle of misalignment. At the same time, the servomotor _
turns the output element of the receiver in synchronization and in phase
with the rotation of the antenns (or the coal'se~tracking transmitter in
unit IV in the SIMULATE mode). The output element for the SSP receiver
* located in cabinets IKO=-l and DUS-1 is the déflecting system of unit TI-l;

o 50X1-HUM
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the output elements for the receiver located in cabinet ZN—Fl are the ¢

selsyn generators for the azimuth sweep and 30-degree markers, and the .
SK«MG coarse and fine transmitting selsyns for the RL~30~1 system 1oceted p
in unit VD-1. T

T

The 220-v, 50=-cps voltage which supplles the primary winding of the '
reference voltage transformer passes through unit IV,

v

When operating from unit FD=0Z, the -voltage to the-primary winding. e st s
of the reference voltage transformer comes from two phases of the three-”:ff‘ )
phase network; in the "simulate" mode it comes from two phases of. the f'“l“ﬂf
three~phase network supplying the display equlpment. As a result of this,

. there is no need for phase adjustment of the’ bSP system when switching S

«.. . from oune mode of operation to the other. g

L . o .
. "1'[? . . . A

o A

P

' The’ system of synchronous electrical transmission of the angle of ?tf}r -
rotation of the anteuna includes. ' R . o . .‘,'ﬁ”,‘" b
v o 4 - . S

--/the 5-degree marker selsyn generator (in unit FD-02 or unit IV),_.&,"

. x'. s L‘:
5'_-i////:-'the azimuth sweep and 30-degree marker selsyn generators (in unlt A -
- VD-1); - S . . S =

- selsyn transformers SS-405 (in units (OA-5-1, RU-1, and RA):™ . =
" == gelsyn transformers ED-10l (in unit OA-l-l), J
== coOarse and fine sine-cosine selsyns %K»MG for the RL-30-1 system. !

o An alternating voltage 1is present in the single-phase winding of each’ (p 52)
L SS-hOS selsyn transformer whose amplitude changes with a period which is
“equal to or a multiple of the period of rotetion of the antenna, and :
.. -whose phase envelope is determined by the position of the selsyn
- transformer rotor. o S L :

e,

-

‘ A voltage from the S-degree marker selsyn generator (1n unit FD-O2 or . ,
IV) and the 30-degree, marker selsyn generatdr (in unit VD-1) is applied to C =
unit 0A-5-1. The .S~degree and 30-degree marker-shaping voltage 1s taken o
.from the two .selsyn transformers located in the unit. A voltage from the
azimuth sweep selsyn generator (in unit VD—l) is applied to units RU-1 and
RA. The azimuth sweep-shaplng voltage for the height measurement and :
azimuth-range indicators is taken from the. selsyn transformers of these B L
units. A voltage .from the S5-degree marker. selsyn generator (in unit FD-02°
or IV) is applied to the differential selsyns of unlt 0A-1-1 to provide the
voltage which shapes the l—degree markers. ,L; .
The three-phase a21muth sweep and 30-dégree marker voltages are also o
fed to dlstrlbutlng board RShch=li. D S =

e Gy

IR R A ;._‘ v o :
50X1-HUM [/ |
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The SK-MG sine-cosine selsyns for coarse and fine readings are
elements of the RL-30-1 equipment. The synchronizatlon voltages taken
: . from them for rotation of the azimuth sweep are applied to the trans=-
B _ ndtter of” tne RL-30~1 system. :

B30

Y, Main Selsyn Unit FD o2i,

4 SR Function. The FD-02 miin selsyn unit (Flgure 16) is designed to
. provide the master voltages for synchronous power transmission of the .
8 -~ angle of rotation of the antenna and the master voltages for the 5-degree

scale marker-shaping circuit. : “;, A , d (P 52)
4 .+ Technical data. The following roltageé;are generated in the main oy
5 . selsyn unit: - e S _//
i ' -- voltage of the coarse-tracking channél at a frequency of 50 cps; =/

v ==~ vOoltage of the fineetracking channel 'at a frequency of 50 éps;
E - - -= voltage of the 5-degree marker-shaping circult at a frequency of o
1,500 eps. ' :

. o Schematic diagram. A schematic diagram of unit FD-02 is given in
? g ~ Flgure 17. The main elements of the unit are the type DI~ Sll selsyns, which
’ have a three-phase rotor and a single-phasé stator. The stator windings

of the coarse- and fine-tracking transmitting selsynsare supplied by TO
volts, 50 cps from the three-phase transformer located in cabinet ShU-l.
The rotor of the coarse-tracking transmltting selsyn turns at the speed
of rotation of the antenna, and the rotor of* the fine-tracking transmitting’
selsyn turns at a speed 36 times greater than the rotation speed of the

" antenna. N -ﬁ_ig.

bl S e S B A i

S o, The stator winding of the S-Gegree marker selsyn generator is supplied .
Y. by 1Q0 volts at 1,500 cps from unit GCh. ¢l

b

The rotor of this selsyn generator turus at 8 speed 36 times greater
‘than the speed of rotation of the antenna. ;4?

The master (primary) voltages are taken from the rotor windings of
the transmitting selsyns and are applied to! %he 51lip ring. The dials in
the unit are illuminated by a 6.3 v, 0.28 a miniature bulb to ¥hich a
filament voltage of 6.3 v is applzed from one of’ the widdings of the
three-phase transformer. o

»

B ’

S e gt )

-7

r‘i ro, . . ’ ) ' . o 191 )
] . . - "WT o

: "l. Although the main selsyn unit is located in vehicle No l, it is
‘? - ' . nevertheless useful to include its descrlptlon in that of all instruments
‘ which belong to the SSP system. / -

1 | o . 50X1-HUM
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Fig. 16. Unit FD-02.

1 - cover of unit; 2 - window for fine-reading dial; 3 - window for coarse-
reading dial; L - bulb holder for illuminating light.

34
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Fig, 17. Schematic Diagram of Unit FD-02.
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Design of the unit. The maln selsyn unit is built in the form of
three detachable: pe.rts -~ the reduction geax‘ing, the selsyn unit, and

the cover, , - I |
A kinen{atic diggram of the unit is givén in Figure 18, (p 57) '
The reduction gearmg, consisting of a se’c of spur gears, is mounted .

in the lower part of the unit. The input shaft of the reduction gearing,
which is linked through a full-floating coupling to the axle of the slip '
ring, transmits the rotation of the antenns ’co the selsyns located in the -
central part of the unit. '

\11' !

The housing of the main selsyn unit is 'attached to the slip ring
housing. : : ‘

The input shaft of the reduction gearing is counected to the fre:a- ' : 1
floating coupling by means of a coupling clamp. <

This clamp is disconnected when setting the selsyn rotors in the
zero position with the antenna directed toward the north. This permits
the input shaft of the reduction gearing to be disconnected from the slip
ring, and it is then possible to turn the selsyn rotors and set them in :
the required positions. . 5

The reduction gearing is mounted in a oyiindrlcal silumin housing.
The housing 1s joined to that of the selsyn um.t, in which the selsyn
stators and plug connectors are located.

The selsyri rotors are equipped with half clutches and are connected ‘
to the output shafts of the reduction gearing. The coarse and fine selsyn
rotors are equipped with the appropriate dials. The value of each division
on the coarse selsyn dial is 5°, and for the fine selsyn dial == 10!,

The housing of the selsym unit is closed by a cover.

5. Rotation Simulator Unlt Iv.

Function. Rotation simulator IV (Figures 19 and 20) serves for adjust-
ment of the display equipment when the antenna is not being used (“simulate"
mode). The display equipment is switched fron the "operate" mode to the
"simulate" mode by means of a switch located wi’chin unit IV itself.

Technical data. The same voltages taken from the main selsyn unit (p 60)
(section 5) are also taken from unit IV. *
g e ‘
The selsyns are rotated by means 6f a type DT=-T75 motor which is part - ’
of the rotation simula.’cor.

27 i3
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Fig. 18. Kinematic Diagram of Unit FD-02.
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Fig. 19. Unit IV (View From Front).

1 - plug cover; 2 - fuse condition light; 3 - fuses; L - motor switch;

5 - operating mode switch; 6 - window for fine-reading dial; 7 - window for
coarse-reading dial; 8 - opening for turning reduction gear; 9 - catch for
unit; 10 - 1,500-cps frequency indicating light.

@ 38
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i Fig. 20. Unit IV (Rear View).

1 - DT-75 motor; 2 - coarse selsyn; 3 - fine selsyn; 4 - circuit diagram
label; 5 - plugs; 6 -~ S5-degree marker selsyn.
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A voltage of 220 v, 50 cps, which is useé to supply the reference ;
. voltage transformer, also passes through unit IV. Two phases of the T_Fggc'-;z
"~ ‘three~phase circuit supplying the transceiver are used for this purpose- . -~ . ¥..
when operating in 'the "OPERATE" mode; when operating in the "SIMULATE" " .. .. .~
mode, 4two phéses of the three-phase circult @npplying the display equip- .-.,AE” '
ment are used. _ IR

v Description of the schematic diagram of the unilt. Flgure 21 gives

. 8 schematic dlagram of unit IV. Unit IV has,three type DI-511 selsyns

- to reproduce the voltages of the synchronous=sexrvo system which are
‘normally provided by the main selsyn unit. These are the coarse-track-:,
ing transmitting selsym M3, the fine-trackmng transmitting selsyn Ml, C
and the S-degree marker selsyn generator’ M2 B

The rotors of the transmitfing selsyns are connected through the - . 7
reduction gearing to motor DT-75 (Mk). When switch V1 is turned ou, a wj
three-phase voltage is applied to the windings of the motor through '
fuses Prl, Pr2, and Pr3, the condition of which is monitored by neon
bulbs NL2, NL3, and NLA4. . ;

. The motor turns the selsyn rotors through the reduction gearing R
at the following speeds: vrotor of the coarse-tracking “Eransmitting .
selsyn -- 6 rpm; rotor of the fine-tracking transmitting selsyn -- 216
rpum; rotor of the 5—degree marker selsyn generator we 216 rpm. .

The single-phsse w1nding -6f the 5—degree marker selsyn generator is e
== _.supplled by 100 v at_ 1,500 cps; thls voltage .Ls monitored by neon bulb f]'j?b',t*f.
. "NLl.. The s1ngle-phase windings of the coarse- and fine-tracking trans- T
mitting selsyns-are supplied by 70 vat 50 cps taken from the secoundary (p 62)
winding (5 -6)/of three-phase transformer 'I'rl.l A voltage of 6.3 v, used "
to light the miniature bulbs which illuminate 'the dials of the unit, is. ! ~nl. -
taken from the secondary winding (7-8) of this same transformer. ‘ Son
/
_~The’ three-phase voltages are fed from tbe selsyns to the operating -
\ .mode switch V2. Analogous three-phase voltages are also fed to this ﬁ»;ﬁ
«" switch from the main selsyn unit. When the switch is in the "OPERATE" =
position, the three-phase voltages of the synchronous system generated S
by the main selsyn unit are seht to the output of the unit and from there 7+ ¥
to the display equipment; when the switch is in the "SIMULATE" position, =~ ...
the three-phase voltages of the synchronous system are generated by unit IV.:,;yﬁﬂ
In order to produce a rotatlng magnetic ield in servomotors ADP-262 -
_and ADP-362, it is necessary that the voltage in the control winding.
- (G1-G2) of the servomptor be shifted 90° in. phase with respect to the
voltage in the excitation winding (Vl-V2) ‘ S PR

e

v,h o

The control voltage which is applied to w1nding Gl-G2 of the N RN

| servomotor from unit US always coincides in phase with the mransmitting e
selsyn supply’ voltage, Consequently, in order to obtain a phase shift

. of 90° between the vo;Ltages in the control winding and excitation. w.ﬁnding

5OX1|4UM
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~. of the motor, the excitation winding voltage (so-called reference voltage) K
. must always be shifted 90° relative to the transmitting selsyn supply
. voltage. \ BT

This ié’accdmplished as follows: v
a) In the "SIMULATE" mode. The primary windings of three-phasé
transformer Trl are connected to phases A, B, and C, The voltage in

phase C. of the transformer 1s shifted 90 relative to the line voltage AB.

i i The secondary winding (5-6) which supines the single-phase windings (p 63)
% A of the trausmltting selsyns is wound on the same core as the winding with
- Vo phase C, w

t .
Line voltage AB passes through fuses Prl and PrS to the output of the
unit and then to the reference voltage transformer located in cabinet
ZN-Fl. A voltage of 110 v, 50 cps, vwhich is the refereunce voltage and
. supplies the excitation windings of all the .gervomotors, is also taken
from this transformer. - S :

Coie Thus, when operating in the "SIMULATE" mode, the trensmitting selsyns
. of the synchronous pover transmitting system and the excitation windings
of the servomotors are fed voltages which are shifted in phase by 90 .

b) In the "OPERATE" mode. When the switch is im the "OPERATE" mode,
a line voltage from two phases of the three~phase transceiver network is
.~ applied to the reference voltage transformer, ' Since the transmitting
selsyns of the main selsyn unit are also. supplied from this network
through the three-phase transformer, there will also be in this case a ,
90° phase shift between the voltages applied to the transmitting selsyns ‘
and to the excitation W1ndings of the servomotors.,

Design features of the unit,: Uanlt IV i5 made 1n the form of a selfw
contained instrument on an angle-iron chassis. The cast silumin housing
containing the reduction gearing, selsyms, and motor 1s attached to the

-horizontal panel of the chassis. The selsyns are linked to the reduction
gearing by means of couplings.

A kinematic dlagram of the reduction gearing is given in Figure 22.

The ratio of the reduction gearing is selected so that the rotor
of the coarse-tracking transmitting selsyn makes 6 rpm while the rotors
"~ of the 5-degree marker and the fine-tracking,selsyns make 216 rpm.

b N

The unit is equipped with coarse- and fine-tracking dials which (p 65)
are read through windows on the frout panel of the chassis. Also on the
frout panel are neon signal lights, fuses, the operatlng mode switch,
and the swltch for turning on the motor., . .«

The unit has two plug connectors. The weight of the unit is hs kg.

V]
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Fig. 22.  Kinematic Diagram of Unit-IV.
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6. Secondary Selsyn Unit VD=1.

+ al
gve
z‘ !

Functiog. Unit VD-1 (Figures 23 and 2&) generates vpltages for the
azimuth sweeps in® the height measurement and .azimutherange displays, ;
voltages for shaping the 30-degree markers in unlt OA-5-1, and synchroni- =
zation voltages for rotation of the azimuth sweep in the KPN displays of .
system RL-30-1. : o

iy

Technical data. Unit VD-1 generates two three-phase voltages which,l'f
are taken from type DI-511 and DI-521 selsyn generators. The rotor of -
selsyn generator DI-521, which supplies the azimuth sweeps, rotates
synchronously and in phase with the rotation of the antenna; the rotor

of selsyn generator DI-S11 for the 30-degree markers rotates at a speed

~ 6 times greater than the speed of rotation of the anteuna.

LR + In addltion, unit VD-1 8lso generates two voltages which are taken
~ from the type SK-MG sine-cosine selsyns. The rotor of the coarse=- R
reading SK-MG selsyn rotates synchronously and in phase with the antenna,
while the rotor of the fine-reading SK-MG seisyn rotates at a speed 13-

i times greater than the speed of rotation of the antenna.
' *

Description of the schematic diagram ofvthe unlt. Figure 25 gives (p 68)
the schematic diagram Of unit VD~-l. The unit consists of two selsyn
groups: the servomotor group, and the secondary selsyns group.

The servomotor group provides contlnuous tracking and generation of
' the angle of rotation of the anteunna system with the maximum possible
accuracy. It is the terminal actuating component in the network of the-
power’servosystem. The basic elements of this group are two type 85-405 .
. selsyns (coarse and fine tracking =- Mh and MS) and & two-phase 1nduction
motor, type ADP-362 (M3).

i . o
The voltages to the three-phase stator‘windings.of both selsyns are
‘taken from the three-phase rotor windings of, the corresponding selsyns -
© 1in unit FD-02 or unit IV. The three-phase windings of the coarse and
oo o fine selsyns in unit FD-02 or IV, connected to the three-phase windings
R " of the corresponding SS-LO0S5 selsyms, electrically transmit ‘the angle of
Lo .~ rotation of the antenna to the recelving 1nstrument. o

If the rotor of the receiving selsyn is" 1ocated in such a position
, that the field of the rotor winding is perpendicular to the field of the
4 . stator winding, the misaligument voltage induced in the rotor winding
" will equal zero. This characterizes 8 matchlng condition of the- SSP system.

;4§ S ~ Diagrams showing changes in misallgnment voltage: ‘relative to the :

position of the transmittlng selsyn rotor are given in . Flgure 26,

Ca
K
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Fig. 23. Unit VD-1 (View From Front).

1 - 30-degree marker selsyn generator; 2 - sweep selsyn generai_;or; ) )

3 - catch of unit; 4 - 1,500-cps voltage indicator light; 5 - illuminating
light; 6 - reference voltage indicator light; 7 - window of coarse-reading
dial; 8 - window of fine-reading dial.
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Fig. 2li. Unit VD=1 (Réar View).

|
{
)

1 - motor ADP-362; 2 - type SK-MG selsyns; 3 - plugs.
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. _ _ If the rotor of the transmitting selsynlis turned through a certain ‘
‘3 . angle relative to the rotor of the receiving-selsyn (that 1is, if they
£ g are misaligned), then the field of the stator windings of the transmitting
-/ gelsyn will’be turned through the same angle and the voltage 'induced in
' rotor winding (its phase and amplitude) will change depending upon the
angle and the direéction of misalignment. The¢ misalignment voltage is fed:
from the single-phase rotor windings to the cOrresponding amplification
channels of the servosystem (servoamplifier) (p T1)

¥ . The amplified voltage passes from the output of the amplifier to the
T : control winding (61-G2) . of motor ADP-362, : _

reference voltage of 110 v, 50 cps,.which.is, sent through the sexvo-

Tg o " The excitation winding of the motor (VL-V2) is supplied by a
1

‘amplifier unit from the reverence voltage transformer in cabinet ZN~Fl.

ig : Motor ADP-362 turns the rotors of the 53-405 selsyns through a
reduction gear and generates a misalignment angle between the transmitting
L selsyns of unit FD-02 (or IV) and the SS-40S selsyns. At the same time, & .
e the motor turns the. rotors of secondary selsyms DI-511 DI-521, and o
SK-MG through a ‘reduction gear.

..0 .
. «

o In the, second selsyn group of unit VD~L are selsyn generator M2,

. which shapes the voltage for azimuth sweep circuits in units RU=1 and

3 | RA of displays IIV-l and IAD-l, selsyn genergtor M1, which generates the

: voltage for shaping the 30-degree markers in unit OA-5-1, and selsyns M6
and MY, which shape the synchronization voltages for rotation of the

//azimuth sweep in the RL-30~1 equipment.

./' iy

4 The single-phase windings of the selsyn generators are supplied by

% .75 volts at 1,500 cps from unit GCh. A voltage at the same frequency is
__J R induced in the three-phase winding of the rofor. When the rotor of the

5 selsyn generator turns, the'amplitude of the voltage in each winding

E BECT changes sinusoidally. After each half turn-of the selsyn generator rotor,
o4

E

_ when the value of the amplitude passes through 2er0, there occurs a 180°
4 _ .. Jump in phase of the 1,500 cps voltage.

The three-phase voltage is taken from the rotor winding of the selsyn
generator and 1is applied to the stationary three-phase winding of the . .
_stator of the selsyn transformer.: ~hn electromotive Ioree is inducéd in T (pT72.
the single-phase winding of the’ séIéyn transformer rotor by currents
«flowing in the windings of its stator. N

;f f ‘ _ The relationship between the amplitudes of currents flowing in the
windings of the selsyn transformer stator depends on the orientation of
the ‘rotor of the selsyn generator relative to its stator.

S
b, elh

’ . i . : :
C . . ) . ‘ . - . . 3
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Fig. 26. Diagram of Misalignment Changes Relative
to Position of Transmitting Selsyn Rotor.

¥ -

50X1-HUM

50X1-HUM

a
- ee——

‘Declassified in Part - Sanitized Copy Approved for Release 2013/10/24 : CIA-RDP80T00246A031600070001-3



Declassmed in Part - Sanitized Copy Approved for Release 2013/10/24 : CIA-RDP80T00246A031600070001-3

; lb ' | o _ 50X1-HUM

The relatlonship between the e.m.f. induced in the winding of the
selsyn transformer rotor and the currents flowing in its stator windings
depends on the value of these currents and on the orientation of the
selsyn tran§former rotor with respect to its stator; that is, in the
final analysls, it depends on the mutual orientation of the rotors of the
selsyn generator and the selsyn transformer.

o

kK ' The sweep voltage 1s applied from the "rotor winding of the selsyn
. generator (M2) to the stationary three-phase windings of the selsyn
3 . transformer stators in units RU-~1 and RA.

;;i , _ ‘ The voltage in the single~phase windings of the selsyn transformer
) ' rotors in these units is used to control the azimuth sweep circuits.

The voltage used to shape the 30-degree'markers is taken from the
rotor winding of selsyn generator ML and applied to the stationary three
phase stator winding of the 30-degree marker selsyn transformer (in unit
OA«5-1). The voltage of the single-phase rutor winding of the selsyn
transformer is used to shape the 30~degree aimuth markers.

3 . The sine and cosine windings of each of the SK-MG selsyuns are fed :
- voltages at a frequency of 43 cps which are shifted 90° in phase with _ 1/
respect to each other. A voltage of constant amplitude is produced at /
N the output of the coarse selsyn, while its phase is determined by the )

] angle of rotation of the antenna; the phase angle (with respect to the (p T3)
43«cps reference voltage of the RL=30-1 apparatus) 1s equal;to the space
angle of rotation of the antenns.

The output voltage of the fine selsyn is also constant in amplitude,
and 1its phase changes 13 times fagter than the voltage of the coarse
transmitting selsyn. - . g

The output voltages of the SK-MG selsyus are applied t0 the RL-30-1
apparatus where they are converted to pulse voltages.

Unit VD=1l contains a miniature bulb IN)L to illumlinate the dials of
: the coarse and fine scales and two lights NL1 and NL2 which signal the
1 presence of the 1,500~cps voltage and the reference voltage in the unit.

, Design features of the unit and kinematic diagram of the reduction

] . gearing. Unit VD-1 is in the form of & self:contalned unit resting on an
_ angle~iron chassis. The cast silumin housing containing the reduction
] gearing, selsyns, and motor 1s attached to the- horizontal panel of the

chassis. Tw .
’ ; 'U* N ’ . /
k ' A kinematic diagram of the reduction gearing 1s given in Figure 27
- . . ) ‘l‘l .
p . : ' ¢

; ' R
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U
The gear ratio of the reduction gearing is selected so that for one
revolution of the rotor of the SS-405 coarse~tracking selsyn (that 1s, for ‘
one revolution of the antenna), the rotors Uf the selsyn generator from . .//

. which the a;tmuth sweep voltage 1s taken and 'the SK-MG coasrse~tracking

selsyn make one revolution, the rotor of the selsyn generator which shapes
the 30-degree markers makes 6 revolutions, and the rotor of the SK-MG
fine-tracking selsyn makes 13 revoluxions. ,
.o /
The selsyns are connected ‘o the reauction gearlng by means of a

© flexible coupling. : . N o

Unit VD=1 is equipped with coarse- and fine-tracklng dials which are _
viewed through windows on the front panel of the éhassis, - ,

In addition, the front panel contain neon signal lights and doors,‘ (p‘75f

which permit access to the dials for the purpose of adjustment.

The unit has two plug connectors. The weight of the unit is 3% kg.

(8% ]
(4

T. Servoamplifier Unit US. : _ : fuf

14

Function. The servoamplifier unit US (Figure 28) is used to amplify
the misalignment voltages received from the rotor windings of both selsyns
of unit FD-02 or IV by the servomotor groups of unit VD-1 or by BSM in
unit TI-l, and to convert these voltages to, a voltage used to control the
actuating motor.

Technical data. The tracking error of the SSP system, which is depend=
ent On the sensitivity of unit US, does not.exceed 6'. Tracking error in
the coarse channel does not exceed 2-39; the time required for the- system
to enter synchronization does not exceed 15 seconds.

Block D1agran1 of the unit, Figure e9 glves a.block diagram of

.unit TS, e

The unit'consiets of the rldwingfelemenfs}'
-~ correcting network (differentiating network); R

misalignment voltage amplifier for the fine-tracking channel;

circult for eliminating false zeroes;

[

misalignment voltage ampllfler for the coarse-tracking channel,

..«...-..,....-..v.__..v...‘.,' B . - .

channel switch; - o T et g e

= second amplifier stage;

.- Wy
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-~ phase~inverter stage;

u

-« output stage.

The/vofiage from the fine selsyn of the servo drive is applied
through the correcting network to the misalignment voltage amplifier stage

for the fine-tracking channel, The voltage from the coarse selsym is - .(p 78)

applied to the misalignment voltage amplifier stage of the coarse channel°
. ‘the false zero elimlination voltage is also. applied to this stage.

A voltage is applied to the second amplifier stage elther from the
fine channel amplifier or from the coarse channel amplifier, depending
upon the size of .the misalignment angle between the transmitting selsyns
of unit FD-02 or IV and the receiving selsyns. The channels are
switched automatically. w

A push-pull power amplifier is used at the output of unit US to
provide sufficient power to control the actuating motor. Voltage is applied
directly to one arm of the output stage from the amplifier stage and
through the phase-inverter stage to the other arm. /

. The actuating motor of the servo system is supplied by the voltage
arriving from unit US. The voltage applied to the control -winding of the
motor is shifted 90° in phase relative to the reference voltage which
supplies the excitation winding (sections h and 5).

Description of the schematic diagram of the unit Figure 30 gives-
& schematic diagram of unlt US, :

\

. The misalignment voltage of the fine channel passes from plug Shl
(contact 17) through capacitor C2 to the input of the differentiating
network, which consists of resistors R2, R3,.and capacitors C3, ch.

. The differentiating network shifts the puase of the voltage passing
through it by 90°. Phase correction is made; by changing resistor R2
"STABILITY CONTROL."

With equal rotation of the transmitting-selsyns, it is possible to (p 80)
consider the misalignment voltage as a sinusoldal voltage with a constant
amplitude. The amplification stage for the fine channel misalignment
voltage is based on ‘tube Vlia. To the grmd“bf this tube is applied the
inputs misalignment voltage (from divider Rl, "R3) and the voltage which
has been shifted 90° in phase (from the output of the differentiating
network)., The phase-shifted voltage does not influence the operation of
the motor, since it is in phase with the reference voltage which supplies
the excitation winding of the actuating motor and does not create a torque.

When the system enters sy'nchroniza’cion, ‘when the speed of rotation
of the transmitting selsyns changes, with fluctuations in the synchronous
drive, and in other similar situations, the’ mlsalignment voltage may be
considered = : , X a < his case,
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Fig. 28: Unit US:

1 - channel-switching light§ 2 - tubes in tube channelj 3 - label on door;
L - fuse; 5 - plug cover; 6 - fuse condition indicator; 7 - motor toggle
switch; 8 - coarse channel gain control; 9 - fine channel gain controlj
10 - stability control.
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the grid of tube Vla is fed a misalignment voltage (from divider R1l, R3)

and a voltage from the differentiating network which has been shifted

90° in phase, as well as an additional voltege which is proportional to

the rate of .change of the amplitude of the input voltege and is in phase .

with the migslignment voltage. The additionel voltage is added to the -

g misalignment voltage and creates an additiopal torque for the motor. The

1 : amplified misalignment voltage is taken from resistor R6 of the plate load
of the tube and passes through capacltor C6 and resistors R13, R15 to the -

L. grid of tube V2a {(6N9S). e

The gein of the stage is conbtrolled by changlng resistor R5 which
- changes ‘the negative feedback. :

The amplification stage of the coerse channel misalignment voltage (p 81)
operates with tube Vb, The misalignment voltage of the coarse-tracking .
channel is taken from plug Shl (contact 10) and applied to the grid of -
tube Vlb. The amplified signal of the coarse~tracking channel, taken from
resistor R8, passes through capacitor C5 to neon bulb NLI1.

When misaligument of the synchronization system is greater than 2-3°,
the potential across the terminals of bulb NL1 reaches the firing potential.
o - The neon bulb lonizes and the synchronization signal voltage of the coarse= -

‘ : tracking channel, vhich in this case will be the main voltage, passes to
the amplificatlon stage (tube V2a).

b

. In order to prevent synchronization at.é false point (at the point of

B : a temporarily stable condition), a small 50-cps a~c voltage taken from

{ ' the secondary winding of transformer Tr2 is applied to the Ilnput of the

E amplification stage for the coarse~tracking misallgnment voltage in

A ' parallel with this voltage. This additional voltage must be in phase with -

E the voltage which supplies the SSP selsyn traunsmitters. This ‘function is

] performed by the phase-inverting network (capacitors €12, €13 and

K ~ resistors R30, R3l), which is connected to the secondary winding of
transformer Tr2 (taps 4-5). The value of the additional voltage which

. 1s added to the main misalignment voltage must be selected so that the
shift of zero positions is approximately [9]5 for one half-period and
1759 for the.other halfeperiod (Figure 31).

e My s o Lol

In order to prevent creep, which may occur when the cebles are
disconnectéd from the SSP system, the additional voltage is set at a
: somevhat smaller value of 0.9 to 1 v. A stable position is achieved
by turning the selsyn stators and aligning the zero position of the fine-
tracking channel with one of the displaced zero positions of the coarse~ (p 83)
tracking channel,  The other zero position will then be unstable for both
) / channels simultaneously. ‘

Gain of the coarse chanmel is controlled by changing the negative
feedback of the stage with the cursor of resistor R1O,

50X1-HUM
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Fig. 31. Derivation of Resultant Voltage With Zeros
' Shifted by 175 and 185 Degrees.
a = voltage in selsyn of fine-tracking channel; b - voltage in selsyn of:
coarse-tracking channel ¢ = auwxiliary 50-cps control voltage; d - resultant
voltage of coarse channel; e - voltage in selsyn of fine~tracking channel.
o
o
4
3 12y
Co A S ,:
o i -:ﬂ« v ’ . ‘
50X1-HUM

 Declassified in Part - Sanitized Copy Approved for Release 2013/10/24 : CIA-RDP80T00246A031600070001-3

1



|
!Declassified in Part - Sanitized Copy Approved for Release 2013/10/24 : CIA-RDP80T00246A031600070001-3 -

50X1T-HUM .

Resistor R7 aund capacitor Cl serve as the decoupling fllter in the
plate supply cireuit of tube V. y

A voltzge from resistors R13, R14, and RlS is applied to the grid of
the amplification stage of tube V2a.. Resistor R16 which provides the
negative feedback, 1s connected to the cathode of the tube, -

. Voltage 1s applied from the plate load ‘of V2a (resistor Rl‘T) through
. blocking capacitor C8 and resistor R23 to the grid of tube V3 of the-. '
. output stage, and from the middle point of a divider consisting of
resistors R2L and R22 40 the grid of the phqee-inverting stage V2b,

The output voltage of the phase-~inverting stage is opposite in :
phase to the output voltage of the second amplifier stege. Thils voltege
" is taken from the plate load of tube V2b (R18) and 1s fed through blocking
capacitor CT7 and resistor R27 to the grid of ‘tube V4 of the output stage.
-Resistors R19 and R20, which provide the negative feedback, are connected .
- to: the cathode of tube V2b. The output stage of the serVOamplifier ’
operates with tubes V3 and V4. The output voltage passes from the
secondary winding of transformer Trl (tap 6) to plug Shl (pin 14) and
to the control winding of the actuating motor. . Capacitor ClO serves S
for correction of the reactance of the load. 3 ' "~ (p 84)

Switch V1 in the excitation winding circuit of the actuating motor
1s located on the front panel of the unit and is used to stop rotation
‘of the motor during adjustment of the SSP system. Fuse Prl (0.25 a) is .
‘connected in series in the +300 v supply circuit. In the event of a short- .
circuit, neon bulb NL2 lights and denotes that the fuse has’ burned out., T T T T

Monitoring the operation of the unit. The following test Jaeks are -
located in the tube section of unit US: o r
s 4, -'.j, .
' iﬁgg_v Glel ~- for monitoring the 1nput voltage of the fine—tracklng channel
- and the tracking error;

Gl-2 - for monitoring the input voltage of the coarse-tracking channel
and the zero-eliminating" voltage;

G-2 == for monitoring the operation of thase-inverting gtage V2

. - G=3 and G-k - for monitoring the operating mode of the pushepull
L “output stage V3 and V. o

1j ‘ Design of the unit. Unit US is designed in the form of a self=-

/- contained instrument on a standard chassis. Four tubes (6N9S' -= 2 each;
"6P3S == 2 each) and five test Jacks are located in the tube channel of U

the unit., On the frout panel is a neon light.MN3 for switching channels, @ *

‘ the motor switch, fuse indicator MN-5, and a 0,25-amp fuse. In addition,

N the shafts of three potentiometers (stability control and gain of the

;b ©  coarse and fine channels) are accessible on the front panel. The unit

| weighs 10.5 kg. : . S

r | 50X1-HUM -
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8;-’Higher-Frequency.Generabor Unit GCh. (p 85)

Function. ~ The higher-frequency generator GCh (Figure 32) generates
a voltage a% a frequency of 1,500 cps which supplies the selsyns of maln
selsyn unit FD-02, secondary selsyn unit VD-1l, rotation simulator IV, .
and the -azimuth sweep units of cabinets IAD-l and IIV-1l (units RA and RU-l) ;{1

_ ///'The use of a 1,500-cps voltage is necessitated by the demand for
_-acecuracy of the system. This frequency must be several times greater o

-~

.~""  than the repetition rate of the trigger pulses.

Technical data. Unit GCh generates voltage at 1, SOO cps £20%. The
The control range of the output voltage permits settlng the amplitudes of
the stabilized output voltage at 75 v, 1, SOJ cps, and the unstabilized
output voltage at 100 v, 1,500 eps. .

The change in amplitude of the output voltage when the load is dropped
does not exceed 0.5% for a stabilized output and 10 for the unstabilized. - !

The output power of unit GCh permits connecting up to four type DI-S511 f‘f
selsyn transmitters loaded with four type DI—Sll receiving selsyns, two at fgj
each output, respectively. . ' .

a ' Functlonal diagram of the unit. Figure.}B gives a fﬁnctional diagram_ ' o
of unit GChe. The unit includes: L : Lo CE

., == master oscillator; :
-~ amplitude stabilization stage; o " .

~- amplifier; R | S i

=~ output power amplifier. . . oS

The master oscillator generates a voltage at a frequency of 1,500 cps.

A special stabilization circuit is used to stabilize the amplitude of (p 88)
the master oscillator in GCh. The master oscillator voltage is applied to
the amplifier and then the output stage, which represents a power amplifier.

The amplifier has 100% negative feedback for correction of possible
distortions of the output voltage and to maintain constant amplitude with
fluctuations in the load and changes in supply voltages.

The unit has two separate outputs from one of which a stabilized vol=-

tage 1sIVpp11ed to unit VD-1. The other output is used to supply units
RU-1,and RA. To reduce the effect of load capacitances of the

cables Wthh carry the 1,500-cps voltage, a ‘resistor is connected in series
with this output of GCh which causes a change in the output voltage when
there are changes in the load. — o A

The unit has one control "1 500 CPS AMPLITUDE" with which the amplltude
of the output voltage of unit GCh is set.

[}

..
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i : o o B
PR Description of the schematic diagram of the unit. Figurc_3h gives the.,gé‘
‘ schematic diagram of unit GCh. : S I

The méétcr oscillator is self-excited :rith cathode coupling and uses S
; _ tube V1. The oscillator generates oscillations at the frequency of the plate -
i~ circuit. The tube oscillates as a result of the fact that the circuit is.
' shunted by a negative resistance in the form of a twin triode with a cathode
coupling circuit. The oscillator circult ‘»onsists of capacitors C3 and ch -
" and inductance Il enclosed in a carbonyl iron core. . g

By using the core. to change the inducfancc of the circuit, it is ‘; (p 90)
possible to select tHe frequency of the geherated voltage. The total . .
{inductance of choke Ll is approximately 900 millihenxies. '

The cathode resistance of thcAoscillatpr is tube V2a, which is
controlled by the grid circuit and is used as a variable resistance.

A negative potential is maintained at the cathode of V2a, A rectified .
‘ voltage of negative polarity 1s applied to the grid of the tube from the
Cm plate of tube V2b. The right half of tube V2 is connected to the diode.
L The output voltage of unit GCh is applied.to its cathode. This voltage is
o taken from the secondary winding of transformer Trl (contact 5). ' '

A negativs voltage, smoothed by a filter consisting of resistor R8 and .
capacitor C7, is taken from the plate of the diode. . If the output voltage
of the master oscillator is changed, for example, increased, the negative
voltage at the plate of V2b and at the grid of V2a increases and ‘the
resistance of V2a becomes greater.: - ' : : ~

“This causes a decrease in the ‘current through tube V1, that is, a
decrease in the amplitude of oscillations of the master oscillator.

Similar compensation’also occurs when tthe amplitude of the output

o voltage of the master oscillator is decreused. - The voltage applied to the
cathode of V2a is the reference voltage and determines the amplitude of
the oscillations which are generated. When this voltage is changed, ,the

" amplitude of the 1,500-cps output voltage ‘changes. The value of the re-
ference voltage is controlled with potentiometer R7. -The sinusoidal

oscillations of the master oscillator pass’ from the plate- of Vla through- /
blocking capacitor C6 to the grid of amplifier tube V3. The output o
voltage of unit GCh is applied to the cathode of the tube through © (p 91)

parallel-connected resistors R1k, R15, R16, and R17 from the secondary
winding of transformer Trl; this voltage coincides in phase with the
[ . voltage of the oscillatory circuit of the oscillator applied to the
control grid of V3. This circuit connection creates a negative feedback
which compensates for distortions caused by the amplifier stage, the '
: output stage, and the output transformer and provides a small internal
. resistance for the oscillator.

3]
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Fig. 32. Unit GCh.

) 1 - label on door; 2 - tubes in tube channel; 3 - amplitude control;
! Li - fuse condition indicator; 5 - fuse; 6 - plug cover.

60
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i
Voltage is taken from plate load R12 of the amplifier stage and applied
through blocking capacitor €8 to the comtrol grids of the output stage
tubes. The output stage represents a power amplifier with a transformer
output. /fhe tubes of the output stage (V4, V5, and V6) are connected in
parallel to increase the power of output oscillations. The primary winding
of transformer Trl serves as the plate load of the stage. Bias at the
control grids of tubes Vi, VS5, and V6 is upplied automatically from
‘individual cathode resistors (R20, R21, R25, R26, R33, R34) shunted. by
capacitors €9, C10, and C13. @
. : ' | ‘
/ The 1,500-cps output voltage is taken?from the secondary winding of
output transformer Trl and applied to unit VD-1 and through resistor R37
to units FD-02, IV, RA, and RU-1. o
‘ 3
Transformer Trl shifts the phase of the output voltage relative to
the input voltage. To compensate for this phase shift, networks consisting
of resistors and capacitors are connected in parallel with the windings of
the transformer (R35 and Cl2 are connected to the primary winding, R31 and

Cll are connected to the secondary winding). This reduces distortion of (p 92)

- the shape of the 1,500-cps voltage.

. " i g .

Monitoring the operation of the Unit. Unit GCh is monitored with the
aid of six test Jacks: - .

. G-1 -- for monitoring the voltage form of the oscillator at the -
cathode of V1 (operating mode of the stabilization circuit);

T e R S e

G-2 -- for monitoring the voltage form at the grid of tube V3;
G-3 -- for monitoring the volﬁagc'émplitudc at the output;

G-, G-5, and G:é;-- for monitoring'a-é voltages of the output stage
_tubes at the cathodes of tubes vk, vs, ande6.

Design-of the unit. Unit GCh is builts in the form of a self-contained
instrument mounted on a standard chassis.u The tube channel contains six
tubes (two 6N8S; one 6Zhl4; three 6P3S) and six test jacks. On the front
panel are a 0,25-amp fuse, neon bulb MV-5 to show the condition of the
fuse, and the shaft of the potentiometer which regulates the amplitude,

/l//ffhc unit has one plug connector. Weight ©of the unit is 9 kg. '

—

9. Azimuth Scale Marker Unit OA-5-1

Function. The OA-5-1 azimuth scale mﬁrkcr unit (Figure 35) generates
electrical scale pulses for the 5-degree and 30-degree azimuth markers.
b ,

'
Y
. -
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Fig. 35. Unit OA-5-1.

1 - label on door; 2 - tubes in tube channel; 3 - plug cover; L - 5-degree
marker amplitude control; 5 - 30-degree marker amplitude control;

6 - illuminating bulb holder; 7 - operating mode switch.
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. © .. Technical data on the Unit. The duration of the'puls'es59,~).—(151—lal‘J.Ml- by 2
" the Unlt is equal to the time’ imterval betyeen two trigger pulses. The " - '" ..
"~ amplitudes of the pulses at_the output may:be controlled within limits L
, of not less than: - SRS ) v "‘; AR R '
A a) b & 8 v (5-degree markers); -« w .. . - . Lirosy RN T A
O ) ’ FOLE N A ":-ﬂi‘ M LIS . P P IV ot !
AT P ce o PR 1Y R AT S Bovs
v i3 . b) B8 %15 v, (30-degreé markers). ‘”‘i’ié R Ll RIS Bt
' ;?‘:-t;':; o (»: . ,- . “‘/“".. e ) . “f‘-‘ .‘1(',;:1' :_v‘ : . ’h:;i, ,_‘:.-‘_’ _?" 52,‘;“,'“‘ » N
- 70T T -Functional diagram of the unit. Figure 36 gives a functional diagram:. ' ..
of unit OA-5-1. The unit consists -of the"following two parts:’. ' . i - Con e
; ‘ o ' T
i a), “the 5-degree ‘azgimuith marker-shaping eircult; - i . T
; o ol : = A
b) the 30-degree azimuth marker-shaplng circuit. = LT
. T - N
& . - : Yo >} ‘
fhe 5-degree marker-shaping circuit.'Voltage at a frequency.of 1,500 "~ .

~ 4. eps, whose amplitude changes at a frequency 36 times greater than the ~ . = .7 '
= - fyequency of rotation of the antenna, is.applied to the three-phase stator ™
" winding of selsyn transformer M2 located in unit OA-5-1. Voltage from the .
™~ . single-phase winding of the rotor is;applféd to the input of the elevation
":  pulse-shaping stage (plate detector).. At those moments when the 1,500-cps A
Y. voltage envelope passes through zero values, voltage pulses (elevation . .
* - pulses) are formed in this stage. The -width of these pulses is determined =
by the operating mode of the tube in the pulse-bhaping stage..” ' T
: _ SR SR ' P
The pulses are sent from the pulsc-shébing stage to the selector:'; e
stage, to which are also applied trigger ‘pulses. The operating mode of Q;(p'96)
the tube in this stage is selected so that]it will con@yct only when the B

I ¥
o’
i

o A ey

N elevation pulse.coincides with the trigger pulse. =~ . ':
- . 1 . . ' " -l S L
: When these pulses are coincident, positive pulses appear in the cathode : - -
circuit of the selector stage which are then applied to an electronic. &' %
. relay circuit. a ' e , R »
. - » - o . o ) "!_;‘ s -
R The electronic relay generates positiveisquare pulses with a duration 3"
' equal t0 the time interval between two trigger pulses, while the spacing’ , ' '
. between the pulses is' equal to the time required for the antenna to turn <. . - .
through 50, ' . B T e o U
' ' . ! v 30 - c .
. ) 3 L ,' N ) . - L e
These pulses pass through the 'putput ‘Btage (cathode rollower) to the: .. .-
displays of the station. : o A SRR S
;" The 30-degree marker-shaping .ciréuiti;_:'f‘iroitége ‘aijb a frequency of 1,500 " :: ’,
/ - cps, whose amplitude changes at a freque}iéyﬁ;times greaterb@@an‘:tpgt f?_e‘;&f; ;’i o
. ‘quency of rotation of the antenna, is'applied’to the #h:ee-phase‘.wind}ingi;,_..' e
of selsyn transformer Ml located in pni‘c:y’.gA,-S;l_'. R I 8 el
: ' R T L TR P S
50X1-HUM R
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Fig. 36. .Functional Diagram of Unit OA-5-1,

. 1 - selsyn transformer SS-LOS for 5-degree markers; 2 - plate detector;
3 - selector stage; L - delay line; 5 - electronic relay; 6 - output stage;
7 - selsyn transformer SS-LOS for 30-degree markers; 8 - plate detector;
9 =~ cathode follower; 10 -« operating mode switch V1.
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Fig. 37.
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voltage from the single-phase winding of the rotor is applied to the
input of the elevation pulse-shaping stage (plate detector). At those
moments wyen the 1,500-cps voltage envelope passes through zero values,
elevation’ pulses are formed in this stage. The width of these pulses is
determined by the operating mode of the tube in the pulse-shaping stage.
_ The elevation pulses are applied through a cathode follower to the'
: ' output stage of the unit. These pulses increase the voltage at the screen
' grid of the outpyt stage tube. The amplitude of the output pulses is
: increased at the same time. - " :

Thus, from the cethode of the output‘stage are taken . . .

‘ _ [Note: page 97 of original text missing]
Only those trigger pulses which coincide in time with an elevation (p 99)
pulsés are repeated at the cathode load of the selector stage (delay
1ine Ul and resistor R17); there are 2 tor3 such pulses (on the upper base
e of the trapezoid). o

el b5, et

These pulses pass to an electronic rc}ay based on tube V3.

g : .

Let us first assume that there are no, trigger pulses flowing to the.!
cathode of tube V3. o

. iy *

In a quiescent state the right triode. (V3b) is open and the left triode
(V3a) is blocked due to the voltage drop between the right triode and common
cathode resistor R21. At this time capacitor c6 charges to a voltage of '
approximately 100 v. The triode (v3a) opens upon the arrival of a positive
pulse at its control grid. The potential’at the plate of tube V34 drops.
The right triode is blocked. .

i M

. Capacitor C6 begins to discharge through the grid circuit of tube
X V3a. The potential at the grid of V3a beglns to drop at a rate determined
by the time constant of RC. The value of resistance R is the sum of the
_resistance of the grid-cathode gap of tube V3a, resistors R21, R22, and R23,
“(which are series-gonnected to the cathpde of the tube), and resistor R17.
' The capacitance is formed by capacitor C6.

- L

4 The voltage at the plate of V3a incréascs, causing V3b to open and the
: voltage at the cathode to increase as a”result of the current in V3b.

! Tube V3a is blocked and V3b opens. A positive square pulse whose

’ duration is determined by the time constant of RC, that is, the parameﬁcrs
of the circuit, is formed at the plate of tube V3hb.

] . " il’
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After the_right triode of V3b ppcns,'the potential at the common (p .200)

point of connection of resistors R18, R21, and R22 becomes equal to
approximately 100 v and capacitor ¢6 bcgins to chargc at a rate determined
by the tiwe constant of RC. :
'In this case, R is the sum of series-connected resistors R18, RZ2,
R23, and R17. The capacitance is formed.by capacitor C6. The time constant
of RC 1s chosen great enough so that the increase in potential at capacitor
cb occurs sufficiently slowly, and, after the first trigger,- the circuit
may again be triggered only after a time interval equal to 6 or 7 intervals
between trigger pulses. ‘}
In order to establish the duration of the square pulse taken from the
‘plate of tube V3b, trigger pulses are apleed to the cathode of the
electronic relay tube through crystal diode D1, which eliminates the effect
of the relay on the trigger circuit. In fact, the electronic relay is
triggered upon the arrival of a pulse from the selector stage at the control
grid of tube V3a. The time constant of RC,is selected so that reversal of
the electonic relay in the absence of stopping pulses occurs after a time
interval which exceeds the interval between two trigger pulses. However,
the first positive pulse which arrives atuthe cathode of the electronic

relay after it has triggered will perform this reversal. Thus, Que to ' :/

the presence of stopping pulses, a positive square pulse will be taken
from the plate of tube V3b whose duration equals the fixed interval

between two trigger pulses.
1

The simultaneous action on the electronic relay of trigger pulses (p lOl)

from the selector stage and stopping pulses impedes the triggering of the
relay. Therefore, delay line Ul is connected to the cathode of the tube
in the selector .stage. The trigger pulse now arrives at the control grid
of the electronic relay tube after a delay of 3 to 4 microseconds with
respect to the moment of arrival of the stopping pulse.

The stopping pulse does not prevent the electronic relay from
triggering. The nature of the signals passing to the electronic relay is
shown in Figure 38. The figure shows: a) trigger pulses arriving at the
selector stage; b) trigger pulses having passed through the selector
stage; ¢) stopping pulses arriving at the‘cathodc of the electronic rclay,
d) azimuth marker pulse. :

The electronic relay pulse moves from:the plate of tube V3b to the
output stage of the unit -- the control grid of tube V4. The output stage
is based on a cathode follower circuit. .ﬁb

The 30-degree marker pulse-shaping cirecuit. Voltage from the single-
phase rotor winding of selsyn transformer Ml is applied to the control grid
of the tube in the pulse-shaping stage (V b) - The pulse-shaping stage is in
thé form of a platc detector circuit. o :

50X1-HUM
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. The detector load (R6, C3) is connected between the plate of the

o tube and the 4200 v bus. An elevation pulse, whose width is determined
: by the d-¢ voltage at the cathode of the tube (divider R8, R9), appears
at’' the load of the plate detector. The width of the elcvatlon pulse is
chosen egdal to approximately 5° at its base. The positive elevation
pulse is passed directly from the plate of the tube to the control grid
of the cathode follower (V2a). The positive pulse then passes from
the cathode of this tube to the screen grid of the output stage tube of

the unit (tube V4). Positive pulses from the electronic relay of the (p 103)
5-degree marker- shaplng circuit are appllcd to the control grid of this )/
tube, /

An exemple of the idealized characteristics of a 6P3S tube is given
in Figure 39. For 5-degree markers, the voltage at the screen grid of
the output stage tube of the unit equals Upo. It is determined by the
position of the cursor of potentiometzr R12. With the arrival of a pulse
from the 30-degree marker-shaping circuit (at azimuths which are multiples
of 30 degrees), the voltage at the screen grid increases to 2 maximun
value Usy. The pulse of the 5-degree marker-shaping eircuit, taken at
this time from the cathode of the output tube, increases in amplitude
and forms the 30-degree marker. The amplitude of the 5-degree marker
pulses 1is controlled by changing the positive voltage at the screen grid
of the output tube using potentiometer R12.

The amplitude of the 30-degree marker pulses is controlled by changing °
the amplitude of the pulse arriving at the, control grid of the output stage
of the unit (potentiometer R28). In the case of idealized characteristics
of output tube 6P3S (Figure 39), both controls are independent of each
other. Changing the position of the cursor of potentiometer R28 does not
change the amplitude of the 5-degree markcrs, since the voltage at the
control grid of tube V4 when the value of the screen voltage is small
is fixed by the grid current. The 30- dcgr-c marker is shaped when the
voltage at the screen grid of VLI is maximum. _ K

In this case the output tube operatesswithout grid currents and the
amplitude of the grid pulse determines the!amplitude of the 30-degree
markers. At the same time, changing the position of the cursor of potentio-
meter R12 (that is, changing the value of voltage Usp) has no effect (p 105)
whatever on the value of the 30- degree markcr pulse.

For practical purposes, the "5° AMPLITUDE" control in unit OA-5-1 has
no influence on thé amplitude of the 30-dégree markers, while adjustment
of the "30° AMPLITUDE" control also changcs the amplitude of the S-degree
markers.

.\'

I : » ' .y
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MOnztoringrthe operation of the unit. Unit OA=5-1 48 monitored with
the aid of five test jacks: _ C

Gl-1 4- for monitoring the elevation pulse of the 5-degree marker
at the plate of tube Vla; .
e ‘
Gl-2 -~ for monitoring the elevation pulse of the 30-degree marker
at the plate of tube V1b; E
G-2 -- for monitoring the pulse at theyscreen grid of tube V4 in
. the output stage of the unit; w “

G-3 =-- for monitoring the elcctronic relay pulse at the plate of
“tube V3b; S
: S0 Y
G-t -- for monitoring marker pulses at the cathode of tube V4 in the
output stage of the unlt. : .

Design of the unit. Unit OA-5-1 is built in the form of a self-
contained instrument mounted on a standard chassis. The tube channel
contains four tubes (one 6N9S; two 6NBS; and 6P3S) and five test jacks.
On the front panel of unit OA-5-1 are operating mode toggle switch V1, an
illuminating light, and the shafts of two potentiometers for controlling
the amplitude of the 5-degree and 30-degree markers. The unit has one
.plug connector. Weight of the unit is 9 kg.

-~

10. Azimuth Scals Marker-Unit OA-l-1 — o ool i o e .

Function. The OA-l-1 azimuth scale marker unit (Figure LO) generates’
" electrical scale pulses for the l-degree azimuth markers. ,
IR Technical data on.the unit. The duration of pulses generated by (p 107)
. " 7" the unit.equals the time interval betwsen two trigger pulses. Pulse
. amplitude at the output may be controlled within limits of not less than
2 to9v. )
Functional diagram of the unit. Figure 4l gives a functional diagram
of the unit. As in unit OA-5-1, voltage at a frequency of 1,500 cps is
used to produce these scale markers; the amplitude of the voltage changes
"at a frequency 36 times greater than the frequency of rotation of the
" antenna. The voltage passes through zero values of the voltage envelope
at time intervals corresponding to 50, @eneration of the l-degree
markers requires four voltages at 1,500 cps whose envelopes pass through
/ zero values with a shift of 1°. Type ED-101 selsyns with two three-phase
windings are used to obtain this voltage.w

¢

",
K]
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Fig. LO. Unit 0A-1l-1,

1 -~ plug cover; 2 - tubes in tube channel; 3 - label on door; L - illumina-
ting bulb holder; 5 - amplitude control of l-degree markers; 6 - operating

mode switch V1.

72
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‘ Fig. L1. Functional Diagram of Unit OA-1-1.

1 - selsyn transformer ED-l-l of first and second l-degree markers;

2 - selsyn transformer ED-LOL of third and fourth l-degree markers;

3 - plate detector of l-degree markers; l - plate detector of 2-degree
markers; 5 - plate detector of 3-degree markers; 6 - plate detector of
h-degree markers; 7 - selector stage of l-degree markers; 8 - selector
stage of 2-degree markers; 9 - selector stage of 3-degree markers;

10 - selector stage of L-degree markers; 1l ~ delay line; 12 - electronic
relay; 13 - output stage; 1L - operating mode switch.

¥
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One of the windings of rotor Pl of each sclsyn is gfrounded. Voltdge
% taken from the winding of P3 is shifted in phase by an angle of l°h0

with respect to voltage U,.n, which is taken from the winding of P2
(Figure W2). At the intermediate points of section P2-P3, the voltage
envelope Ujnt isshifted with respcct to voltagc envelope Ur3 by an
angle lylng within limits of 0-100'. ‘

Two voltages shifted in phase by 1° are taken from each of the selsyns
Ml and M2 (Ur3 from the winding of P3 and Ujpt from én intermediate point
selected on section P2-P3). The rotors of selsyns ML and M2 are positioned
80 that voltage Ur3 of selsyn M2 is, in turn, shifted with respect to
voltage Uint of selsyn ML by an angle equal to 1°.

The four voltages taken from selsyns ML and M2, shifted by an (p 110) .

angle of 1° with respect to each other, are applied to the inputs of
the elevation pulse-shaping stages (plate, detectors).

At the moments when the envelopes of the four 1,500-cps voltages pass
through zero values, these stages generate voltage pulses (elevation
pulses) which are distributed between two 5- degree markers. The width
of the elevation pulses is determined by the operating mode of the
tubes in the pulse-shaping stages. The elevation pulses ars applied
from the pulse-shaping stages to selector stages to which are also
applied trigger pulses. When these pulscs coincide, the selector stage
generates ‘positive pulses which are fed to an electronic relay circuit.
The electronic relay generates positive square pulses which have a
duration equal to the time interval between two trigger pulses. These
pulses fall between two 5-degree markers at intervals of 1°. The

~ pulses are absent at azimuths which are multiples of 59, since only

four marker-shaping voltages are applied to the c¢circuit.

These pulses pass through the output gtage (cathode. follower) to
the displays of the station. . '

rThc unit has five controls.

The intervals between output pulses of the unit are adjusted by
the controls "1° ADJ.," "2° #DJ.," "3° ADJ.," "LO ADJ." The "1° AMPL."
control is used to changc the amplitude of the l-degree markers at the
output of thes unit. :

Description of schematic diagram. Figure L3 gives a schematic
diagram of unit OA-1-l1. The differential selsyns ML and M2 arc at the
input of the circuit. One of the windings of rotor Pl of each selsyn
is grounded. Varlable resistors Rl and R2 are connected between the
other two‘windings of P2 and P3. The p031vion of the cursor of potentio-

“
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meters Rl and R2 determines -the phase shift between the voltage (p 112)
taken from the 'cursor and the voltage taken from the winding of P3.
Four voltages are taken from the rotor windings of P3 of selsyns ML
and M2 and the cursors of potentiometers Rl and R2; the voltages are
shifted in phase by 1° with respect to each other, which is dependent
upon the setting of the selsyn rotors and the cursors of the potentio-
meters {Figure LL4). These voltages are applied to the control grids
of four identical elevation pulse-shaping stages (Vla, V2a, V3a, and Via). - f
: o
Voltage is applied to the grid of the first stage from rotor P3
of selsyn Ml, to the grid of the second stage from the cursor of
potentiometer R1, to’the grid of the third stage from rotor P3 of selsyn >
M3 of selsyn M2, and to the grid of the fourth stage from the cursor of
potentiometer R2. ' .
) v -
The elevation pulse-shaping stages are.based on a plate detector
~ eircuit. The load of each detector (RS, C2-R9, C5-R13, ¢8-R18, Cll) is
connected between the plate of the tube and ground. An elevation pulse
~is produced at the load of each detector whose width is determined by
the d-c voltage at the cathode of the tube.(divider R17, R17/I, R19).
The width of the elevation pulse is chosen:equal to approximately 30’
at its base and is maintained.at this level at antenna rotation speeds
of 3 rpm and 6 rpm with the appropriate switching of operating mode
©, ‘toggle switeh V1. ) H
The positive elevation pulses from the plates of tubes Vla, V2a,
V3a, and Vha are supplied to the cohtrol grids of the selector stages
(Vib, V2b, V3b, and VLib). - In addition, trigger pulses are also applied
to the control grids of these tubes. The selector stages operate as
coincidence stages.

The operating modes of tubes V1b, V2b, V3b, and Vib are selected so
that only those trigger pulses which coingide in time with an elevation
pulse are repeated at the cathode load oft the selector stages (delay ‘line
Ul and resistor R25); there are 2 to 3 such pulses. :

~ These pulses are fed to an electronic. relay. The relay uses tube

V5 with the same typs of circuit as the elgectronic relay of unit OA-5-1.
The electronic relay pulses pass from the plate of tube V5b to the output
_stage of the unit -- the control grid of tybc V6.

- u . '
The output stage is a cathode followex, circuit. - [p 11k)

The amplitude of the l-degree markerseis controlled by changing
the amplitude of the pulse at the control grid of the output stage of
the unit; this is done with the cursor of potentiometer R36. §

HY

: 0 '
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Monitoring the operation of the unit. “Unio OA-1-1 is monitored with
the aid oi,six test jacks: '

Gl -- for monitoring the elevation pulse at the plate of tube
Vl&; . . 18]

G2 «- for mopitoring the elevation pulst at the platessf tube

Vaa; ”

63, . == for monitoring the elevation pulse at the plate of tube’
V3a; !
G4 --.for moﬁitoring the elevation pulse at the plate of tube
v’.}a; . Lm -
G5 -- for monitoring the clectronic‘ﬁelay pulse at the plate of
tube V5b; . -

- G6 -- for monitoring the marker pulsé at the cathode of the output
stage tube V6.

Design of the unit. Unib OA-1-1 is built in the form of a self-
contained instrument mounted on a standard chassis. The tube channel
contains 6 tubes (four 6N9S; one 6N8S; ane 6P3S) and 6 test jacks. On

the front panel of the unit are operating mode toggle switeh V1 and a light

for illuminating the controls. Q-
' Uﬁ

The shaft of the potentiometer used to adjust the amplitude of the

1-degree markers extends through the front panel. The unit has one plug
connector. Weight of the unit is 9.5 kg.¢

v

1l. Input Unit'VU

Function. Input unit VU (Figure 45) serves for the preliminary
separation of the useful signal from the denser part of the receiver set
noises and the conversion of these isolated signals to pulses of identical

" amplitude and identical duration. . -,

The unit contains switches which cen be used to connect the outputs

of the noise-protection circuits to the DUS-1 gabinet alone or to all (p 116) =~

the indicators of the station.

Technical data on the unit. Unit VU clips the nolsy portion of the
signal. The size of the clipped portion is regulated. The signals
create pulses with an amplitude of not lc§s than 30 v and a duration of
1.5 to 2.5 microseconds at the output of the unit.

Uj

4
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Fig. LS. Unit VU.

1 - level control for channel II; 2 - sensitivity control for blocking
oscillator of channel II; 3 - switch for channel II; L - switch for channel
III; 5 ~ switch for channel I; 6 - level control for channel I; 7 - sensiti-
vity control for blocking oscillator of channel I; 8 - sensitivity control

' for blocking oscillator of channel III; 9 - tubes of channel III; 10 - tubes
of channel I; 11 - tubes of channel II,

® 79
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The unit has the capability of mixing the signals passing through
channel II with signals of channel I and applying them Jointly to unit

IU-1. y u

Functional diagram of the unit. Figure 46 gives a functional diagram
of the input unit. The unit has three channels; channels I and II are
identical and consist of: R /

_u} diode limiter 1;

" b) ayplificr-mi*er;
c) éﬁbtraction éircuit;
a) aiode Mmiter 2; . . -
¢) amplifier;

' f£) triggered blocking oscillator (pulse-shaping device).

\ Channel III (reserve) consists of: '
‘a) amplificr,

b) triggered blocking oscillator (pulse-shaping dcvice) The input
video signal of channel I (II) [note: Henceforth, designations of elements
of channel II will be given in parentheseg after the designation of the
corresponding elements of channel I im the) descriptions of units VU, IU-L,

GR.] 1s gpplied to diode limiter 1 ani to the subtraction circuit.

The average level of the input signal is limited in diode limiter (p 117)
1-I (1-II). The more compressed portion of the noises lying below the
average level (negative portion) is wapplied to the amplifier mixer where
) it is integrated and mixed with the switching pulse from unit GR.
‘ DUring the presence of the switching pulse (return sweep),’the passage
of video signals to the integrating circuit tube is halted

After the amplifier-mixer, the integrated noises pass to the sub~-  (p 118)
traction circuit where they are used as a regulating voltape. This
voltage automatically regulates the triggering level of the subtraction
circuit with respect to the average level of the input signal. Hence,
the useful signal which exceeds the average noise level is separated
. in this manner from the noise signals.

v
. ! -7
. P
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Fig. L6. Functional Dia_g;c;am of Unit VU, _ . _
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. - The operating mode of the subtraction circuit is established by means ’ -
© - of the control "Level I" ("Level II"). -The video signals taken from

- the output subtraction circuit also. contaip an a-c component of the

control vgltagé. Therefore, the video signals from the output of this : A

circuit are fed to a diode limiter 2-I (2-ID) which does not pass the a-c . -

" component, , o : : SO

oW _ : ' -

From the diode limiter the video signals are applied to the o o

v amplifier and then to the pulse-shaping device; all signals at the output S

- of this device have constant amplitude and-duration. ok

. ) A triggered blocking oscillator with'éﬁgmall recovery time is used as
|  _the pulse-shaping device in this case. The triggering level of the |
. blocking oscillator is varied by means of the control "Sensitivity 1"
("Sensitivity II"). : o | .
/ Operation of the device is monitored vith the "Sensitivity" meter on b
the front panel of unit IU-l. The meter is connected to the cathode ‘
' eircuit of the blocking oscillator of channel I or II in unit VU (depending
upon the position of the switch "Monitor" in unit IU-1). The readings of
the "Sensitivity" meter, which measurcs the average value (d-¢ component)
. . of the output pulses where the latter havg constant amplitude and - (p 119) .
-+, duration, are proportional to the average frequency of occurance of D
" . these pulses at.the output of the blocking oscillator. ‘

TR S
L A e

- The video signals from the output of the pulse-shaping device, in o
the form of pulses of constant amplitude and-duration, are applied to S
unit IU-1. N S L : . S 2N

The noise-protection apparatus is capable of mixing signals of ' o

.~ . channel III with signals of channel I for the purpose of protecting : -

o ‘the circuit against non-synchronous pulse noises in channel III. The

" signals arriving at channel IIT must have an amplitude of not less than 7
3 volts. e ' Seh Mhen L L

Mixing is carried out as follows: the-signals of channel III are
fed to the blocking oscillator ‘tube. This triggered blocking oscillator
v with a small recovery time ‘has a common load with the blocking oscillator
“y...  of channel I. When.the blocking oscillator of channel III triggers, the
"~ --pulse i¥ sent to the common load. o : :
y; , \ ,:!h: .
: Description of the schemattc diagram.iﬁk'schematic diagram of unit
VU is given in Figure L7. | T .
S » o ,
{ideo signals from the output of signa) mixer unit SS-1 are
applied to the operating mode switch of noise-protection apparatus VI
-,////(v3) as well as thmough ceapicitor @1 (C13) to the diode limiter. Two (p 121)
e germanium crystal diodes D1 and D2 (D7 ané D8) function as the diode

limiter. : 5

50X1-HUM
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The two diodes are connected to capacitor C1 (C13) Vlth the
polarity of their electrodes in opposition, the diodes ?ave equal loads ,

* R3 = 3.3 kilohms (R37 = R38 = 3.3 kilohms). Since. the loads of ' i
thc diodeg are *equal, the charging and difcharging time constants of '
capacitor ¢l (Cl3) are approximately. cqual as a result of which the
signal is limited to an average valus )

oy . 5

. b ' ! .
Let us examinc the operation of the diode limiter (Figure h8)' },f It
! o !

When a sinusoidal voltagc 1is applied to its input, D1 is opcn during

.~
the positive half of the sinusoid and a positive half-wave voltage -!_
appears at its load R2. This charges capacitor Cl, which has a time H
‘constant C - N '

N s
. ) t
T =CLl » Requiv.li (T = Cc13° R'équiv;l); T T e e e

vhere Requiv.l = R2 + Ri of diode D1 ‘& R2; (R'equiv.l = R37 4 Ri of
diode D7 =2 R37), since Ri of the open diode is small and may be dis-
regarded. - " ‘

.. Diode D2 is c‘J.oé/e:d during the positive” sinusoid.

During. the presence of a negatlve halféwave, diode D1 is blocked and
diode D2 -(D8) is open and a negative voltage half-wave appears at its
load R3 (R38) Capacitor C1 (C13) then discharges through resistance

s

_~Requiv, 2 = R3 + R1 of diode D2 = R3; (R'gquiv.2 = R38+ Ri of diode

D82 R38)Y ~'

The capacitor discharges completely during the negative half-wave.
In this case limiting occurs at the zero iével. When non- symmetrical
signals are applied to the input of the limiter, the limiting level is
automatically set at the average level, regardless of the amplitude of
the signals, in view of the equality of resistors R2 and R3. ~ (p 123)

In this case, signals located above the average level of the inpdt
signal appear at load R2, and signals below the average level appear at
load R3. -

The more compressed portion of the noises, located Welow the
average level of the output video signel, is taken from resistor R3 |
(R38) and applied to the right half of tube V1 (V5), type 6N2P. |

The load of the right half of tube V1(V5) is lafgc; therefore, due
to the presence of spurious capacitance, integration (averaging) of
the noises occurs at the plate of the tube. .

50X1-HUM
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Fig. 4B8. Principle of Operation of the Diode Limiter.
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The left half of tube V1 (V5) is used to block echo signals during
the return sweep. Its plate is connected to part of “the plate “Load of —~—~—
the right half of tube V1 (V5), and a switching pulse is applied to its
grid from part of the cathode load of the swepp relay (kipp relay) of
unit GR. . - = _

- ’ . |

T At the common plate load R6 (R4O) of VI (V5) there occurs an
' * additionh . of the switching pulse voltage and the voltage of the more
dense portion of the noise, which is proportional to the average value
of the 1qpu% signal, thereby forming a coqﬁrol voltage.

During the presence of the switching:pulsc, the left half of V1
(V5) 1s blocked and the voltage at common plate resistor R6 (RLO)
_ificreases sharply, increasing the value of “the control voltage.

This voltage is taken from the right half of tube VL1 (V5) and sent
through divider R8 and R9 (R42 and R43) to .the grid of the left half of
ve (V6), T ¢ B0

L '“y: ’
The value of resistorsBB8 and R9 RU2 and R43) determines th
operating point of the left half of tube V2:(V6). . -

The triodes of tube V2 (V6) have a common cathode load.

The left half of V2 (V6) operates as a cathode follower.

The control voltage, which is proportional ' to the average valué of _
the input video signal, is applied to the grid of the left half of V2 A
(v6). Approximately the same voltage appears at the cathode load. : ‘
The input video signal is sent through blocking capacitor c2 (Cl4) to” s
the grid of the right half of tube V2 vé)., .. ‘ o o :

The right half of tube V2 (V6) is blocked. : '

The blocking voltage 1s provided by the'voltage at the cathode
of this tube created by the plate current im the left half of tube
v2 .(v6). Compensation for negative blocking voltage is provided by the
application of a positive voltage from potentiometer R14 (R4B). The
initial cut-off level is also established in this manner. With the y
arrival of an output video signal at the grid of the right half of
v2 (V6), the pulse voltage, which exceeds the control voltage at the
cathods, triggers the right half of V2 (V6), and output pulses appear
at load R11l (RL5). P , .

Figure 49 (a and b) shows the approximmte shape of the voltages
at the grids of the right and left halves of tube v2 (v6), and
Figure b9 (c) shows the voltage at the output of the subtraction

circuit. w R ‘ . ’
o . '
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’ Fig. L9, Shape of Voltages at the Grids of Tube V2 (v6)
and at the Output of the Subtraction Circuit.

R
u.

] v . I

b

3 50X1-HUM

Déplassified in Part - Sanitized Copy Approved for Release 2013/10/24 : CIA-RDP80T00246A031600070001-3



Declassified in Part - Sanitized Copy Approved for Release 2013/10/24 : CIA-RDP80T00246A031600070001-3

w ~50X1-HUM

During a return sweep, a positive pulse of large amplitude R
appears at the grid of the left half of V2 (V6); the pulse is repeated (p 126)
at the cathodé of the right half of V2 (V6) and strongly blanks the = -
tube. Video signals will not now pass to the output of the sub- -
traction circuit. L .

‘Operation of the subtraction circuit when the amplitude of the
input video signal changes is illustrated.in Figure 50. It is seen
from this diagram that when the amplitude nf the noise pulses increases,
the number of noise peaks paséing to the output of the subtraction cir-
cuit does not increass. An increase in the amplitude of the noise causes
an inerease in the amplitude of the negative portion of the noise passing
to the grid of the right half of V1 (V5) from the diode limiter. This . -

involves an increase in the control voltage taken from the plate of the
right half of V1 (V5). Since the control voltage acts on the cathode
of V2 (V6), the input signal limiting level provided by this tube becomes
greater. The number of noise pulses exceeding the limiting level and
passing to the output of the subtraction circuit remains unchanged de-
spite ‘the increase in their amplitude (Figure 50 b).. , C

The limiting level is controlléd with variable resistor R1k (R) = . .-
"Lavel I" ("Level II") which changes the bias at the grid of the right =~
half of tube V2 (V6). ' . N

Negative polarity signals from the plate of the right half of SR
tube V2 (V6) pass through capacitor €3 (C15) to the second diode limiter. .
This diode limiter is required in order to eliminate the a-c component S
of the control voltage in the subtraction circuit (Figure 49 d). L

{ I

The second diode limiter is based on. crystal diode D3 (D9). The /'

left half of tube V3 (V7), which As an amplifier.

3 (VT) is a 6N1P tube. Operation of ‘the subtraction circuit
is monitored from unit KO-3. This is accpmplished by sending signals
from part. of the load of diode limiter D3 (DY), namely, from resistor
R17 (R51) to unit KO-3. ' - w

i)

Ae was noted above, the input unit must provide a constant amplitude
and duration of the pulses at its output. This function is performed
by the pulse-shaping device. The pulses are shaped by a triggered
blocking oscillator based on the right half of tube V3 (V7).

The blocking oscillator is triggered when positive pulses taken
from plate load R18 (R52) of the left half of tube V3 (V7) are applied
t6 the grid of the right half of the tube ‘through capacitor c6 (c18).

The Blbcking pscillator generates pulses having a duration on the
order of 1.5 to 2.5 microseconds. Diode Dk (D10) is connected in
parallel with leakage resistor R22 (R56) for the purpose of accelerating

50X1-HUM
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Fig. 50. Operation of the Subtraction Circuit When the
Value of the Input Video Signal Changes.

9

°

50X1-HUM

Declassified in Part - Sanitized Copy Approved for Release 2013/10/24 : CIA-RDP80T00246A031600070001-3



~ Declassified in Part - Sanitized Copy Approved for Release 2013/10/24 : CIA-RDP80T00246A031600070001-3

50X1-HUM .

oML

the discharge of the capacitance in the grid eircuit of the blocking
' oscillator tube formed by the input capacitance of the tube, the
capacitange of the transformer winding to: ground and the capac1tance
of the wiring.

o
«.-"

The discharge time of the above spurious capacitances dctermlnes
the minimum possible repatition period of the pulses. Use of the
diode in the grid circuit permits a considemable reduction of the time -
constanu of capacitivzs discharge, since the diode opens at the moment
2 of dischargc and the dlschargc pccurs through resistance:

R. .. . ] de Db . (R .&%g_‘&_ai_i_dm-_&]ﬂ)
equiv. "E%E %%Fi of diode DE ; equlV- R56 4~ Ri of diode D10

Thus, it is possible to. reduce:. thc transient process in. the (p 129)
" blocking oscillator to a considerable degree and to obtain‘a minimum -
repetition period for the pulses generated by the blocking osc1lla§o:."»

S,

v
A

na
s

e Potentiometsr R25 "Sensitivity I" (R59 "Sensitivity II") is used to
change the bias at the control grid of the blocking oscillator tube,

" that is, the triggering level 6f the blocking oscillator. This level
determines the minimum amplltude of the pulses at which the blocking
oscillator is triggcrcd and, consequently, makes it possible to change the
. number of output pulses of. thc blocking oscxllator which are snnt to tho
integrating tube. , 5 S ' S

seme et wed b ﬁr'--"-'.-""’v'v— -:

e S A

The average repctltion ratc of the: blocklng osclllator output pulses
" {5 controlled with instrument IP-1,."Sensitivity," located in unit IU-1l.
"' The instrument mecasures the d-c voltage componcnt in.the cathode circuit.. o
of the blocking oscillator tube and charaCterizcs the average pulse o '«-” '.
rcpetition rate in a piece-wisc manner. (whcn the amplitude and duration -+ v
_.of -thé output pulses are comstant). The pulses token from the cathodcjf“
"Yoad R20-(R54) have positive polarity and an amplitude on the order of .
40 volts.,/Thc output pulses of the blocking oscillator are controllcd
. by unit KO-3. Pulses from cathode load R?O (Rsh) are applicd to unit
. K0-3 through divider R21-R23 (R55-RS7) | o
' e
//fhc channel ITI signals are sent through ¢oupling capacitor C9 to
_“the left half of tube Vi, which is the trigger tube of the blocking -
////' oseillator in channel III (the right balf of tube V4). The blocking
E oscillator of channel III is based ‘on thelsame type of circuit as the
blocking oscillators in channels I and II. Potentiometer R33, "Sensitvity
III," changes the trigger level of the right half of tube Vh. Since (p 130)
cathode resistor R20 of the blocking oscillator in channel III is also -
the cathode resistor of the blocking osc1llator in channel I, the output.
signals of both channels are mixed at the ‘sommon load and follow through
channel I to the output of unit VU. Signails of channel III are switched -
by means of toggle switch V2. . R _ , : '

<.
R e R T T e T R T R i e R N g
ERIOE U | SN R A e LR A i
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. . In unit VU are two operating mode toggle switches (V1 and V3) for.
: . the station displays. These switches recelve the return signals from
the SS-1 signal mixer units and signals which pass through the non-
synchronous moise-protection apparatus. When the switches are in the
position "DUS", the return signals from SS-1 are fed directly to the
station displays and are terminated with egquivalent loads in RShch-b;
signals from IU-l are applied directly to thé DUS-1l (remote control
cabinet) display. When the switches are in the position "IND," the
return signals from SS-1 are terminated with equivalent loads in

unit VU itself. All station displays, including the DUS=-l cabinet,
receive signals from unit IU=-1.

4 ) . Monitoring the operation of the unit. Unit VU is monitored by means
; of an external oscillograph through the following four test jacks'

e e C ey

) o G2 (G6) =« for monitoring the subtraction circuit, o

G3 (G7) =~ for monitoring the operation of the blocking oscillator.

- Design of the unit. The unit is built in the form of a self-comtained
o *f“~1nstrumegt,moqnted-op a standard chassis.- ~

The tube ‘channel contains 7 bantam tubes and 4 test jacks. On the
front panel’/are the shafts of 5 potentiometers, three toggle switches,
and two/iIluminating bulbs.
s’ _
_~Unit VU is linked to the other units inythe cabinet by means of
//;wo plugs. Small parts (resistors and capacitors) are located on wiring
_——" boards within the unit. The filament transformer is placed inside the unit,

The unit weighs 7.6 kg.

i
t

12, Integrator Unit IU~1

Punction. A valid signal in unit IU-1 (Pigure 51) is separated from
pulsating, unsynchronized interference with the aid of storage tubes.,
IN-T7 tubes are used for this purpose. PO
Technical data on the unit, The IU-1 unit must pass signals which
- are synchronized with the start of the sweep of unit GR and reject signals .
which are not synchronized with it. When a sinusoidal voltage is applied
to unit IU-1 from unit GR, spiral sweeps should appear on the LN-T tubes
, of unit IU-1 which can be observed on spec1a1 tubes having a luminophor
/ (LZhYe-3M) instead of a signal plate.

The signal at the input to the unit has ‘an emplitude of not less than
20 volts with a duration of 1.5 to 2.5 mierosec. At the output the

6
3z ’
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Fig. 51. Unit IU-1.

1 - channel I limit control; 2 - beam current control for channel I tube;
3 - control switch for channels I and II; ly - beam current control for
channel II; § = channel ITI limit control; 6 - channel I tube; 7 - channel
II tube; 8 - cover for dial light of instruments which measure sensitivity
of blocking oscillator and tube beam current; 9 - U-OCh amplifier
subassembly for channel I; 10 ~ focus control for channels I and IIj

11 - toggle switches for focusing channels I and II. (Right side of
figure shows unit with cover removed.)

._ 92

50X1-HUM
Declassified in Part - Sanitized Copy Approved for Release 2013/10/24 : CIA-RDP80T00246A031600070001-3



|
- Declassified in Part - Sanitized Copy Approved for Release 2013/10/24 : CIA-RDP80T00246A031600070001-3

. - | ' - - | 50X1-HUM

; . amplitude of the signal should be3to 8v mth a load of 75 ohms. The
output eignal of unit IU-1 is delayed avout 2 microsec (25 ohms) relative
t0 the input signal due to the passage of. the ‘8ignal through the é¢ircuit, ™

FunctidGal diagram of the unit., A runctional diagram of unit IU=-1
is shown in Figure 52., . . .

-

o .
AR

, The unit has two identical channels, l and 2, consisting of the (p 134)
"' .following- components: d-c restorer clrcuit, LN-? type tubes, and sube
assembly U-OCh. - : “3
There are two devices which regulate the beam current of the tubes
and the sensmtlvity of the shaping equipment of unit VU. The "CONTROL"
_ switch switches the components of unit IU=-1 and the control circuit of

thg/lst and 2nd channels in unit KO-3. ‘

//

L Shaped video signals of equal amplitude, end duration are fed from
. unit VU through a coupling capacitor to the d-c restorer circuit and
; then to the modulator of the LN-7 tube,

" ‘The LN-T7 tube donverts periodically repgétiﬁg video signals into
_ signals of negative polarity; and random signals.  into signals of positive
3 ; polarity. ' o '

The converted signals pass to the amplifier (subassembly U-0Ch)
which separates the valid signal from signaISvcaused by pulsating
‘interference and amplifies it.

The "BEAM CURRENT 1", "BEAM CURRENT 2", "FOCUS 1", and "FOCUS 2",
controls of the unit govern the operating mode of the tube, and the
"LIMIT I' and "LIMIT 2" controls regulate the Level of limiting random
signals in the U-OCh subassembly.

Principle of operation of the LN-7 type storage tube, Interference

on the radar scope is decreased by means of storage tubes, utilizing the
faet that during multiple storage of operating:cylces of the radar
(integrating), periodically repeating signals (signals reflected from

1 - targets, nearby objects, etc. ) can be dlstingulshed from interference. ( )
3 o p 135
' ‘ IN~T tubes are used as storage tubes., The general appearance of the
ILN-T7 tube, its basic dimensions and electricai characteristics are shown

in Figure 53. i

P I TN
d
-

-k

The tube consists of an electron gun, a,éEreen,cylindrical collector,
and loop. )

——

Input signals are fed to the modulator Sf,the electron gun. To increase
the resolution of the tube, a spiral scan is used, i.e., the electron

. beam scans the screen in a spiral pattern (Figure 54). The scan of the
; ILN-7 tube is started by a trigger pulse from the radar. The output sigunals
i s circuit
50X1 HUM
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(Figure 55).

3 The screen of the tube is separated from the signal plate by a

E dielectric layer. The surface of the screen consists of a large number
of elements insulated from each other and having a coefficient of
secondary emission greater than one. The c0¢Ificient of secondary
"emission Ba 1s equal to: "

Kl

'

Tr B o /

where P_ is ‘the number of primary electrons striking the screen and Pv

is the Bumber of secondary electrons emitted from the screen.
L8 !

If such an insulated surface is subjected t0 a bombardment of
electrons, the number of electrons emitted by it will be greater than
the number of electrons striking it. The secondary electrous are directed
toward the anode, which acts as a collector electrode (collector). This

load resistor R,.

The current. in the load lg) will depend ou the dlfference between » -
the capacitor current (ik) of the collector and the capacitor primary (p 139)
current (ip) . ,

ig 24y =i, (ID)'

We introduce the concept of an effective coefficment of secondary emission
By, which is equal to otk

By = ;E or By = lk (III), '
p vu . '1I

where: P, 1ls the number of secondary electrons striking the collector;
. ' oy
'/ _P_ is the number of primary electrops striking the screen;

P

i, 1s the instantaneous value of the capacmtor current of the
collector; ’ g

o :
ip 1s the instantaneocus value of the¢ capacitor primary current.

During the bombardment of the surface of the screen by primary

/ - electrons (Figure 55), the value of By varies with the potential of that
area-of the screen relative to the potent;al of the collector and may be
greater or less than unity. ; v

1 | 50X1-HUM _

Declassified in Part - Sanitized Copy Approved for Release 2013/10/24 : CIA-RDP80T00246A031600070001-3

Be= EY, (I) v o | B -/

produces a capacltive current i, in the collector which flows through . Co

|



|
Declassified in Part - Sanitized Copy Approved for Release 2013/10/24 : CIA-RDP80T00246A031600070001-3

. | soxinon @

v
T ST e
X {. heater |

, bwo 1" _ _mzzd\_‘_m% :

e
. in

N
e Y o Tt e
L—is R thy [
b Ity NI U
y /"'”“;‘ N Y t anode_ (gggector) E
P § ;‘! " asodkemtcron) o
: [ {_screen LT <
- R _._m.amé.\\r'{: TP *I:-‘-_
" {dielectric ; mwﬁmi ~Brex i
wislpctrle ST, e | T
/ _ —— Séino0’ '
_ j A —— o :
+ |isignal plate | (¥ :
Pl i o (¢ f
v ' ~—
7 YL T ~e!é6508
- ' Yoot } : Ve
A T [3850

Fig. 55. Principle of Operation of IN-7 Tube.

Lt

v

| _

50X1-HUM

Declassified in Part - Sanitized Copy Approved for Release 2013/10/24 : CIA-RDP80T00246A031600070001-3




|
E)eclassified in Part - Sanitized Copy Approved for Release 2013/10/24 : CIA-RDP80T00246A031600070001-3

b - - a "~ 50X1-HUM

Relation II can be expressed 851

- iy m} -
2% §{ « Lk -
in - lp ip, but since Bd’
/ P tﬁ' i

it 1s possible to write i = (B4 - 1),ip,, (zv)

l.l

E ek At the instant the control pulse arrives, the intensity of the beam

- increases and, due to this, that area of the screen subjected to radiation
by primary electrons acquires a positive potential relative to the adJjacent
area of the screen, since secondary electrons escapé from the former area
to the collector. At %his instant a positive signal (1 originates
at the load, which is connected to the circyit of the s% plate. ‘

When succeeding pulses arrive at the saﬁe place on the screen, the
! positive potential at that point will increase until the difference in

currents (L_ = i, ) is reached, at which time the number of electrons
arriving at the screen will equal the number striking the collector. With
a further increase in the positive potentisl at the point on the screen, -

~ 1, will be less than 1,:: 1.e., the number of electrons arriving at the
screen will be greater than the number striking the collector. This

_ condition is called "redistrubition of secondary electrons" and depends

4 on the velocity of the secondary electrons escaping from the metal; in’

= turn, the velocity of the secondary electrons escaping from the metal

' depends on the angle of ejection, the depth ‘from which they are ejected,

1 and the physical characteristics of the metal itself. The velocities of

the escaping electrons are generally on the order of several volts.

Figure 56 depicts the area of the screen bombarded by primary electrons,
and having a positive potential of 5v relative to the collector. In it
are lndicated the equipotential lines of a ypetarding field existing
between the screen and collector.

N As g result of the retarding field, such electrons having initial

: : ejection velocities not exceeding 5vretum to the screen and strike that
" . part vhich was subjected to the bombardment &% well as the other areas of
: the screen surrounding it (at a distance roughly equal to the diameter of
the electron beam). : .

The electrons whose velocity exceedsf?vsmrlke the collector and
generate a capacitive current in it. Flgure 57 shows the area of the
screen -bombarded by primary electrons, the distrmbution of  the secondary ,
electrons on this. area of the screen, and the varmatlon of potential there -
and on the surrounding areas. ) (p 143)

((

S——

4 : From the foregoing, it should be realized that all parts of the
screen take part in the generation of the output signal insofar as the
b signal plate is the common plate for all the elementary capacitors. Thus
in formuls IV:

! .
50X1-HUM
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T in =(Bd - l)ip 4 '\x.

it is necessary to introduce a correction factor taking into account the
effect of the secondary electrons returning to the surrounding areas of
the screen on the instantaneous value of the load current. -

. » i )

With this coefficient taken into account, the formula will have the

form:
S s
' = (Bg - 1)1, &

The coefflcient K ettains 1ts maximum value' where B.L1l. A graph giving
" the dependence of the polarity of the outpu’c signal on By (without taking
K into account) is shown in Figure 58.

By
W

Let us consider some point A on the screen of a tube. We will suppose
that at the instant a beam passes through this point a control signal is
sent to the modulator of the tube (Figure 59) The potential -of this
point increases and a positive signal is generated om the signal plate,
since the majority of secondary electrons enter the collector (§d>-l)

In the next scan cycle with the appearance of the control pulse at
the instant the beam passes through point A, the potential of this point
increases still more; but, at the same time, the output signal decreases,
since a smaller quantity of electrons Wlll enter the collector and i
decreases.

In the next scan cycle with the appearance of the control pulse at (p lh6)
the instant the beam passes through point A, the potential of this point
increases still more; and for a particular value of this potential the
majority of secondary electrons returns to the given point and surrounding
area of the screen (Ba <1), while only an insignificent aumber sirikes the
collector. At the same time, the output signal decreases to zero (B, = 1)
amd then becomes negative: i.e., the effective coefficient of secondary
emission becomes less than unity (Bd>l). :

The increase in positive potential of poxnt A (and correspondingly
in the negative output signal) continues until a state of equilibrium is
reached, at which time the increase in positive potential at point A is
compensated (prior to the arrival of the beam) by the secondary electrons

' strlklng point A from other points of the screen.

By varying the operating mode of the tube it is possible to vary the
rate of increase of positive potential at point A. For example, varying
the beam current of the tube makes it possible to vary the number of
cycles after which the output signal wtll change its polarity and become

negative. .

'

50X1-HUM

Declassified in Part - Sanitized Copy Approved for Release 2013/10/24 : CIA-RDP80T00246A031600070001-3

;

/
//
]




| |
Declassified in Part - Sanitized Copy Approved for Release 2013/10/24 : CIA-RDP80T00246A031600070001-3

o : . / Lo 50X1-HUM

s - o
e d
- “
/
L
.JL’;"_
C v "
- - . .- o - - )
ks
I "y A-' :
I:‘ UH. ' ,
TE
- T U
T
. Fig. 58 Craph Showing Relationship of Polarity .
o ' - of Output Sigaal te. Bj.

R

®

Declassified in Part - Sanitized Copy Approved for Release 2013/10/24 : CIA-RDP80T00246A031600070001-3

50X1-HUM




]

Declassified in Part - Sanitized Copy Approved for Release 2013/10/24 : CIA-RDP80T00246A031600070001-3

50X1-HUM

P

2 S N S S B

P CHr P VR % cﬁ L
& s V% i () '
,/90 ,/’C;)'Q e //-gs/o 7 "
¢ a8 8> > & c/ !
| & ' !

- A$Y A
v & <('7’0}\‘

. 1| X 3k Y omgom 16y,

W fm-v.’f/fﬂ(ﬂf/;o/ﬁmaaai&m|,oa3£¢nw(mao’m—m

R . I - l | ' \ l A’ ‘ | Co
b ; , T T : T ) 1'—5

m o o A |

! - ‘ .' L' u“.-—l ‘ o . {

N )\Z"‘\‘;‘“{M“T""{ ] ~]{ ' ]‘. 5 "z 5

. A R ., A 7] AN l

S | e

] -‘l [- ;,ﬁ’u_v] Yyt '

it Zo_’x- Godhod coemdly  TAmpub signai ) | Ny

. G //0//76}’4’(/6?’)/%74/"//(/ g POAHE 5 fscz"een' ot W

" v 7. .Sceréen ential at "Av
b.%@:é”@d%zfﬂﬂ@ﬂ&&&%ﬁbﬁ?4?2%2%&00&T%aﬁiiﬁﬁﬂf B r

4

o } output’ voltage ‘at signal piate ;

o !
| |

Fig. 59. Variation of Signal Polarity.
| !

] :
i

50X1-HUM

Declassified in Part - Sanitized Copy Approved for Release 2013/10/24 : CIA-RDP80T00246A031600070001-3



o,

Declassified in Part - Sanitized Copy Approved for Release 2013/10/24 : CIA-RDP80T00246A031600070001-3

o Q...‘ et cacheadit Ii. .i‘ "ﬂ-:f_,; e o

oy

i

areas of the screen by the beam.

teristics, and other factors.

o 50X1-HUM
- old , o
In Figure 59 the polarity of the signal changes with the hth pulse
passing through point A on the screen. In the event that the control
pulses are stopped at the instant the beanm pgsses‘through point A, the
positive potential at that point will quickly decrease, due to the arrival
of primary electrons and also secondary electrouns ejected from other (p 147)

As is well known, several operating cygies of the rsdar elepse before
a valid return can be obtained from a targef.. The number of pulses reflec-

ted from a target depends on the width of th% antenna .radiation pattern, -
the frequency of the main bangs, the antenns.rotation rate, target charac-

A

For the majority of radars this number-éan'range from 310r L up to
10 to 15. _ e

Returns from a given targeﬁ_ﬁill always strike one particular point

-on the screen and generate negative output signals on the output tube.

The probability of noisy pulses and pulses caused by different disturbances
striking the screen at the same point in successive scan cycles is small}’
therefore, in the great majority of cases the output signals of the tube
concerned with these pulses will have positive polarity. -

When the integrator tube is operating properly, all pulses -~ inter-,
ference, noise, and valid returns -~ strike its modulator with the same
amplitude and duration. Thus, when signals containing valid returns as
well as noisy pulses and pulses caused by other interference are fed to the
tube modulator, it is possible to distinguish-the valid pulses from the
others by their different polarity at the oufput of the tube. In Figure 60
are shown input signels in three successive scén cycles. In the same '

figure are also shown a graph of the potenfial and the output pulses on (p 149)
. the signal plate during the third scan cyclqg”

Description of schematic diagram of the unit. A schematic diagram

“of unit IU-1-is given in Figure Ol. L :

i

) Iy
Shaped pulses from unit VU pass through‘decoupling capacitor c2 (c3)
t0 the modulator of the LN-7 integrator tube. To restore the d-c component

- after the decoupling capacitor, diode DL (D23 is connected in parallel to

the leak resistor of modulator R7 (R8). The operating mode of the integra-
tor tube is changed by varying the bias voltage at the tube modulator by
means of two controls - "Beam Current 1" (R12) and "Beam Current 2" (R15),
locatéd on the front panel of tnit IU-1. This voltage is controlled by

the IP2 "Beam Current" instrument located on . the front panel of unit IU-l.-

The emission of the oxide-coated cathode will change in time even
with a constant input; consequently, a d-c beam is needed for proper '
operation of the LN-7 tube. Resistor R9 (R10) is connected to the cathode
of the LN-7 tube to stabilize the beam current. ' '

BT
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The signals from load resistor Rl7:(Rl8) of the LN-T7 tube are fed to
subassembly U~OCh through capacitor C6 (CT7).

A large valug (11.0 megohm) .of load resistance R17 (R18) has been’
chosen to minimize the voltage ripple at the signal plate due to -
fluctuation of thé voltage supplied to the tube (¥650 v). Circuilt R17 -
(R18), c6 (C7) of unit IU-1l and Rl of subassembly U~OCh forms a divider

which decreases the +650 tipple voltage at the input of the U-OCh (p 151)

amplifler several times. " Yoy

The scan over the screen of the tube is'made in a spiral pattern.
The sweep voltage is generated in unit GR and applied to unit IU-1
through connector Shl and then through intermsl connectors Sh3 and Shh to
= . thé FOS~13M deflecting system. The focusing'current of the LN-T7 tube is
changed by means of variable resistor Rk, "FOCUS 1" (R6, "FOCUS 2").

Switches Vl-a and Vli-b are used to connvct test instruments IP-1 :
and IP-2 and also t0 connect the input of tlie vertical amplifier of unit
KO-3K to the appropriate test circuits of channels 1 or 2.

W

~ Construction of the Unit. Unit IU-1l is'mounted on a special chassis.
On the vertical panel are located two LN.7 tubes with deflecting systems.
The tubes are covered by a special housing for protection against external
Tields. On this same panel is a~+650evolt*tqgt Jacks Behind the unit on
the inclined part of the horizontal panel aré located potentiometers
"FOCUS 1" and "FOCUS 2". The two U-OCh subassemblies are situated in
vertical channels enclosed by doors. :

The U-OCh . subassemblies are removable:?and interchangeable and are
counected to the circuit of unit IU-1 by means of a l6-blade receptacle
\ and high-frequency RK~19 cables. ’

Underneath the horizontal panel are two.wiring plates for .the circuit

wiring. On the forward panel are two 100-microampere M-592 type test (p 152)

instruments; a two-winding, double-pole switch for switching the instru-
ments by channel; instrument dial lights with special covers; and the
potentiometers of the "beam current" and 'limiting" controls.

A voltage of +650 v is fed 4o a special high-voltage contact.

The weight of the unit is 8.5 kg.

"
~Subassembly U-OCh

Function. Subassembly U=OCh (Figure 62} is designed to amplify the
signals and to separate valid returns from iuterference.

Technical data on the subassembly. The*amplification factor of the
U~0Ch subassembly with the "Amplification" potentiometer s8lide in the extreme
right position is not less than 1000. “

50X1-HUM
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'The band-pass of the subassembly allows the passage of a signal
with a duration of up to 0.3 microsec. The maximum amplitude of the signal
at the output can be asmchas 8 v with a load of 75 ohms.

_ Functié%al diagram of the subassembly. A functional diagram is showa
. in Figure 63. . n :

The subassembiy consists of the following: amplifier I, diocde
limiter, amplifier II, amplifier III, and cathode follower.
. . codr

Signals from the output of the integrator tube of a glven channel
pass through a high-frequency connector to subassembly U=0Ch, which
serves to amplify the signals and separate the valid returns from (p 155)
* interference. ‘ v ‘ '

Distortion of the higher frequencies is corrected in the input
circuit of the first stage. The amplified returns and noise are fed
to the controlled diode limiter, which allows the valid returns to be - -
separated from the noise. The limiting is varied by meavsof the "Limiting
1" ("Limiting 2") control located on the front panel of subassembly IU-1.

N Returns of positive polarity pass from the diode limiter to the
' second stage of the amplifier. - '

. ” Signals of negative polarity pass frémi%ﬁe output of the second stage -
" to0 the 3rd amplifying stage and then to the output stage, which is a
cathode follower. - : ‘&f

: w, .
The amplifying stage and cathode follower have negative feedback,
which serves to widen the band-pass for the ;entire smplifying equipment,
- and "to obtain the desired amplitude. g /
The amplitude of the returns is adjusted in the amplifying stage by
) means of the “"Amplification" control located' on the chassis of subassembly :
1™ U~0Ch., . g : J

Description of the schematic dlagram of the subassembly. A schematic
diagram of the subassembly is given in Figure 6. '

;
Integrated signals of channels I and II, taken from resistors R1T7
(R18) of unit IU-1, are applied to the corresponding amplifiers of U-OCh.

The ioput stage of subassembly U-OCh is baséd on tube V1, type (p 157)
6Zh5P. This stage provides correction of frequency distortions introduced '
/ by the input circuit, consisting of equivaleunt load resistance

R ' = Rli x R1
equiv. ’
q R17 4 R1’

. . . . !
‘ , where R17 is the resistance from unit IU-1 and Rl is the resistance from '

subassembly U-OCh, and spurious capacitances@;ormed by the output
i i the wiring, and the

50X1-HUM
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Correction for these distortions is accomplished with the aid of a
network connected to the plate circuit of tube V1 in series with the plate
load, Tube V1 operates with zero bias at the first grid.

As was/fointed out above, the signals ‘laken from tube LN-T have two
polarities (the useful pulses have a negative polarity asd the noise has,
as a rule, p031tive polarity), and a diode limiter is cQpuected to the
grid circuit of tube V2 to extract the usefulssignal. The signals taken.
from the plate of?@ube V1 through capacmtor C2 to diode'bl are clipped at j
the bottom. e

A germanium crystal diode DL 1s used as the diode.

3 ‘ ;
The limit level of signals of channel 1% (II) is varied by means of

the "Limit I" « R24k ("Limit II" « R26) control located on the front panel (p 158)

" of unit IU-l. The negative vbdltage taken Lrom these potentiometers is
'applied to subassembly U-OCh and through resistor R6 to the diode limiter.

" When the negative wvoltage 1s_changed,'the limit level changes.

o~ The positive signal taken from theidiOQé load is applied directly
to the grid of tube V2 (6Zh5P). Tube V2 operates as an amplifier. An
. . automatic bias circuit is connected to the dathode circuit of tube V2.

The sigunal passes from the plate'of tubelVE through blocking capacitor
C5 to the grid of the amplifier stage, which is based on tube V3 (6Zh5P).

A "Gain" control in the control grid circuit of V3 is used to vary
the amplitude of the pulses taken from the cathode load of tube Vi,

- - Signals from the plate 1oad of V3 are Ied through blocking capacitor
- C7 to the control grid of the output cathode follower, which uses tube
Vi (type 6P9).

e e e e STyt v e e b e vt s e R

A negative blas voltage from a dividér consisting of resistors

WY "

3 .

R14 and R15 is applied through the back resistance of diode D3 and resistor (p 159) |

R16 to the control grid of tube V4,  The cathode resistance of tube Vi is -
selected at 560 ohms. - _ s , :

o . When a cable wlth a 75-ohm load is connected, the ampliflcation
factor of tube V4 is approximately 0.23. .
R
The output signals from the cathode load of tube V4 are fed to the
output of subassembly U-OCh.
U
//The d-c component from the tube current “in a load equal to the
_equivalent resistance of the cable (75.ohms)” is zero. Diodes D2 and D3
~ serve as the d-c restorer after capacitors C5 and CT7.

50X1-HUM
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Design of subassembly U-OCh. Subassembly U-0Ch is built in the form
of a block with dimensions of 242 x 75 x 25 mm, within which are located

the mounting elements. The subassembly is attached to the chassis of
unit IU-1 with four screws. i
X

Subassembly U-OCh is connected to the circult of un&t IU-Ll by a

l6~contact plug connector. _

iy

Four tubes and the gain control resiatance are lOcQted-on the. chassis .

of the subassembly.
The welght of the unit is 0.5 kg. -

e It L)

13. Spiral Sweep Generator Unit GR'

. fl

Functioh. The spiral sweep generator (ngure 65) generates a current
which moves the electron beam in the type LN-T7 tube along a spiral trajectory

on the scope. ' W
‘ u

e
_°  Technical data on the unit. The blocking oscillator of unit GR

///repeats the pulses applied to it at frequencxes from 300 to 450 cps. .

With a trigger pulse :frequency of 375 cps, the pulse~stretching
circuit generates pulses whose duration is controlled between 1,700 and
2,400 microseconds. A shock excited oscillator generates einusoidal
'oscillations at a frequency of approximately 5 ke.

(2 160)

Sinusoidal voltages for the horizontal snd vertical sweep are taken

from the outputs of the unit.

1

The "SWEEP AMPLITUDE” control is used to change the amplitude of . the

oscillatlons of the shock excited osclllator '

-%—‘—353125 (-‘-19udb) '

Unin , , *
The "SWEEP SPACING" control permits setting the ratio of

Upe _ - oa

= 1.k 5.6,
min

where U, . 1is Bhe amplitude of the first per%od of the shock excited
oscillator circuit and Upin is the amplitude of the last period of the
circuit (the minimum and maximum limits of the “SWEEP SPACING" control
are not specific). o

M
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Fig. 65. Over-All View of Unit GR.

1 ~ tubes in tube channel; 2 - sweep duration control; 3 - plug cover.
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' ) The "PHASE" control together with the "HORIZONTAL GAIN I
("HORIZONTAL GAIN II") control are used to produce a spiral gsweep with an
ellipticity not greater than
/
& = 1.25, where
b .
& «~ the length of the major axis of the éllipse;
s - .

b -~ the length of the minor-axis—of -the ellipse. e ——

Functional diagram of the unit. A functional diagram of unit GR is
given in Figure 66. ; .

.
L ol

The unit'consistglor: '

RSt

"7 ""a) blocking oscillator; - e
e 1 3
g ‘b) multivibrator (kipp relay); o
g) shock excited oscillator with catnode follower for damping o
T~ - cowpensation, , Y . ~ (p 163)
e , oo - L :

L

g 7 d) vertical deflection amplifier of'chéénei I (II);

| e) phase-shifting network; .

£) cathode follower; .‘~ ) _¥FL:

g) horizoutal deflection amplifier oticﬂénnél I (11).

The first stage of the spiral sweep generator is the blocking : o
oscillator, which is synchronized by the station trigger pulses.

Negative pulses from the blocking oscillator trigger the kipp relay
which generates square pulses. The duration of the pulses geunerated by
this relay determines the duration of the spiral sweep and is varied with
the "SWEEP DURATION" control. ‘Negative pulses from the ottput of the
relay are applied to the input of the shock excited oscillator.

The voltage at the output of the oscillator is in the form of
pulse-modulated sinusoidal oscillations. The amplitude of these oscilla-
tions has a maximum at the beginning and is, ‘then damped almost linearly.
Oscillations at the output of the shock excited osclllator are changed
with the "SWEEP AMPLITUDE" control. Voltage-from the -output of the

oscillator is applied to a cathode follower which compensates for damping
of the oscillations. : : -

e

v

s B

Al
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f ' The rate of change of the amplitude for a period of one cycle (@amping
: of the oscillations of the shock excited oscillator) may be varied with (p 164)
the "SWEEP ‘'SPACING" countrol.

Voltagé/rrom the cathode follower is applied to the vertical
deflection amplifiers of channels I and II. This same voltage is sent to.
the phase~shifting network where the voltage is shifted approximately
90°, The value of this phase shift may be varied with the "PHASE" control.

0

" Voltage from the output of the phase-shifting network is sent to the

E ‘cathode follower and then to the horizontal deflectibn amplifiers of

. channels I and II. The,amplification factor of these amplifiers may be
changed with the "HORIZONTAL SWEEP GAIN I""aund "HORIZONTAL SVWEEP GAIN II" :

-+ controls. A o

- The voltages from the outputs of the horizontal and vertical deflec~- -

4 tion amplifiers of channels I and II are appiied to the deflection aystem

of the integrating tube. Currents in the horizontal and vertical

_ deflection coils are shifted by 90° with respect to each other and change'

1 according to a law which causes the electrod beam of the integrating tube
~ +to follow the same spiral trajectory with eath scaunning cycle.

Description of the schematic diagram of the unit. A schematicé diagram
- of unit GR is Ziven in Figure 67. :

1]

: The station trigger pulse which enters the input ‘of unit GR is fed

J through capacitor C4 to the grid of the blocking oscillator -(the left

f half of tube V2 -- 6N1P). When the trigger pulses are applied to unit

1 GR, they synchronize the blocking oscillator and cause it to generate

pulses at the repetition rate of the trigger pulses. Negative pulses

taken from plate load RO of the blocking oscillator are sent through e
capacitor C2 to the plate of the kipp relay (the left half of tube V1, (p 166)
type 6N1P) and through capacitor Cl to the grid of the right half of

tube V1. al

4 The kipp relay is in a stable conditlon when the left half of tube
' V1 is blocked and the right half is unblocked. A negative pulse at the ~
grid of the right half of V1 blocks this half and the circuit moves to
the other state, wherein the left half of V1 is unblocked and the right
half is blocked.

E Capacitor Cl begins to discharge and increases the voltage at the

‘ grid of the right half of V1. When the gridtpotential reaches the firing
U , potential of the tube, the circuit reverts to the original state. The

B / change from one state to the other occurs inran avalanche method.
i

) The duration of the sweep trigger pulse'may be changed within limlts
of 1.7 to 2.k microseconds by means of variable resistor "SWEEP DURATION,*

o The length of the sweep (with respect to tlme) is determined by the duration
' of the kipp relay pulse,

e

‘50X144U27
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R ‘ The cathode circuit of the left half of tube V1 contain2OX THUM,,

Rl, R2 from which the kipp relay pulsés are applied to unit VU for the
purpose of blocking return signaels at fthe moment the spiral sweep begins -
to return. K

; The plate circuit of the left half of V1 contains a divider R3, Rk

' from which a negative kipp relay pulse is sent through capacitor CT to

the grid of the shock excited oscillator (right half of tube V2).
Restoration of the d-c component by crystal dicde D1 (after capacitor cT)

) provides a constaut initial amplitude of the oscillations generated in  (p 167)
% ' the shock excited oscillator c1rcu1t when the trigger pulse repetiblon

K rate changes.

' ]

The shock excited oscmllator, with positive feedback to compensate

; for damping of oscillations in the clrcuit, uses the right half of tube
] V2 (6N1P).

) . PRY}

; With the arrival of a negative pulse at the grid of the right half
i o of V2 from the kipp relay circuit, the tube is blocked and free oscillatitns
o are set up in the cathode circuit of the tube. The initial amplitude of
these oscillations is controlled with resistor R10 ("SWEEP AMPLITUDE").
At ‘the moment the negative pulse is removed, the tube is umblocked and

shunts the circult with its output resistance, thus stopplng oscillations
in the .circuit.

] T In order to control damping, oscmllatory circuit 11, C6 Cl2 is
connected to the grid of the left half of tube V3 (6N1P), whlch operates
as a cathode follower on the linear portion of the characteristic.

Os¢illations from the cathode of tube V3 (left half) are sent through

resistors R14 and R13 and back into the circuit. The positive feedback
. formed in this manner is used to compensate Tor losses in the circuit and

to produce the necessary pattern of amplltude changes in the oscillatory
E - circuit. . st
§ IR The circuit is tuned to a frequency of 5 ke. The voltage produced
i by the shock excited oscillator is sent from resistor R19 to unit KO-3. (p 168)
5 A A pulse-modulated sinusoidal voltage from cathode load R1l5 of tube V3 ° - " :
{left half) is applied to the grids of vertical deflection output stages
V4 and V5 of channels I and II and to a phase-shifting network consisting /
- . " of resistors R20, R21, capacitor C9, and inductance 12. The voltage o
taken from dapacitor C9 is.shifted in phase by 90° with respect to the /
input voltage. Correction for this phase shift within small limits is

provided by variable resistor R21 marked "PHASE", The phase-shifted

: pulse-modulated voltage is applied to the grid of the right half of tube

/ V3, which functions as a cathode follower. The pulse-moduldted sinusoidal
: voltage is sent from the cathode of this tube to the countrol grids of the
horizontal deflection output stages V6 and V7 of channels I and II.

o

{ B ” | - 50X1-HUM
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The vertical deflection output stage of channel I (II) uses tube Vi

(Vs), type 6P1P, and operates in a choke-coupled output circuit. The
operating mode of tube V4 (V5) is chosen with the aim of providing minimum
distordion of the vertical sweep in tube 2." A feedback resistance consisting
of resistoré R25, R26 (R27, R28) is used in the cathode circuit of tube V4
(V5) to stabilize the gain and decrease nonlinear distortions. '

|

The output voltage taken from plate load 13, R23 (L4, R29) of tube Vi 2

(V5) is applied through capacitor Cl0 (Cll), to the vertical deflection - y
coils. The shape of the current in the deflection coils is the same as that

of the sinusoidal oscillations at the grid of tube V4 (V5). (p 169)

The horizontal deflection output stage of channel I (II) uses tube V6
(V?7), type 6P1P, and operates with a transformer-coupled output. The
operating mode of tube V6 (V7) is chosen so as to reduce distortion of the o
horizontal sweep to a minimum. Variable resistor "HORIZONTAL GAIN II":G . - 4
("HORIZONTAL GAIN II") in the cathode circuit of tube V6 (V7) is used to o o
control the horizontal deflectlon gain. : _

The operation of tube V4 and V5 (V6 and V7) 4s monitored in unit KO3,

- This is done by sending signals from resistors R26, R37 (R27, R38), located

in the cathode circuits of the tubes, through a plug connector to unit KO3,

The resistance of the deflection coils is matched with the msistance of the

plate load of tube V6 (V?7) by means of transformer Tr2 (Tr3), whose ratio
equals:?

(U . S SO A

; 15

P= = ———3258 =335,

w2 S ' \:
where W, is the number of turns of the primary winding and Wé is the number
of turns of the secondary winding. .

4

e

The sinusoidal voltage taken from the secondary winding of the trans-
former is applied to the horizontal deflection coils. The shape of the
currents in the deflection coils repeats t.ha shape of the sinusoidal
oscillations at the grid of tube V6 (V7).

o,
¢ e e e

Since the currents in the deflection coils have the shape of pulse-
modulated sinusoidal osc¢illations with a ‘decaying envelope and are shifted
909 in phase with respect to each other, the electron beam in the tube will (p 170)
trace a2 spiral line. ‘ . _

Monitoring the operation of the unit. The following test jacks are - ..
used when monitoring the operation of unit GR with a portable oscillogragbﬁ“i

Gl -- for monitoring the switching pulse;

G3 -~ for monitoring the shock excited’ osclllator, o o |

Gl4, 65 -- for mouitormg the wertical deflection gain of channel I (II)y 1‘

i

50X1-HUM__ . L
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' G6y G7 == for)monitoring the horizontal deflection gain of channel 1
(11

Design of the unit. Unit GR is built in the form of a self-contained
instrument mounted on a standard chassis. The tube channel contains 7
bantam tubes (Three 6N1P; four 6P1P) and 6 test Jacks.

The shafts of 6 potentiometers, 5 of which are covered by a face plate,
extend through the front ‘panel of the unit., (The exposed shaft is the
"SWEEP DURATION" control. On the chassis of'.the unit are three

 transformers -- one filament transformer and %wo transformers for
the horizontal deflection amplifiers, as well as one pulse excitation ;.
circuit with a carbonyl core, three inductamce coils with earbonyl cores,
a blocking transformer, and two 2-microfarad capacitors.

- Small components {resistors and capacitors) are located on a mounting -/
plate within the unit. The unit has one plug connector. Weight of the -

4. Test Unit KO3

Function of the unit. Unit KO-3 (Figure 68) is used to.check the L
operation of the following unitst BZ, OA-l-1, OA-5-1, GR, IU-1, and VU. (p 172).
The checks are made with a type 7L0-55 dathode-ray tube., In additionm, '
a stabilized voltage of +650 v is generated in the unit for the purpose of
supplying the LN-7 tubes in unit IU-l. ' ‘
. 4
, C Functional diagram of the unit. Figure 69 gives a functional diagram .
: . -of unit KO-3, L S
;I'L
The unit consists of the following components:

S

- sawtooth voltage generator; o .{

-= horizontal deflection amplifier; .
' . S
" == vertical deflection amplifier; o

-= cathode~ray tube with a power supply’circuit;
. oY
L. switches. ‘ @

,'" The sawtooth voltage generator generates a voltage which changes
b linearly with respect to time; the voltage is applied ‘co the input of the "
horizontal deflection amplifier.

LL\:’

50X1-HUM
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Fig. 68, Unit KO=3.

1 - covers for tube channels; 2 - brightness control; 3 - test switch for
units IU-1, VU, and GR; L - test switch for units BZ, OA or IU-1, VU, and
GR; 5 ~ test switch for units BZ and OA; 6 - focus control; 7 - screen of
test oscilloscope.

. ' 122
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Two voltages, equal in value and opposite in ‘sign, are taken from _

the output of the amplifier .and applied to the horizontal deflection .
plates of the cathode-ray tube...These voltages create a sweep trace on the o
screen of t?e tube.

The test voltages are taken from different points of the circuits in
units BZ, OA-1-1, OA~5-1, GR, VU, and IU-1l and are sent through switches.
Vi, V2, and V3 to the input of the vertical deflection amplifier.

. .Voltages from the output of this amplifier sre applied to the vertical
deflection plates of the tube. The power supply circuit generates voltages
of -400 v and +650 v for the cathode-ray tube. The +650 v voltage is

stabilized and is also used in unit IU-l. . (p 17L)

£ the upit. A schematic diagram
of nnit KO-3 is given in Figure 70. Ty

ol

/’/‘ Tube V1, a self-excited multivibrator with cathode coupling, is used

as the sawtooth voltage generator. Let us examine the operation of this
circuit with switch V2 in the position wBZ, OA."

At some moment of time-let tube V1b be blocked and Vla be unblocked.
A large ocurrent will flow through Vla and oreate a voltage in the cathode
resistance (R5, R6) which blocks Vlb., -

At this time, one of the capacitors Cl?} ci8, C19, €20, C21, C22, or '
C23 will charge, depending on the position of switch V1.

When the voltage in the capacitor reaches the firing potential of
tube V1b, the latter will be unblocked. Voltage at the plate of Vlib will
drop and this will be transmitted through resistor Rl and capacitor Cl to E
the grid of tube Vla and block it. Then, one of the capacitors €17, Cl8, -
€19, €20, C21, C22, or C23 will discharge through the grid circuit of tube
Vlb, .

Since the capacitor charges through the resistance, the discharge
process occurs much more rapidly than the charging process. After the
capacitor discharges, tube Vlb is blocked and Vla is unblocked. The
capacitor again begins to charge and the enllre process is repeated.
Turning the knob on the switch changes the capacitance of the charging

capacitor, and this changes the speed of the sweep. - (p 176) -

AL
Six sweep speeds are provided for in the unit. In the case of the
first five sweeps (capacitors C19, €20, C21, C22, and C23), the oscillator
is synchronized by external pulses. The synchronizing pulse is applied
through the charging capacitance to the grid of the oscillator. The
sixth sweep is not synchronized. :

e
a-

-

HU
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The sawtooth voltage is taken from charging capacitors 17, ci8, Ci9,
C20, C21, C22, or C23 depending on the position of switch VI and is applied '
to the grid of the amplifier for the horizontal deflection plates (tube V2).
The sawtooth voltage is linearized through the use of feedback == the
charging capacitor is connected to the plate circuit of the right half of
the amplifier tube. The output voltage of the amplifier is sent directly "
to the horizontal deflection plates of the tube. When the switch is in
the position "GR, VU, IU," the circuit generates one sweep trace (capaci-
tor c21) which is synchronized by the trigger pulse (2Zap, I).

The monitored voltages from units BZ, OA-l-l, and OA~5-1 are sent to - .
the amplifier input for the vertical deflection plates (tube V3, type -
6Zh5P) through switeh V1, woltage dividers. Rul ha, and switeh V2 ("BZ,

GA" monitor). "

The sinusoidal voltage to the quartz oscillator in unit BZ is checked
when switch V1 is in the first position. In .this case the sinusoidal
voltage of the quartz oscillator is applied to the grid of the vertical
deflection plate amplifier. The sweep tracé is synchronized by pulses
of the second divider stage (135); therefore, five periods of the
sinusoidal voltage from the. quartz oscillatog are layed on the sweep trace. (p 177)

Operation of the divider stages of unit ‘BZ 43 monitored with the ~
switch in the second, third, fourth, flfth,tapd sixth positions.

o U : . '
In this case, pulses from each stage are applied to the grid of the /

vertical amplifier and synchronization is proviaed by a pulse from the - /
_subsequent divider stage. e o v
I : ,

The 2-km and l-degree marker dial is checked with the switch in the .
seventh position. .

The 10-km marker dial is checked with the switch in the eighth
position. , . i

_ The 50-km and 100-km marker dial is checked with the switch in the
ninth position.

The azimuth marker unit is checked with an unsynchronized sweep, which
corresponds to the tenth and eleventh positions of the switch. The v
frequency of this sweep 1s selected close to.that of the output pnlses of
units OA-l-l and OA-5-~1., One-degreé marker pulses are sent sirmltaneously _
with the 2-km marker pulses. The l-degree markers move across the screen
of the oscillograph. The 5~degree markers’ also move across the screen,
while at the moment of appearance of the 30-degree markers, the- amplitude -
of the pulses on the screen increases.;-, o

AT
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: When the voltages of units GR, VU, and IU-l are monitored, the voltages
are applied to the input of the vertical deflection amplifier through
switches V3. and V2 ("GR, VU, IU" monitor). . ,

Relay Rl, which is controlled by the "MONITOR" channel switch located (p 178)
in unit IU-1l, is dsed to select the channel to be tested (channel I or II)

The trigger pulse from unit, BZ is checked with switch V3 in the third
position. v

The switching pulse from unit GR is checked with the switch in the
fourth position. o

The fifth, sixth, and seventh positions are used to check the .
sinuscidal voltage from the shock excited oseillator and the voltage after
the horizontal and vertical deflection amplifiers of channel I or IT from

unit GR,

The eighth position is used to check the voltages af‘her the subtraction
e¢ircuits of unit VU, _u. ) _ » :
. The voltage after the blocking oscillator of unit VU is checked with .//
the switch in the ninth position. 7.

Output voltages of unit IU-1l are checked with the switch in the
eleventh position, , ,

Examples of voltage forms seen on the screen of the tube relative to
the position of the swiiches are given on photographically copied labels . |,
in the tube channels. :

Rectifier circuit of unit XO0-3. The reotifier circuit includes the .

following basic elements: filament transformer, plate transformer,
rectifier, filter, and voltage stabilizer. The filament voltage for all
4 tubes is taken from the filament transformer.

Transformer Trl with 3 windings is used as the plate transformer. A ‘
supply voltage of 220 volts, 50 cps is applied to the primary winding (p 179)
of the transformer (taps 1-2). The two secondary windings are connected . |

. in series. The voltage from taps 3-5 is used to supply the +650 v
rectifier. An a-c voltage from taps 4-3 is applied to the -400 v rectifler.
The plate transformer is hermetically sealed.

The +650 v rectifier is based on a halfiwave circuit with six selenium
/ rectifiers. The rectified voltage is filtered by a [] -section filter -
consisting of capacitors Cl3, Cl4 and resistor R31l., The rectified voltage
- is applied to the electronic voltage stabilizer. - o
/ LI

1

A . / L,

.“
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Tube V5'(6P3S) 1s used as the regulator stage of the stabilizer.

The control system of the stabilizer ts a single-stage d-c amplifier .
_which uses one triode of tube V6 (6N2P).
7 .
The reference voltage source of the control stage-is an SG4S (V7)
_stabilovolt (voltage stabilizer tube).

)

L

Resistors R38, R39, R4 are used as a divider for the reference
voltage. Potentiometer RUD is used to adjust the +650-v voltage within
limits of 30 v.

The +650 v stabilized voltage is taken from the cathode of the
regulator stage of tube 6P3S (V5) and applied to the plate of the cathode-
ray tube in unit KO-3 and through a special bigh-voltage plug to unit IU-l.

i

The =400 v rectifier is also based on a half-wave circuit. The a=c

voltage from the secondary winding of Trl (taps 3-4) 4is applied to . (p 180)

seélenium rectifier D2. _ u
The rectified voltage is fed to al]-section filter consisting of
capacitors Cl0, Cl2 and resistor R25. =
The -400 v rectified voltage is taken from capacitor C10 and fed to
the cathode of the cathode-ray tube in unit K0-3. Thus, the voltage between
the cathode and plate in the cathode-ray tube will be on the order of
1,050 volts.

4 ‘Desien of unit KO-3. Unit KO-3 is located in the central compartment
of the cabinet. The unit is mounted on an angle-iron chassis. Tubes are
arranged in a tube channel. On the front panel are doors which cover the
tube channels and the type 7LO-55 tube screen. Also on the front panel are
two switches, one toggle switch, the shafts of two potentiometers, and
handles for removing the untt.

Y

Small components are wired on a mountino plate within the unit.

chassis.

"' Unit KO-3 weighs 8.5 kg.

50X1-HUM
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. : : CHAPTER THREE . o - (p 181

PLAN POSITION INDICATOR IKO-1
/

1 : 1. General Information Concerning Operation of the Indicator

The plan position indicator IKO-1 (Figpre 71) is designed for the
observation of a1l detected targets and fpr determination of their range
and azimuth. In addition, the IKO-~1 can be used to solve problems in-
volving the directing of ones fighter airgraft to the planes of the
F . enemy. The TKO-1 ensures the continuous observation of detected targets
] . within the limit of the station's range. . The plan positidn of the de-

tected air targets is displayed on its screen automatically, in & form .

convenient for visual observation. The plan position indicator is an ,,/
- ‘oscilloscopic device having a PPI scan and an intensity spot signal. /
g , Its basic unit is a cathode-ray tube: the plan position of the detected /

. targets is displayed on the tube scresen. The sweep along the radius of

b ‘ the tube screen is proportional to the range scale. It is started by

3 a pulse which starts the transmitting device as well; therefore the

) position of each spot in the sweep line on the screen correspondends to

' a definite range. Sweep is effected by the current fed to the deflecting

~ system of the cathode-ray tube. The scan along the circumference (the

1 . " potation of the radial sweep) is proportional to the azimuth scale. B

The sweep is brought into rotation by the synchronous transmission
system of the antenna's turn angle; therefore, the position of the radial
sweep on the screen correspondends to the direction of the antenna's
electrical axis. ' “

The voltages of the reflected signals and range and azimuth " (p 183)
markers act on the control electrode of tre cathode-ray tube. In
, the absence of these signals the electron beam is cut' off by the
1. ' positive voltage at the tube cathode so that there is no image on.the
; ' sereen. With the arrival of each signal ‘the potential of the control
E cathode rises slightly, causing the appearance of an electron beam in -

3 the form of a shining spot on the tube screen. The position of the
shining spot depends on the instantanious,values of the deflecting
field induced by the range-marker and azimuth-marker systems.

~The reflected signals create a displﬁk on the screen in the form

of dots: range-scale markers--in the form of a series of concentric
rings, corresponding to the fixed ranges; and azimuth-scale markers--in
/ ) the form of radially diverging lines, corresponding to the fixed angles
E of rotation of the antenna. T o ‘ o

i B [P -(_'.’.-

A
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, Fig. 71. Cabinet IKO-1.

1 - unit BP-300; 2 - unit UPT~l; 3 - unit BP-200; L4 - unit RD; 5 - unit
TI-1l; 6 - unit ZR=-3; 7 - panel with plugs; 8 - unit VS-3; 9 - unit US;
10 - unit BP-7; 11 - unit BP=150; 12 -~ unit UN-I.

. 130
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' Tﬁe IKO-1 18 intended for-three modesﬂbf operations (Figure, 72),

1. The circular PPI mode, in which the start of “the ‘sweep—(a—point —
on the scypeen which corresponds to the position of the radar on the 81tc)
coincides with the center of thc screen (Figure 72a).

o 2. The dclaycd PPI mode, in whlch the ‘sweeping of space can be
& limited to a definite part of the range and the start of the sweep can be
‘delayed up to 350 km. In the delayed PPI mode of operation the targets
located in remote parts of the station's -zone of action are observed on
. a magnlfied scale (F1gurc 72b). Y

1Y

may be shifted to any point of the scrccn‘and even beyond its outer
edge. The display on the screen in this casc will give a more detailed
plan position of the targets in the seletfed sector of radar operation.

..rl” > . I“ ’
' Technical data and make-up of the indicator cabinet.
e

1, Indication of the target is brought about by observing the
intensity spot signal on the screen of the cathode-ray tube.

4
¢ -

2. Scanning is radial-circulap. ’
3. 'The,rangg scales: 100, 200 and 37kam.

L. The periods of full (3600) scan along the azimuth are equal to
ten seconds (six rpm) and twenty seconds (three rpm).

5. The delay of the start of the rangc sweep in PPI opcration
can be varied within 40 to 350 km limits. .

4 6. The coordinates of the target are detarmined visually by observing

the position of the reflected signal rclative to the grid of electrical

azimuth and range scale markers. s

FY
7. REither simultaneous or separate observation of the following
are possible on the tube screen: range scale markers (10, 50, and 100 km);

. azimuth markers (5-degree and 30-degree); two km and l-degree scale
: markers; reflected signals coming from both the vcrtical and slant
E ' channels.

: 1 Make-up of the IKO-1 cabinet. The PPI is mounted in a standard
] ' cabinet and consists of the following units:
' : il

-- scope unit TI~l;' _ S o (p 186)

‘j. -- sweep delay unit ZR-3; K

50X1-HUM
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Fig. 72. Displays on the Screen of the Plan Position
' Indicator in Three Modes of Operation.

a - circular PPI mode; b - delayed PPI mode (20 km delay); ¢ - sector PPI
mode. = : ;
&
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////~- video signal unit VS-3; » y o

-- serfo amplifier US; 1

-- 4300 v power supply unit BP73OO;'
-~ 4200 v power suppl& it BP-QOO;,'@;-
-~ =150 v power supply unit BP-150; -
-- 4 7.1 kv power supply unit BP-T;

-- ﬁowcr supbly control unit UPT-1l. ..

Circuit diagram and principle of operation of the indicator. A
circuit diagram of cabinet IKO-1 is given in Figure T3.°

Trigger pulses (zaP II) from trigger unit BZ of master voltage
cabinct ZN-F1 enter sweep delay unit ZR-3 fxom where the delayed trigger
pulse is fed to range sweep unit RD. A sawtooth pulse is formed in RD
and supplies the deflection coils in scope, unit TI-1. In addition, a
negative sawtooth "range gate" pulse is taken from the first stage of unit’
TD and applied to unit VS-3 where it serve%'as a trigger pulse for the
latter. -

The following are applied to unit VS-3'&in addition to the gate
pulse: -7

1. Vertical and slant channel video signals from the mixing
device. ' ff

2. Range scale markers far 2, 10, anq}SO-lOO km.

3. pzimuth scale markers for l—degrccg(in combination with 2-km), .

5-degrees, and 30 degrees.
.. KU

All input signals in unit VS—3 are amplified, mixed, and applied to
the modulator of the cathode-ray tube in unit TI-1 '

In the indicator tube unit are stages which supply the center (p 188)
alignment coils and ‘the focusing coils. Here is also nmounted the
servomotor which works jointly with the servo amplifier (US) and
rotates the deflection coils synchronously with the rotation of the

antenna.

s’

E
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Fige 73. Diagram of Wiring Comnections for Cabinet IKO-l.
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All units in the PPI receive voltage from units BP-300, BP- 200,
BP <150 and BP-T7. U

- i ' v
‘/_,/ " The cghtral units are TI-1 and UPT-1. TIn the left compartments
" (from top to bottom) are units ZR-3, RD, BP=- 200 and BP-300; in the

right--units vs-3, US, BP-7 and BP-150.

Remote plan position indicator IKO-VL." The remote plan position (p 189h
indicator IKO-V1 is intended for operation at.the command guidance
post in the radio-relay line systcm RL-30~ l

In principle, the remote’ 1nd1cat0r does not differ from the maln
indicator and fulfills the very same functions.

The IKO-V1 cabinet is fumished with the same units as IKO-1 except for
the delay unit. Unit ZR-2 is used in cabinet IKO-V1 in place of unit
ZR"30 - -t . ’ :"" .

A plotter has been added to the remote indicator IKO-V1 to facilitate
the recording of the flight altitude of the target.

From the viewpoint of construction, IKO-V1l differs from the main
PPI by having additional clamps used in transporting the indicator in a

container.
Ay

2. The Indicator Scope Unit TI-1.

Function. The TI-1 unit (Figures Th ahd 75) is intended for the
observation of all detected targets and for the determination of their
range and azimuth.

Technical data concerning the unit. ‘T. Rotation of the sweep line
is synchronized with the rotation of the antenna. 2. Displacement of

. the start of the range sweep is up to two' radil 3. The diameter of the
focused spot at the screen center is about limm; in shifting the start
of the range sweep by two radii--about 2 mm.
' S

Functional diagram of the unit. Figure 76 gives a functional diagram

of unit TI-l. The unit includes: - :

L

the cathode-ray tube;

: f..‘)"_l

the deflector system; o

sweep center shifting stage;

<= the foéusing stage; « )

the intensity control circuit;

50X1-HUM
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Pig. 7h. Unit TI-1 (Right Side).

1 - door of tube compartment; 2 - screen of tube 311M32; 3 - range shi?t
control; L - focus control; 5 - sweep center shift control; 6 - intensity

control; 7 - azimuth shift control; 8 ~ screwdriver; 9 - fuse; 10 - fuse
condition indicator.

|
| ’ 50X1-HUM
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| . |

Declassified in Part - Sanitized Copy Approved for Release 2013/10/24 : CIA-RDP80T00246A031600070001-3




| |
Declassified in Part - Sanitized Copy Approved for Release 2013/10/24 : CIA-RDP80T00246A031600070001-3

50X1-HUM

Fig. 75. Unit TI-1 (Rear View),

1 - plate for mounting small parts; 2 - transformer; 3 - motor ADP-262;

i - fine selsyn; 5 - coarse selsyn; 6 - sweep voltage supply plug; 7 - SSP
voltage supply plug; 8 - signal lamp; 9 - plug for applying signals to
tube modulator; 10 - focusing coil; 11 ~ supply voltage plug.

137
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Fig. 76. Functional Diagram of Unit TI-l.

1 - center shifting stage; 2 - #500 volt trensformer ahd rectifier;
3 - focusing stage; L - BSM.
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' == the servomotogﬁgnit; e
we -4 500 v transformer and rcctifier:V
In the unit are four controls: "Intensity”, "Focus", "Range (p 193)

Shift", "Azimuth Shift", and the toggle switch "Shift!" which turns
on the shift of the sweep center.

o

Description of the schematic diagram of the unit. Figure 77 gives
a schematic diagram of unlt TI-1.

The fundamental element of unit TI-1 is the cathode-ray tube Vb,

' type 31IM32, on the screen of which targcts are observed and their coordinates

determined. o

The indicator tube operates in conjundfion with the magnetic deflec-
tion system, consisting of the deflecting, shifting, and focusing coils.

Deflecting coil L2.serves to deflect the electron beam of the tube
from its electrical axis toward the edge of the screen and serves also
to rotate the beam on the screen of the tube synchronously with the
rotation of the antenna. .

.

!«L,

A deflecting coil of the open type (w1th0ut an iron core) is used
in the TI-1 unit. The coll consists of elght sections, divided into
two groups, which are placed dlong the two side of the tube neck.

The placement and connection of the se¢ctions in the coil ensures
a uniform magnetic field across the tube. The defletting coil is
supplied by a sawtooth current generated in unit RD. The current
flowing through the coil forms a magnetic field which deflects the

"electron beam of the tube. The degree of deflection is directly

proportional to the value of the current flowing in the coil.

The deflecting coil rotates synchronously and in phase with the

rotation of the station antenna. Coil rotation is brought about with

the aid of a special servomotor unit which works in the same fashion

as the servomotor of unit VD-1. The difference between them consists

in their design and in the fact that motor ADP-362 is used in the (p 195)

VD-1 unit and motor ADP-262 is used in the BSM unit of TI-1. :
' Selsyns of type SS-405 and motor ADP-262 of unit TI-1 are placed ‘

in a separate silumin housing. The drive shaft of BSM transmits

rotation through a special reduction gear to the deflecting coil.

i

50X1-HUM
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: L The voltage of the deflection coil is fed through the ball bearings of the \
| system (without a special slip ring). Figure 78 shows the bracket with the.
1 servonotor unit and the deflecting system. The deflecting coll is shown in -
Figure 79a. The circuit for the transmission of current to the deflecting
coil through/the bearing is pictured in Figure 79b. '

, The shifting e6il L3 is made similar to the deflecting coil with the °
. difference that it is enclosed in an external magnetic screen which consists
~ of thin permalloy rings. The shifting coil 4s connected, to the plate
i circuits of the two parallel-connected tubes V1 and V2, which form the o
1 . shifting stage of the range-sweep center. With a change in voltage at the -
control grids of the tubes (resistor R10), their plate current changes as . -
- well. The resulting magnetic field which is thus ereated causes the sweep
.. to move along the radius of the screen. The direction of the magnetic o

N VI SR S

LR

)

field determines the direction of the sweep shift.

The shifting of the sweep center along the circumference of the
screen is brought about by the mechanical rotation of the shifting coil o
about the tube axis. The rotation knob is located on the front panel of . -z
the unit. ’ @ ”

D Al Soa

R ' The shift circuit may be turned off by switch V1 if the operator '

i wishes. When the circuit is turned off, a -150-v voltage is applied to~ - - ‘

il ‘ the grids of the tubes; this turns off the tubes. : ' (p 198)
- ’ ’ . ' :

K L A wiring diagram for the deflecting and shifting coils is given in '

4 . Figure 80. For damping of natural parasitic oscillations in the dis- o

placement coil, the coil is shunted by resistors R14, R1l5, which are placed

in the frame of the coils themselves. The shunting resistance of the -

deflecting coils is located in unit RD.

. The +300 v circuit which supplies the deflecting and shifting coils & - .
E  in the unit is provided with a fuse. In parallel with the fuse is a neon
® .. bulb which signals the blowout of the fuse.  -. ‘ :

Focusing of the electron beam of the tube in unit TI-1 is accomplished - ’
by changing the current in the coil, which is connected to the plate = =
circuit of tube V3. The current from this tube is regulated by means of '
potentiometer R20, from the sliding contact-of which a positive potential
o is applied to the control grid. The focusing coil (Figure 81) is placed in
4 the iron shield which concentrates the magnetic field. The use of the .

B ‘shield permits one to decrease the necessary ampere-turns of the focusing - -
i : coil and to reduce the interaction between the focusing and deflecting
4+ fields of the system. - ST - S
' _ ' L - -
l.‘ . . . s B L b-;l_,'}:‘.i :-_ .

s i ' . ' a4 o

. 50X1-HUM'
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Fig. 78. Bracket With Servomotor Unit and Deflection System.,

1 - motor; 2 - fine selsyn; 3 - coarse selsyn; li = cover over reduction
f gearing; 5 - deflection system.
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Fig. 79. Deflection 'System

(Diagram of current flow to deflection coil through bearings).

v

1

'to plates 6F

e |

S anc it el 2
.
v

s

C P v e = g rapp——— p—r——i -

g

- _ U
a - deflection coil; b - shifting coil.

b,

1

:
‘.

Fig. 80. Diagram of Coil Connections.

4

50X1-HUM

DeclasSified in Part - Sanitized Copy Approved for Release 2013/10/24 : CIA-RDP80T00246A031600070001-3



T -

' S0X1-HUM
Optimun focusing requires coincidence of the axes of the tube and | '
focusing coil. This is obtained by proper sonstruction of the system. , :
Optimum position for the coil is found by moving it along the axis of the - :
tube. In addition, in order to receive a sharper focus a d-c voltage of
+500v from tWe special rectifying apparatus in the unit TI«l is applied
to the accelerating electrode of the tube.

Regulation of intensity is brought aboutLby applying a positive
potential to the cathode of the tube. :

The positive potential is applied to tha" cathode of the tube from

the divider R11, R12, R13. . ‘ (p 201)
Signals from unit VS~3 are fed to the control electrode of the ;

tube. To prevent flashes and burnouts of the phosphor on the screen

of the tube during a break in the circuit which connects the control

electrode of the tube with unit VS=3, a negatiive potential is applied

to the control electrode through resistor R8.which blocks the tube in

case of a circuit break. o

égnggggctgon of the unit. Unit TI-l is gituated in the central

" compartment of the indicator cabinet. The urit is fastened in the

cabinet in such a way that it can be turned 900 around the points that
fasten the unit. ; .

The unit contains a cathode-ray tube of the type 31LM32, three
6P3S tubes, a rectifier, and the bracket with the deflecting system
and the servomotor unit. The tubes are placed on a special removable
panel above the indicator. On the bracket is a neon bulb which signals
the presence of a reference voltage in the ADP-262 motor.

_ On the front panel are: the tube screen with the frame and light
filter; the control knobs for shifting the start of the range sweep, for
intensity, and for focusing; the switch for turning on the circuit _
displacing the start of the range sweep; a fuse and a neon bulb.

The light filter has a special metalized cover which is connected
to the housing of the unit. This permits the light filter to be placed -
very close to the screen of the tube.
. -

Unit TI-1 is connected with the other units in the cabinet with
the help of two li-pin plug and socket connectors and two high-frequency
connectors which connect unit TI-l with units VS-3 and RD. The li-pin
connector Shl is located on the bracket and serves for the transfer of
voltage to the servomotor unit. w

1}
//A ?.1-kv voltage from unit BP-7 is admitied to the anode of the tube (202)
'through the high-voltage conductor and the cap which is set on the anode
of the tube, ‘o

50X1-HUM
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Fig. 81. Focusing Coil.
1l - rotating ring; 2 - clamping lugs; 3 - stop screw.
i
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" of unit ZR-3.

50X1-HUM

The Eicnnecting cables are of such a l'eng?ih’that it is pocsible to
tu;n the unit without disconnecting the supply voltage source.

The unit’ is turned o permit regulation ‘of the servomotor unit and
access 1o the plug-and-socket connectors and the tube panel. On a side
wall 4s a schematic diagram of the unit. The weight of the unit is 42. 5 kg.

A

The S De Un
ot
/
Function. The sweep delay unit ZR-3 (Figure 82) is designed to
generate a trigger pulse, delayed with respect to the main trigger pulse,
and for the control of the output voltages of all the receivers and

signals of the vertical and slant channels from the signal-mixing unit.
Technical data on _the unit.

ZR=

The delay formed by unit ZR~3 changes in

" 10 km steps from 40 to 350 km. When the delay is switched off, a trigger

pulse arrives at the output of the unit without a delay.
The amplitude of the output pulse is not less than 10 v.

For stable operation of unit ZR-3 it is ﬁecessary that the 10«km
markers which come from unit BZ have a sufficient amplitude.

The value of the delay is read on the screen of the oscilloscope
tube when the control selector switech V2 is in the ninth position. The
first eight positions of switch V2-are used for monitoring vidso signals.
having an amplitude from 1 to 5v. These signals are admitted to unit
ZR-3 from the outputs of all the receivers of the station and the outputs
of the SS-1 units(EI and EII) as well.

of. th unit. Figure 83 gives a funotional diagram
The unit consists of the following elements:-

F

S

sawtooth voltage generator; - TR
- v,

sawﬁooth voltage amplifier; |
L electron relay for the signal lev_él; uU
synchronization tubes; - L
blocking oscillator; ',
stabilizing circuit; - -

cathodenfay tube with supply circuits (

vertical amplifier;

50X1-HUM
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(p 204)
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Fig. 82. Unit ZR-3.

1 - label on door; 2 - tubes in tube channel; 3 - intensity control;

L, - facus control; 5 - screen of tube 7L055; 6 - test switch; 7 - trigger
pulse delay switch; 8 - trigger delay control; 9 - plug cover;

10 - illuminating bulb holder.
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Fig. 83. Functional Diagram- gi‘ Unit ZR-3.
1l - sawtooth voltage generator; 2 =~ amplifiei"; 3 = electronic voltage-level
relay; L - synchronization tube; 5 - blocking oscillator; 6 = stabilization
circuit; 7 = vertical amplifier; 8 - mixing ‘¢ircuit; 9 - tube supply '
circuit. A
’ v
I’ -
i u
. {
o :
o 50X1-HUM
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- switghbver cbntrol circuit;

-- mixing circuit of range-scale markers.
The sawtooth voltage generator produces a periodic sawtooth voltage. ~
which is frequency-synchronized by the trigger pulse. The end of tpils
sawtooth voltage corresponds to a 400-km range, the beginning--to o
‘approximately 10 km, and different levels of the sawtooth voltage--to
various ranges from 10 to 400 km. This voltage is amplified by a - :
paraphase amplifier. o
K RIS .

Feedback is supplied from the amplifier to a charging capacitor to

increase the linearity of the sawtooth voltage.

: The sawtooth voltage is the control voltage for the electronic
] relay which, depending on the setting of the delay knob, is switched
over at different levels of sawtooth voltage{ that is,at different v
ranges. The electronic relay forms a negativé square pulse whose - ' .
leading edge corresponds to the preset range. This pulse is differen= ' //
tiated and the negative part of the differenfiated pulse is admitted
to the cathode of the synchronization tube. Ten-km range marker pulses . ’
] are admitted to the grid of this tube. Upon coincidence of the 10-km © (p 206)
4 marker pulse with the differentiated pulse, a pulse appears at the
4 plate of the synchronizing tube which triggers the blocking oscillator.’

The triggered blocking oscillator thus produces a delayed trigger pulse

which corresponds to the preset range and coincides with the 10-km

marker. ‘ '

A special stabilizing circuit is used io prevent synchronization -
alternately from two adjacent 10-km markers. : ’

The blocking oscillator is supplied by a damped sinusoidal voltage
from an oscillatory circuit which is comnected to the plate circuit of
the electronic relay. The oscillations appear in the gircuit at the
moment of tripping of the electronic relay. '‘These oscillations affect
the amplitude of the output pulse of the blocking oscillator. The
output pulse of the blocking oscillator is applied to the stabilizing

" eircuit which, depending on the pulse amplitude, changes to a greater or
lesser extent the level of change-over of the slectronic relay.
. " .'J": .

When the delay is switched off, a trigger pulse arrives at the

output of the unit without delay. @5} ' ' -

/ The magnitude of the delay is observed on the screen of the cathodé-
ray receiver. During this time control switch V2 must be placed in the
pinth position. 'Then, mixed 10-, 50=-, and lﬁg-km markers and the output

. pulse /of the blocking oscillator are fed to %pe<vertical amplifier of
. oscilloscope unit ZR-3, ' B :

50X1-HUM .
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For the first elight positions of control switch V2, different .
voltages from all the receivers and units of thesignal mixqr are
admitted to the input of the vertical amplifier.

D-¢c voltages for supplying the tube of the osillograph unit
ZR3 (-880v; +500v);are produced by a special reotifier located in the

unit itself., . o 5

A . The unit has three controls--the control. "Delay Setting" for (p 207)
selection of the required delay value, and the controls. "Intensity” and
"Focusing." . :

Unit ZR-3 can be used in the following cabinets. DUS-1, IKO-l1, and
IAD"lo
' Description of the schematic disgram. Figure 84 gives a schematic -
diagram of unit ZR-3, :
Loy
The sawtooth voltage generator (tube V1) produces a periodic voltage
~ which triggers the electronic level-relay. -The tube is hooked up as a
™ mltivibrator with cathode coupling. The sawtooth voltage is taken from
charging capacitor €2, The parameters of the¢'circuit are selected in
such a fashion that during the operation of the left half of tube V1 a
voltage is formed at the cathode which blockd the right half of the !
tube. . ‘

[

At this time, capacitor C2 is charged from the plate voltage source ;: .//

through resistors R7 and R3. During the charging of the capacitor the . .
voltage on the grid of the right half of tube V1 rises. This continues ; 4
until thé voltage at the grid exceeds -the cut-off vdltage. Tube V1 begins
to conduct, tube Vla stops conducting, after which grid currents appear
in tube V1b which quickly discharge the capacitor through the small grid-
cathode resistance of V1 and resistors R5 and R6. Voltage at the plate
of Vlb now rises, making tube Vla conduct and the voltage at the cathode
. to increase due to the current in tube Vla. Tube Vlib stops conducting
and capacitor C2 again begins to charge.

For the purpose of synchronization, trigger pulses are fed to the
grid of tube V1b through capacitor C2; the arrival of these pulses at
the grid causes the appearance of a grid current and prematurely stops
the charging of capacitor C2 (Figure 85). This accounts for the fact that
the end of charging capacitor C2, i. e., the maximum of the sawtooth
voltage, corresponds to the maximum range of 400 km; the minimum, i.e., .
the beginning of the sawtooth voltage, corresponds to approximately 10 km,
and the different levels of sawtooth voltage correspond to ranges from 10

t v"&

50X1-HUM
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The sawtooth voltage is applied to the grid of the cathode-coupled
paraphase amplifiar (V2). By proper selection of the value of resistor
R1l in the cg}hodexcoupling, sawtooth voltages are formed at the plates .
% f‘ of both halvés of vz which are opposite in phase'and equal in magnitude.

: . The grid bias voltage for tube V2 is taken from part of cathode
4 . resistance R15 and R16 through resistor R17. . .

Compensating capacitor C3 is connected between the cathodes of the
amplifier. :

PR 0 o L

To improve the linearity of the sawtooth voltage, the charging of
capacitor €2 is not carried out directly from the d~¢ voltage source, but
from divider R13, Rl4, located at the right p]ate of the amplifier (V2b).

The sawtooth voltage is also used as the control voltage for the L
y electronic level relay. Divider R18, R19, R20 is connected between the ' -
3 plate of tube V2b and the d-c voltage source (=150 v). Sawtooth voltage

E . from the cursor of potentiometer R19.is applied to the electronic level

.g "~ relay; the d-c voltage varies (Figure 86) at the different points of the

j potentiometer from +30.v at the upper point of the potentiometer to =30 v

g : at the lower. The electronic relay flips over when voltage at its input

E (the grid of tube V3a) becomes equal to approximately +30 v. Therefore,

1 when the cursor of the potentiometer is in the extreme uppér position the

: .~ electronie relay flips over at the very beginning, i.e., when the saw- .

i . tooth voltage is equal to zero, which approx:mately corresponds to a 10
q © - km range.

3 When the cursor of potentiometer R19 is noved downward the d-c ' ;(P 212)
E voltage drops and the switchover of the electroric relay will take place '
| ' only at a certain level of the sawtooth voltage. This level will S )
correspond to a definite range. Capacitor C5 is inserted for better = . -
‘ transmission of the sawtooth voltage between the plate of tube V2b and ‘
AN the cursor of potentiometer R19.

Description of the stepped-delay electronic relay circuit witha |
stabilization circuit. The elecironic voltage-level relay works as followssi

normally, tube V3b is conductldu;and there is a positive voltade at its
cathode.

E ' This voltage is applied to the cathode of V3a through crystal diodes-

. D2 and D3, conducting in the given direction; thus, tube V3a is cut off.
When the sawtooth voltage at the grid of V3a reaches the operating level
of the electironic relay, the current which appears causes a decrease of ;
the voltage at the plate of V3a and an increaseiof voltage at its cathode.

~——

h ) o '_;:v‘p:
: R
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Fig. 85. Synchronization of the-.Saw’tooth Voltage
by the Trigger Pulse.

Fig. 86. Diagram of Sawtooth Voli;age Transmission From
/ Amplifier to Electronic Veltage-Level Relay.
2
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" As a consequence of the increase in voltage at the cathode of V3a
and the decrease in voltage at the cathode of V3b,crystal dicdes D2 and
D3 cease to conduct; but the cathodes of the left and right halves of
electronic rélay tube V3 became disconnected from each other (Figure 87).

The voltage at the cathode of V3a rises in proportion to the rise of
the sawtooth voltage to a maximum at the grid of V3a. V3a continues
. to conduct, whereas V3b is cut off. After this, the sawtooth wvoltage
begins to fall.

A Peturn to the initial position of the relay occurs at a lower

lovel than the initial switchover. Therefore, when the sawtooth

voltage is lowered, conditions are created for a return of the cirecuit

to the initial state. However, with samll delays, the switchover takes

place at low levels of sawtooth voltage so that return to the initial

state becomes impossible and normal operation of the electronic relay is .~

upset (Figure 88). In order to ensure normal. operation of the electronic
" relay for the starting ranges, capacitor C8 is connected to the cathode' -

of V3a. While the sawtooth voltage is rising capacitor C8 charges; but by

during a quick drop in the sawtooth voliage C8 is not able to discharge - / i
completely, so that some voltage remains in it and, consequently, at the . (.
cathode of V3a which will bring about the cutoff of V3a at a higher voltage ' j7

level than normally is needed to make it conduct.
: While the electronic relay is operating, a negative square pulse is

" formed at the cathode of V3b whose start corresponds to the ‘selected range S
value. This pulse is differentiated by circuit Cll and R29. The positive . feop
part of the differentiated pulse is eclipped by crystal diode D4, The ' fol
negative part, which corresponds to the start of the pulse of the elecironic

relay, is applied through crystal diode D5 (in order to lower the resistance
of the transmission circuit) to the cathode of synchronization tube Via,
Capacitor Cl3 is used to smooth the differentiated pulse.

Synchronization tube Via is normally cut off by a large negative

bias. When "Delay" Switch V1 is in the posifion "On", a negative

differentiatiated pulse from the electronic relay is applied to the cathode

of Vlia and 10-km range markers are applied through capacitor Cl5 to the ,
grid. The tube conducts only during coincidence of these two pulses. o -
Moreover, a pulse is produced at the plate losd of the tube (the winding " (p 216)
of blociding transformer Tr2) which triggers blocking oscillator V4b. The

blocking oscillator is normally in an operating mode close to a blocked state

due to the self-bias formed by the circuit R35 and Cl7. The blocking o
oscillator forms a delayed output pulse which;.corresponds to the selected . |
range and coincides with the 10-km marker (Figure 89). The output pulse : |
is taken from cathode load R36.. L ' Do z
o ' : ‘ QG : : . ' L L '
' _'. ' " 1) . . : : {

50X1-HUM |
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Fig. 87. Voltage Forms. in the Circuit of the !
Electronic Voltage-Level Relay. :

21

_ cutaff lewel of V3a (ath capacl'oor’)
o 'tmggeﬂevel"of'v3a ”“*““““!

/ | Fig. 88. Trigger Level of Electronic Voltage-—Level Relay
~ - ~-g% Small Delays.
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When the "Delay" switch V1 is in the "Off" position, a main trigger - _ /
pulse is applied to the synchronization tube grid from unit BZ which : J
actuates blocking pscillator V4b at the instant corresponding to zero range. o
The trigger Qplse ;s admitted without delay to the output of the unit., = //

‘ The blocking oscillator pulse is fed to the output oﬁ the unit - - o
~ through stretcher circuit D13, C32. 5 / R )

A special stabilization circuit is used for stable dperation of the -
delay circuit. Oscillatory circuit V1 and C9 is connected to the plate
of tube V3b. During switchover of the electronic voltage-level relay
(cutoff of V3b), damped sinusoidal oscillations are formed in the . . 3
oscillatory circuit whose first period is used in the stabilization circuit. : '

‘.. oL

Damping of the circuit is determined by resistor R26 which shunts the
circuit. The period of oscillations is equal to approximately 70 micro- _ : o
seconds, that is, about 10 km. These oscillations are fed through clrcnit ’ =8
R30 and C12 to the plate winding of blocking transformer Tr2. _ ' =

The voltage at the plate of the blocxlng'oscillator appears as the. , S
- sum of the d-c and sinusoidal voltages. Consequently, the amplitude of ' . - 3
thé pulses of the blocking oscillator will vary in accordance with the B '
sinusoidal voltage.

As was mentioned before, the blocking osctllator operates when the (p 218)
10-km marker coincides with the differentiated pulse at the cathode of
tube V4a. The sinusoidal voltage and differentiated pulse are range-shifted
in accordance with the instant of trigger bperation.

g
The 10-lm marker pulses do not change their position with respect
to time. Thus, the amplitude of the output pulse depends on the relative
- position of the 10-km marker and the sinusoidal voltage. The '
“amplitude is medium when the 10-km marker coiné¢ides with zero sinusoidal
voltage; greater than medium when the marker coineides with the positive
half-wave of the sinusoidal voltage; or smaller than medium when the
" marker coincides with the negative half-wave of the sinusoidal voltage.

Figure 90 shows the amplitude of the output pulse of the blocking
oscillator changes during various points of relay tripping. If “the. relay trips
at instant 1, then the 10-km marker (Figure 90) will coincide with the -
zero of the plate sinusoidal voltage of the blocking oscillator (Figure 90b)
and the amplitude of the output pulse will be of a medium vlaue (Figure 90a).

. This is the most stable position, since now the 10-km marker coincides
with the maximum of the differentiated pulse at the cathode of the’ - _
synchronizing tube (Figure 90¢) 'so-that synchronization ef-the-bloeking o b

- oscillator now becomes more precise. . o 1

.- EE . f
i
i
!
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Ifr the electronic relay trips over at instant 2 (Figure 90a), then/
the 10-km marker coincides with a higher plate voltage (Figure 90b) and’ (p 220)
the output pulse amplitude will be greater (Figure 90e). If the electronic
relay trips 4t instant 3 (Figure 90a), then the 10-km marker will
_ , coincide with a lower plate voltage of the blocking oscillator (Figure 90b)
H , and the amplitude of the output voltage will become smaller (Figure 90e).

The output pulse is admitted through blocklng transformer Trl and
crystal diode D1 to capacitor C7 of the stabllizing circuit and charges
it. The erystal diode ensures rapid charging of the capacitor and slow
. discharging. If the output pulse has a high amplitude (position 2,

2  Figure 90e), then capacitor C7 will be charged to a higher voltage, and

: ‘ across capacitor C6, which is connected through a large resistor R21 to
C7, as well as at the grid of the electronic relay there will be impressed
a higher voltage; now the electronic relay will trip at a lower level of
the sawtooth voltage, i.e., will shift closer to position 1, which is the
most stable. If the output pulse has a lower amplitude, (Figure 90e,
position 3), voltage at the grid of electronic relay P3a will decrease and
it will be capable of tripping at a higher level of sawtooth voltage,

~ i.0., it will again move closer to position 1.

. B T e T T P e L O

Thus, for any small departures of the -instant of operation of the
electronic relay from that of the most stable, the stabilizing circuit
will force it to return to the most stable positlon.

R M&&wmr_&h The unit has a control
e oscillograph which measures the magnitude of delay or the external voltages.

E Transformer Tr3 has special windings whiun provide voltages for the (p: 221)
cathode-ray -tube of the oscillograph. These voltages are rectified by
selenium rectifiers D10, D1l and P12 and are applied to the third plate
of the tube (+800 v) and to a voltage divider consisting of resistors
R50, R5L and R52 (-500 v). From the divider the control voltages are fed

‘s _to the tube modulator (intensity) and to the first plate of the tube

- (focus), as well as to the tube cathode. Also supplied to the tube cathode
is the gating pulse of sawtooth flyback taken from the plate of Vla. -
Crystal diode D9 serves to restore the d-¢ component of the gating pulse
after capacitor C24.. . n
Positive voltage for adjusting the focus:is supplied from
divider R48, R49 to the second plate of the tﬁbe.

The sawtooth voltage from the plates oi‘ tube V2 of the paraphase
/ amplifier is used to actuate the sweep, = 4 .

S
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To one of the vertical deflection plates is supplied voltage from
the plate of tube V5 of the vertical amplifier; to the other vertical de-,
flection plate:is supplied vertical-shift'voltage for the sweep from
voltage divider R53, R5k. The vertical amplifier incorporates tube V5.
The amplifier has a self-shifting circuit consisting of resistor R4O

and capacitor C20. With the control switch V2 in the ninth position,

the oscillograph is used for the control of delay. Range marker pulses
are fed to the control grid of tube VS5 -through erystal diodes D6 and

D7, and the output trigger pulsc is fed through crystal diode D8.

The range scale markers and the delayed trigger pulse are now seen on
the oscillograph screen (figure 91).

The oscillograph is used ‘for testing the receiver output circuits (p 223)

and signal-mixing units when-the test selector switch-is in any..of -
the first eight positions. In these positions, the output voltage

of the 1lst, 2nd, 3rd, 4th, 5th and 6th centimeter-wave receivers,

the mixed slant channel E II and mixed vertical channel E I are fed

to the control grid of tube V5. .

Testing of the ﬁﬁit. Testing of unit” ZR 3 is carried out with

1
wt

1

‘G l l/-- for testing the trigger pulsc. at the input of the unit;

G 1-2 ~~ for testing the square pu;seuat thc cathode of tube V1;
_ , N .
G 2 == for testing the sawtooth voltagu at the cathode of tube
A\ ,
.

G-3 -- for teéting the square puléc at the cathodéxof tube V3b;'

G-4 -- for testing the blocking oscillator output pulse (delayed
trigger pulse) at the cathode of tube Vib,

Design of the unit. Unit ZR-3 is built as a separate instrument
on a standard chassis. In the tube channel are five tubes (three
6N83, one 6N9S, one 6Zh4), five test jacksvand a switch. The screen
of the cathode-ray tube, type 7LO55, shafts of the three potentio-
meters "Intensity”, "Focus", and "Delay Setting", trigger-pulse delay
sw1tch, test switch knob, and switch- 1nscr1pt10n 1lluminat1ng bulb
are located on the front panel.

oy
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Fig. 89... Voltage Forms in the
T . oo Synchyronization Circuit,

a'= trigger pulses; b = sawtooth voltage
| ! ; at grid of intensity electronic relay;
- 1 ___r ¢ - square pulses at cathode of inten~ .
- A, A~ ., sity electronic relay; d - differentiat-
o - ed pulse; e - 10-km marker; £ - output
l ' '~ - pulse of blocking oscillator.

o ®

B 4

Bt W IV U g g imar . - . —— st s = et
—— -

Fig. 90. Voltage Forms in the
- Stabilization Circuit.

a - operating level of electronic
intensity relay; b - sinusoidal voltage
at plate of relay and at plate of
blocking oscillator; ¢ - differentiated
pulse at cathode of synchronizing tube;
d - 10~km ‘marker at grid of synchro-
nizing tube; e - output pulse of
blocking' 0 scillator

.4

Fig. 91. Image of Delayed Pulse on
Oscillograph Screen.
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Thc dclay-settlng knob has a stop whith limits the position of /

the knob in such a manner that a maximum delay cannot exceed 350 km.

The cathode-ray tube is mounted on a special support in the upper

papt of the unit. Potentiometers "Intensity" and "Focus'are

insulated from the frame of the unit. The unit has two connectors.

Weight of the unit is 7. 6 kg. E ) ' .

{one page of original text miss;pg@}~ﬁ

Uy

-~ The sawtooth voltage generator consists of & multivibrator.witha  (p 227)

charging capacitor. It is started by a trigger pulse. This stage
determines the duration of sawtooth voltage. The sawtooth voltage

is amplified by a three-stage amplifier with feedback.  .The last

stage acts as a power amplifier. In this stage the sawbtooth voltage

is transformed into a sawtooth current which can be adjusted to a
desired value. Feedback from this stage is applied to the charging
capacitor for linearization of the sawtooth voltage and to the first
‘amplifier for compensation of sawtooth voltage distortion, From the

' specifications of the range sweep unit (RD) it is seen that the unit

~ generates sweep signals which vary in duration and range scale depending

on the type of indicator used. B

Thus, in the PPI (IKO-1) cabinet are generated thrce sawtooth
current pulses with durations of 300 km - I, 370 km - II and III.
, The current amplitudc is s<t in such a nanner that on the first
.. range scale the sweep~length is three radii- of the tube, on the
7 - ‘second’ range scale ~- two radii, and on the third range scale ~- one
radius (Figurc 9lia), 'Q-
In tﬁ: cabinet of the range sweep unit (IAD-1) are generated .
three-sawtooth current pulses of 30, 50 and 100-km duration. The
current for all three range scales is set such that the sweep length
/will be 1.4 radii of the tube. b‘ .
- : In cabinet IIV-1 is generated one sawtooth current pulse having
’ a duration of 300 km. The sweep length should be 2.1 radii of the
tube.

Therefore, each cabinet has its own éircuit commutation which (p 229)

determines the duration and length of sweep in accordance with the.
function of the cabinet. .

The unit has a three-position switch and six controls. The
gwitch is used for selection of the sweep range. Each range has
controls for continuous change of the duration ("Duration IV,
"Duration IT = III") .and of the scale ("Scale I", “Scale II" and
"Scalc III") within the limits indicated in the tcchnlcal data for

50X1-HUM
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Fig. 92. Range Sweep Unit RD.

1 - label on door; 2 - tubes in tube channel; 3 - range-scale selector
switch; L - holder for illuminating bulb; 5 - adjustment of duration I

6 = range-scale I adjustment; 7 - adjustment of duration II-III; 8 - range-
scale II adjustment; 9 - adjustment for sweep start of IK0-1; 10 - range-
scale IIT adjustment; 11 - cover for plug connectors.

‘) 161
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Fig. 93. Functional Diagram of Raﬁge Sweep Unit RD.
1 - sawtooth voltage generator; 2 - first ampln.fn.er, 3 - second amplifier;
L - power amplifier. )
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Fig. 94. Sweep Range Scales Generator by Range Sweep Unit RD.

a - duration and sweep/l.ength for various ihdicators; b = dependence of
sawtooth voltage duration on parameters of tne circuit.
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_ the unit. The adjustment "Correction for Start of PPI (IKO-1)"
serves to compensaté& for the non-linearity’ of the initial sector of
the sweep in the PPI (IKO-1) and the height measurement indicator

C(1Ivel). /0 ‘ i

, B,
The switch in cabinet ITV-1 should not be used.

P A
-~ Description of the schematic diagram of the unit. Figure 95
_“8hows & schematic diagram of range sweep unit RD.

A multivibrator with cathode coupling'incorporating tube vl
is used as & sawtooth voltage generator. The sawtooth voltage is
generated during charging of capacitors ck, cs, c6, or C7, depending
on the desired duration. Switching of the capacitors is carried out
with switch V1 and cormutation to various cabinets by grounding
corresponding circuits in the appropriate ‘cabinet. Thus, in cabinet
PPI (IKO-1) capacitor C4 (used to obtain T% II and IIT duration) is
grounded, in the azimuth-range indicator (IAD-1) cabinet capacitors
c5 ("Duration I"), C6 ("Duration II") CT7 ("“Duration III") are
grounded through switech V1, and in the height. measurement indicator
(1IV-1) capacitor Cl is grounded. R

Prior to the arrival of the trigger pulse at the multivibrator
circuit the left half of tube V1 is blocked by negative bias while

the right hall of V1 is conducting and the tube grid has a positive (p 231)

voltage close to zero. The capacitor connected to the grid is not
charged.

A positive polarity trigger pulse is applied to the cathode
of tube V1 which reduces the current in the conducting right half
of the tube. Now the voltage at the plate of the right half of the
tube rises and makes .the left half of the tube conduct. The current
in the left half of the tube (being considerably greater than the
current in the conducting right half of the tube, because the plate
resistance of the left half is considerable smaller than the plate
resistance of the right half) increases the voltage at the common
cathode resistance of tube V1. This increesed voltage now blocks
the right half of tube V1. ' o

Charging of the capacitor connected tO the right grid of tube V1
through crystal diodes D1, D2 and D3 and resistors R1l and R12 now
begins. Voltage at the right grid of tube V1 rises during the charging
of the capacitor. This rise continues uniil the grid voltage ecxcceds

i the conduction potential of the right half of tube V1; then the tube
begins to conduct, voltage at the plate falls, and the voltage at the
grid of the left half of tube V1 also drops. The left half of tube

50X1-HUM
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Schematic Diagram of Range Sweep Unit RD.

- Fig. 95.
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V1 is now blocked and its current ceases to flow through the common |
cathode resistance; voltage at the cathode .of tube V1 now drops,
which results in increased conduction in the right half of tube V1
and the appearance of grid currents in this tube. ‘
't.i . -

After this, the capacitor is rather rapidly discharged by the
grid currents through the small grid-cathode resistance of the conducting
right half of tube V1 and resistor R8, R and RIO. .

As a result of this, a sawtooth voltage is formed at the grid =

of the right half of tube V1. The duration of this voltage pulse (p 232)

depends on the rate of capacitor charging.and on the amplitude to

which the capacitor' has been charged prior to conduction of the

tube. The rate of capacitor charging depends on the parameters

of the charging circuit, 1.é., capacitance of the capacitor and the

size of resistors R1l and R12. The amplitude depends on the value

of positive voltage at the cathode of tuﬁelYl which blocks tube Vlib.
This voltage is formed as a result of current flowing from conducting

tube Vla through resistors R8 and R9 or RO (depending on the position

of the switch and commutation in the cabinet). As is seen from Figure

olb, an increase in the capacitance of the charging capacitor, as well
as an increase in voltage at the cathode of V1, i.e., conduction level

of the right side of V1, will result in an increased duration of the

gawtooth voltage (C1 € €2; UL < U2; T1 € T2 < T3). Selection

of the sweep range is effected therefore by selection of an appropriate
value of the charging capacitor (Cb, C5, €6 or CT) and resistance in

the cathode circuit of V1 (RO and R10). Continuous adjustment of the
~duration is carried out by varying the ‘vaiue of the cathode resistance
_(variable resistors R and R10). z

The sawtooth voltage from the charging capacitor i§ applied to
the first amplifier incorporating tube V2a. Voltage: from the plate
of this amplifier is fed through capacitor' C1l0 to the second amplifier.

Voltage from the plate of V2b is applied through Cll to the power -
amplifier incorporating tubes V3 and VL, which are connected in :
parallel. Feedback voltage for the charging capacitor is taken
either from the cathode of output tubes V3 and V4 (in cabinets
TKO-1 or IAD-1) or from potentiometer R30 (in cabinet IIV-1). g
This voltage is fed through capacitor C8.to the cathode of crystal (p 233)
diode D3 which blocks the diode. With the rise of sawtooth '
voltage at the charging capacitor, a corresponding rise of voltage
occurs at the right plate of capacitor C8. Capacitor C8 now begins
to feed current to the charging capacitor circuit through resistors
R11l and R12. Since the voltage at the right plate of capacitor c8
rises according to a sawtooth rule, i.c.,suniformly, the value of
current fed to the charging circuit remdins constant, which ensures
a rather linear charge of the capacitor. -Since the capacitance of

* N
L gk
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5 <. C8 is con31derably larger (about 100 times) than the capacitance of
A " - the charging capacifor, the discharge of capacitor C8 during the

i forward stroke of the sawtooth voltage will be insignificant. During
the flybaék stroke, capacitor C8 will be recharged to a voltage of

-+ 300 v.through diodes D1, D2, and D3. o,

The performance of cabinet IIV-1l doss.not require great linearity,
3 but it requires ease of adjustment of the sawtooth voltage form so
_~“that the range syeep can be matched with the optical gcale. In - ‘
' cabinet IIV-1 the sawtooth voltage form can be varied by regulating :
the linearity. For this purpose the voltage supplied to capacitor
€8 is taken not directly from the cathodes of V3-Vk, but from
potentioneter R30 in the cathode circuit. Also, an additional
feedback is suppled from the same points s the fundamental; the
latter passes through C8 to the charging capacitor. The additional
feedback is coupled directly to the charglng capacitor through
resistors R36 and R37.

PO T LT LTS UPIIE P L AT g

Depending on the position of the sliding contact of potentiometer
R30, the sawtooth voltage in the upper end of resistor R37 can be
efther larger or smaller than the sawtooth voltage at the charged. (p 234)
. capacitor. If the voltage across R37 is greater than at the ‘ :
= capacitor, then an additional current will pass through R37 and
’ R36, increasing the charge current of the.capacitor. The sweep
now will be stretched at the end. If the voltage across R37 is
1 smaller than at the capacitor, then a current will travel through
] R37 and R36 in a reverse direction, decreasing the charging current
1 of the capacitor. The sweep now will be compressed at the end.

In cabinets IKO-1 and IAD-1l the slidiné contact of potentiometer,
R30 is connected to the cathodes of V3 - V4 so that feedback is taken
directly from the cathodes.

. . .Both halves of tube V2 and tubes V3 % Vi form a three-stage
: amplifier with negative Peedback. On the left side of the first
tube (V2) of the stage the following voltages are impressed:
. ‘ll

-- on the grid, a linear sawtooth voltage of positive polarity

] from master oscillator V1; *
- i il

-~ on the cathode, a positive polaritj“sawtoofh voltage from the
cathode of the last tube of stage V3-V4 which has been distorted
by tubes V3 - V4, type 6P3S. w

i

s,
T
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When voltages of identical polarity are fed to the grid and cathode -

of the left half of tube V2, the tube will.amplify the difference
between tHese two voltages. This-difference is further amplified by
the right half of the second emplifier V2 and is then admitted to the
grids of the third amplification stage V3 - Vi, which also serves as
the output stage for the range sweep unit RD.:. Let us assume that,
due to the distortions caused by the output tubes, the voltage at the
cathodes of these tubes has decreased. This voltage drop will be’
reflected in the lefs-half cathode of tube V2 through the feedback
circuit. .

 Then the voltage difference amplified by the left half of tube (p 235)
V2 will become larger and the voltage on the grids of -the output :
stage will also become greater, thus compensating for the decrease
introduced by the output stage.

a Wb

During operation of the unit in cabinet IIV-1 the degree of
feedback is lowered. .Voltage applied to the cathode of tube V2a
is taken from divider R26 and R27 (resistor R28 is used for monitoring).

Resistor R26 is shorted in cabinets 1KO-1 and IAD-1.

Tubes V3 and Vi are connected in parallel to increase the
current fed to the deflection coils. For the same purpose the
plates of tubes V3 and Vh are supplied with + 300-v power. The
circuit of erystal diodes D4, D5, D6 and D7 is intended for
restoration of the d-c component of the sawtooth voltage after .
capacitor Cll. The deflection coil of theyindicator serves as
a plate load for tubes V3 and Vk. : '

Continuous adjustment of the range scale is achieved by
regulating the tube current of the power output amplifier. This
is achieved by varying the cathode resistance of these tubes
(R29, R30 or R31).

When removing the scope unit TI-1, TI'«2 or TI-3 from the
cabinet, the deflection coil is disconnected from the output tubes,
which results in an increase of the plate load resistance of tubes
vh - v3. This in turn causes a drop in the plate current and an
increase of current through the screen grids. This might overheat
resistors R23 and R25. To avoid the possibility of such over-
heating, the supply voltage to tubes V3 and V4 should be disconnected
during the removal of scope units TI-1, TI 2 or TI~3 from the
cabinet.
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) : A negative pi-shaped pulse is fed to‘Vidco signal units VS-3 and
Vs~ 24 from the plate of tube Via.

e W

o When-¥éngc sweep unit RD is used in IKO-1 or indicator (p 236)
IIV-1, resistor R1l3 is provided which forms a controlling pedestal
for correction of the non-linearity of the sweep start. During '
the discharge of capacitor Ck, which is connected to the same
circuit, current travels through crystal d1o0de D8 which helps to :
reduce the discharge time. Matching of the range sweep with the optical
scale is necessary when unit RD operates in cabinat IIV-1. This
matching is carrlied out in the following manner: the beginning of
the range sweep, up to 50 km, is regulated by potentiometer "Correction
: of Start of IKO-1" with a scale angle of W0O; the middle part, approxi-
A mately from 50 to 200 km, is regulated by potentiometer "Scale I",
: . also with a scale angle of 40°%; and, finally, regulation for over 200 km
is done with potentiometer "Scale II" with a scale anglc of 20°.

 ; : _ Since range sweep unit RD is used to obtain various sweeps in cabinets
g IKO-1l, IAD-1, and IIV-1, appropriatc JumerS are provided at the con- :
A —~  nectors in these cabinets. .

- Testing the unit. Testing of range ;y@cp unit RD is. carried
3 - out with the aid of two test jacks: T

GL -- used to test the intensifier pulse at the plate of Vla;

G2 -- used to test the sawtooth voltage at the cathodes of the
tubes of the power amplifier (V3 and Vi).™

Design of the Unit. Range sweep unit RD is in the form of a self-
contained unit mounted on a standard chassis. The tube channel has
four tubes (two 6NBS and two 6P3S) and two test jacks.

ki

“« On the front panel are the shaft of thc range sweep selector

. switch and the shafts of six potentlomctcrs. two duration-adjustment

3 . potentiometers, three range scale adjustment potentiometers, and a

R potentiometer for adjustment of the sweep'start. The front panel (p 237)
has two illuminating bulbs. The unit has one plug connector. The ' '
unit weights 6.5 kg.

5. Unit VS-3 for Mixing and Amplifying Video Signals
: Function. Video signal unit VS-3 (Figure 96) mixes into a single
/ channel the range marker pulse, echo signals, and identification
signals; it also amplifies them and controls the cathode-ray tube.

i

50X1-HUM
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Fig., 96. Unit VS=3,

1 ~ cover for socket; 2 = common amplification contro}; 3 =« amplification
control for range-scale markersi lj = 2-km marker toggle switchy 5 = 10=km
marker toggle switchy 6 = 50-km and 100-km marker toggle switchj 7 = azimuth
marker toggle switch; 8 = socket for illuminating bulb; 9 = toggle switch
for channel I signals; 10 = toggle switch for channel II signals;

11 - socket for illuminating bulbj 12 = limit control; 13 = tubes in tube
channel; 1l = label on door; 15 ~ reserve toggle switches.

170
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'Vs-371is given in Figure 97.

U

Technical Data on the Unit.
rcgulatcd/from 0 to 70 v.

Functional Diagram of the Unit:

components:

input divﬁdcrs; ’ L s

t
]

wideband amplifier; o 8t

output stage; .

control tube.

Reflected signals, identification sigﬁals, and range and azimuth
scale markers are admitted to the input of:the unit.

50X1-HUM

The unit output signal can be
The bandpass of the unit is 1.5 Mc.

¥

A functional diagram of unit
The unit consists of the following

(p 2LO)
At the input

of each channel is a toggle switch (except for the IFF channel).

When these toggle switches are on, all the signals are admitted
to input dividers, are mixed, and then admlttcd to a wideband amplifier

through a common channel.

£

The wideband amplifier consists of two stages.

fication is adjusted in the first stage.

Common ampli-

“Control of scale marker

amplification permits varying the amplitude of the scale marker

relative to the video signals.

Limiting control carried out in the

second stage of the amplifier prevents defocusing of signals on the
indicator when signals with large amplltudc are admxtted t0o the input

of unit Vs-3..

A cathode follower serves as the output stage of the unit.

Range-gating pulses of indicator IKO-l'and range- -

and azimuth-

gating pulses of indicator IAD-1 are fed to VS-3 and make the circuit

at the input of the amplifier conduct.

In the absence of gating pulscs; thcls;gnals will not arrive at

the input of the amplifier. o v
. t (‘
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Fig. 97. Functional Diagram of Unit VS-3.
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» ' - Description of the schematic diagram 6f the unit. Figure 98
shows a schematic diagram of unit VS-3. The following signals are

-‘i fed to th7,c1rcu1t: -

e edd

-~ signals of the vertical channel;
3 y

. . -~ signals of the slant channel;

-~ identification signals; B

-- 2-km range markers and l-degree azimith nmarkers, (p 242)
. ' )

-~ 10-km range markers; Ll

-- 50-km and 100-km range markers; =~
e
~- 50 and 309 azimuth markers. o
R
A1l of these signals are admitted to input dividers Rl to R23
" where the amplitude of the signal is reducéd from 3 to 40 times.
The input dividers are connected in a star'pattern. Mixed signals
are admitted to the grid of the first amplifier .tube from the
- common point of the dividers. ”

Because the sweep speed in TAD-1 1s gréatcr than in IKO-1,
auxiliary shunting resistors R1, R2, R9 and R10, located in cabinet
TAD-1 and connected in parallel with.the main dividers of these
circuits, are connected to the dividers of,the 2-km range markers
and azimuth marker circuits.

The first amplifier stage incorporates tube V1 (GZhh) and
ensures amplification on the order of 15. Amplified signals from
the plate load R31 and R32 of the first amplifier tube are fed
through capacitor C3 to the grid of the gecond amplifier stage.

PR PP
-

The second amplifier stage incorporates tube V2 (6P9) and

ensures amplification on the order of 10% From plate load R37 to
TS RULO of the second tube the signals are admitted through capacitor
C6 to the grid of the cathode follower. The cathode follower
incorporates tube V3 (6P9). y
v ¢ '

The signals are applied to the grid oft the cathode-ray tube

from cathode load R51 of the output stage.

" 4 ! [(8

' To eliminate the flyback trace on the c¢athode-ray tube, the (p 243)
circuit has a.provision for blanking the signal during the flyback
E sweep. ‘ }
® :
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A}

be switched on or off;

d) 1limiting control.

aid of four test jacks:

Gl -

b -

G5 -

]

: _ mounted on a standard chassis.

on the panel.

The unit weighs 6.8 kg.

PRV N S T PP T
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A negative potential from the plate of the right half of con-
ducting tube Vk (6N8S) is fed through resistor R24 to the anode of
crystal dipde D2 where it blocks the pulse-transmission circuit to
the grid 6f tube V1. A negative pi-shaped pulse from range sweep
unit RD is fed to the unit during the forward sweep. During the
appearance of a negative pi-shaped pulse, ‘the right half of tube V4
does not conduct and the voltage at its plate becomes zero. This
voltage is applied to the crystal diode,

causing the signal-transmission

fIL

(3%

U

&

wr

W

Design of the Unit. Unit VS-3 is a self-contained instrument

The tube channel has four tubes.(one
6Zhlt, two 6P9, one 6NB8S) and four test Jjacks.
are accessible on the front panel.

Al

1

w
U
&3

circuit to conduct. Azimuth blanking 1swcarried out in a similar
manner. The left half of tube Vi is used as a diode and serves to
restore the d-c¢ component of the voltage after capacitor C6.

. e The circult of ‘the unithas the following control elcments-

; " a) 8 toggle switches which permit any of the channels to

b) common amplification control of the unit;

~ ¢) amplification control of the rangesscale markers;

Testing the Unit. Testing of unit VS-3 is carried out with the

for testing signals at the:.cathode of tube V1; . (p 2uk)
G3 ---for testing signals at the cathode of tube V3;
for testing range blankiﬁg pulse at the plate of Vk;

‘for testing azimuth blanking pulses.

All the control elements

Two illuminating bulbs are mounted
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e ’ 6. Sweep Delay Unit ZR-2 o (p 2L5)

e

Function. Sweep delay unit ZR-2 (Figure 99) generates trigger
pulses deiayed with respect to the main trigger pulse produced by
trigger unit BZ.

Unit 2R-2 is intended for use with indicator IKO-1 - and also may
be used with indicators IKO-V1 and IAD-1 ih place of unit ZR-3.

Technical data on the unit. The delay is continuously regulated ‘ '
from 10 to 350 km. With the delay unit dlscOnnccted the trigger pulse o
arrives at the output’ of the unit without delay.

_ The output pulse amplitude is not less than 15 v. ' Delay setting
_ error on the unit's scale does not exceed <10 km. .

Functional diagram of the unit. A functional diagram of unit
ZR-2 is shown in Figure 100.

- o The unit cpnsists-of the following components:

-= trigger pulse tube; .

-4

clamping diode;

~At

phantastron;
-~ synchronizing tube;

-=- blocking oscillator. , o Al : /
b

The trigger pulse is admitted to the eircuit through the trigger
tube. From here it is admitted through a ¢lamping diode to the phant- °
astron and triggers it. At this instant the phantastron generates a
.square pulse. The phantastron pulse duration is variable and is
controlled by varying the voltage at the phantastron plate which is
set by the clamping diode with the aid of ﬁotentiomctcr R7"Delay
Setting? i

Wy

o —— T m ¢ — =

The trailing edge of the phantastron pulse triggers the driven (p 2%8)'//
blocking oscillator through the synchronlzing tube and generates /
the delayed trigger pulse. The value of the delay is read om the

dial. Switching-on of the delay is carried out by placing switch

"Delay" in position "On". When this switch is in positiop "Off",

a main trigger pulse is applied to the blocking oscilllator and a

trigger pulse,without delay is applied to the unit input. .

I
H

[T .
| | .
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Figo 990 Unit ZR“2¢

1 - label on door; 2 - tubes in tube channel; 3 - cover over connector;
Li - end correction; 5 - socket for dial-illuminating light; 6 - delay dialj;"
7 - delay control knob; 8 = start correction; 9 -~ delay toggle switch.
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-to the control grid of the main phantastron tube V3.

' tube V3. Capacitor C5 charges through the cathode follower (tube

“. the plate voltage drops. This voltage drop is transmitted through

_begins gradually to rise and attains a 1cvcl where the unstable state

.. control grid, decreases the plate currcnﬂ; and increases the plate

O ~ 50X1-HUM

. L
The unit has three controls. The control "Delay Setting" servea
for setting the desired value of the delay. Control "Correction of = -7 ¢
Start" and "Correction of End"” serve for ‘Setting the highest and lowest

. value of 4the delay (matching with the scalc)

Description of the functional diagram of the unit. A functibnal‘

diagram of Unit ZR-2 is shown in Figure lOl.

The positivc trigger pulsc is admittcd through trigger tube V1 to i
the cathode of clamping diode V2a. Then the trigger pulse is admitted
through the clamping diode and the phantastron cathode follower (Veb)

Description of the phantastron circuit. Prior to the arrival of
the trigger pulse, voltage at the control grid- of tube V3 is high, and
the cathode current is strong and forms a voltage drop at the cathode
of this tube which is sufficiently high to blank tube V3 at the
auxiliary control grid. At this time there is no plate current in

V2b), grid-cathode resistance of tube V3, "and resistors R13, Rlh. (p 250)
Charging is rapid due to the low resistarice of the charging cirecuit:— ~———-—-

With the arrival of a negative trigger pulse at the control grid
of tube V3, the cathode current of this tube decreases and voltage
at the cathode drops, thus-making tube V3 conduct through the
auxiliary control grid. A plate current pow appears in tube V3 and

cathode follower V2b and capacitor C5 to the control grid of tube V3,
rcsulting 4n a further drop of potential and a decrease in cathode
current . This process occurs in an avalanche fashion. Now the L ' *
circuit is in an unstable state. Capacitor C5 recharges through
resistors R1l and R10. Voltage at the control grid of V3 now

is disturbed and favorable conditions are created for a new sawtooth’

process. - ¢
As the cathode current of tube V3'increascs, so does the voltage,

at the cathode of this tube. This blocks tube V3 at the auxiliary

voltage of tube V3. The increased plate voltage is admitted through.
cathode follower V2b and capacitor C5 to the control grid of tube
V3, thus further increasing tube conductivity. The process occurs
in an avalanche fashion and ends by the return of the circuits to
the initial state. After this, capac1tor'c5 is charged through
d¢athode followzr V2b, grid-cathode gap of~tubc V3 and resistors Rl3
and th‘ ' . 14' i

50X1-HUM -
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- o Fig. 100. Functional Diagram of Unit ZR-2.

-

-

-1 - trigger pulse tube; 2 - clamping diode and cathode follower; 3 =-
phan‘bastron, L - synchronizing tube and blookz.ng oscillator.

LA et
o e

Fig. 101l. Schematic Diagram of Unit ZR-2.
: ‘e
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During the operation of the circuit dnsqnare pulse of negative (p 251) =
polarity is formed at the cathodc of tube v3 (Figure 102). .

When £he toggle switch is in the posi*ion "Delay On" this pulse

is fed to the grid of synchronizing tube Vla and is differentiated . ool
in its plate circuit. The differentiated . pulse, corresponding to ‘ i {
the trailing edge of .the phantastron pulse, passes through the L
grid winding of the blocking transformer to the grid of blocking

oscillator Vhb,. ‘o

Clas 20 7 0t o S ok
7w

The blocking oscillator is normally cut off by a negative bias.
With the arrival of the differentiated pulee the blocking oscillator
operates and generates a delayed trigger .pulse which is taken from
the third winding of the blocking Lransformcr. ;

R

The value of the delay depends on the duration of the phantastron
pulse, which in turn depends on the magnitude of voltage at the plate -
of phantastron V3 when the plate voltage is absent. This voltage

- can be controlled by potentiometer RT through clipping diode V2a.
(!

The control limits are set by potentiometer R8 ("Corrcction of

Start") and R6 ("Correction of End").

TR T R

The magnitude of the delay is read frbﬁ a visible dial.

Négative bias to the grids of tubes Vla, Via and Vib is supplicd (p 253)
from a common divider consisting of resistors R27 and R28.

Testing the Unit. Testing.of unit ZR-2 is carried out with the aid -
of three test Jacks~ c

' Gl -- for testing the main trigger pulsc at the 1nput of the unit;
-
G3 -- for testing the phantastron pulse'at the cathode of tube V2;
Gl -- for testing the output trigger pulse.
: oo -,;‘_.
A Design of the Unit. Unit ZR-2 is mounted on an individual standard
chassis. In the tube channel are four tubes (three 6N8S, ons 6AT)
and three test jacks.

On the front panel of the unit are the .delay turn-on switch, a’ |
potentiometer shaft for setting the delay with the dial, and two
potentiometer shafts for adjustment of the start and end of the
delay. Over the delay setting knob is thesdial window and an
illuminating bulb for the dial. - '

The unit has one plug-and-socket connector.

{»
The unit weighs 6.3 kg. . : .
< 50X1-HUM e
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oo CHAPTER FOUR | ° , (p a5k) -}

¢
W

/ - STATION REMOTE CONTROL CABINET DUS=1

P

‘1. General Information on Operation of fhe Cablnet Equipment

: The station remote control cabinet DUS=L (Figure 163 gerves for '
controlling and monitoring the transceilver equipment of the station.
Because the DUS-1l cabinet contains its own plan position indicator, - F
it 1s possible to select the mode of Operation for the entire station
as well as its individual units and mechanisis.

Presence of the indicator also makes 1t possible to effectively
combat active and passive interferences by sWitching on protective :
circuits or switching off the affected channel or the antenna slant. : v

Signal cormunications with the electric‘power unit is carried
out from the DUS~l cabinet.

The cabinet provides for monitoring thé output voltages of each
of the centimeter-wave receivers and the identification system receiver
and the mixed outputs of the vertical and slant channels.
R
The operation of the units. for protection against nonsyuchronous
‘pulse interference, located in cabinet ZN-Fl is monitored from the
DUS-1 cabinet (on the display screen).:

_ Cabinet DUS-1 consists of the plan position indicator, the
nixer system units, and the remote control panel.

The mixer system consists of two 1dentical units == signal mixers, (p 256)
in one of which are mixed the output voltages of the vertical channel :
centimeter-wave recelvers, and in the other == the slant channel
centimeter-wave receivers. :

Either of the centimeter~wave channels ﬁay be disconnected from
the station in these units while retaining the possibility of monitoring
the output of each of the receivers on thqubgeen of the cabinet display.

~ The combined unit for blanking the start and for tuning the inter=
ference protection circuits aré also part of the cabinet equipment;
pulses for blocking the input circuits of the-mixers and pulses for v C
.+ . tuning the instruments for protection against noasynchroucus interference.. ' {
are generated in this unit. : :

“ : }

@
' 50X1-HUM
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Fig. 103. Cabinet DUS-1.

1 - unit UPT-1; 2 - unit BP-300; 3 - unit BP-200; k4 - unit RD; 5 - unit
TI-1; 6 - unit ZR-3; 7 - panel with plugs; 8 - unit BNF; 9 - unit PDU-1;
10 - false panel; 11 = unit US; 12 - unit SS-1; 13 -~ unit VS-3; 1l - unit
SS-1; 15 - unit BP-7; 16 - unit BP-150.
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Technical data. The following units mey be switched on and off
remotely from the DUS-1 cabinet:

by

pe recgiving-transmitting apparatus of the station;

each of the receivers together Wlth the corresponding transmitter,

MARU and DIF noise protection circu 48 in the receivers; .
c¢ircuits for controlling the slant’ of the antenna reflector
systemn.

R o

2. The cabinet pahel provides for the following:

-- monitoring the magnetron current of. each of the transmitters;

-= glgnaling of trouble in the transmitting apparatus and switching

on the plate voltage of the magnetrons.

3. The 200 v, 50 cps and the 200 v, hOO cps voltages are monitored (p 257)

in this cabinet. . "

4, Remote switching on of cabin fotation and Initiation of the
warning signal are provided for in this unit.,
1g5e ot
5. Adjustment of the output voltage of the VPL~30 unit and the
gain circuits of all receivers are possible. ' '

6. Mixing of the output voltages of th% three vertical beam
recelvers into a common vertical channel and, of the three slant beam
receivers into a common slant channel is ~performed in the units of the

, DUS-1 cabinet. a

1
T. The DUS-l cabinet provides for monitoring the output voltage
of each of the recelvers and output voltages of the vertical and slant
channels on the screen of the oscllloscope. ‘
]
. In addition, the output voltage of each:of the centimeter=~wave
receivers, the output voltage of the vertical and slant chaunels, and -

- the identification signals may be monitored 1nd1v1dua11y on the screen

of the test indicator. ‘ al

(
'ﬂ

8. Over-all adjustment of the units fbr'protection agalnst non-

_synchronous pulse interference can be made from the screen of the test

1ndicator.

9. The plan position indicator includdd in the DUS-1 cabinet has
the same technical specifilcations as the main operating iundicator.

e

50X1-HUM
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' Makee-up of the DUS=-1l cabinet. The station remote control cablnet ~
is a Btandard plan position 1ndicator combined in a: aingle tabvinet with
the mixer units and the remote control. panel. '
The DUS~1 cabinet consists of: . o o  (p 258)

-~ the plan position indicator with all its units;

-- two signal mixer units SS-1; . » ,
{

-~ blanking and filter adjusting unit BNF;f

-- remote control panel PDU-1. "
. For the convenience of the operator, unit US of the indicator has

Been removed from the main cablnet to an upper attached section and

one of the SS=1 units of the slant channel s located in its place.

: Thus, in the attached section of DUS-1 are: FPDU-1 -- ceutral; the

upper left section is a spare, the lower isuunit BNF; on the right side
"~ (from top to bottom) are units US and SS-1 of the vertical channel.

Control panel B~12 of the NRZ-1l system is lecated on cabinet DUS-1.

1} B
/Circuit diagram and operating principle of the cabinet equipment.

The circuit diagram of cabinet DUS-1l is given in Figure 104. The plan

position ilndicator performs the same functions in the cabinet as the

main plan position indicator. .Y

P gt .
‘ The output voltages:of the centimeter-wvave receivers are. led to - -
- the switch of unit ZR-3 from where they are applied to the mixers of f

the vertical and slant channels ~- units SS-1. The two SS<1 units are .
identical. Each has three input circuits for the centimeter-wave
channels. In unit SS-1 the output voltages of the receivers are
correspondingly mixed in the vertical and slent channels and pass to

¢ the switch of unit ZR-3 for monitoring on the screen of its tube. (p 260)
From unit ZR-3 the vertical and slant channel voltages are fed to the
cabinet junction box from where they are fed to other indicators.
Unit SS~1 has switches from which voltages are applied to the indicator
of unit VS-3. With these switches, the output voltages of the recéivers
and the voltages of vertical and-slant.chennels.after mixing may be_ fed
separately to the inputs of the vertical and slant channels of unit
VS-3. The IFF voltage from unit B—lS goes to unit VS~3 of cabinet DUS=-l.

L U

Remote control panel PDU-1 is part of the control, monltorlng, and
o protection system of the station. Remote switchlng on, control, and
; o .monitoring of the transceiver -equipment is pérformed from unit PDU-1.

oo

7 . BN
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Fig. 10l4. Circuit Diagram of Cabinet DUS-1.
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A complete description of unit FDU-1 in given in Part One, Chapter
Four.

-
; Voltag9 supply for all units of cabinet DUS-1 is taken from the
E plan position indicator supply units.

PO A

)

2. Signal Mixer Unit' SS-1

4

Function. The signal mixer unit SS-1 (Figure 105) is designed for

¥ mixing the output voltages of the three ceuntimeter-wave receivers into
- & common channel. The station uses two completely identidal SS-1 units.
‘ﬁ S One of the SS-1 units mixes the output voltages from the three vertical -
beam reteivers, forming the vertical channel; the other SS-1 unit mixes (p 262)

the voltages from the three slant beam receivers, forming the slant
] channel. o

Technical data. The output voltage of the mixed signals of each
channel is equal to the voltage at the output of the corresponding
. receiver, i.e, the amplification factor of the video amplifier is
k| "~ equal to one. N |

Wi

The pass band of the video amplifier 1s,on the order of 2Me.

Functional diagram of the unit. A fqmctional diagram of unit SS-l
i1s given in Figure 106. The diagram 1ncludes. o

~= input circuits; g
T

~~ mixed video signal aﬁplifief I; iﬁ;%'

-~ amplifier II; : R";'~:@s !
_ == output cathogg‘follower; .?
) - blocking ciﬁépit; v

-= test circuit.

.The output voltages of the vertical or slant‘beam receivers enter
through the monitoring switch to the input crystal diodes of unlt SS=-1;
the diodes have a common load in which these' voltages are mixed.

- The simulated signals from unit BNF pass directly through the
/ erystal diode to the common load and are mixed with the echo signals.

' The load is a potentiometer, f£rom the cursor of which mixed voltages are (p 264)
fed to the video signal: amplification channel. :

PR SPPr L Ny e
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Fig. 105, Unit SS-1.

1 - plug cover; 2 - illuminating bulb holder; 3 - toggle switches for
blocking (blanking) and switching off receivers; L - monitoring selector
switch; 5 - gain control; 6 -~ tubes in tube channel 3 7 - nameplate on door.

50X1-HUM
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Fig. 106. Functional Diagram o’f Unit SS-1.
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Blocking pulses from unit BNF or a negative voltage for cutting-
off the receivers (blocking the input of unit SS-1) are applied to the
crystal diodes in the vertical or slant channel receiver c¢ircuits.

The miééd video signal amplification channel represents a three=
stage amplifier, the last two stages of which have feedback. The "Gain"
potentiometer can change (within small limits) the amplitude of the
mixed video signals applied to the video amplifier input.

With the aid of the selector switch in units SS~-1 it is possible
to observe signals coming from the outputs of any of the receivers,
mixed signals from the outputs of the vertical or slant channels to
all indicators, and also,the same gignals after they have passed the
interference-protection units. w

¢

'Description of the schematic diagram. Figure 107 glves a schematic

diagram of unit SS«l.

W '

Input and blocking circuits of the unit! Unit SS-1 has 4 input

circults. Three circuits are for the corresponding number of receivers ‘/
"~ of the vertical and slant channels aund are Joaded with an impedance y

equal to the cable characteristic impedance of 75 ohms. _The fourth (p 266) /

circuit is for simulated signals used for tuning the noise«protecting ;

units. .

A basic component of the input circuits,are diodes D6 and D8
through D10, to which the output voltages of the three receivers are . |
fed through switch V2. _ ‘ K

-

Switches V3, V4 and V5, in this case, ﬁust‘be in the miﬂdle
position. The crystal diodes have a common load -~ resistor R22, !
through which the input voltages from the receivers are fed.

To eliminate the appearance of blocking'pulses or a negative voltage
at the outputs of the receivers, dividers consisting of resistors R2T
to R29, R32 to R34, R37 to R39, and crystal diodes D1l to D16 are placed
in the input circuits of unit SS-1 to reduce these voltages at the input
of the unit to approximately 20-25 millivolta.

Mixed video signal amplification channel. The channel consists of
tlbes V1 (6P9), V2 and V3 (6Zhlt). The mixed receiver voltage goes from
potentiometer R22 to the grid of video ampiifier tube V3.

The signal passes from the plate of theutube V3 (resistors R17 to
R19) through coupling capacitor C7 to the codtrol grid of tube V2. In’
parallel with the grid circuit of V2 are two crystal diodes D3 and DU -
for restoration of the d-c component of capatitor C7, and also a
correcting network consisting of resistors R12, R13, Rl4 and capacitors
C5 and C6 for creating the necessary video amplifier frequency and
amplitude characteristic. From the plate load (resistors R10 and R1l),

50X1-HUM
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the signal passes through coupling capacitor-C3 to the control grid of
tube V1 which operates as a cathode follower.

. At the plate of the tube are limiting résistors R2 and R3 which
are connectéd in paraliel and blocked by capacitor Cl. In the grid
circuit of tube V1 are two series-connected diodes D1 and D2 for
restoration of the d-c c0mponent of the capacitor C3.

A negative voltage of about 19 v, applied to the control grid of
" tube V1, shifts the characteristic of the tube to the left, thus
providing at the output of the unit a d-c component of the tube ,
current no 1arger than 0.2 v. R

f : Tubes V1 and V2 are provided with feeéback. Total amplification - l
T factor of the video amplifier is equal to one with a pass band on the_ S
order of 2 Mc.

locking {blanking) circuits. The unit has three selector switches

V3, V4, and V5, which correspond to the number of receivers in each

Lo channel Blocking pulses produced in unit BNF are sent to the input
~  crystal diodes D8, D9, D10 .when the switches are in "BL.1P.", "BL.2P.",
and "BL.3P." positions With the switches 1n the position "OTKL-lP.",'

"OTKL=2P.", and "OTKL=-3P.", a negative d=-c voltage is applied. In the
first case the input of unit 8S-1 will be. blocked only during the time
of action of the blocking pulse; in the second case the input is (p 268)
blocked as long as the switeh is in position "OTKL". Resistors R23, -
R24 and R25 are part of the 150-v voltage divider circuit and form )
the plate load of the BNF unit output tu.besd "depending on the. poaltion
of ewitches V3, V4, and V5. : ..@u

Crystal diodes D17, D18 and Dl9 block the passage of output signals
from one output circuit to the other. N Wt
-~ of ‘ !
Monitoring circuits. Signals from the ‘receiver's output enter oo
~ gwitch V2 through which they may be fed to input crystal diodes D8, D9 = '
and D10, or they may first pass to unit VS-3 of the monitoring indicator
in cabinet DUS-l and then to the SS-1 input diodes.. ,

. When monitoring the receiver's output_on the indicator screen in .
cabinet DUS~1, the voltageifrom the output passes to unit VS-3 of cabinet
DUS-1 through selector switch V2 and proceeds-to the TI-1 indicator :
tube., From unit VS-3 the voltage goes agatn through switch V2 of unit .
8S-1 to the corresponding crystal diode. “n, - , .

Thus, the output voltage is monitored Bh the indicator screen

before entering the signal mixer.
*

i A
A
Y
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: 7 For exsmple, with switch V2 in the first position the voltage from
| the output of the first receiver goes to switch plate V2g. From the
]

arm of this plate the voltage goes to plug connector Shl, contact 13,

and then to unit VS-3. From unit VS-3 this voltage goes through plug
' connector SH1, contact 16, to switch plate V2a, and through its arm
f and the input circuits to diode D8. g

. The mixed output of the video channel (p0sition "VYKh.SS") and the o
L mixed output of the video channel after theanoise-protection apparatus N
- (position "VYKh. F") are monitored in the same way. Such switching Y
makes it possible to monitor the output of each receiver directly on
the screen of the plan position indicator in.cabinet DUS-1l. Operation
of unit SS-1 may be monitored through test Jacks Gl and G3.
Al ! .
Design of the unit. Unit SS~-1 is assembled on a standard chassis.
! In the tube channel are two tubes of the type 6Zhl, one 6P9 tube; and L
two test Jacks. , T

A\

On the front panel of the unit are: monitoring selector switch,. DR
potentiometer for control of amplification "USIL.", three switches for :
"~ Dblocking the receivers, and two dial - 1lluminating bulbs.

Unit SS-1 is connected to other units of cabinet :DUS=1 by two
plug connectors. _ .

Inside the unilt are components and'smalﬂ3parts. _ : C -
e . £

& RS

v+ Weight of the unit is 7.5 kg.
WM

3. Unit BNF for Blanking and Tuning the Filter Units. ‘

+
/

B
. .

Function. During operation of the station the receivers receive ! ‘
signals reflected from the target as well as those reflected from obJects "
e located in the immediate vicinity of the station (local objects) which
create’ images on the ‘indicator screen at the beginning of the range
o sweep. In order to eliminate the images created by these signals on
'+ '.the screen, blanking pulses are applied to the ‘inputs of units S5-1
; which temporarily disconnect the receiver eirquits. ,
. o ‘ R
The blanking stages in unit BNF form these blanking pulses, the -+ (p 270)
pulses have a controlled duration. Lo

P . E .
&

In unit BNF (Figure 108), in addltion tccthe blanking stages, is

/ . & clrcult for tuning and controlling the apparatus used for-protection
~ against nonsynchronous noises (in the filter units), the apparatus is
3 located in cabinet ZN~F1, . / ¢

¥

50X1-HUM.. oo
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Fig. 108. Unit BNF.

! 1 - blanking start control; 2 - duration control for blanking pulse of
lower receivers; 3 - duration control for blanking pulse of upper receivers;
Li - illuminating bulb holder; 5 - repetition rate control for simulating
pulses; 6 - pulse train duration control; 7 - simulating pulse cutoff
control; 8 - "Circle-Dot" mode switch; 9 - tube MN-3; 11 - plug cover;

12 - tubes in tube channel; 13 - label on door.

194

1
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Technical data. The blanking stages produce blanking jpulses having
regulated duration within the limits of 20 to 110 km for the lower
E receivers (1lst, 2nd, 4th, and 5th) and 20 to 60 km for the upper receivers -
- (3rd and th) .

The blanking pulse amplitude at the oﬁtput of the unit under load,
during simultaneous blanking of all the receivers and with maximum
duration of the blocking pulses » coustitutes approximately 60 v.

The circuit stages for tuning and testing the noise-protection

apparatus form trains of video pulses which.simulate the signals
reflected from the targets.

The circuit of the apparatus ensures cdthtinuous control of the
number of pulses in a tratn (from three to.five), continuous variation-
df the amplitude within limits up to three volts , and continuous control
of the repetition rate of the simulating pulses within limits of 1 cps
tSO%

&:

Functional diagram of the unit. Figure:109 gives a functional
diagram of unit BNF. B ‘ , . S

PV :
/

Ll o
RN

}:t includes the following elements: . U

IR

/ == trigger pulse delay stage; ° .UA‘
1 -- lower blanking oséillator s : ‘: ’
’ -- upper blanking oseillator; - u | |
__j == blanking pulse ampliffer; . . ,L ! ‘,;“ : | (o 273)

cbn‘crol pulsé oscillator;

-
t
1]

i ' kipp relay;

—- gating atage.

The blenking pulse delay stage delays the trigger pulse for a time
] , equal to the duration of the sweep.  The stage produces-a-speciel delay . . .
‘ pulse for this purpose. By means of this pulse, two pulse blanking
oscillators of the upper and lower channels are triggered; these pulses
4 are admitted through the amplifiers to the SS-l units.

S Cutoff of the. input. circuita of the SS-l units is accomplished by
] o means of oorresponding channel switches located in the SS«~l1 units.

/‘ . e ‘ .
- .

‘ ‘//4 | vl

50X1-HUM .
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Fig. 109. Functional Diagram of Unit BNF.

1 - trigger pulse delay stage; 2 - lower blanking pulse oscillator;
3 = upper blanking pulse oscillator; 4, 5 - blanking pulse amplifiers;
6 ~ trigger pulae oscillator; 7 - k:Lpp relay, 8 - gating stage.
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The' second assembly of the unit is the BNF apparatus for tuning the )
nonsynchronous noise protection apparatus. The master pulse oscillator =~
- generates video pulses with a regulated repetition rate—within' the-limits——ss==————
4+ " - of one cps 220%;‘these pulses trigger the kipp relay, which forms a
) negative sqliare pulse that is admitted to the gating stage. The pulse -
duration of the kipp relay is regulated within limits of 9 to 12 microsec. ; .
- - : woeloo. : R
21$Q;7 The gating stage also receives 50 and 100-km range markers from i’
7% . unit BZ; .their amplitude is continuously regulated at the input of the - * -
"o unit, ' A . o . : . \
. 4 s . E
As & résult of the effect of the pulses'of the Kipp relay snd of  °
the 50 to 100-km range markers upon the gating stage, a train of video ;
pulses- of the simulating marks will appear wt the output of the circuit; *
thes€ marks can be fed with the aid of a swilch to the §S-1 units of the ° -
*_vertical (EI) or slant (EIL) channels.  “% el
The circuit provides for two modes of ﬁbning: "Circle", and "Dots", " (p 274)
In the "Circle" mode, video pulses of the simulated marks are taken
continusouly from the output of the circuit; these pulses form concentric
"~ circles on the screen of the monitoring indicator. In the "Dots" mode,
trains of pulses are taken from the output of “the circuit; these pulses “
form marks on the indicator screen in a dot form similar to the markers ™ ...
from the circuits and located along the radiug of the sweep. Switching ‘
., 'from one mode to another is done by means of a toggle switch. . P
A t L
Description of the schematic diagram. Figure 110 shows a schematic i .
diagram of unit BNF. ' . o

el

The trigger pulse delay stage is a kipp relay-type circuit. The
stage incorporates tube V1 of the 6N1P type." The trigger pulse is g
fed through capacitor Cl and crystal diode D1 to the cathode of tube .
" V1 . (Figure 1ll). Prior to the trigger pulse arrival, tube Vb is e
cut off (by a negative voltage through damping resistance R8) from the  «
=150 v circuit. Tube Vla, prior to the arrival of the trigger pulse,

.

i8 conducting. e 3, )

When a trigger pulse arrives at the Vléﬁéathode, the tube ceases
to conduct and the plate voltage rises sharply.  This causes the
voltage at the V1b control grid to rise. V1b conducts and the voltage
at 1ts plate falls. - if” ‘

Since resistor Rh is considerably smaller than resistor R3, tube
Vlb forms (at the common cathode resistance) & voltage which cuts off

j tube Vla. Capacitors Cl and C2 now begin td”charge through resistors
Rl and R2. : o - R
1 ;(‘l‘ﬁ ;
0
.17,\: .
W,
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Fig. 110. Schematic Diagram of Unit BNF. 5
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Fig. 111, Voltage Forms in Blanking Stages of Unit BNF.
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_ The voltage at the control grid of tube Via grows in proportion to - (p 277)
- “i.. . the charge at capacitore Cl and C2; when it reaches the conduction level,
= ' ‘tube Vla-begins to conduct. When this occurs, the voltage at the plate
) falls. This cuts off tube Vlb. Capacitors:Cl and C2 are discharged by
1 the grid currents of tube Vla. The circuit yeturus to itsinitial state.
A - As a result of this process, a negative squilre pulse is formed at the
K ' plate of Vib, The duratidn of this pulse depends on the position of
K potentiOmeter RS, which determines the value of the cutoff voltage at

g | the’cathode of tube Vi. , u?- i _
v: 11/”/ The negative pulse from the plate of tube V1b is admitted to the .
5  differentiating circults C5, R12, end C10, Rel. :

! 4 As a result of the differentiation of the trailing edge of the

\ " negative square pulse, there ls formed a voltage pulse which triggers .
the upper and lower channels of ‘the blanking, pulse oscillators.  Since
the durdtion of the negative square pulse 1s regulated, the instant at

- which the positive differentiated pulse is” formed ‘also varies relative
to the trigger pulse. .

S~ The blanking pulse oscillators of the upper .and lower channels oA

g have similar kipp relay circuits and incorporate tubes V2 and Vh of . .,

.J_-i U

:;$ - The stages geunerate positive square pulses vhich are taken from
C cathode load R12 and R21.

B , 'The duration of the squate pulses is regulated by potentiometers (p 278)
- " R10 and R19, which are connected to the capacitor charging circuits C6

and C9. From the cathode loads of the blanking pulse oscillators, _ ‘
through capacitors C8 and Cl12, positive square pulses are admitted to .

the control grids of the upper and lower channel (V3 and'Vv5) of the ‘
blanking pulse amplifiers.

o _ The blankilng pulse amplifiers incorpordte tubes V3 and V5 of type
6P14P. The tube grids are blocked in the initial position. With the
arrival of positive square pulses to the grids, the tubes begin to

o ' conduct. and negative pulses appear at theif’plate load resistances,

E "~ - located in the SS-l units.

e

The amplifiers ensure the required émplltude of the blocking pulse.
When the switches in the SS-1 units are turned on, the plate circuits
of tubes V3 and V5 start to conduct and negative pulses appear:at the -
plate loads which cut off the correspondxnguinput diodes of the SS 1 unit.

The suppky of tubes V3 and V5 comes frOm the -150 v power source.

& W Lok
. . L
. Lo B

- A - . . N .
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The: trigger-pulse generator Operates on’ the principle of a relaxation
S oscillator. " The stagﬁ_incorporates tube V6 PL type MN3. Lo

Capaci or 013 1s charged through resismxs R28, R29; the capacitor '(p 279)
is connected- in parallel with tube V6. :‘ -
When the voltage necessary to fire the tube has been obtained at
the capacitor plate (connected to V6), the ‘tube begins to conduct, and -
a rapid discharge of C13 takes place throughjit

e
e

- At resistor R30 & positive voltage pulse is formed (Figure 112)
wvhich, through capacitor C20, is applied to the cathode of the kipp relay
stage V7. The charging timeofcapacitor Cl3 and, consequently, the |
tréggering frequency of the oscillator, is regulated by potentiometer = '

The kipp relay circuit is analogous to the circuit examined in the o
blanking stages. The stage incorporates tube V7 of the 6N1P type. From
the plate load resistance R34 of tube V7b a negative square pulse is R
admitted through capacitor Cl6 to the control grid of tube V8b. The
duration of the generated pulse is varied by nmeans of potentiometer R32.:

The gating stage incorporates tube V8 of type 6N6P. Flfty-and
" 100-km range markers pass through the plug connector Shl ‘and contact 20
to the unit and through potentioweter Rho anﬁ capacitor Cl7 to the '
control grid of tube V8b.

Tube V8b conducts in the initial stage.The voltage at its plate
and at the plate of tube V8a is low. The operating mode of V8a is such .
that when V8b conducts, tube V8a is cut off..cWith the arrival of the  (p 281)
kipp relay negative'rpulse at its control grid tube V8b stops conducting =
and the voltage at the plates of V8a and VBH rises. Now'tube V8a starts
to conduct and pulse trains appear at its cathode load RU6, R47. The
duration of.the kipp relay blanking pulse lies within the limits of 9
to 12 microsec, which corresponds to the tink for 3 and 5 sweeps on the
indicator. During this time, from 3.. to 5 range marker pulses will
be formed at the resistances RU6, RULT, L

[A RN

By means of switch V2, the pulse traind from resistors R4S, Rh?
pass through capacitor Cl9 to the SS-l units of the upper and lower
channels. By means of toggle switch V1, the gating stage is switched
over to either of the two modes of operation.

g ‘;u‘-' B
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-~ "Dots" - when the kipp relay negativé pulse 1s admitted to the . o
control grid of tube V8b; . ’ S L

*

t

~= "Ciycle" - when a negative voltage is abplied t0 the same grid»7.~' - L
through resistor R49 from the -150 v source. - . :

In the "Dots" mode, pulse trains'appeagfat resistors RUG, RUT, as -
was stated above, which form marks in the form of dots located along
the sweep radil on the indicator screen. ’

Tn the "Circle" mode, the range markersfare pepeated at resistor
RU6, R47 so that concentric circles will be visible on the indicator
screen. R

The intensity of the markers is regulaﬁéd by potentiometer RAO.
v K ) . :

Testing of the unit. The unit is tested with the help of five:
test Jjacks: - ‘ ' ‘

R

Gl == for testing'the blanking pulse'sﬁart delay; . ‘

G2 -~ Por testing the lower blauking 1P, 2P, 4P, 5P; o
Gh -- for testing the upper blsuking 3P,, 6P; >
. g L ' -

G7 -~ for testing the kipp relay pulse;; iﬁ
L i

G8 == for testing the gatgwsﬁagéféutpﬁﬁ;pulses.“**“”" A e o

. _3

Construction of the unit. ‘Unit BIF is sssembled on a standard
chassis. 1In the tube channel are located seven tubes‘(fqur 6N1P, two ¢
6N1LP, one 6N6P). - RS Ky : :

. Lo e : EE S v .
. On the forward panel are all the potentiometers and two toggle
switches, tube MN-3 with a cap, and .the illuminating bixlb. '

Unit BNF is connected with other units in cabinet DUS-1 by means
of one plug~and-socket conmector. Within the unit are located other
componencs and small parts. Coon

e

a

15
o . . o

The weight of the unit is 7.8 kg.

"\\a )

Sy
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' - CHAPTER FIVE '

'y

HEIGHT MEASUREMENT INDICATOR ITv-1

1. General Information on the Operation of the Indicator

j; ' . Height measurement indicator IIV-l (Figure 113) is designed for

) measuring the height of detected targets. Measurement of the height
4 _ of targets takes place through the arrival at the indicator cf the o o

signals from the vertical and slant channels. On the ingicator screen
appear points from which, with the aid of the scale projected onto the
3 screen of the tube, it is possible to determine the heights of the

’ detected targets. .- S

The height measurement indicator is an oscillographic one with
horizontal and vertical sweeps and an intensity spot signal.
;' s
{ Sweep scross the horizontal axis of thertube is linear and (p 28L
proportional to the uniform range scale. Sweep on the vertical axis 1is
also linear and is proportional to the angle of rotation of the antenna
~  system relative to any fixed initial positiou.
P The range sweep voltage controls the current in the coils which
‘ deflect the beam in the horizontal direction; and, as & result, the
beam moves to the left or right across the horizontal axis of the tube.

4 The sweep voltage for the angle of rotation of the antenna controls
o the current in the coils which deflect the beam of the cathode~-ray tube
" in the vertical direction, and the beam therefore moves upward along

the vertical axis of the tube, ‘ :

4 The reflected signal voltages of the vertical and slant channels
] which pass to the display from the signal-mixer units (8S~1) are fixed

. on the screen in the form of two vertical lines extending along the
vertical axiy of the screen. :

The mutual position of these lines on the screen determines the
value of the angle of rotation of the antenna system between successive
interceptions of the target by the vertical and slant beams. -

Hence, the range and angle of rotation of the antenna system may be
read directly from the screen of the display’ tube on the electrical
grid scale. -

. s
/ Having determined the angle of rotatlon of the antenna and the range,

the flight altitude of the target may be computed from known formulas.
. O '

50X1-HUM
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F‘ig. 1130 Cabinet IIV“].‘
1 - unit BP-300; 2 - unit UPT-1; 3 - unit BP-200; L - unit RD; 5 = unit

PN-12; 6 - unit RU-2; 7 - unit RU-1; 8 - unit VS-)J 9 - unit TI-2'
10 - unit BP-7; 11 =~ um.t BP-150; 12 - unit UN-II.

204
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In order to increase operability, computations are first made for
altitudes from O to 30 km at every 2 km for all values of range from
20 to 300 km. Lines of equal altitude computed in this manner and
F scale 1ines/for range and angle of rotation of the antenna are transfered
to a diapositive and are projected on the screen of the display with
the aid of & special optical device (unit PN-12).

 The height of the target 1s determined by visually interpolating (p 285)
the position of the center of the marker from the slant channel reflected
- signal with respect to the lines of equal altitude which lie closest to it.

In order to read the altitude correctly it is necessary to align . s
the electrlcal scale markers with the scale markers projected on the
screen of the tube. Height of the target Is determined once the zero
line of the projected scale coincides with the center of the reflected .
signal markers of the vertical channel.

3 When the vertical and then the slant beams intercept two targets
4 v - with the same azimuth located at different altitudes but at dlfferent
: ranges, the targets will be visible at different elevations.
. f

_j When the target is near, two succe351vea1nterceptlons of the target
: ‘ by the vertical and slant beams will be made with large values for the
angle of rotation of the antenna. For the same scale of angles of.
3 : rotation of the antenna, the accuracy in determining altitude would
; drop as the range increases. Therefore, twc vertical sweep scales ==

20° and 40° -- are used. o

s

“; | The use of two vertical sweep scales makes it possible to read the
: : altitude with minimum error at all ranges. An optical image presented
on the screen of the height-measurement indicator is given in Figure 11k,
.I' . \
Technical data. 1. Target display is by a brightness marker on (p 287)
the screen of the cathode-ray tube.

2. Range is indicated by the horizontal sweep and anéle of
rotation of the antenna by the verticgl sweep.

s &Mﬁﬁ et e ia

3. Anteunna angle of rotation scales are 20° and LQO.

k. Range scale on the screen of the display is from 20 to 200 km
‘for an angle of rotation scale of 4Q° and from 120 to 300 km for an angle
A ' of rotation scale of 20°, .

/ 5. Height is determined by the #erticaf and slant antenna method.

!
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. The height of the target on the screeu of the tube is determined
] visually from the position of reflected signals of the mlixed vertical
J and mixed slant channels relative to the lines of equal altitudes

_ projected on/the gcreen of the display by an optical method.

6. The height~measurement indicator provides for the successive
illumination of reflected signals from the vertical channel on the lower
part of the screen and illumination of signals from the slant chaunel
on the top part of the screen. This makes 1t possible to simultaneously
observe the reflected signals of both channels on the screen. ' '

} Make~up of the IIV-l cabinet. The heigitt-measurement indicator
} ' is built in & standard cabinet and cousisté of the following units:

Al

TI-2 == display tube; * - 4

o,
; RD «~ range sweep;

RU=l -= elevation sweep inﬁ“ unit; Lf
- RU-2 == elevation sweep output ‘mitil o (p 288) -
VS=4 =« video signal unit; |
PN-12 == projection adapter;:.
BP=300 == +300 v power supply;
BP-200 == +200 v power supply;
BP=150 == =150 V pOWer supply;

BP=7 == +7.1 kv power supply;

e e

t

UPT-1 -~ power supply control unit.

e — [T

Units TI-2 and UPT-1l are centralized. In compariments on the left
; side (from top to bottom) are units RU-2, RD,"BP-200, and BP-300, and on
i the right side are units RU-1, VS-L, BP-7, and BP-150. The projection

: : adapter unit is located on the front panel of unit TI-2 (in place of the
] light filter). N

A diagram showing the wiring comnections for the IIV-1 display is
given in Figure 115. Trigger pulses from unit BZ pass:to unit RD. Unit-
: / RD is the same as that in the IKO-1 cabinet." Unit RD shapes a sawtooth’
g ' current which supplies the horizontal deflection coils in unit TI-2.

Ji

/ \.
-'—»- . e e =
- e e e e e e o
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Fig. 115, Diagram of Wiring Connections for Cabinet*IIV-l. S
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R A description of it RD is givén~in Chapter Three, section L,

e

Note:',mhé scale switch in unit RD of cabiﬁet IIVv-l must be placed
in the first/position. The switch is not used.

The SSP (selsyn) voltages are applied to unit RU-1 from unlt VD-l. (p 290)
Units RU-1 and RU-2 shape a voltage proportional to the angle of
rotation of the antenna which is used to supply the vertlcal deflection
- ¢oils, to shape the square pulses which trigger the elevation sweep,
and to switch channels in unit VS-L.

P AP R ey

Unit VS-4 receives voltages from the outputs of the vertical and
slant channel signal-mixer units, range and azimuth scale marker pulses,
range gating pulses from unit RD, and an elevation sweep gating voltage
from unit RU-1. Incoming video signals and ccale marker signals may be
E turned on and off individually at the input of the unit.

k The signals entering unit VS-4 are mixed, amplified, and sent to
9 . the modulator of the cathodew-ray tube in unit TI-2. Switching of the
~  vertical and slant channels is also provided ‘for in unit VS-k. (p-291)

- d Unit TI-2 contailns the stages which supply the alignment coils
' and.focusing coil. . , '

] An electrical scale grid is illuminated on the screen of the tube
' and, in addition, a scale grid and équal-height lines are optically
projected on the screen from which the height of the target is read.

E The electrical and optical scale grids are first aligned on the screen.
j A description of the method of aligning the grids 1s given in the _
q description of unit RD. - ' !
ji Unit PN-12 is used %0 project the scale grid on the screen.

All units in cabinet IIV-l are supplied“from standard power

supply units BP-300, BP-200, BP-150, and BP-T.
i

b p
4 - 2. Iundicator Tube Unit TI-2,

Function., Unit TI-2 (Figures 116 and iﬁﬂ) is used to determine the
flight altitude of detected targets on the screen of the tube using a
scale which is optically projected on the screen.

B { Technical data. 1. The accuracy of aligning the electrical and
» optical scales for an antenna angle of rotation from 59 to 30° and a
range from 20 to 250 km is t1 mm.

50X1-HUM
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Fig. 116. Unit TI-2 (Front View).

1 - door of tube compartment; 2 - screen of tube 31LM32' 3 - focus control;
Ly - brightness control.

. 210
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Fig. 117. Unit TI-2 (Rear View)

1 - plate for mounting small parts; 2 - transformer; 3 - tube housing;
L - bracket for attaching deflection system; § - fuse; 6 - fuse condition
indicator; 7 - plug for sweep voltage supply; 8 - plug for SSP voltage

supply; 9 - plug for feeding signals to tube modulator; 10 - plug for
power supply voltage.
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2. A point focused in the center of thy screen changes its -
dimensions at the edges of the screen by a factor of not more than 1.5.
4
A functional diagram of unit TI-2 is given in Figure 118

The unit includes: R

Jo
-= cgthode-ray tube; -4 ,
-~ deflectlon system; m;
~-=- vertical and horizontal alilgnment Sﬁéges; | ’ - (p 295)

focusing stage;

brightness control circult;

-= +500 v rectifier.

Description of the schematic diagram of the unit. Figure 119 gives
a schematic diagram of unit TI-2. '

The main element of the unit is the cathode-ray tube V5, type
31IM32, whose screen is used to determine the height of the target.

The tube operates 1la conjunction thh a magnetic system which includes
the deflection and focusing coils.

Unit TI-2 uses closed-type deflectiqh-coils (on a closed iron core).

The deflection coils are used to deflect the electron beam of the -
tuve away from its axls in response t0 a predetermined rule,

- Four coils, located two each on the vertical rods of the core,
deflect the beam in a horizontal direction. 'Each coil has two sections
1l and 2. The series=-counnected coils of section 1 deflect the beam in
a horizontal direction and are supplied by a sawtooth voltage from unit

-RD. Deflection of the beam is proportional to the current through the
¢oils. In order that the horilzontal sweep begin from the edge of the
tube rather than the center, the series-counected coils of section 2

.are introduced and connected against the coils of section 1.

These coils are supplied by a d-c voltage through tubes V1 and V2.

The value of this d=-c current and, consequeuntly, the deflection of the

/ beginning of the sweep can be changed by means of a potentiometer in

unit RU=-2. . _ . (p 297)
. ' - ‘,‘ L

50X1-HUM
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Fig. 118. Functional Diagram of Unit TI-2 (TI-3).

1 - horizontal alignment circuit; 2 - vertical alignment circuit; 3 -
/ focusing circuit; L - transformer and «500 v rectifier.

i

®
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_ Four coils, located two each on the horizontal rods of the core,
5 deflect the beam in a vertical direction. The coils of section 1 are-
' connected in parallel and deflect the beam vertically. These coils
are supplied/by a voltage proportional to the angle of rotation of the
antenna which originates in unit RU-2.

Nait

PN

In order that the vertical sweep begin at the bottom of the ’
screen and not at the center, the series-connected coils of section 2 '
are. introduced and connected against the coils of section 1. These

" ecoils are supplied by a d-c voltage through tube V3. The value of
3 ' this current and, consequently, the deflection of the start of the
vertical sweep can be changed by means of a potentiometer located

in unit RU=2,

i

PP

o

poh sk

, Each section of the coils is shunted by a resistor for the purpose
of quenching natural parasitic oscillationslgthe shunting resistors
are placed in the coils). *

e B i

.

The focusing system and the brightness acontrol circuit . in unit ,
PI-2 are identical to those in unit TI-1 (Chapter Three, section 2). /
An over-all view of the deflection system of unit TI-2 is given in '
- Figure 120. e
'}
’6esign of the unit. The unit is located, in the central compartment
of the indicator cabinet. The unit contains: cathode-ray tube .
5 ‘ 31IM32 with deflection and focusing systems, four 6P3S tubes, and a
e ~ +500 v rectifier transformer. , :

v .
A Yo

T R,
/

| _ The deflection system is designed to provide for shifting of
. the coils around their bases when aligning the electrical scale markers
- ’ with the optical lines of the scale. -

ﬁ Above the tube is a panel on which all tubes and small components
‘ are mounted. - :

3 : On the front panel are the screen of the cathode-ray tube with a
p ' frame and the knobs of the brightness and focus controls. Means for
4 securing the optical attachment are also provided.

_ ‘The unit is held in the cabinet in such-a manner that it,may-bg_”,_(p“299),
. ' turned 45° around the point of attachment .in its compartment.

The unit is linked to the other units in the cabinet by two 1h-
; pin plug counnectors, a high-voltage plug, and two high-frequency plugs.

.. One .of theAlhapiﬁzﬁiugs is attached to ‘the chassis of the unit and
the other to a.bracket on the deflection system. o

The uni%'weighs 13.8 kg. : ﬂi

,
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Fig. 120. Deflection System of Unit TI-2.

1 - adjustment screws of horizontal deflection coils; 2 - horizontal
deflection coils; 3 - vertical deflection coils; L - adjustment screws of
vertical deflection coils.
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‘3. Projection Adapter Unit PN-12 for Cabinet IIV-1

PR )

Functiop. The PN-12 projection adapter unit is designed for pro=-
jecting a family of equal-altitude curves and & scale grid on the
phosphor of the tube screen in unit TI-2.

Technical data on unit PN-12. 1. When projecting a square
, (20 x 20 cm=) on a surface, the projection unit gives a barrel-shaped
.  -distortion (with a positive distortion of 4.2%)..

[T S [N WP S

Iy
2., When 1ook1ng at the screen of unit TI-2 through the semi-
transparent glass of the optical attachment, the brightness of the
yellow afterglow is reduced by not more than Lok

e A R s

' 3. The thickness of the focused optica} ‘lines is 0.3 to 0.5 mm.

k, The vertical alignment control for the diapositives permits
- adjustment of both images on the screen of tke tube in unit TI-2 by
at least £50 mm and fixing them in position =with an accuracy of £0.2 mm.

e SRl i

; _ Optical diagram of the unit. An optical diagram of the unit is

k given in Figure 123. s ' '
The light source passes through a condenser and illuminates two

diapositives of complementary colors (red and green). On the red

diapositive are transparent equal-altitude curves and a scale grid for

the following scales: a 20° azimuth representing 160 mm on the screen,

and a 180 km range representing 200 mm on the screen (from 120 to 300 km).

On the green diapositive are transparent equal~altitude curves and a '

scale grid for the following scales: 'a 400 .azimuth representing 200 mm (p 303)

; v on the screen, and a 180 km range representing 200 mm on. the screen

] (from 20 to 200 km). Light passing through the transparent curves of

one of the diapositives and through the second diapositive assumes the

R color of the second diapositive..

The light rays then pass through a light filter, through an
objective lens, are reflected first by & mirror. and then by a semi~
- transparent glass, and finally are projected on the phosphor of the
: screen of the tube in wunit TI-2: .- A-red or a green image.appears on the
screen depending on the color of the filter selected (by means of a knob).

L e

Design . and electrical diagram of ‘the unit. -Unit PN-12 is abtached
to the front panel of unlt TI-2 by four screvs Unit PN~12 may be tilted

avay from the front panel of unit TI-2 to provide access to the tubes
of the latter and the- Froat panel of the unit',

Al
Ie

. / .

e e i

S50X1-HUM
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1
j Fig. 121. Unit PN-12 (Front View).
i 1 - semitransparent glass; 2 - handle for shifting optical scales in
vertical direction; 3 - desicant holder; L - removable illuminating light; |
! 5 - plug; 6 - knob for switching 20 and 4O° scales; 7 - catch; 8 - seating |
holes. :
50X1-HUM
® : 218
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Fig. 123. Optical Diagram of Unit PN-12.

1 - screen of unit TI-2; 2 ~ semitransparent glass; 3 - mirror; L -
ob;jectn.ve lens; 5 - f:.lter, 6 - diapositives; 7 ~ condensor; 8 - light

source.
o
Sh1" .
' LN No.| Function | Goes to: )
. 3 L.5 v | PN-12 trans. :
L L.5 v | PN-12 trans. ’
1| scale sw.| cRU-2 :
. 2 | .chassis ; }
3 Ac‘ !
.I . ) , !
r v ;
: a8 _ |
. {3 t
/ ‘
.} o
. . Fig. 124. Schematic Electrical Diagram of Unit PN-12.

S0X1-HUM .
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: On the front panel of the unit are a removable illuminating bulb
holder and a holder for a desicant.

" The optjcal image on the screen of the cathode-ray tube in unit
TI-2 may be adjusted in a vertical direction by a handle on the left
panel of unit PN-12. , o ~

The filters are switched by means of a' lever on the right panel of
the unit.  Switching of the filters simultaneously switches a micro-
switch in unit ILN-12 which closes a relay circuit for the elevation
sweep scale in unit RU-2.

S

On the top part of‘the front panel of the unit is mounted a
Lhocontact box to which are applied the power for the light source
-and the voltage for the mieroswitech in the relay circuit.

A schematic electrical dlagram of the unlt is given in Figure 124,

At

4. Elevation Sweep Input Unit RU-1 , : " (p 305)

L

Function. The. elevation sweep input unit RU-1 (Figure 125) is o4
designed to produce a voltage proportional to the angle of rotation of
the antenna in a 40-degree sector and to produce a gate pulse voltege

tube during the direct trace of the vertical sweep. ,

Technical data on the unit. L. The linearity error of the output

- voltage

2.
voltage

does not exceed 0.5%.

During the increase in output voltage, the unlt generates a
which triggers signal amplifier VS-k, :

Functional diagram of unit RU-1. Figure 126 gives a functional

-

-

diagram of unit RU~L. The unit includes the following elements:

R

¢

1:1 selsyn transformer SS-405;

reduction gearing; ke
6:1 selsyn transformer SS-405; ﬂy5
voltage summing stage; lﬂ:
cathode follower; ‘ ' j . J

controlled voltage rectifier of thebselsyn transformer;
i

differential amplifier; cathode folluwer for 1,500-cps voltage;

amplifier.

50X1-HUM
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Fig. 125. Unit RU-1.

1 - elevation sweep linearity control; 2 - sector selector crank; 3 - fine
reading dial; L - illuminating bulb holder; 5 - coarse reading dial;
6 - plug cover; 7 - tubes in tube channel; 8 - label on door.
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i "T“ —--9nrrw~w¢c'—1~'ﬂw¢-——m e - -.‘,_".Y“ TR TTY— rrpery—
. : S oL
A PN Signal level R TR
3 | o . i‘rom RU-2 Lo .‘_‘;T‘JL~9 L NP
l .‘2 £ . .‘ L. .‘\ -
| | W@ 09 | (O
D . fll, . . . t
) | w{=4 1 4 g 6. f——to RU-2
% ‘ L "’elevatlon L
] R = sweep
h 2 lmear '
i ’ . d © . i ".'.- ".‘.' .- hoe "- B g . ’ 1
KIS § G ﬁﬁog -/ . N |
AR | I |-~ R VANS (P Zaag * 3 S A
S e ] A , 1 ©. e R TR |
: N -H {'. 4 3 e f.\r =

Fig. 126. Functional Diagram of Unit RU-1l.

; 1 - SS-1j05 selsyn transformer; 2 - reduction geam.ng, 3 - 5S-405 selsyn

' transformer; L - voltage summing stage; 5 - cathode follower; 6 - controlled
rectifier; 7 =~ differentiating amplifier; g8 - amnllfn.er, 9 - cathode

 follower.

)
[
‘
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The voltage from the 1:1 and 6:1 selsyn transformers of the .
secondary selsyn unit is fed to the selsyn transformers located in
unit RU-1. The voltage from the 6:1 selsyn transformer i$ used in the _
unit to lineprize the voltage envelope of the 1:l selsyn transformer _ C
in an interval of angles from 2309 to 4300, which is necessary to
achieve the desired accuracy.

The voltage of the 1:1 selsyn transformer with the added _ :
(approximately 1%) voltage of the 6:l selsyn-transformer- is-fed . « . . oo bom
through the cathode follower to the controlled rectifier. The 1,500~ i 4
c¢ps control voltage is also sent to this reCulfier through the cathoae (p 308)
follower. . )

. The output voltage of the controlled récﬁifier 1s approximately
*  equal to the amplitude of the input voltage and is linear in the
interval of angles from ~30 to +30°. .
Voltage/from the controlled rectifier ii applied to the
differential amplifier of unit RU-2.

~ _~The sweep gating voltage is ‘taken from Cutput tube 6P3S of unit _
RU-2 and is differentiated, amplified, and fed to video sxgnal unit ' : Ik
-7 VS-k. | :
Deséription of the schematic dlagram of ﬁhe uwnit. TFigure 127

gives a schematic diagram of unit RU-1.

T

The three-phase 1,500-cps voltages of the 1:1 and 6:1 selsyns from
secondary selsyn unit VD 1 are taken from the plug connector of unit
RU-1 (pins 7, 8, 9, 18, 19, and 20) and applled to ‘the three-phase
windings of the selsyn transformers.

The voltage from the single«phase winding'of the 1l:1 selsyn
trensformer is added in opposition to a small part (approximately 1%)
of the voltage of the 6:1 selsyn transformer and fed through resistor
R7 to the grid of the cathode follower, which uses tube Vi,

The cathode load of the cathode follower is counnected to the -150 v

bus.- Choke Drl and s®apacitor C2 are included in the screen grid

circuit of tube V1 to maintaln the voltage at the screen grid relative

to the cathode, which is necessary for linear voltage transmission.
| Voltage from the cathode load of tube V1 (resnstors R10, Rll, R12, and
R13) is applied to the controlled rectifier -- tube V3. A voltage at
a frequency of 1,500 cps from the higher-freduency generator unit GCh
is sent to unit RU-l to-control this rectifier. This voltage ls applied
to the grid of cathode follower V2b. The cathode load of this cathode (p 310)
follower is transformer Trl, from which a voitage is fed to the grids
of the controlled rectifier.

T -

:
‘I'__H_M_H_N__,.ﬂwuﬁ.ﬂ_

50X1-HUM i
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Schematic Diagram of Unit RU-1.
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The rectified voltage taken from the output (capacitor C5) of the
rectifier, equal to the voltage eunvelope of the %:1 selsyn transformer
and linearized iq an interval of angles froql-SQ to +3O°9by the
voltage of Hhe 6:1 selsyn transformer, is applied to the grid of the
differential amplifier. in unit RU-2. '

LA
- .

i+

Voltage for the gating pulse is teken from the cathode of V3.in
unit RU-2 and applied to the gating circuit of the tube in unit RU-L o
| (to the cathode ofithe left triode of V4). ,When the voitage at the :
cathode of Via increases, the voltage at the. grid also increases with
a certain lag as a result of the time constant of the grid circuit
(R25 and C7). An amplified voltage having the same sign as that at
the cathode is produced at the plate. *

T T

After differentiation of this voltage, a positive pulse is - C
produced in the grid circuit of Vib which triggers this triocde (the i
cathode of the tube is blockéd). The plate of Vib is counnected to
ground through resistor R27. o

.

A negative voltage appears at the plate load of Vib as the

voltage at the cathode of Vha builds up.

i1 2 Y
=7 X A

Tube V2a serves as the output tube of the gating circuit. The .
main plate load of this tube is a resistor in unit VS-k to which the
gating pulse is sent. The potential at the cathode of Vea is on the
order of 80 - 100 v. The grid of this triode is connected through
resistor R28 to the plate of tube Vhb. When tube V2a is conducting,
a current on the order of 5 ma flows through it.

b o Loyt i el e
i . .

vy

As the voltage at the cathode of Vla builds up, a negative pulse
arrives at the grid of tube V2a and blocks,it. The current flowing
through the plate load of tube V2a, located in unit VS=h, is blocked, (p 311)
and the input diode of unit VS-U is unblocked. :

Y~

When the voltage at the cathode of Vka ‘decreases, the voltage at
the grid also decreases, since capacitor C?waischarges through the
grid-cathode circuit of Vlba. The voltage at, the plate of Vkha also
decreases. After differentiation of this voltage, a negative pulse
eppears in the grid circuit of tube Vib and blocks the tube., As a
result, there will be a positive voltage at the grid.of tube V2a and
this tube will conduct.

Constant gating of the tube, which is necessary when aligning the
display, may be turned on by means of switch V1 in unit RU-1; the
switch shorts the codductor coming from units VS-k to ground.

Monitoring. the operation of the unit. .Unit RU=-1 is monitored with
_the aid of four test jacks: :

50X1-HUM
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] GlL ~- for monltoring the voltage of the 1:1 selsyn transformer at
1 . the cathode of tube V1; , .

G2-1 --/for monitoring the azimuth gating voltage at the plate of
triode V2a;

X G2~2 =~ for monitoring the 1, SOO-cps voltage at the cathode of
2] : triode V2b;

e )
G3 =~ for monitoring the operation of the controlled rectifier at
its output.

Design of the unit. Unit RU-1l is built in the form of a self=-
contained instrument mounted on a standard chassis., In the tube
channel are four tubes (one 6Zhk and three 6N8S), four test Jacks,
and the gating switch. :

The selsyn transformers are mounted on a common frame represeunting
a complete unit and are enclosed in a silumin housing.

The selsyn transformer unit is attached to the inside of the front (p 312)
panel. It contains two SS=-U05 selsyns whose shafts turn through a '
reduction gear with a ratio of 6:1. Dials are fixed to the shafts of
both selsyns to denote the scanning sector whlch has been chosen in.the
display.

The shaft of the 6;1 selsyn extends through the front panel and
serves as the "Sector Selection” knob.

A corrective device is attached to the chassis of unit RU-1 behind
the selsyn transformer unit, This device consists of s varlable-proflle
template connected by a coupling to the shaft of the 1:1 selsyn
transformer. The desired profile of the temnlate is selected and fixed
in position by means of 24 screws. v

When the selsynm transformer rotates, the template also rotates and.
transmits motion to the shaft of potentlometer R4, which is connected
to the template by two levers. Thus, the arms of the variable voltage
© divider (R4, R5, R6) move in accordance with the profile of the template.
The profile is fixed so that the elevation sweep scale does not change
with respect to the setting of the “Sector Sg}ection" knob.

A light on the frout panel of the unit serves to illuminate the disls.

i _ The controlled rectifier and filament fﬁansformers are attached to
the chassis of the unit. Resistors and capacitors are attached to a
nmounting plate. ' ’

M

-‘ The unit weighs 10.35 kg. .

50X1-HUM
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5. Elevation Sweep Output Unit RU-2. . -

Function. The RU-2 elevation sweep output unit (Figure 128) is used
to supply the deflection coils of unit TI-2 in cabinet IIV-1 with a cur-
rent which/changes in proport:.on to the output voltage received -
from unit RU-1. : -

-

The unit provides for the presentation of two vertical sweep scales |
(20° and 40°) on the screen of the tube in unit TI-2. ‘

In addition, the unit is used to change the control voltages in the (p 31%)
horizontal and vertical aligmment tubes of lun:d: TI-2 and to generate a
current vhich supplies the switching relay for the vertical and slant
channels in unit VS-k.

Technical data on the unit. 1. Llne'mrlty error of the output :
voltege ot an angle of 350 does not exceed 0.5%.

2. Scale adjustment makes it possible) to control the current which
supplies the deflection system of unit TI-2 so that one scale on the
screen of the tube represents a 200 angle of rotation of the antenna C
and the other scale represents a LOC angle’ ' ‘
B , ;
3. The unit is used to change the control voltages of the horizontal
sweep aligament tube in unit TI-2 within liniits of O to 50 v and the :
vertical sweep alignment tube within 30 to 70 V. : -

L. The "channel switching" control permits setting the angle at
which the channels are switched within limits of O to 10° according to
the optical scale of the display.

3

Functional diasgram of the unit. Figure 129 gives a functional
diagram of unit RU-2. ' '

The following elements are included in unit RU-2:

AT

-« amplifier; ;
-- screen grid voltage rectlfler, B , ' |
-~ channel switch; : ‘ {
~- output stage; O
-= vertical alignment circuit;
-~ horizontal alignment circuit; **
-- circuit for changing the degree of linearization in unit
RU-1. '

G
[ '
The voltage from the controlled rectifier in unit RU-1 is amplified
in the differential amplifier of unit RU-2.and is applied to the grid
of output V3. This tube generates a current which supplies the vertical (p 316)

50X1-HUM'
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Figo 1280 Unit RU-20

1 - label on door; 2 - tubes in tube channel; 3 = channel-switching control;
L - scale control; 5 - vertical alignment control; 6 - horizontal alignment
control; 7 - illuminating bulb holders; 8 - plug cover,

50X1-HUM
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- Fig.  129. Functional

sweep level). .
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o e, | TR
fromPN-12 , B y
) Lﬂ-tﬁ—l

Y

Diagram”of Unit RU-2.

1l - amplifiers; 2 - screen grid rectifiers; 3 - channel switch; L ~ output
, stage; 5 - vertical alignment circuit; 6 - horizontal alignment circuit;
/ 7 = circuit for changing value of linearization in unit RU-1 (vertical

50X1-HUM
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deflection coils of unit TI-2. The owtputistage ond the differential

amplifier have 100% feedback in order to achieve the desired linearity
of ‘the ou%put current.

Voltage from the cathode of output tube V3 is fed to unit RU-1 to
supply the gating circuit. This same vbltage is used to supply the
amplifier vhich generates current for the channel-switching relay in
unit VS-i4. -

The scales are switched by means of a‘relay located in the unit.
The relay receives its energy from unit PN-12. Simultaneously with
switching the scales, the relay changes the value of the linearizing
voltage from the 6:1 selsyn in unit RU-1 as well as the vertical and
horizontel shifts. This adjustment of the scales and 'the vertical and
horizontsl sweep alignments serves to match the electrical dial with
the optical dial in cabinet IIV-1. e

Description of the schematic diagfam of the unit. Figure 130 gives

d schematic diagram of unit RU-2.

N

The controlled reCuifler output voltage from unit RU-1 passes
through filter R9, Cl and resistor R10O to fhe grid of the differential
amplifier V2a. &

The differential amplifier uses tube.V2. Voltage from the output

of the amplifer moves through divider R15,.R16 to the grid of the eleva-

tion sweep output tube V3, the plate load of which are the vertical
deflection coils in unit TI-2. \

The cathode circuit of V3 contains resistors R2T and R30 used to
control the ~sweep scales g ,

In order to compensate for nonlinearity of the characteristic of
tube V3, a feedback voltage is taken from its cathode and applied to
the left half of the differential amplifier tube V2, while the screen
grid of V3 is supplied from a separate rectifier. The screen voltage
is stablllze& by means of voltage stablllzer Vi, '

The sweep scales are switched by changing the cathode resistances
of output tube V3. The operating sector of the sinusoidal voltage
envelope of the 1:1 selsyn transformer is’ selected from O to 40° for
the 40° scale and from +2.5° to +22.5° for the 20° scale relative
to the electrical zero p01nu of the 1:1 selsyn (or from -5° through .
09 to -325° for the 40° scale and from -2.5° through 0° to 342.5° for
the 200 scale relative to the zero on the scale of the 1:1 selsyn).

When the scales are switched it is necessary that the vertical
alignment of the beam in the display be chegnged.. For this purpose,

~ the grld po»enulal of vertlcal alignment tube V3 in unit TI-2 is

(20°
50X1-HUM
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Schematic Diagram of Unit RU-2.

Fig. 130.
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Various range sectors are examined at ‘different elevation scales.
_ . " Therefore, when the scales are switched it is also necessary to change
¥ , the horizontal alignment of the beam in the display at the same time. This is
done by supplying voltage to the ‘grids of the horizontal alignment tubes
(V1 and V2) of unit TI-2 from potentiometers R35 (40O scale) and R36
(20° scale), located in unit RU-2 end switched smul'baneously when the
elevation scales are switched. o ¢

[
The channel-switching circuit operates with tube VL, to the plate
cireuit of which is connected the winding of tlie relay 1ocated in unit
VS-lt.

The control grid o:f‘ tube V1 1is connected through resistor R8 to the
cathode of output tube V3. The moment that tube V1 fires is determined
; by the bias applied to its coni,rol grid from d:x.v1ders ‘Rol (40° scale) (p 319)
| ‘ . and R26 (200 scale).

When the 20° scale is used, only the following con'brols are illumi-
nated: "200 Scale," "20° Vertlcal Aligrment," "20° Horizontal Alignment,"
200 Channel Sw:Ltch."

When the 40° scale is used the foll ow.ing controls are illuminated:
"LOO Scale," "k0C Vertical Aligrment," ")+O° Horlzon‘tal Alignment," "L0O
Chamnel Switch."

Relay R1l, which is controlled from un:.t PN-12, is used in switching
all of the above controls.

' Voltage from the cathode of output tube V3 is applied’ to The tube
gating c1rcu1t in unit RU-1.

Monitoring the operation of the unit., Unit RU-2 is monitored with
the aid of two test jacksr '

o

GL -- for monl’cor:mg the current in tube VL1;
G3 -- for monitoring the output voltage at the ca:bhod.e of tube
V3. _ ,

A Design of the unit. Unit RU-2 is built in the form of a self=- .
B : contained instrument mounted on a standard chassis. On the front panel
of the unit are the shafts of 8 potentiometers and four illuminating
bulbs.

The tube compartment of the unit contains four tubes (6r9, 6n8sS,
/ 6P3S, and SGUS) and two test jacks. a ,

Two ‘bransformers are located on the chassis of the unit.

50X1-HUM
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Small components (fesistors and capaéitors) are attached to a : ?
mounting plate within the unit. o - 3
. L

The uéit has one plug connector. . . s

Weight of the wnit is 7.2 kg. ¥

0

T

6. Video Signal Unit VS-k.

it 2~

Function. The video signal unit VS-4 (Figure 131) mixes and
emplifies the scale marker pulses and reflected signals in one channel :
and applies them to the grid of the cathode~-ray tube. (p 321)

Technical data on the unit. The magﬁitude of the output signal of
the unit may be controlled within limits of 0 to 7O ¥. The passband of
the unit is 1.5 Mc. The unit provides for switching between the slanu
and vertical channels.,

Functional diagram of the unit. Figure 132 gives a functional -
diagram of unit VS-k. ot : '

Y

The unit consists of the following eleménts: ’ !

Wy
-= input dividers; T
-- wideband amplifier;
-« output sta e;
~=- control u el e
-- relay RS-52. q

Reflected signals from the vertical aﬁd slant channels and range and ]
azimuth scale markers are applied to the ipput of the-unit. 1

J
At the input of each channel is a swiﬁch. When the switch is
closed; all signals pass to the input dividers, are mixed in one common
channel, and are applied to the wideband amplifier. The amplifier con-
sists of two amplification stages. )

Common gain control is provided in the first stage of the amplifier.

A gain control for the scale markers makes it possible to change i
the amplitude of the scale markers relative to the video signals.

A liniit control in the second amplificstion stage is used to pre-
vent defocusing of the signals on the screen of unit TI-2 when signals
of large emplitude appear at the input of unit VS-k4. (p 323)

The output stage of the unit is a cathode follower. Range and !
azimuth gating pulses are applied to unit VS-U to trigger the circuit. - |
If gating pulses are not present, signals do not pass to the input - _ .
of the amplifiexr. - [

4
b
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Fig. 131. Unit VS-l.

1 - plug cover; 2 - common gain control; 3 - scale marker gain control;

I - toggle switch for 10-km markers; 5 - toggle switch for 50- and 100-km
markers; 6 - azimuth marker toggle switch; 7 - reserve toggle switch;

8 - illuminating bulb holder; 9 = reserve toggle switch; 10 - toggle switch
for vertical channel signals; 1l - toggle switch for slant channel signals;
12 - limit control; 13 - tubes in tube channel; 1l - label on door.

. , 50X1-HUM
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\ Fig. 132. Functional Diagram of Unit VS-L.

| 1 - input dividers; 2 - wideband amplifier; 3 - output stage; Ly = control
tube; 5 - relay RS-52. :

F
A

50X1-HUM

A '_Declassified in Part - Sanitized Copy Approved for Release 2013/10/24 : CIA-RDP80T00246A031600070001-3



~ Declassified in Part - Sanitized Copy Approved for Release 2013/10/24 : CIA-RDP80T00246A031600070001-3

il il Rl

L

RN Ry e A VY - T N Y

o .

dan

Declass.ified in Part - Sanitized Copy Approved for Release 2013/10/24

a schematic dlaglam of..unit Vb-lk

) 50X1-HUM
 Description of the schematic aiagram -of the unit. Figure 133 gives

The c:}.rcu:s.t of the unit recen.ves the following signals:
8.
/.:./. signals of the vertical channel;
. == signals of the slant channel;
: -- 10-km range markers; <
e == 50- and 100-km markers; B
' -~ gzimuth markers. . i

All of the above signals pass to the input dividers in the same
manner as in unit VS-3. Refelcted signals from the vertical and slant
channels are fed to relay RS-52 which alternately applles vertical and
slant signalstothe grid of the amplifier tube.

The relay coil is controlled by the eleve:blon sweep circuit in unit
RU-2..

The circuitry of unit VS-4 is identical to that of unit VS~ 3 with
the exception of the input circuits. The circuit contains the follow-
ing controls:

-~ seven single-pole switches for J.ndn.vldually sw:ubchlng any.-of
the channels on or off; . A

-- common gain control ;

~~- scale marker gain con’crol,

-- limit control.

Design of the unit. Unit VS-U is built in the form of a self--
contained instrument mounted on & standard chassis. The tube channel
contains four tubes (one 6Zhl, two 6P9, one 6N8S) and four test Jacks
A1l controls are on the front panel. The unl‘c has two plug connectOLs.
Weight of the unit is 6 kg.

50X1-HUM

(p 325,

: CIA-RDP80T00246A031600070001-3

]



Declassified in Part - Sanitized Copy Approved for Release 2013/10/24 : CIA-RDP80T00246A031600070001-3

e : 50X1-HUM ’

o
L4
*
.? .
0
=S
'*é .
1
S 3
- “y .
REd (o] :
il ! ‘
il g : *
CE ] Y " £ 3
| | AR 1 &
;I I;: " “f‘: Aa T '( E
M eereE sl | )
1 H 3 PRI © 1
‘! y N !}0' 1} o »
t r ?'v., ] he. Bl!’! 1‘ . P .
SELIP e e [1]
M (B ol | i 2
! mi U (W 14 3]
B &E ] loy o © "’5 :': Ke
a L i\‘& du T Wiy ' (&)
it S e = ! 0
i e L— it
) 1: 3 3 L d’ t;,l .
'w = R BB|C ‘ °
[ ! ‘II .-§°F "—"‘l W g
P (i . r —
: l] . i H
Il :"u g H .
| w A (- ' .
4’\ . ;| g' SF‘ Slt ; Ein ;
i || SREe— i s ;
i Khas) §
- i *.: '-‘—“‘Tg.——"_‘" i
. Yt : _
BEsE - | |4 ‘
sivi] O 4
oy «ln - i
;h s Ay s & i
= &

t
¥ H f i
i ) \W I’E [ ' f . " \
g e |
. ol g ?:,'4_ =y u“‘ L
:L b ‘-ilt'.gL ﬁ'y’l, [“]}.’{i .‘

50X1-HUM

i
~ Declassified in Part - Sanitized Copy Approved for Release 2013/10/24 : CIA-RDP80T00246A031600070001-3

|



|
Declassified in Part - Sanitized Copy Approved for Release 2013/10/24 : CIA-RDP80T00246A031600070001-3

' o ' 50X1-HUM

-~

h

CHAPTER SIX

. , 5
|

/. o AZIMUTH-RANGE INDICATOR IAD-1

1. General Information About The Operation of Indicator

The azimuth-range indicator IAD-1 (Figure 134) is designed for
exact determination of the target coordinates in an arbitrarily chosen
sector. The indicator ensures the highest possible resolution, regardless of
image focusing. A sector of the observed space is displayed on the
indicator screen. DPrecise target coordinates are obtained by means of
an enlarged sween scale and by applying 2-km range markers and l-degree
azimuth markers to.the indicator.

" The azimuth-range indicebor, like the IKO-1 and IIV-l, is ah oscmilo-
scopic device with horizontal ancl ver‘clca.l Sweep and an m’cens:uty-modulated
signal.

- The sector selected for scanning is displayed on the screen of the

cathode-ray tube. The horizontal sweep is proportional to the azimuth
scale, the vertical-- to the range scale. The circuits of the hori-

. zontal sweep are supplled with voltage from the synchronous tracking. sys= '

" temvwhich transmitsthe turnangle of the antenva. The range and azimuth o

. gweep voltages act on-the deflecting system of the cathode-ray tube. S (p 327,
The voltages of the reflected signals and the range and azimuth scale

markers influence the control electrode of the cathode-ray tube in the /"
"same manner as in TKO-1. ' /

;

The reflected signals appear on the screen in the form of horizontal
dashes, the range scale markers appear in the form of .horizontal lines
- which correspond to fixed ranges,and the azimuth scale markers -- in the
form of a number of vertical lines corresponding to the fixed angles of
turn of ‘the antenna system (Figure 135).

Technical data. 1. Display of the terget is by an intensity spot
signal on the screen of the cathode-ray tube.

2. Sweeps are horizon'tal (ezimuth) end vertical (ra.nge).

3. The operating mode of the cabinet is scanning an arbrtrarlly
selected sector covering 20° or 600 in azimuth. .

i 4. The range scales are 30, 50, and lOO km.

t 5. Delay of the start of 'bhe sweep may be adjusted from LO to 350
km in steps of 10 km.

. ’ 3
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Fig. 134. Cabinet .IAD-1.

1 - unit BP-300; 2 - unit UPT-1; 3 -~ unit BP-200; 4 - unit RD; 5 - unit
TI-3; 6 - unit ZR-3; 7 - connector panel; 8 - unit RA; 9 - u.nlt VS-3;
10 - unit BP-7; 11 - unit BP-150.

50X1-HUM
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Fig. 135. Image of Llectrical Scale Grid on the

-Screen of the Azimuth-Range Indicator.

a - 100-km range scale, azimuth 60%; b - 80-km range scale, azimuth 20°.
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6. The exact coordinates of targets are determined from the posi-
tion of +the reflected signal marks relative to the range and azimuth
elec‘trical/. scale marker grid. " '

7. Separate or simultaneous observation of the following are

possible: range scale markers (10,50, 100 lcm) and azimuth scale merkers

(5° and 30°); 2-km and one-degree scale markers which form the scale
marker grid; reflected signals from the vertical a.nd slant channels.
5 S
Make-up of cabinet IAD-1. The azimuth-range indicator is housed
in a standard cabinet and consists of the following units: y
. . i}

‘ -~ indicator tube TI-3; -
-~ sweep delay unit ZR-3; o
-~ range sweep unit RD;
ww Yideo signal unit VS-3;
-~ gzimuth sweep unit RA;
~= 4300 volt power supply unit BP-300;
-~ 4200 volt power supply unit BP-200;
= =150 volt power supply unit BP-150;
--  +7.1 kv power supply unit BP-7.

Units TI-3-and UPI-1 are centralized., In the left compartments
are mounted the following units (from top to bottom): ZR-3, RD, BP-200

and BP-300. In the right compartments are units RA, VS-3, BP-7, and BP~ -

150.

A wiring diagrem of cabinet IAD-1 is shown 1h Figure 136.

As can be seen from the diagram, almost all the units in cabinet.
IAD-1 are of general use except units RA and TI-3. Unit RA forms hori-
zontal~sweep voltages for the indicator. end unit TI-3 serves ‘the same

,purpose as unit TI-2 in cabinet IIV-1. All.the c:chu:Lts of cabinet IAD-1

are the same as those in IKD-1 and IIV-J.. )

The circuits which form the verticel sweep end the video signal
circuit are the same as in IKD- 1, and the c¢ircuits which form the angle
sweep and blanking pulses arce “the .same as “4n IIV-1. A description of’
the general use units is found in the appropriate chapters. Units
ZR~-3, RD, and VS-3 are described in chapter three, sections 3, L4, and

. 7
2. D

A1l the units in the azimuth-range indicator recelve vol‘cage from

units BP-300, BP-200, BP-150, and BP-T.

"}
1

o]

(p 329)
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Circuit Diagram of Cabinet IAD-1.

50X1-HUM

Declassified in Part - Sanitized Copy Approved for Release 2013/10/24 : CIA-RDP80T00246A031600070001-3



Declassified in Part - Sanitized Copy Approved for Release 2013/10/24 : CIA-RDP8OT00246AO31600070001-’3

50X1-HUM

Unit TI-3 is identical to TI-2 except for the direction of the
sweep. The change in sweep direction is achieved by turning the deflect-
ing coil 90° ang changing the connections o the conductors which lead
to the range sweep and sweep shift cireuits.

| - The range sweep corresponds to a vertical deflection of the beam,
| and the azimuth sweep--to a horizontal deffill.ection.

Thus, the image on the screen corresponds to the true location of
the radar station in space and permits guidance during the approach of
guided aircraft toward one another (when the distance separating the
Planes. does not exceed the scale on the screen of the indicator).

b

3. Azimuth Sweep Unit RA.

Function. Azimuth sweep unit RA (Figure 137) is designedito supply
the horizontal deflecting coils of unit TI-3 in cabinet IAD-1 with a
~ current which varies in direct proportion to the angle of turn of ‘the
antenna system. Moreover, the unit forms the screen gate pulses in the
operational range of turn angles of the antenna and ensuresthe change
of control voltage in the vertical and horizontal shift tubes in unit
TI-3. o v

Technical data. The current generated by unit RA varies within - . (p 333)

~the 1imits of zero to a maximum in direct proportion to the angle of
turn of the antenna within the limits of + 300.

Scale regulation permits a continuous variation of.the angle of
turn of the antenna from 20 to 60 degrees. -The far léft position-of
the "Scale" control is limited by a stop. w

t During the forward sweep, the unit forms a positive square gating
“pulse in the indicator tube. The unit ensures a change of the control
voltages applied to the horizontal and vertical shift tubes of unit TI-3.
within the limits of zero to 50 v. L '
Functional diagram. A functional diagram of the unit is given in
Figure 138.

R
The following elements are included in' the unit:

L
+

' -~ selsyn transformer SS-405; A , o

-- cakhode follower;‘": RN ' ca

-- dontrolled rectifier; n

50X1-HUM
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Fig. 137. Unit RA.

1 - azimuth coverage selector knob; 2 - reading dial; 3 - illuminating bulb
holder; L - vertical shift controlj 5 - horizontal shift control;j 6 - scale
control; 7 - plug cover; 8 - tubes in tube channel; 9 = label on door.

50X1-HUM
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Fig. 138. Functional Diagram 'of Unit RA.
/’ 1 - selsyn transformer S$8-405; 2 - cathode follower; 3 - controlled

rectifier; L - output stage; 5 - differential amplifier; 6 - amplifier;
7 - vertical shift circuit; 8 - horizontal shilt circuit; 9 - cathode
follower.
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== output stage; ' G

s

-~ differentiating circuit and ampiif"ier H

i

-~ amplifier;

-- vertical shift circuit;

A

-~ horizontal shift cireuit. .

Voltage from the l:1 selsyn transformer of secondary selsyn unit - \

VD-1 is applied to the selsyn transformer in unit RA. The selsyn trans-
former voltage is fed throughthe cathode follower to the circuit of the

controlled rectifier. ‘ e -

e

' A 1500-cps control voltage 1s applied through the cathode follower
: ' to the same rectifier. o S - - (p 335)
‘ The output voltage of the controlled mectifier is linear in the

interval of angles from -30 to + 30 degrees. The voltage from the

controlled rectifier is applied to the output stage vhose plate load :-

are the deflection coils of unit TI-3. 0

In order to obtain positive squaxe "5ga%e' pulses, the voltage from
| the cathode load of the output tube is differentiated and amplified.

&

5
§
bt
!
A
k:
P

The unit has three controls. -

The "Vertical Shift" and "Horizontal Shift" controls are used to
vary the control voltage at the vertical and horizontal shift tubes
in unit TI-3. The "Scale" control is designed for comtinuously vary-
ing the scale. '

LTI, BT L ST PR asts B0

; - _ Description of the schematic diagram of the unit. Figure 139 gilves
‘A : -a schematic diagram of unit RA.

A three-phase, 1500-cps voltage (l:1) from secondary selsyn unit
VD-1 is taken from the input of .unit RA (contacts 7, 8, 9) and applied
to the three-phase winding of the selsyn transformer. The voltage from
the rotor of the selsyn transformer is fed through veriable resistor
Rl and fixed resistor R5 to the grid of the cathode follower, which
incorporates tube VL and whose cathode load is connected to the -150 v bus
bar. By adjusting veriable resitor R1l it is possible to control the

! scale. _ o

gt e x T VA e e oyt e M

' Thé screen grid circuit of tube V1 contains choke coil Drl and . (p 337)
capacitor C2 for maintaining e constant voltege at the screen grid ‘
‘ (relative. to the cathode), resulting in a ljpear voltage transmission.

oL

i
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Voltage from the cathod load of tube V1 (resistors R8, R9, R1O, R11)

im applied to the controlled rectifier (tube V3). In order to regulate
this rectifier, a 1500-cps voltage from unit GCh is fed to unit RA. This
voltage is applied to the grid of the cathode follower (tube V2b) through
capacitor £3. Transformer Trl serves as the load of the cathede follower;
the Trl voltage is applied to the rectifier. The rectified voltage,
which is equal to the voltage envelope of ‘the selsyn transformer, is ‘

4 . taken from the output of the rectifier (capacitor C5) through filter

R23, C7, eand fed through resistor R2L to the grid of output tube Vk.

-E s The deflecting coils of unit TI-3 serve as the plate load of output

3 tube V4. The operating mode of the output tube is selected so that a
g - sector from =30 to 430 degrees of the voltage envelope of the selsyn
9 transformer can be viewed on the indicator screen. It is possible to

: _ regulate the scale by means of potentiometer Rl from which the selsyn
E ‘ voltage is applied to the grid of tube V1. The voltage from the cathode
: of output tube Vk is fed to the cathode of V5a in the gating circuit.

g . When the voltage at the cathode of V5a increases the voltage at the
| R grid increases with a certain delay due to.the time constant of the grid
circuit (R28, €8). An emplified voltage with the same phase as that at
the cathode is produced at the plate. After differentiation of this
voltage, a positive pulse is formed in the grid circuit of VSb and
triggers the tube. The plate of V5b is connected to ground through
resistor R30. Tube V5b is blocked at the cathode. Thus, a negative
voltage appears at the plate load of V5b during the forward movement

of the sweep. -

TN N

s

Tube V2a is the output of the gating circuit. The resistance in
video signal unit VS-3 is the principal plate load of this tube. The
potential at the cathode of V2a is selected at 80 to 100 v. The grid
of the tube is-connected through resistor1333 with the plateaf tube V5Db.

N s i T e e

When tube V2a conducts, a current on the order of 5 ma flows
through it. While the voltage is rising at the cathode of Vba a
negative pulse arrives at the grid of V2a'and cuts it off. The current
ceases to flow through the plate load of tube V2a, located in unit
VS-3, and the input diode of unit V3-3 starts to conduct. When the
voltaege decreases at the cathode of V5a, the voltage at its grid also
diminishes, since capacitor C8 discharges through the grid-cathode cir-
cuit of tube V5a. The voltage at the plate also diminshes. After
differentiation of this voltage, & negative pulse appears in the grid
3 circuit of tube V5b which further blanks the tube. Therelfore, at the (p 339
grid of V2a will appear a positive voltage and the tube will conduct.

A e o

Nl i

To turn on the continuous gating of the receiver, which is necess-
ary when tuning the indicator, unit RA has"switch V1 which grounds the
conductor leading to unit VS-3.

n‘
R

50X1-HUM
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Monitoring the operation of the unit. Unit RA is monitored by means
of five test jacks. '

Gl ~~- for monm'born.ng the voltage of the selsyn transformer at the
cathode of 4ube Vi;

G2«1 -~ for monitoring the azimuth gating vol'l:age at the plete of
tube V2a;

G2-2 ~- for monitoring the 1500-cps vbltage at the cathode of tube

G3 -~ for monltorlng the operation of* the con'brolled rectifier
. (tube V3) up to the filter;

-y G4 -~ for monitoring the output voltage at the cathode of tube
V . : [lj
. : o . |

Design of the unit. Unit RA is built in the form of a self-contained

instrument mounted on a standard chassis., « ‘ _
u ] 3

The tube channel contains five tubes (one 6Zhl, three 6N8S, and one

6P3S), five test jacks, and a gating selector sw'rtch.

The rotor shaft of the selsyn tra.nsformer exbends through the
front panel.

In addition, the shafts of three potentiometers which ¢tontrol the
scale, vertical shift, and horizontal shift 'are accessible at the
front panel. A light for illuminating the controls is also on the
front panel. The unit has one plug connector.

© 13

~ The con'trolled rectifier ‘bransformer and ’che filament transformer (p 37+O)
are mounted on the chass:.s of 'bhe unit. :

The unit weights 10 kg.

Y
) .
. ’

50X1-HUM -
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CHAPTER SEVEN : - (p 3k
POWER SUPFLY EQUIEBMENT -
/ 1.

General Information

The remote control cabinet, the master voltages cébineu, and each
indicator cabinet receive d-c and a-c electrical power from the power
supply group which forms a component part of each cabinet.

The power supply units generate stabilized d-c¢ voltages of +200 v,
-150 v, and +7.1 kv and an unstabilized voltage of +300 v. The units
are turned on and off from a centralized position by means of toggleé
switches which estaeblish the time sequence for cutting in the fllament
and plate voltages.

The power supply complex igcludes the foliowing:

BP-300 -- 4300 v unstabilized voltage uhit;
- o

. BP-200 -~ 4200 v stabilized voltage unit;'
BP-150"-- -150 v stebilized voltage unit;

BP—-? -= +7.1 kv stabilized voltage unnt,
(/.// UPT-1 -- power supply control unit. 1,

A wiring diagram for the power supply units in each cabinet is
given in Figure 140.

o

1 ~ C ok

‘ . E . . &
. R

2. BP-300 Power Supply Unit.

Function. Unit BP-300 (Figure 141) provides a rectified voltage
of 4305 v which is applied to the filter of the rectifier located in

/1 unit BP-200. (p 3kk)
J ' ‘
i \ ,Technical data on the unit. Power supply unit BP-300 generates : ‘
oy " an unspa.blllzed rectified voltage of +305 v ¥15 v at a load current
o of 75079 ‘ma.
» The, current consumed by the unit from the power line at a load

/ current go; 750 ma and a line voltage of 220 v does not exceed 0.8+ 0.15 a .
for eac{b phase.

A

[
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1 - fuse condition indicators; 2 - fuses; 3 - plug cover.
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. Pulsatbions of the rectified voltage do not exceed 70 v peak-to-
peak at any value of load from O to 750 ma.

The ﬁ§otection circuit of the unit cuts off the 4305 v output
voltage in the event of short circuits at the load..

Functional diagram of unit BP-300. A functional -diagyem of the
unit is given in Figure 142. It includes a.three-phase tran former
and a selenium rectifier (without filter)’. ~

An a-c voltage of 220 v, 50 cps is applled to the primaxy
windings of the three-phase transformer.® Voltage from the secondary
.+, . windings is applied to a selenium rectifiexr consisting of six
identical diode rectifiers connected in a bridge circuit.

| The rectified voltage of +305 v is applied to unit BP-200.
>y -
Description of the schematic diagram. A schematic diagram of
unit BP-300 is given in Figure 143. N
o
A three-phase a-c voltage of 220 v, 50 cps is taken from unit
UPT-1 through pins 11, 13, and 17 of the plug connector and applied
to the primary windings of three-phase transformer Trl, vhich is (p 347)
connected as a star circuit. . o

Two~amp fuses (Prl, Pr2, Pr3) are connected to each of the primary
winding phases of the transforner. The condition of the fuses is
monitored by neon bulbs MN-5 (NL1, NL2, NL3). Resistors Rl, R2, R3
(470 kilohm, 0.5 W) are connected in series with the bulbs. The

- - bulbs are connected in parallel with the fuses and. )
light when+a fuse burns out. . ( -

The secondary windings of the uhreenphase transformer raise
the primary voltages and supply the selenium rectifier (pL, D2, D3,

Dk, D5, and D6), which is comnected in a six-phase circuit. The
secondary windings are also comnected in a, star circult The [ -
rectifiers are type TVS-40-112 s with a square cross-section of
40 x 40 mm and 12 disks per unit. The réctifier provmdes a voltage
" of +305 v at a maximum currenu of 750 ma.

The negative pole of the rectifier is connected to the chassis and
the positive pole leads to unit BP-200 thrpugh a 20-pin plug connector.

- 50X1-HUM. | '/
/
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Fig. 142. Functional Diagram of Unit BP-300.

A\

1 - three-phase transformer; 2 - selenium rectifier.
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Fig. 1L3. Schematic Diagram of Unit BP-300.
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Design of the unit. Unit BP-300 is built on a standard chassis '

and is located in the first lower compartment of the cabinet. Four

of the rectifiers (D1, D2, D3, and Di) are-located on pins and are ,
positioned cross-wise in the unit, while the fifth and sixth rectifiers /
(D5 and D6Y are~Iocated in the top part of the unit. The three-phase (p 348)
transformer Trl is positioned across the chassis at the rear of the

unit and occupies both compartments. The transformer is built of a

standard iron Sh32 (doubled) with o core 6% mm long; grade/of the ironm

is E42. The winding data are identical for the coils on each rod of

the trensformer. There are three fuses on the front panel of the b
unit which are connected in phase with the primery winding of the S
transformer. Above the fuses are neon bulbs which indicate the
condition of the fuses. The unit weighs 11.7 kg.

3. BP-200 Power Suppiy Unit.

- Function. Unit BP-200 (Figure 1) is used to supply the plate
cirecuits of the tubes in the display equipme¢nt with a stabilized voltage : v,
of %200 v and an unstabilized voltage of +300 v. ' X

’

-

The latter voltage is generated by unil BP-300 and passes only
through a smoothing filter in unit BP-200.

Technical data on the unit. ZPower supﬁiy unit BP~200 generates a;'v

stabilized voltage of +200t 6 v at a load current of 320 to 330 ma and
. an unstabilized voltage of +300 v at a load current of 750 ma; the unit
. receives its power from a +200 v network., . e

1} ’
/Pulsations of rectified voltages do nof exceed:

-= 0.012% for the +200 v.cirCuit'(eh mv peak-to-peak);

= 1.0% for the +300 v circuit (3 v peak-to-peak).

Stability of the +200 v rectified voltége with a simultaheous :
change in load current of the output circuit from 270 ma to zero and . (p 350)
a change in line voltage by £5% should not be worse than 0.8%. ¢

RV,

-

A network-protection circuit removes the +200 volts at the output
of the unit in the event of a short-circuit at the load. - . i

Functional diagram of pover supply unit BP-200. A functional . !
diagram of unit BP-200 is given in Figure 145.

3

It includes the following elements;__

-- +300 v rectifier filter;

-~ electronic stabilizer for the 200 v circuit, consisting of a
control tube, control stage, and voltage divider.

50X1-HUM :
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1 - light indicating presence of voltage; 2 = fuse; 3 = fubes in tube
channel; L - label on doo#; 5 = plug &overs
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: A rectified pulsating voltage of +3OS v is applied to the filter

R input from unit BP-300.
The L-sheped filter is of the inductance- capacn.oance 'bype with
& smoothing factor on the order of 30. u”

The 4300 v from the £ilter output ‘passes through a plug connector
to external loads and is used within the un:LL to supply the electronic
stabilizer circuit. :

The electronic stabilizer circuit includes a regulating element
connected in series with the load and a control element connected to
- the output of the unit by means of a dJ.v;der of temperature~compensated
resistors.

Description of the schematic diagram...A schematic diagram of
unit BP-200 is given in Figure 146.

An unstabilized voltage of +305 v from unit BP-300 passes through
pin 20 to plug connector Shl to the single-mesh L-shaped filter. (p 353)

The filter consists of 1nductance Drl and capacitors Cl, C2,
C3, and ch. :

The inductance of the choke is approxn.mately 1.2 henrys at a )
magnetization current of 750 ma.

A voltage of +300 v is taken from the output of the filter and
applied to the input of the electronie stabilization circuit and to pin
1 of plug connector Shl. -

Y : .
The input of the electronic stabilization circuit are the plates

of two regulating tubes V1 and V2 (6nss), dll electrodes of which are
connected in parallel. ‘u
erd suppressor resistors RLl, Rb, R, and R8 are connected to the
grid circuit of each triode.

Al

0

An output wvoltage of +200 v is taken from the cathodes of 'the
' regulating tubes through balancing resistomrs R2, R3, R6, and R7.

_ The plate of control tube V3 supplles ‘bhe control voltage for the
grids of the regulating tubes. ,

/ Pentode V3, type 6Zhl, is used as ‘che'c':'ontrol tube. The plate of
this tube is connected to'the +200 v output bus through a load equal %o
330 kilohms (R9). The cathode of ‘the control tube is connected to the
chassis of the unit. The screen grid of V3 is supplied with +200 v from .
divider R10 and R11l. o »

‘ | '

50X1-HUM
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Fig. 145. Functional Diagram of Unit BP-200.

% ~ filter; 2 - regulating stage; 3 - control_dstage; I - filament trans-,
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A voltage from the output of the electronic stabilizer -- the

middle point of a divider consisting of compensated resistors R12,

R13 connected between the +200 and -150 v busses -- is applied to the

control grid of tube V3. The -150 volts from unit BP-150 is applied '
to unit Bﬁ;EOO and represents a reference voltage for the +200 v (p 354)
electronic stabilization circuit. Thus, a follow-up system of two

voltages is created: a change in the -150 v reference voltage causes a
proportional change in the +200 v output voltage.

In view of the high precision of thesgompensated resistors, which
are menufactured with a tolerance of *1%, the spread of the +200 v
output voltage is on the order of £3%. , ' 5

The filament circuits of the tubes in the unit are supplied
from a2 standard filament transformer Trl., o
: W - ,&
This transformer is turned on by means of a toggle switch ﬁn
unit UPT-1 which is comnected to unit BP-200 through pins 4-6 of
plug connector Shl. W
. " .
Fuse Prl is included in “the primery winding circuit of the filement
- transformer. .
Neon bulb NL1, vhich signals the pregence of +200 v, is connected
in parallel with the load at the output of the unit. When a short
circuit occurs at the load of the +200 v eircuit, output fuse Pr2
(0.25 a) burns out and signel light NL1 is,extinguished.

L

Monitoring the operation of the unit. Two test jacks are used to - 3
monitor pulsations of the output voltages in the unit: - B
' . &

-e (1 -~ for monitoring pulsations of:the +200-v voltage;

~- G2 -~ for monitoring pulsabions of the +300-v voltage.
Design of the unit. Unit BP-200 is a tube unit vhose elements are -
arranged on a standard chassis.

The unit is located in the lower 1éft compartment of the cabinet
above unit BP-300. '

The filter of the +300 v rectifier consists of a choke and four (P 355)
capacitors. The magnetic circuit of the choke is formed by standard -
, type-Sh32 plates with a 4O mm core. Two ENSS tubes and one 6Zhk tube
! are in the tube channel. The filament transformer is located behind
the tube compartment. The transformer is made of Shl6. iron (doubled.)
with a'core size of 40 mm. ~

-

50X1-HUM
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On the front panel are a fuse and a neon bulb which signals the
bresence of voltage at the output of the unit and the condl ion of
fuse.

The udit weighs 10.7 kg.

3]

L. BP-150 Power Supply Unit.

Function. Power supply unit BP-150 (Flgure 147) is used to supply
the mixing circuits of the display equipment with -150 volts at load
currents up to 110+ 10 ma. The -150 v circuit is used at the same time
es the source of reference voltage in units BP-200 and BP-7.

Unit BP-lSO as well as the entire cabinet is ‘turned on and off by
means of toggle switches on the front panel of unit UPT-l.

Techincal data on the unit. The unit is powered by a three-phasé
voltage of 220 v, 50 cps. - ;

'The rectified output voltage of the unit varies from :lhO v to -160 v.

Pulsations of the rectified voltage do not exceed 0.01% (15 mv (p 357)
peak-to-peak), .

Instability of the rectified -150 v v1th a simulataneous change
in load current of the output circuit from O to 110 ma end a change in
line voltage of +5% does not exceed 0.67% (1! v).

A protection circuit for the ~150 v uﬁau disconnects the supply

voltage at the 1nput of the unit in the event of short ecircuits at the
load. ,

it
‘W

Functional diagram of the unit. A functlonal d;agram of porer f
supply unit BP-150 is given in Figure 148. -

The unit consists of the folloﬁing eleﬁents:'
-- three~phase plate transformer} h
-~ filament transformer;

-~ selenium rectifiér;

-- smoothing f£ilter;

- regula£ihg tube;

-- control stage;

50X1-HUM
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Unit BP-150.

262

1 - plug cover; 2-- fuse condition indicators; 3 - fuses; L - label on door;
S « tubes in tube channel.
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The three-phase plate transformer is"used to transform the three-
T phase llne voltage of 220 v, 50 cps. ks

The fllament transformer supplies the filament cxrcults of the
tubes in the unlts. . -
£
The selenlum rectifiler is based on a six-phase bridge circuit with
selenium elements and converts the alternating current taken from the
secondary winding of the three-phase plate transformer to a d-c pul-
sating voltage.

Twin triode V1 (6NSS) with parallel-connected electrodes is u»ed (p 359)
as the regulating tube in the unit.

.

Triode V2 (6N98) serves as the control tube.
The reference voltage for this tube iﬁ?taken from stabilovolt
(voltage stabilizer) V3 (8G33).

Description of the schematic diagram. ‘A schematic diagram of
unit BP-150 is given in Figure 1459, :

\ A three~phase a~c voltage of 220 v from unit UPT-1 passes through
- pins 11, 13, and 17 of the plug connector to the primary windings of
the three-phase transformer which is connected as a star.

A Q.15 a fuse is connected to each of the phases of the primary
winding of this transformer. The condition of the fuses is monitored
from neon bulbs MN-5 connected in series with 47-kilohm resistors.

These bulbs are connected in parallel with the fuses and light when
the fuses burn-out. The secondary windings of the threé-phase
transformer are ster-connected and supply voltage to the selenium
‘rectifiers. Type AVS-25-62 selenium rectifiers are used. Filter
capacitor Cl is connected to the output of “the rectifier.

The rectified voltage is applied to the plates of regulating tube
V1 (6W5S), both halves of which are connected to each other in
parallel. The cathodes of this tube are comnected to the chassis of : :
the unit. | - w - /

The grids of regulating tube V1 are connecte&.ﬁhrough grid
suppressor resistors Rk, R5 (100 ohms each)ito the plate of tube V2a
(6M98). o
'/ ’ l : /I . ‘

The control system of the electronic stablllzamlon circuit con51sts ,(p 361) -
of a two-stage. omplifier based on the two triodes of tube v2 (6N9S). : :

50X1-HUM
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The principle of operation of the -150-v voltage stabilization
# circuit is as follows: A chanse in outmnut vwoltage caused Ly fluctua~-
_,tibns in line voltage or changes in load current is transmitted to the
grid of tube V2b (619s) through an input divider consisting of
compensated resistors R10, R1l, and R12. Since the cathode of the
right triode has a fixed potential maintained by stabilovolt V3
(8G38), a change in output voltage will lead to an increasc in the
negative voltage at the grid of triode V2b, This in turn causes an
incrcase in the positive potential at the plate of the right triode
and a simultaneous increase in potential at the grid of the left
triode. As o result, the potentiel at the plate of thel left triode
becomes more negative. The voltage at the grids of regulating tube
V1 (6N58) drops. The current in the tube decreases and the voltage
drop in the tube increases, thus compensating for the change in output
voltage.

RS .

PP

Power for the stabilovolt is provided by connecting it through
voltage-dropoing resistor R13 1o the rectifier output. Capacitor ch
is connccted in parallel with the stabllovolt to prevent the possibil-
ity of exciting relaxation oscillations in tle circuit. The plate
of the right triode is connected to the grid of the left triode and to
load resistor R9, the other end of which is connected to the chassis of
the unit. ‘ '

The cathode of triode V2a is connected to the middle point of
a low-resistance divider, which is connected to the output of the
: rectifier and consists of resistors RS and R7. This divider creates
] an almost constant potential at the cathode of triode V2a with respect (P 362)
to its control grid.

o The plate of the left triode is connected through resistor RS,
E which forms its plate load, to the input of ‘the electronic stabilization
' eircuit. Cepacitor C5 is connected to the output of this circuit to
prevent the origination of spurious oscillations.

A voltage is applied through capacitors C2 end C3 to the grid of
the right triode and to the cathode of the left triode of V2 for more
effective smoothing of voltage pulsatlons. ' '

The -150 v circult and the circuits of transformers Trl and Te2
in unit BP-150 are protected against short-circuits. In the event of a
: short-circuit at the output of the -150 v rectifier, 0.15 a network
; fuses in the primary winding of the three-phase transformer burn out.
' If the stabilovolt (SG3S) is not functioning there will be no voltoge
! at the output of the rectifier, since the negative side of the rectifier
will be opened by the blocking contacts (3 .end 7) of the stabilovolt.

50X1-HUM
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Test Jjack Gl is connected at the output of the rectifier through ’ : c
blocking cepacitor C6 for the purpose of mon:.torlng pulsa'b:.ons of the
-150 v stabilized voltage. e
Desich of the unit. Unit BP-150 is built on a standewd chassis. 2
" The tube channel con‘cains tubes ard the 't:est jack. , : 3

e The selenium stacks are located in the 1eft rear part of the unit
in a single vertical row.
The voltage divider using compensated ‘resistors consists of three (p 363) ]
resistors wound with 0.05 rm constantan wire on a plastic frame. 3

These resistors are attached to the chassis of the unit m.th a
certain distance separating one from the other.

]

The type MLT resistors are attached directly to the mounts of the
tube sockets and ‘the tube seating contacts.

On the front panel are three fuses with their indica‘cors (neon bulbs).

The unit weighs 5.8 kg.

4y

5. BP-7 Power Supply Unit.
-

Function. Unit BP-7 (Figure 150) is used to supply 7.1 kilovolts
to the plate of the cathode-ray tube is the indicator cabinet.

| , Technical data. The stabilized, rectified output voltage is 7. l kv
| ' £500 v with a load current of 200 mlcroamps

. Pulsations of the rectified voltage do not exceed 11-5 v. Total
stability of the rectified voltage of +7.1 kv is %l.lL%. The frequency of
the osc1lla‘tor supplying the rectifier is within limits of 15 to 20 ke.

PR
The circuit of the unit permits brief short-circuits.

2 gemm ey - e

Functlonal dlugram of" the wnit. A func.‘clonal disgram of unit BP-T7 :
is given in Figure 15L; it includes the following elements: !

-- higher-frequency oscillator using {i}]ﬂae 6P38; _ ' (p 366)

/ ~ -- high-voltage transformer; .

-~ high- voi’cage kenotron 1Ts7S;

) - v ) /"

-~ filter; ' ' '

-~ control stage; ' . / _ .1

50X1-HUM
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Fig. 150, Unit BP-7,

1 - light indicating presence of voltage; 2 - tubes in tube channel; 3 -
label on door; 4 - plug cover; 5 - fuse.

50X1-HUM
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o - PR ~ 50X1-HUM,
-- feedback rectifier stage using tub¢’6KhGS;

-~ Tilament transformer. L - | | o
R
Deucrﬁptlon of the schematic diagrem. A schematic d;agram.of wnit o

BP-7 is given in Figure 152.

The high voltage is produced by a hlgh-frequency oscillator (15 to
20 kc) based on tube V3, type 6P3S. '

The primary winding of the high~voltage transformer (taps 1-3)
serves as the inductance of the oscillatory circuit, while the
capacitance of the circuit is the dlstrlbuocd capacitance of this same
transformer.

! ' A plate voltage of +300 v is applied to tap 3 of the primary
winding of the transformer and simultaneously ‘to the screen grid of :
tube V3 in the oscillator stage. S ;

transformer (taps 5, 6). This voltage is rectified by high-voltage
tkenotron V&, type 1Ts7S. The filament cirecuit of the kenotron is
supplied by a hlgh—frequency voltage from “he third w;nd;ng (taps
7-8) of the high-voltage transformer.

| : : . o .
i A high a-c voltage is produced in the secondary winding of the
|

The rectifier operstes with a capacitive load -- filter F1,

consisting of two capacitors connected in parallel with a high-ohm . (p 368)
resistor which provides for capacitor discharge when the load is
removed. '

it
/
7

The output voltage is stabilized both with respect to the load
and to changes'in the supplying line voltages of +200. and +300 volts.

Vol tage stabilization is provided by an auxiliary V1nd1ng on the
transformer (taps 4-5), rectifier VL, type,6Kh6S, with capac1ulve
filter S1, and control tube V2, 'tyjpe 6N9s .

. The positive rectified voltage is appi¢ed through resistor Rl to *
! : the grid of the right helf of the control tube V2. A reference voltage
o of -150 v is also applied to this grld through fixed resistor R2 and
varilable resistor R3. /

The voltage taken from the cathode of the right half of V2 is
. applied to the grid of the left half of this tube, while voltage from
/- ‘the plate of the left half of tube V2 is applied to the control grld
- of oscillator V3 through spacing capacitor, Ch.

A et e 1 w51 ' e ey - o e
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~200 v
’....“ e o | 3 -
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T w200 v Trom BP-200

=550 v from BP-150 -

Fig., 151. Functional Diagram of Unit BP-7.

] 1 - high-voltage high-frequency transformer; 2 - oscillator stage; 3 -~
4 filament transformer; li - rectifier; 5 - filter; 6 - control stage;
’ 7 - feedback rectifier stage.

. . "

| 1oL -@:@___‘
-~ M — 1000 M

v : TS

Fig. 152. Schematic Diagram of, Unit BP-T.

50X1-HUM

D_eclassif'ied in Part - Sanitized Copy Approved for Release 2013/10/24 : CIA-RDP80T00246A031600070001-3



|
Declassified in Part - Sanitized Copy Approved for Release 2013/10/24 : CIA-RDP80T00246A031600070001-3

' 50X1-HUM
In the event of/chwnges in the a=-c output voltage (due to changes,

for example, in tHe +300 v supply voltmge) the voltage in the auxiliary
winding changes simultaneously and this is transmitted to the control
grid, causing a corresponding change in the voltage at the grid of the
OSC.LllabOI( vhich compensates Tor the chango in supply voltage.

tabilization with respect to load current is accomplished by (p 369)
means of resistor R13 through vhich the lced current of the rectifier
passes. The voltage drop across -this resistor is impressed on uhe
voltage in the auxiliery winding of the transformer.

In the event of a change in load current, the total voltage at o
capacitor Cl and, consequently, at the grids of tubes V2 and V3 changes,
rroviding compensation for the resul‘bant changes and stab111z1ng 'thc
high voltage at the output.

Neon bulb NL1l, type MN-5 , is connected in parallel with the
primary winding of the transformer through voltage-dropping resistor
R12 for the purpose of indicating the presence of high-frequency 1
oscillations. The bulb goes out if fuse Prl fails. :

Monitoring the operation of the u:fni.. . Test Jzick Gl, to which is ]
applied a voltage from cathode resistor R10 of tube V3, is used to
monitor the frequency generated in the wnit. o ' .

Design of the unit. All parts of th,e”ﬁnit are mounted on a -
standard chassis. o 2

Tubes 6P3S, 6N9S, and 6Xh6S are located in the tube channel. The -
high-voltage kenotron is located beside transformer Trl. on a bracket ‘
attached to the high-voltage transformer. The high-frequency, high- .
voltage transformer is in the left compartment of the unit.

The transformer has two high-voltage and five low-voltage insulators. (p 370)]
One high-voltage insulator has two leads for supplying the filement of '

“kenotron 1Ts7S, and the second has one lead. for supplying the plate of
this kenotron. A

In the right part of this compartment are the capacitor unit of
filter Fl, standard filement transformer Tr2, and the resistors.

Within the hermetically sealed filter are two type KVKG-6-L70-IIX
capacitors and a type KLV-0.5-470-1000-III discharge resistor designed .
for an operating voltage of 10 kv.

The unit weighs_ 10 kg. .

50X1-HUM
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¢ : : 6. Power Suppl,y Control Unit UPT-1. - - I

(T - e

' '

Function, Unit UPT-1 (Figure 153) sérves for swi‘bching on! ‘and off

the d-c and a-c voltages which supply all the’ circui‘c.e of the equipnent
in the caVinet. R oo N

- I w
) ' N * : (9% N4 o, \
. L .

The unit performs the following functione. s o - &

f : -~ switches on the filament voltage, :

-~ switches on the d-c¢ voltages with,a time delay after 'bhe
filament voltage has been switched on; '

-= gwitches off the d-c voltages whlle the filamen‘b voltage :Ls; én;
L -~ gwitches off the filament volta.ge simulteneously with the
3 d-c voltages;

-~ protects the 220-volt, 50-cps 3 three-phaae supply network
against short-circuits within the cabinet..

-]
WL O, Lo
. -y e

Y

ks .

4 (p 372)

The unit is equipped with a type TAI-43 phone for commmicetion i;

{ with other vehicles and has two jacks for gonnection of the consumer - .
' . to two phases of the 220-volt, 50-cps network. ! .
; B Technical data on the unit. A th.ree-;‘phase_linle voltage of 220 v, :
'1 50 eps is applied to the unit. ) . .

‘When the filament voltage switech and the intermediate relay are
truned on, a three-phase voltege of 220 v,, 50 cps appears at their out-
put contacts. ;

) - (X‘i

When the filament voltage switch is turned on, the' reference voltage

circuit of the SSP system is closed. R |
i : ,
| The time delay between turning on the filament vol'ba.ge and turning
‘ on the plate voltage is 60 ¥+ 25 seconds. ¢

.Functional diagram of the unit. A fuﬁctional diegram of unit UPT=-1

is given in Figure 15&4. : g )
o e )
‘The unit includes the following elements:
-- filament toggle switch, type TV1-2;
-- plate toggle switch, type TVl-2; .
-- intermediate relay, type RA-UP; ° '
-- thermorelay, type TRV-18; oot . A
-= telephone set, type TAI—li-3. S : o
] , ]
/ A 220-v, 50-cps, three-phase g-C voltage 18 applied to the input of -
the filament toggle switch and then to tbe *mput terminals of the inters
b mediate I‘e:.”. SRR SR T 4 ¢
£ . . . \V’ ‘1 ,
: : Ak

. 50X1-HUM
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Figo 153. Unit UPT-lo

1 - throat microphone-headset plug; 2 - 220~volt, 50-cps fuse indicators;
3 - 220-volt, 50-cps fuses; L - phone; 5 - filament voltage toggle switch;
6 - ready light for switching on plate voltage; 7 - plate voltage toggle
switch; 8 - 220-volt, 50-cps fuses; 9 = 220-volt, 50-cps jacks.

50X1-HUM
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After switching on of the filament toggle switch, the thermorelsy .
/. delays switching on of the intermediste relay for the time needed to heat
. the electron tube filaments in all units of the indicator cabinet. = ' ° (p 374)
The 2/20-v, 50-cps three-phase a-c voltage is admitted from the oute . ... |
, . put terminals of the filement toggle switch to power supply units BP«150," -
r BP-200, and the indicator units, while the same voltage is admitted - b
. from ‘the output terminals of the plate toggle switch to units BP=150 - .«
and BP-300 which rectify the a-c current. . i : : :

o

LTI s

Schematic Disgrem. A schematic disgrem of the unit is shown in |
Figure 155. , - . -

-

L

The 220~v, 50-cps three-phase a-c voltege from contatts 1, ik, and
16 of plug Shl is fed to input terminals of filement toggle switch V2, S
then through fuses Prl, 2, and 3 to contsatts 3, 5, “7;and-10 of-intermo= s v tosm
diate relay R2, as well as to contacts 2, L, and 6 of plug Shl. . S

Phage A is admitted after fuse Pr3 to contact 18 of Shl end through

. a jumper in the cesbinet comtactor of unit BV3 is returned to contact T¥ .- - "
Fve. . of Shl. FPhase A passes from contact 7 of Shl to comtact 1 of thermo-  ©
— pelay Rl and contact 12 of intermediate reley R2. A

.“

Phase B is admitted through normally 'tlosed contacts 4-5 of inters 3
mediate relay R2 to resistor Rl and then %0 contact 8 of thermorelay =~ = . .
" Rl. When the toggle switch "Filament" is in the "On" position, the ; .

coil of thermorelay Rl becomes energized"a}id its contacts 1 and 5 close .
1t . ‘ .

/éfter 25 to 60 sec. ol : -
o
, ‘ As & result of this, phase A is spplied to the second end of the. st

electromagnet coil of intermediate relay R2 (contacts 14 and 13), and { ¥ -
the intermediate reley operates sinde its coil is noy comnected to A
. phases A end B. _ e S e

L+ . g

Operation of intermediate relay R2 ceuses a change in the posi*b:lonT

of its contacts 2-3, 4=5, 9-10, and 12-13 so that phases A, B and C

are now cent to the input of toggle switch "Plate" and the coil of ce .

thermorelay Rl becomes disconnected from phase B. The instant inter- . (p 376,

mediate relay R2 triggers is signaled by neon lemp NL1 which is.con- ~ - .

nected to phases B and C through contacts 2 and 9 of the relay. N

Toggle switch "Plate" is used to switch the plate, voltege on and- -
off. ‘ o : ' : "

, Toggle switch "Filement" (position f0£f") is used for complete
disconnection of the unit. At this time the coll of intermediste relay R2
becomes de-energized and its contects 2-3; 45, 9-10, 12-13 return to ’
the initial pOSitiono . - . iy - ! Do . et i )

. - . . ot e il s 0y 3.’4-?-33 ~-
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Fig. 154. Functional Diagram of Unit UPT~1. J
_ 1 = filament toggle switch; 2 - intermediate irell.'ay, 3 - plate toggle switch; f
.~ U = thermorelay; 5 - phone. }
. v i
T . Ty ’,
} »
g
r,
A :’
i
.
N
Fig. 155, Schematic Diagram of Unit UPT-1. | .
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li

To again connect the unit, the toggle ‘switeh "Filament" should be

3 placed in the position "On". If the toggle switch "Plate" is in-posi- .
tion "On", then, after a certain time needed to heat the ple.te , the '

voltage w':ﬁl be turned on automatically. _

The telephone set T is connected to the communicatlon line through
contacts 5, 8 and 9 of plug Shl, and through socket K1 to/the throat
.set., '

E Phases A and B are applied to jacks GL and G2 which comnect
3 auxiliary (externa.l) instruments to the 220-v, 50-cps line.

‘ In case of a blow=-out of fuses PRl, PR2, or PR3, the corresponding
neon indicator bulbs NL2, NL3, and NI begin to glow.’

, In case of fuse ‘blow-outs in phases A and B, the intermediate reley
: Operates and neon biakb NL1 dims.

Construction of the unit. The unit :!.9 mounted. on & vertica.l panel
and is located in the lower middle part o:f." the cabinet. R
!

: On the inner surface of the front pansl are mounted all circuit
5 components of the unit. ' _

On ‘the ou'l:side of the front panel a:ced " ocated: | the telephone
handle, filament and plate toggle switches; hoods for the neon bulbsj 5
. Puse sockets, Jacks for the auxiliary instruments, 8 cover for the.
plug-and-socket connector, and two fixed. handles. 'I'he Rreight of the un:rh

15/69kg~ : e

R SIS 2 R

=3
-

L i,
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O‘““l T

eclassmed in Part - Sanitized Copy Approved for Release 2013/10/24 : CIA-RDPS0T00246A031600070001-3



|
Declassified in Part - Sanitized Copy Approved for Release 2013/10/24 : CIA-RDP80T00246A031600070001-3

C e o . 50X1-HUM
. e - CHAPTER BIGHT »' i . i |
T -/ INDICATOR VEHICLE EQUIPMENT R

Communication System of. the Radar Station.

v
Function. The communcation system,. consisting of the telephone and
radiotelephone links and sound and light si'gna.ling,serves the radar
/ station during its operation. .

*. 1

Technical Data, /The apparatus 'ana g:o‘;gmunications system equipment

provide: ‘ S ‘ _' i
1. Telephone communication 'between vehicles 1, 2, 3, and. L end the» :,

command guidance post (KPN). .

A
2. Sound and light signaling between“fvehicles 1,2, 3, end L,
3. Ultrashortwave twosway operationel, radiotelephone communication

< between vehicle No 2 and the command guidance post (KPN) for distances -
up to 15 lm. , ‘ , S

Schematic drewing of the communcation system. “A schema.‘bic d.rawing (p 378) k -
of the communication system is shown in Figure 156. o o '

The overeall communication system consists of several individuel ,
systems for different modes of communication. , ' v o -

Power supply to the telephone appara'buc is taken from the MB (local ‘ :
battery) system, using dry batteries for each TAI-43 phone. C )

The signal circuit is supplied with power from one of the sta.rting
batteries of the dlesel engines i:oca.ted in vehicles 3 and k4.

Power supply for the radio telephone system used. for communication ¢
with the command guidance post is taken from the shorage batteries of
the radio equipment. ,U

Telephone equipment. In the UPT-1l power supply control units of .
indicator cabinets DUS~-1, IKD=1l, TIV-l, I.Ab-l , and IKD-1l are telephone
instruments TAT-43 without cases. The handle of the call inductor and .
a four-pin socket for conmmnection of the microtelephone field headphone
(MIG) and throat microphone gear (LTG) a.re" mounted on the fromt penel of
unit UPT-1. 3

Under the operator's teble in vehicle o 2 is & type P-193M switchs -

board designed to handle ten telephone lines for various connections
. between the internal and external telephones of the radar station. A
 TAI-43 telephone is located on the operat.or s desk and is used to . .
service the switchboard.

50X1-HUM
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Telephone communication between vehicles No 1 y 2, 3 ; end bis carried
out with the aid of TAI-43 telephones installed in 'bhese vehi¢les. ( p 380)

_ Signaling Equipment. Duri.ng opera.tion of the d.lesel—electric unit,
signal communications should be maintained between vehicle No 2 and . Lo
vehicles No 3 and 4. For this purpose, vehicles. No 3 end b are equipped .. .. -
with noise-electrovibration signals (SV),‘ pushbuttons Vi and lamps LN1, &
and in vehicle No 2 (PDU-1) are a signal lamp LN3 and pushbutton V20.'
Switching on the noise signel .SV .and lamp LN1 is achieved s:imﬂta.neously ‘
" by pressing pushbutton V20 located in unit PDU-1 of vehicle No 2. A xeply ~— . .
light signal is actuated by pushbutton:V1 from either vehicle No 3 or L. .
The circuit ensures ‘automatic con’orol of signal transmission. a

S ,‘ Radiotelephone Equipmen‘o. A portable pack-type ult.rashort-wave .
T TYes toradio station type R=109-d is used for two.way radiotelephone communice- -
~ t4ion between’ ~¥ehicle No 2 end the command guidance post (KPN). It is® @
. located under the operator!s desk in vehic;Le No 2. During operation. of
the radio ftation, its beam extenna is extgnded outside the vehicle and’
is connected to. the radio stalion by wires pa.ssing through an o;pening .
“in the vehicle wall . _ A Qi '

B . ,"“:A .

~ ! .

. i L ."
B / 2., Ventilating and Heating. System o:f' the Vehicle. - .
v"_'\‘, “ 4 N f

Function. The ventilatiné, and heating system of the vehicle :te S
used for heating the vehicle in the winter .and for cooling the tube o
channels in the indicator ca‘bin t8 and removal of hot air: from the ca‘bin
during swmmer. .

Description of the System. A schemat:hc drawing of the ventilating _'
system is shown in Figure '157. = . ' i 3 ‘ . (1) 381)

.o

The ven't.ilating and hea‘t:ing ystem coneists of' o : o
-- four femns; ‘ : i
-~ electric heater; B
-~ heating installstion ov-65 Ly

. Three of these fens are for exhaust and are loca:bed on the outside
of the vehicle. Two of these ar: placed on the front wall of the vehicle
and the third on the back wall t. the right. A blower-type fan is placed
on the back wall door of the veh.éle to the 1e:£"b'.

j " One of the first fa.ns serves t0 ventuate the interior of the vehicle.
During summer this fan remov:s hot air from the vehicle through-
two hatches in the roof of the veaicle.  During winter the same fan
] - . forces hot air from the roof of the vehlcle through a duct to .the. feet
- ‘ : of the operator. : ' .

'4'1:' B
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Fig. 157. Diagram of the Ventilation System. ‘
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The second fan is used to ventilate the cabinets, During summer the
air is drawn from the cabinets and exhausted outside. During winter the
: hot air from the cabinets is forced through & duct and is exhausted at the
~ feet of the operator,

The third exhaust fan is connected by a duct to cabinet”P-ll-l and
draws heated air from it.

The fourth fan, when conditions requlre, pumps air from the outside
into the wvehicle.

1 In the vehicle is. a switch panel for the ventilating and lighting (p 383)
1 e sggtems (unit ShchOV). A wiring diagram of the panel is shown in Figure
158. o

For more effective performance of the ventilating system, a special
filter is installed in the door of the vehit¢le which permits clean air to
be drawn into the vehicle.

- In the left corner of the vehicle is an'auxiliary filter, On the
roof of the vehicle are mechanical-linkage handles for switching the
ventilating system. .

An electric heater is installed in the %entilating duct between
] cabinets ZN-Fl and IAD-l for heating the air; the heater switch is located
on the wall of the vehicle. Heater OV-65, mounted in an iron housing, is
3 fastened to the right outer wall of the vehicle and is used to heat the
: vehicle in the winter,.

Heater OV-65 is controlled from panel ShchP mounted on the cabinet’
with the IFF system units. A wiring‘diagram of OV-65 is shown in
Figure 159. v ¢

Power supply to heater OV-65 is drawn from a storage battery located
under the driver's seat through plugs located on panel RShch-l.

Rectifier VSA-10 is connected in parallel with the storage battery.
The rectifier is placed on the floor of the vehlcle next to the cabinet
with the IFF units.
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Fig. 158. Wiring Diagram of Unit ShchOv.,
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159. Wiring Diagram of Apparatus OV-65. .
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3. Ligting! S 386)

The interior of the indicator wvehicle :Ls 111uminated by four ceil-
ing lights, A special light with enclose& wiring is placed at the
operators ‘desk. w

A1l lights are supplied with pover from a 12-v transformer 1ocated
in unit ShchoV. ,

The wvehicle 1s also provided with an emergency L1ight which draws
its power from a storage battery. . ,

b, Arrangment of Cables: L,

The vehicle has two distributing panels RShch-3 and RShch-l (Figure
161) The first one is intended for comnection of vehicle No 2 with the
receiver-transmitter vehicle withthe electric power unit; the second
functions as an output penel.

Bach of the distributing panels has a ca.ble Junction box which is ,
provided with external plug conmectors. ™ - r—

The cables pass from the junction box to the terminal blocks of the
distributing panel from where they braench off to various. parts of the
vehicle. The cables are placed in closed ¢aennels over the cabinets.

~ Over each cabinet the- appropriate ceble is led from the channel to the
- cable panel of the cabinet. .

Vehicle No 2 is comnected to vehicle Wo 1 with a 50-m cables brand
RPSHE and PK-49. During transport of the radar station the cables are
wound on spools and carried in vehicle No 2 on special ‘brackets.

" The cables connecting vehicle No 2 withiithe electric power station
a.re transported in the electric powei' supﬁly vehicle.

.
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Fig. 160, Distribution Board RShch=3.
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