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METHODS OF TESTING AND TUNING THE P-20 RADAR INSTALLATION
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PROCEDURES FOR TESTING AND TUNING THE TRANSCEIVER

Introduction -

/ Experience in the use of the P-20 radar has shown that, in
the majority of cases, poor target visibility, particularly of -
fighter aircraft flying at high altitudes, 1s connected with
ingsufficient care in the testing and regulating of the transmitting.
section and of all circults involving the reﬂected. signals.

/ The result of this has been that strong signals and .
signals fram laxrge targets are sure to reach the display, but weak
signals fail to arrive at the display. Thus a high-quality operation
of the radar is guaranteed only when both the transmitting section
and all the c¢ircuits involving the reflected slgnal have ‘been tested
and tuned with particular care. :

The testing of the transceiver and the rath of 'the reflec'bed

_signa:l.a is done in the following oxder:

. check the operation of the transmitter;
2. .test and tune the receiver;
3. test the collector ring;
o« test and tune Block SB-02;
De checkthepa.thafthereﬂected signals and the
display.

NOTICE: All deai@ations of parts and values encountered in

this text correspond to those given :t.ntechnical
opera:binns (manua.'l.) of the P-20 redar,

¢ . ) . v

-] -
C-O-N-F-I-D-E-N-T-I-A-L
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CEHAPTER I.

Checlcing the Operation of the Transmitter - .

O ’ / 1. Setting the Phase of the Discharge

Before testing the operation of the transmitter section of the .
radar, it is necessary to confirm the relisbility of operation of
the AR-2 discharge switch according to the phase of the discharge. D
An indication of normal discharge phase is the asbsence of interference
pips on the display, uniformly in a radius of 4O-60 kilometers, If -
the phase is not correct, it mmst be corrected. The first setting
of the phase is done with the magnetron operating on reduced o
power, and the final setting 1z made with the transmitter operating .
normally. Both the testing and the correction of the phase of the
discharge are done with the aild of an oscillograph with direct
scan, This requires: setting up the oscillograph on & rotating
table; hooking the oscillograph; connecting the plug of the
shielded cable to the vertical sweep amplifier input of the
oscillograph; plugging in the cord plub at the socket merked "discharge"
phase: (faza rezryada) on the panel of the ShehiU~02 locsl=control
cabinet; and, by means of the oscillograph (oscilloscope) knobs
marked "gain: (usileniye) and "scanning frequency" (chastota razvertki),
‘meking sure that the imege on the oscilloscope screen covers about
half the screen vertically and sbout two or three scan cycles,

ST TR When the discharge phase is correct, the oscmog'am—conﬁguration
" wnlbesuch'bhatanabcmptdropwﬂJ.beevidantinthecenterdthe

2 ——
/

E’ 5 " plus side, and a slight rise above the zero line as it goes over into ~- "-“r-ﬂ‘r '

_ tke mimus side, .Oscillogram configurations are shown in Fig. 1.

-“ T e . L ol -

K i
o Oscillograms of f: /“:: ) :
| the i by \
: P
: Discharge Phase E/\ “'\_'
; has hase_to hase to the right
J pcor?-ect pt.ha left . phase °

! ‘ . If the drop is not long enough to reach the center of the uyper
part of the positive half period, it is necessary to loosen the two
setscrews of the sparke-discharge stator and, by turning the discharge

‘ ' switch knob, set the desired discharge phase » then lock the discharge=

e ... switch stator by'tightening the setscrews. ‘

! 2. Main Characteristics of the Magnetron Oscillators

The main characteristics of the magnetron oscillators » whaich
can be checked under wartime conditions are the cwrrents of the
magnetrons, the frequency and sped'l?r\m of oscillations.

-~

The sexwvice life of a magnetron is determined rinarily by its
oot .. o |
' C=0-NeF-I-D=E-N~T=I~A=L .
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operating regime and extent of cathode emission. The extent of 59X1 ',HUM.- i |

. emigsion can be judged on the basis of the magnetron anode current, T
even a slight reduction of which lengthensthe service life of the : KIESS
magnetron, For this repason it is well to keep the magnetron currents . o
at 22-2h/mﬂlimperas,‘ when they are operating under full power.

O In order to evold the mitual imterference of chemnels and . .
: instebility of operation of the transmitting section, the frequencies of ~ . . ;
the magnetrons showld lie within the following limits: et U

. Frequency Wavelength - -~ .~ s
Tube No. - Type - ~in Me - " in om- C i
Tube I (G) MI-25 2065~2085) - [10.017-10.178 -
Tube II (D) / MI-28 2085+3005 "94917-10,017
Tube III (P?) MI=-23 -|2725-2785 10,185+11,000
Tube IV (Lg . MI-22 E2'6_25-2725 11.000~11.332
Tube V (K2 MI~2h 2825-2875 10,345-10.657

If the magnetron frequency lies outside the indicated limits,
it mist be retuned to the channel with the corresponding frequency
range, and the frequency’mist again be measured with the RT-10
instrument (See Section 4 of this Chapter).

The spectrum of oscillations of the magnetron is that combination
of sinugoids)l oscillations at which the high-frequency pulss. rroduced
by the magnetron is transmitted, The shape of the pulee and the
continuity of the spectrum of osgeillations of a magnetron has a ‘

~ considerable influence on the operation of the radar., From the above
© 1t 4s evident that an apmraisal of the operation of the transmitting
section of the radar requires a check on the sbove~erimerated parameters, |
The instruments which can be used to Judge the correctness of the ) .

operation of the transmitting section of the radar are the RT-10 end N
the ER-~10, . P

The RI-10 provides & measurement of the freq;ueﬁcy of the magnetron
oscillators, , , . '

The ER=-10 provides information on the frequency spectrum of the-

}. .
L
magnetron oscillators. ‘

3+ Measuring the Frequency Spectrum of the Magnetron
Oscillgtors With the ER-10 Instrument

£
The frequency spectrum of a megnetron oscillator is measured
whenever a magnetron is replaced, when the position-of the magnetic
shunt is changed, and periodically as & precautionary measure, Before

. 8 measurement 1s conducted, the apparatus must be heated up for 10-15
minutes In normal operation. - ) -

K,

——

P

-3- :
 C~0-N-F-I-D-E-N-T-I-A-L -
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A measurement of the spectrum of frequencies requires: 50X1-HUM

l. connecting the ER-10 to the directional coupler (AP) . .
by means of the long cable; ' E N
_ . 2. connecting the micro-ammeter with the ER-10 chamber
: by means/of the short cable; a
O 3. setting the two way switch "MGN-KLS" (Fig 2.) on
position "MGN"; '
k. setting the two-way switch "OSTSILL - PRIB" on position

"PRIB} . ‘
5. sett the handle "CHUVST" in the far left position
(ma.:-::l.nnm{ sensitivity); o .
46+ f£inding, according to the calitrated diagrem (dependence
o A on ! ), the tuning position of the ER-10 corresponding to the
 wavelength of the block to be measured; .
7T+ finding, by turning the ER-10 tuning knob, the position
-corresponding to the maximm deviation of the instrument needle » Which
may require a series of closely spaced adjustments; tuning is necessary

on & highér [larger] maximm,

NOTICE: The accuracy of the measurement depends to
a great extent on the magnitude of the coupling of thé cavity circuit
of the ER-10 with the directional coupler of the antenns switch AP.
In checking the spectrum, it is necessary to regulate the coupling
+ . 1n such a way that the indications of the micro-smmeter and the
maximm amplitude of the spectrum 4o not exceed one-quarter of the
' scale; furthermore, such a regulation is necessary in order to avoid
n burning the detector of the [ER-10] instrument. If the coupling valie
' is too high (instrument indications larger than on =quarter of the
scale), the spectrum will be distorted by the control oscillator itseifs
If the coupling is too week (indication less than one-quarter of the
scale), the instrument reading becomes unrelisble,

o

8. " loosening the set screw of the coupling loop between
the micro-ammeter and the chamber of the ER-10 end, by advancing or
backing off the coupler, obtaining the maximum deviation of the , .
nicro-ammeter pointer; . '
9. loosening the set scxew of the ER~10 coupling loop from
: the directional coupler of the AP and, by advancing or backing off
' the coupler, obtain a micro-emmeter setting of 20-25 miero-emperes;

(Whenever the coupling loop is shifted, the ER-10 must, each
time, be fine-tuned, with an attempt made each time to obtain the
minimm coupling ‘value for the given values of the micro-ameter
@ indications. ) : :
i 10. by smoothly turning the control knob, passing through .
; the entire frequency spectrum of the magnetron oscillator, which

can produce the following results: '

8) a smooth rise to the maximm and a smooth decrease
. . of the micro-~ammeter indications; tunings awey
/ .from the major maximum are almost never observed;
oo in this case the spectrum of the megnetron is

-4 -
C=O-NeF=I-D-E«N-T-I-A-L
/ . -
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considered good; ‘ _ 50X 1 -HUM-

b) a smooth rise to the maximm and smooth decreage . . .

_ of the micro-ammeter indications; to the side : s

. of the main tuning is observed an additional SRR S

' /- -rise of the iIndications of the micro-ammeter; -
6 " if the emplitude of the additional tuning does mnot . . '
exceed 30-35 percent of the major tuning, the S

spectrum can be considered satisfactory; -

¢) a second tuning because of an amplitude greater Lo
/ than 35 percent of the major tuning makes the
spectrum unsatisfactory;. _ <o
1. setting the ER-10 at maximm micro-smmeter deflection; R
teking a reading according to the dial, checking, and entering the Al
obtained value (f ); . .
12, detuning the ingtrument from one quarter from the maximm ,
value; teking a re according to the dial, checking, and entering g
the obtained value (T, ); : "
13:. detuning the instrument from one quarter from the maximm
velue to [the other side] of the maximm, taking a reading according
Yo the dial, checking, and entering the obtained value (f,); :
(£) 1 p computing the difference between the two [side measurements]
. - - ; . ’
- 15.% detefmining, according to the graphic sttsched to the
ER-10 instrument (dependence of fon f,), the wavelength A, corresponding
- . to the setting of the instrument at maximm according to %‘he graphic
' """ (dependence ofNon A), determining the coefficientN; and computing e
L the width of the frequency spectrum of the megnetron.oscillator T
" according to the formula . AEDTEIUNRS P

Af[ﬁc/seg?‘-‘ﬂA)@E?' r

The width of the frequency spectrum of the magnetrdn, measured . - e
with the ER-10 instrument, must not exceed 4 megacycles. A

.

F— e
——
N .

¥

- ey
. . '

©7 " he Measuring the Frequency of Megnetron Oscillators With the RT-10

LI L

Before any measurements are maie, the transmitting device should
be heated up by 10=-15 minutes of normal operation, after which the
instrument must be balanced as follows (Fig 3);

switch on the power (220 volts); .
@ . turn switch No. 1 to the position at NEZATUKHAYUSHCH
; , - 3 (continuous); -
; turn switch No. 4 to position IZMER MOSHCEN (measure power);
: set switch No. 6 at position OTSCHET (indicatidn), and,
* by turning knob No. 9 marked USTAN, NULYA (zero setting), set the
instrument pointer 1l at zero (on right side of the scale);
set switch No 6 at position FROB NULYA (test for zero).and,
; by turning ‘lnobs 3 and 5, marked GRUBO and TOCHNO (coarse and fine),
set the instrument pointer 1k ats zero (on right side of scale);

C=0-N-F=IuD~E-N-T=I-A-L .
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Fig 2, The FR-10 Echo-Box (Cavity Resonator)
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set cwitch No 6 in posttion UST BAL (balanced setting)  50X1-HUM

and, by turning lmob 5 (TOCHNO), set the instrument pointer il on
the red line (on zero) on left side of the scale;
. connect-one end of the RT-10 cable to the receptacle marked
VKHOD VOLNOMERA I IZERITELYA MOSHCHNOSTI (input of frequency meter
_ and power meter) on the side wall of the instrument, and the other
O end of the, directional coupler element on block AP fF:tg 4),

. NOTICE: When the RT-10 instrument is turned ony the sttenuator .
) of the frequency meter and the power meter should be
/ &t the position of maximm attenuation (x 50) to .
‘ . avold burning out the thermistor in the frequency meter.

Sequence of Operations in the Measurement of Frequency

With kmob 13 (see Fig 3), marked ATTENYUATOR VOLNOM I IZMERTTELYA

MOSHCHN (frequency-meter and power-meter attemuator) set the attenuation
. 80 that the radar-tester instrument needle 14 1s at the center of
the scale, i )

Turn knob 15 of the frequency meter until the needle 1% reaches .
minimm, If, during adjustment to minimm, the needle goes beyond the
1imits of the scale, lmob 3, marked USTAN BATANCA-(balance setting),

. mst be maniplated in order to tring it back. '

NOTICE: In £inding the mintmm, knob 13 must be turned slowly,
gince the frequency meter has a certain lag. .

Take a reading accor to the gscale and the frequency-meter
vernier 15 and, using Teble (Fig 5) supplied with the roedar-tester, ' .
determine the frequency of the magnetron amd compare it with that -
on the name (rating) plate. o - ..

Exninple: . reading from scale: [2 7]
-rea.ding_ﬁonnvernier:l. ‘

.. . *

-7 w
 CoQaNuF-YaD~E-N-T«I-A-L
-
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Se Normal Test Instrument Reedinge For ‘the '.l‘ranmnit‘berl : 50X1-HUM‘ _
~ . Excitation voltage of the VPL-12 . : R . m
' according to the instrument-of the -
o local contro:l. cab:!net Shcwﬁmo.ooooooooottoo ’ 50‘90 volts - - i 90"130 Wltﬂ

!

: : L

Voltage of the 350-cycle frequency o . . S
according to the instrument-of the , - SR

local control ca.'bingt ShehlU=02es000sccsseces . . 150"170 m’bs : 185-225 volts

Magnetron currents according to the - o o
instruments ShehA-02 of all. the high- . v
frequency sections and at the central S o

B
[

i

- ..;L'......-.-A e

]‘ -

[

control pansl TBU-OE..".......-............. 15"'18 nilliamps 22.24 mi.'l.'l.:l.mp:!

- NOTICE: Theenodecmentsofthema@etronambmtbe

' 1. Sequence of steps in testing and tuning the rece:l.m. . . [
. . [ ‘. - T

1.
2.

3¢
'

Se
6.

2+ Testing the Operastion of the Ga.s-Discharges

- - ' A . . - _.'. 'ri
TESTING AND TUNING TEE RECEIVER R

mereesed beyond 28 mﬂlieanperea. LA

CEAPTER IXI ~ R

Test. the operation of the gas d:lacharsers

Test and tune the automatic-ﬁne-tunmg (APCh) channel end

tune the klystron oscillator. .
Connect up the oseillator with the si@.a:l. mixers and the .

automatic fine-tuning (APCh) of the frequency
Check the gain of the UFCh. . . L

Measure the receiver sensitivity.
Adjust the gas dischargers.

L L e
- - ,

O Test:l.ng Rectangular Dischargers . . i
' First, the 1iminescence of the dischargers must be checked; the

ltm:l.neacence mist be uniform and without sparks.

1.

Measure the semsitivity of the recelvers with transmitters

twrned on (for precedure see No. 7 of this Chapter) and with the
switch marked AFCh-RRCh on the front panel of the receiver set. at .

position RRCh, wh:t.le manipulating the knob of the pebe.ntimneter

DecIaSS|f|ed |n Part -
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WTAIT A TaT A TATANT AT ATIATAM

being hooked up to the receptacle ma.rked TOK ICRISTALIA SIGRAIA

2. Measure the sensitivity of the receivers with transmitters .

' turned’ f," without touching the tuning knobsof the RT-10 end receiver,'

. and with-the mode switch and the TR-switch on position PRODUB

.

Read off the sensitivity. Vhen the measurement has been cmnpletea.,."

!

: - If, vhen. the transmittera are turned. off, ‘the sensitivity is = o v

. " -greater than with the transmitters tumed on, for example by one e

. ‘@ecibel, then the dischargeris sparking, - If the difference of . ’
. ‘indications during a measurement is g:'eater that the ind.icated velue 5
o oo the diecharger mist be replaced.

‘It must be noted tha.t, during these measurements, the cabir ehould

. be turned in a direction from which the smallest possi‘ble reflections

from local objects in the area are o'bserved, otherwise the results.of
the measurements will be ina.cmn'ate.

: NUI‘ICE' During receiver sensitivity meesuremente the cockpit

should always be oriented in the same direction, i
Atmospheric conditions: Sensitivity tests are not .
‘recommended under cond.itions of hea.vy ra.in or hea.vy
cloud cover,

3. Check leakage of h:igh-frequency power through pa.clrings

. where the discharger joins the waveguide, For this the dische.rger-
. to-wavegulde coupling must be Jlocked tight, -[A loosening] of the

. coupling indicates an escape of high-frequency energys. In this -

. . cdse 1t 18 necesgary to [tighter the screw four tirns] or test,

{the stress 4n the spring a.tta.clment] of" the. discha.rger. .

-~

) "- . i

L
* l

'.I.‘esting Cirmﬂ.ar Dischargers

- Clrcular sid.e dischargers are tested a.ccon'ding to the ‘@egree

. and nature of their brightness or operating [current] of the - -

" transmitters The Jluminosity should be a purple light without: sparking.

If there is sparking,’ or if the light is white, the discharger shculd

. be replaced.

. The c:l.rcular discharger of the signa.l mimer is tested "by
mea.m:ring the discharger 1@ition current. This requires opening the

S9. ; A

' GoO-NeP4I-D-E-N-TeX-Acl § /i il .

= close the choke valve, ’ - . R ' -_:-&

B RRCh to ma.inta.in maximm micro=ammeter deflection, the micn'o-amm5ox1 HUM SR i

- (m::rrent, .signal crystal). , S '

A

-+ [PRODUV =. "air-blast"] on the ShchU=02 [panel], In the AP section, | :5.- T
'.. i open the choke valve by mressing on its unfastened side end lock 1t- o
- in this position. With the RT-10 oscillator attenuator, obtain the', - -*

;i seme micro-ammeter indications as with the trenfmitter turned one .. -

DecIaSS|f|ed in Part Sanltlzed Copy Approved for Release 2013/03/07 CIA RDP80T00246A069100250001 -7
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lower lefthand acceéss hatch 4n the front-door of the high—freqxxens-o-x1_HUM

; *+block and hooking=-up the plug'of the 300-microeam : anmmeter to tus™ TN

. receptacle marked TOK PODZHIGA (1gnition cm're'nts, on the front panel . .l [
" . of the ignition rectifier, If the discharger and ignition rectifier: .. .. .

[l

3 -

T,

‘ :' ... are in good crder, the instrument should show. a cwyent of 90-150 ".-..'):'.:3?"-'-'"' o
O} ot mimmnmres. . " . , r .- . ‘ . .‘ ta . :. . :“ '._-- l ./:: :‘_l. - . ..
T oifl n7i0.c, Bessonms for the Absence Of curremb: . .. | T ol B
'-.r._r'.-‘ - .'. AR - -fatlure of the RR-7 discharger; . : - -"—':'
T : fuse blowout in block YaP-0l; - !

“hot-cathode rectifier {kenotron) I out of order; T
fallure of the R = 3.9-~megohm resistance in the edénnection
- which feeds the ignition voltage to the antemna switch.

7. .. .The failure of the RR-T discharger of the AP block or the absence..

Ji.f i of the ignition current causes a preliminary ionization of the-gas,” "
: ... vhich leads to-the condition where part of the magnetron power leeks "o, -
. through the RR-T discharger and is fed to the crystal mixer, impairing’

»+ 188 sensitivity. - For this reason, the ignition ‘carrent of the I3R-7-_ '

' discharger must be measured before the high voltage 1p fed to the

- magnetron. - . . ' S o

ot . If no dgnition current is avellable, disconnect the single-comtact .
"', ‘connector located below the circular discharger of the signal mixer

¢ : and check there for a DC currént by using ‘the TT-1 tester (instrument R
... ' .48 connected to the central pin in the case of the high-voltage comnector)s. . |

. The igaition voltage showld lie within the limits ~T00'to -800 volts. . ' .

{
¥
1

PP T no fgnitdon-voltage is mresent, the hotecathode tube must be i L
Sy ‘replaced or the YaP-61 rectifier repaired, If there is ignition =, = -
ot voltage but-no ingition current, the discharger must be replaced. . . 7

%, MOTTCE!" Vhen exchanging & type-RR-T dlscharger, keep in mind . = - i,
w7, 0 that its flexdible fastenmers attach to the outside of O

St M0 7 the chember ribs, The dischsrger should be atteched L
et o0 Do, ebout its axis, so that the flexible fastenmers will be .- ¢ -
CEon -parallel all around. Keep in'mind also that the thin' | s
e . . spring washers must have thelr arched conical portion . -
oo . .. toward the metellic fastenerg when the discharger is .
L ' being installed. S P
e To Insure stable mixer operation,. keep the
adjustment springs of the RR-7 tight, .

Q L B 8. Testing and Tuning the Channel of tﬂe:Au'th:atic Frequency
- .. Zuner (AFCh}. . - ' ) a o
* Tuning the Klystron Oscillator

e

' . Test the operation of the scanning stage with the fransmitters. on.

o rm—— e gt v

: Switeh on the mode ewitch, snd set the 4ransmitcrecedve device on -
_ © CeO-N-PdI-D-E-NeT«X-A-L f ' . e
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" the ShchU-02 at position PRODUV (air blast). When the 100-microamp i :. 50?(;'1 HUM

. micro~-ammeter is connected to the receptacle marked TOK KRISTALIA - T

') . ARCh (crystal current, sutomatic frequency tuner) on the front pamel . 24 .ty
of the YeE-O2 receiver, the needle should oscillate rhythmically at , -, - - ° |

. ) & frequency of about one per second. When the AFCh { awtomatic’ R
. -+ frequency tuner) cuyrent is off, the micro-ammeter should oscillate ™., .. .
. O. -;, smoothlye. .The fr2quency. and -smoothness of the oscillations of the .; ¥, e

needle can be controlled by means of the potentiometer marked PITA, ; .+ .- & -

g

.., ‘the slot of vhich is.on the front panel of the réceiver (Fig 6). = . .

R - - . ‘
. . - -
eI, L
PR
- .

ev. . The tracking stage is tested with the transmitters on. This * @ - .

, .\: stage-1s operating properly when the oscillations decay on the .., "+
7 100-microamp micro-ammeter attached to the receptacle TOK KRISTALIA ;- .- ..

."+%. AFCh on the front psnel of the receiver, : ' - '

L . Whenever possible, the gain of the APCh channel should be set - .-

.. at maximm, . - - S . : " o T
: In certain cases when the gain of the APCh chennel is tuned up .

3 .~ high, parasitic pulses will also.be amplified, which leads to & ~ . P
©v . - cutoff of the AFCh operation, whereby the needle of the 100-microemp .-
*. % . aumeter, vhich measures the crystal current of the AFCh, drops R

;= to zero and remains there. S L AT

IERIE In such a .case, -the gain must be reduced until the instrument ' .
w .. .. indiecates normal. APCh ‘crystal current. If it is not possible to reduce

. the galn,,then the tuning of the klystron oscillator mist be checked, *: - E
L.+ orf the magnetron must be replaced. o R T

The klystron oscilletor i1s tuned vhenever a klystron or sl

., -magnetron is: replaced, or whenever the frequency of elther is changed ' .. * i

. " apprecisble., If the.automatic tuner chamnel in the receiver has . ... -
". been checked-out, and no appreciable kKlystron frequency change is

R .- . required, then the klystron is adjusted without the use of the.
. i, .. . frequency meter. In this case the rrocedure is as follows:

v L.

s
T el

1

- .
- yw . weal
I SR

-

1. Set the ShchD-02 mode switch st PRODUV (air-blast).. - ~ & ! | |

L. 2. With the 100-microanp ameter connected to the TOK ' 0 i b
L TALIA AFCh jack on the front panel of the receiver, the . .- .ol ]

oscillations should be smooth. ;
: - . A - ' L . . . ) ) .
. . L. o " . ','.. x g. e .- . . . P" . “. ; . 2 ! ,'.
c ' Y DI R s
. CoT B . e . - ' e e, LNy
i . . . P P R W' ' PR
. ¢ t B + '
L -
- M |

. ‘ - - ll - . !. I - {
| C " Co0-N-F4I-D-E-N-T=I-A-L L
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3. With the ARCh-RRCh switch on the RRCh position, manipulate .
knob RRCh until the neédle reaches maximum deflection, then manipulate

the APCh mixer coupling screw to get a current amplitude of about 60« :

80 microamps.

NOTICE: If, when the RRCh knob is turned slowly, the 1nstrument
indication rises and falls abruptly, or if the change of :
terent of one mixer is down to the current of the other,

en the resistance values of the mixer balancing disks must °
be checked, since they vary with the load on the cables run-
ning from the/oscillator to the mixers. The coupling-control.
screw of the mixer must be backed off until it is still on
the coupling rod but not touching the mixer housing; then
disconnect the cable between the tee and receptacle 1271
(signal mixer) or 1269 (APCh mixer) and measure the resistance
between the central contact in the receptacle and the mixer
housing, which should be about 40-60 ohms. The resistance
values can be changed by making grooves (with a needle file)
in the absorbing layer of the matching disks of'the signal ~
mixer and the APCh (frequency-tuner) mixer.

4. Switch on the tranemitter (ShchU-Oa modes switch on position.
POLNOYE VKLYUCHENIYE [full power]). .

5. Switch the ARCh-RRCh switch on position ARCh.

6. With the screw-driver-key slowly rotate the plunger of the
klystron circuit until the instrument needle stops oscillating and the
maximum deviation 1s about 60-80 microamps. This tuning must be done
carefully, by rotating the klystron eircuit plunger half a turn, and
each time tightening its nut,  When the switch on the front panel of
the receiver is tuned from position ARCh to position RRCh, the 1nstru-
ment needle ehould show approximately unirorm 1ndications.

The accuracy of the tuning of the klystron oscillator can be checked
as follows:

Book up the oscillograph with direct scan to the receiver receptacle
marked IMP APCh; connect the 100-microamp ammeter to the receptacle
marked TOK KRISTALLA APCh; put the ARCh-RRCh switch on position RRCh;
by rotating the RRCh potentiometer knob, obtain the position where the
negative pulse disappears from the oscilloscope screen, but the positive
does not yet appear, vhich will correspond to tuning the klystron

. ) _12_
C-O-NuF-I-D-E-N-T-I-A-L
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precisely at a frequency which is 30 megacycles off that of the mag- o “'5ff
netron; read the micro-‘ammeter {ndication; throw the ARCh-RRCh switch @ - . L
over to positlion ARCh, which should cause no change in the indication ST e i
‘of the micro-ammeter; if the indication is different, adjust the T

klystron by means of the plunger; after this ad justment, cheek once T
more by the above-described method and obtain the same miero-ammeter T
indication for both positions on the ARCh-RRCh switch on the receiver.; * - ..,

T. Check the reliability of the klystron setting. . ST

The klystron frequency 8hould be ghove the magnetron frequency .
in channels 2, 3, and 5, and below the magnetron frequency in channels
1 and L, e

..

This check can also be made without using the frequency meter. Wg‘r
The oscillograph with direct scan is connected to the receiver S
receptacle marked IMP APCH, and the oscillograph control knobs are
manipulated to get a clear image of the APCh pulses on the screen
(oscillograph gain control at maximum). 4

With the ARCh-RRCh receiver switch on position RRCh, rotate the
RRCh potentiometer knob clockwise and observe the pulses on the
screen, ' . . '

. If the klystron is properly tuned, then; when the RRCh knob is
rotated slovly in a clockwise direction, negative pulses (Fig T,
and then positive pulses (Fig 8), should be observed on the sereen. .

- If the positfve pulses are 6baerved first, and then the negative,
this means’ that the klystron is not properly tuned; i.e., in channels
- 2, 3, and 5, £, . 15 less than fragns and in channels 1 and b, %1
is'g;eater.thaglrmagn. &n g

NOTICE: 1. The absence of the thickening at the end of
Y - the positive pulses is an indication that the
L-14 thyratron 1s out of order.

-
T TNITLT e T M e e i e b e e = g

. 2., If, when the RRCh knob is rotated, the:pulses

of similar polarity (positive or negative) appear
double, the APCh gain control on the front panel
. of the receiver must be turned down. If this
(:) - * does nmot eliminate the doubling, the magnetron

; : -+ will have to be replaced.

/ :

i

. If there is an appreciable difference between the frequencies of
"the klystron and magnetron, the klystron cannot be tuned by the method
described above. The tuning must be done with the RT-10 instrument,
as follows: : ' :

- U -
Ce0-NuF-I-D-E-NaT=I=A~L ' :
Declassified in Part - Sanitized Copy Approved for Release 2013/03/07‘ : CIA-RDP80T00246A069100250001-7



. [
Declassified in Part - Sanitized Copy Approved for Release 2013/03/07 : CIA-RDP80T00246A069100250001-7 |-

50X1-HUM - *

1. Transmit-receive equipment on normal operation; '4;
. 2. Measure the frequency of the magnetron oscillator with the U
(i) RT-10 instrument (See Section 4, Chapter I),

3. Measure the frequéncy of the klystron oséillator. For this,. - .
the 100-microamp ammeter is hooked up to the connection TOK KRISTALLA R
APCh, and the ARCh-RRCh switch 1s on position RRCh. Manipulate the - .
RRCh knob to get maximum APCh erystal current. -

Connect the radar-tester cable to the tee (receptacle 1268) on
the AP section, and disconnect the APCh mixer cable leading to
receptacle 1268, .

Further steps in the measurement of the klystron frequency are
analogous to those for measuring the frequency of the magnetron.
!

After taking a réading from the scale and the vernier of the
frequency meter, use the same tables to determine the‘value of the
klystron frequency. (See Fig 5).

4, Compare to ascertain the extent and direction of the difference
between the klystron and magnetron fregquencies,
. . ]7_
- 5. Using the screw~driver-key, either advance or back-off the
plunger of the klystron and again measure the klystron frequency.

If a 30-megacycle difference cannot be obtained by manipulating
the plunger, the following steps are necessary:

Place the klystron-circuit plunger, which extends through the
front panel of the receiver, in approximately the middle position,

Pull the receiver out of the section without touching the RRCh
“tuning knob or klystron circuit plunger which extends through the
panel; advance or back off one or several of the plungers along the
periphery of. the klystron circuit and lock their nuts. After measuring
the frequency of the klystron, connect the cable to receptacle 1268, .

ROTICE: Advancing the plunger increases the frequency (shortens
the wavelength) of the klystron, whereas backing-off the-
plunger reduces the klystron frequency (increases the
wavelength)

0

. . 6. Put the receivér back into position, hook up cable 1039 to
1t, connect the voltage source to the reéceiver (receptacle 1605), and
once more measure the klystron frequency (See Fig 6).

~———

-15 =
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This operatiOn is repeated until the magnetron and klystron A
Che frequencies are 30 megdeycles apart in the desired direction {es yﬁwaﬁfﬁngf 3
; . shown in /'[‘able l) Then the fine-tuning is done as described above. .

The klystron frequency in channel 4 can be measured with the ER-lO
. instrument, the obtained klystron wavelength being converted into SRV

i,

‘:. rrequency according to the following formula R "s.él..
o | . e
f(ke) = 3 - 107
| 7 A lem]
Table I . IR .
- , . - - Channel Receiver Magnetron Freq_ency Klystron Frequency
. Channel No. ° Marking “Classification . (Kilocycles) Lkilocycles)
o1 e Um0 2905 - 2935 2935 -.2965
e e D BIVZ) . 2995-3025  ° 3025 - 3055
53, . B v(B]  2725- 27155 2755 - 2185 -. .
< ‘v oAy 2695 - 2725 2655 - 2685 -
; ‘5 B (vi] - B [v?] . 2815 - 2845 2845 - 2875

Declassmed in Part Sanltlzed Copy Approved for Release 2013/03/07 CIA RDP80T00246A069100250001 -7

" WARNING: In retﬁning the klystron plungers, pay particular attention
o . that the klystrpn respnatpr Nodsing sbows plus 230 volts

with respeet to receiver ground. This voltage must bde remmred-" -

by disconnecting receptacle 1604 on block VK-01 (voltage’
- supply block). After the klyst.ron is tuned, all the cables

cozmecting the receiver with the AP_ must be hooked up again. - )

[ . ~

COmplete Testing of the Operation of the Automatic Frequency ‘
Tuner !APChT _.

A complete teeting 6f the operation of the APCh system requires -
hooking up the receiver jack marked VYKHOD (output) t0 an oscillOgraph
(oacilloscope) with slave sveep. '

- LI
Vet

- - 16 -
C-O-N-F-I-D-E-N-T-I-A-L

’

L T . .
A e e d————r tm e e
< = . I3
. - Dy
. . - -

P e

LRI LT S



LI T T £ Sl ™)

Declassified in Part - Sanitized Copy Approved for Release 2013/03/07 : CIA-RDP80T00246A069100250001-7

Switch the ShehU-02 [local control] mode switch on position POLNOYE

VKLYUCHENIYE (full power). Turn the cockpit by hand until the oseillo-
scope screen shows a clearly visible reflection of the local objects
O . (selecting the most distant local objects is desirable). Switch the
MRU-DRU switch on the receiver panel to position MRU. o

Switch the ARCh-RRCh switch on the receiver panel to position RRCh, ,.4

and turn the potentiometer RRCh to tune the klystron until the amplitudes .- .

of the pdlses from the local objects are maximum. Then throw the switch =
over to position ARCh, which should cause no change in the pulse amp- .
ldtudes, / ' ' 3 :
NOTICE: The gain controls of the receiver and the oscilloscope: =~ -
must be set at such values where no limitation will be
set on the pulse amplitudes.

/ .

If there is a change of amplitudes of the pulses, a more precise -
tuning of the klystron is required. 4 _
8table operation of the APCh indicates that the magnetron oscillators. '
are functioning properly. Thus, if the APCh is not correctly tuned,

the magnetron must be replaced, and the entire test must be conducted
again from the beginning. .

-4, Connecting the Local Oscillator With the Signal- and APCB-Mixers

The connection between the local oscillator and the mixers is :
checked by means of the 100-nmicroamp ammeter plugged in at the receiver-
panel position marked TOK KRISTALLA APCh (automatic frequency tuner °

- erystal current) or TOK KRISTALIA SIGNALA (signal crystal current),

- These érystal currents are established by corresponding connections .
in the AP-block and should be within the following ranges: .

"signal crystal current: " 20-35 graduations

APCh crystal current: 60-80 graduations.

NOTICE: . The;vaiuéé of these graduations apply‘oniy for the
(:D ' y 100-microamp instrument. Since the internal resistances = .
h - of the 100-microamp and 300-microamp instruments are different,

j .. .. the obtained current values would be different also.

-17 - . L
C-O~N-F-I-D-E-N-ToI-A-L.
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Keep in mind: ‘-

Before any connections are made, it is necessary to warm up the'; *x
radar for at least 20 minutes. Connections are made only when the
radar is on FULL POWER, 1.e., only when the choke coils are .off. .
If the desired crystal currents cannot be obtained, then a erystal

replacement must be made. _ Qo

NOTTGE: . If the choke coils are on (closed), the crystal
currents will be different from those indicated.

f

. If the crystal currents of the signal mixers and the AFC are absént”
(1n both control connections), the klystron must be replaced, with -
care exercised in order not be bend the coupling loop.

NOTICE: If the high voltage is absent at the receiver, the micro.

ammeter needle will deviate; in such a case, the instru- - -

ment reading will not give the value of “the crystal
currents. .

5. Testing the Crystal Detectors of the Signal Mixers

-

‘Receiver input nbisea are made up of noises fed from the Antenna;.
and noises of the crystal detector, local oscillator and first UPCh
stages, and determine the sensitivity of receivers. The crystal

detector should be tested on the basis of ‘the noises 1t causes. This: . '

is done by setting the ShchU-02 mode switeh at position PRODUV, the
ARCh~RRCh switch to position RRCh, and the MRU-DRU switch to position
MRU,. connecting the 100-microamp ammeter into the test receptacle
marked DETEKTCR on the front panel of the receiver, and manipulating
the RRCh knob to get maximum needle deflection on the microammeter.
Turn the receiver gain all the way down and, with the instrument stop, -
set 'the DC component of the detector at 10 or 20 scale graduations
for the sake of convenience in reading. Set the receiver gain so

that the micro-ammeter will show readings about 50 graduations above
the original setting when indicating noise. Then loosen the nut on the
crystal-detector holder and separate i1t from the holder. The crystal
detector can be considered satisfactory if the noige level drops no
more than 7-9 scale graduations as a result. : ' .

- 18 - :
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If the reduction amounts to some 10-20 graduations, the detector ..
should be replaced, and the entire test conducted agein from the be- «: |
) ginning. / Crystal detectors must not be quality-checked on the basis . .-
(:) of a test in any one channel. 1In addition to resistance, they also )
have a certain reactance, the value of which can vary appreciebly in -
detectors of the same type, which impairs the tuning .of the mixer.
For this reason, with certain detectors the desired mixer current
.values are obtained only by increasing the coupling between mixer and |
local oséillator, which can lead to increased noises from the local
‘oscillator, since the crystal detector itself can have a low noise
level. In another channel, the same detector might be used with '
better results. The ultimate choice of the crystal detectors for '
signal mixers should be made on the basis of . receiver sensitivity.

6. Testing Amplification of the Intermediate-Frequency Stages (UPCh)

(&esting the Noise Level at Detector Load)

The specifi¢ noise level at a detector load in thé receiver reflects
the amplification factor, since the ndises of the electron tubes in-
the first amplifier stages always have approximately the same level,

Testing is done as follows: 8et the ShchU-02 mode switch on .
- FRODUV; into the DETEKTOR receptacle on the front panel of the receiver
- hook up the 300-microamp ammeter {which is connected to the detector: S
g load through resistances 50 and 51 and, at the indicated value, acts
88 a voltmeter with a 3-volt scale); set the ARCh-RRCh switch.on RRCh; .
the DRU-MRU switch on MRU; end turn the MRU potentiometer knob clock- |
wise to the stop. This should cause the ‘instrument to deflect no less. '
than 50-60 graduations (not counting the DC component {caused by the ' .
DC] current of the detector). Thus the noise level at the detector T
load should be no less than 1.5 volt. ' ﬁ

v

r A reduction of the nolse level below that indicated reflects an - -
emission loss by one of the intermediate-frequency amplifiers (most
frequently.responsible is the 6Zh3P tube, tube No 8). In this case,
a 6Zh3P tube known to be good should be tried successivély in stages
1, 3, %, 5, 6, 7, 8, and 9 (but. not the second) of the intermediate-

frequency amplifier (UPCh).

~ NOTICE: The second stage has a 6N1S5P tube. If this tube is
(:) . . reflaced by a 6Zh3P tube, resistor 29 heats up, which
; ' © 'reduces the receiver sensitivity by about 6-8 decibels.

!

S

" C=0NaF-I-DeE-N~TuI-A-L
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Noise voltage at a detector load can be absent as a result of ‘the = .

- failure of the following:

(:) : / ' tube 16 (6N9S) of the MARU stage; -
7 one of the tubes (1-8) of the IF amplifier
stages; tube 9 of the detector; .
one of the resistors through which voltage .
/' is fed to the plates of -the IF amplifier tubes. °
If the failure cannot be detected by external inspection, then the -

© tubes mist be tested and checked with Table 2 (TT-1 tester used with. - BN
electron tubes). , _ ' . o

When readings are taken of the operation of the IF amplifier tubes,’
the control grid of tube 4. should be grounded in order to eliminate
interference from the exposed bar. The.plate voltages supplied to
the tubes from the plus 300-volt bus are measured at minimmm noige ~ .; . .
. voltage (MRU-DRU switch on position MRU, and the amplifier potentio-'

+ ™ .meter all the way to the left). Y

.
r

T. Measuring the Sensitivity of the Receivers

e ~ Measuring the sensitivity of the receiver is done in two stepé: -
: balaneing the RT-10 instrument and measuring the sensitivity.

Balancing the RT-10 Instrument

_ Turn on the power (220 volts) and heat up the instrument for 10-
© 20 minutes. ]

Switch 1 (See Fig 3) at position NEZATUKHAYUSHCH. (undamped, or
continuous); switch 4 at position INDIK UROVNYA (indication of level);
switch 6 in position OPSCEET (read-off) and manipulate knob 9, USTAN
NULYA (zero setting) to set the needle of instrument 1b at zero (right-
side of scale); throw switch 6 to position PROB NULYA (test for zero),
and by manipuleting knobs 3 and 5 (GRUBO- "coarse" and TOCHNO - "fine") .
set needle of instrument 1k on zero (right side of scale); then set |

switch 6 at position UST BAL (balance setting) and manipulate knob 5

(:) marked TOCHNO (fihe), to bring the needle of instrument 14 of the
; RT-10 to0 the red line on.the left side of the scale; set switch 7 at
/ position IZMERENIYE (measure) and manipulate knob [?], USTAN UROVNYA "

MOSHCEN (power level' setting), to bring the needle of instrument 14 °

a2l - o . ;
" Ce0-NeFuI«D-E-NaP=I-A-L . >
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to the red line on the left glde of the scale; set the attenuation of
the oscillator attenuator of instrument RT-10 at approximately 20
. decibelsy connect the cable running from the receptacle VYKEOD GENERAT -
'(:> (oseillator output) on the side of the RT-10 to the control coupler.
on block AP (See Fig Ly,

‘Measuring the Sensitivity.

/
l.. Switch on the transceiver and heat up for 10-20 minutes in riormal .
~operatd on.

2.  With the 100-microamp ammeter, test the crystal .current values and )
‘the operational reliability of the APCh (automatic frequency control).

3. Set the ARCh-RRCh switch on position ARCh.
h.i Conneci-the micro-ammeter to the recelver connectfon marked DETEKTCR. )

5. Set the MRU-DRU switch on position MRU and turn the MRU knob
{potentiometer) all the way to the left; the microammeter will show
a low current (the current of detector. L2)

- 6. With the instrument {100-microamp) stop, set the needle of the instru-
| + ...ments on the closest multiple of five graduations on the micro-
-, armeter scale, either to the right or to the left. For example,
with the MRU turned all the way, the needle points to 7. Set it
-at 10,

- Te. With the MRU potentiometer kmob set the noise at'oﬁe volt {for
.- example, 30 graduations on the 100-microamp emmeter). Thus the
micro-ammeter needle will point to 4O (10 for the closest multiple .
of 5, plus 30 = k0). -

8. By turning knob 12, marked CEASTOTA GENERATCRA {oscillator frequency),
© obtain a fine-tuning of frequency by reaching maximum needle de-
flection on-the 100-microamp ammeter hooked up to the connection
marked DETEKTOR.

Do not let the needle go beyond the scale. To prevent this, change
O the frequency of the radar-tester slowly and, if the ammeter de-
flection is large, immediately increase the attenuation of the RT-10
by means of knob 11, marked ATTENYUATCR GENERATORA (oscillator
. .attenuatoi). After this is done, knob 12, marked CHASTOTA GENERATORA
(oscillator frequency) must be manipulated to get a fine-tuning
accord:lng to maximm micro-ammeter needle deflection, '

—

~

-22-
" C=O=N~F-X-D-E-N-T~I-A-L
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Obtain a signal from the RT- 10 higher than the receiver noises by
a factor of about 1.5, 'measured in volts. To do this, the RT-10
: (:) oscillator attenuator is set for an attenuation whereby the micro-
amreter needle deflects another 15 graduations (10 plus 30 plus 15
- [for the RT-10) = 55 graduations).

9. To the scale indication of the ATTENYUATOR GENERATCRA (oscillator . .

al..attéemidtor) must be added the attenuation value of the directional - . |
coupling which controls it and of the cable running from the RT-10
to the directional coupler. The total sum of the attenuation of
- all these elements gives the receiver sensitivity value in decibels,.

" NOTICE: 1. The RT-10 instrument is calibrated with a cable [5. ...
' : meters] long [ 6 words illegible ] during = -
. the calibration of the instrument. The standard = |
c¢able for the measurements is 3 meters long. _
Consequently, in determining the semnsitivity, it -
"is necessary to add the attenuatiod for two meters
. .. of cable, which is 1.7 decibels.

"2+ When a change of position 1s made with the knobs - A
EEE marked ATTENYUATOR GENERATCRA, CHASTOTA GENERATCRA,

o - and USTAN UROVNYA MOSHCHN (oscillator attenuator,
oscillator frequency, and power level setting),
indicator 14 of the RT-10 changes its position.

In order to get accurate measurements of sensitivity,

it 18 necessary that the indicator of the RT-1Q in-= - »-
strument at all times be set at the red line on the
left side of the scale or within the limits 0-5
graduations on the upper scale. Setting the needle

‘on zero is done with the knob 2, marked USTAN

UROVNYA MOSHCHN (power level setting). 3

If the senmsitivity is below that on the rating plate, the gas dis-
chargers must be tuned.

Conducting sensitivity tests during a heavy cloud cover; fog, and
: the like is not recommended. It must also be kept in mind, that, when
— sensitivity meaaurements are made with a radar tester which is not part
(:} of the equipment bf that particular radar, the indications will differ
from those given in the logbook for that radar. An admissible

- 2 -
: C-0-N-F~I-D-E-N-T=I~A-L
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IR :
8sensitivity reading should not deviate from the data plate rating by, ... . i
. . more than plus-minus 1:5 decibels. In order to obtain correct data il
: S in sensiZivity measurements, it 1s necessary to aceount for the ip-: 7
' . Tregularity of the amplitude-frequency characteristic of the instru~ ' L

ment, as shown by the graph attached to the RT-10.

8. Tuning the Gas Dischargers
/

Connect up the transceiver and the RT-10 just as for the measure- o U
ment of receiver sensitivity (Section T of this chapter), Perform all
the necessary operations an » 8fter adjusting the attenuation of the: - .
RT-10, tune the gas dischargers according to a maximum indication of
the 100-microamp ammeter by rotating successively the control screws' - )
of the two dischargers. When turning the control screw of the circular ' .
discharger of the signal mixer of the antenna switch, be sure to go '
* through its entire range. The discharger is tuned at the largest ‘
maximum. . . '
Lo A o
+ T~ . Vhen turning the control screw of the circular gide (secondary?)’ -
o discharger of the antenna switch, be sure to go through its entire’ range, -
whereby three:possible cases can be encountered: : S

o 4

1. in the tuning with the control screw, only one maximum is ':_ ,
. detected; the minimum 1s very far away from the maximum; .. - "

2. in the tuning with the control screw, only a minimum is '@ SR
detected; ‘ ' T oL

3. in the tuning with the control screw, a minimm is observed, '
but on each side of it 18- a maximum, ‘one of. which .is.labger. i
_than -the other. T B T

In the first case,,tﬁne at the maximum;liq the second case, tune
away from the minimum; and in the thire case, tune at the larger of ‘the
two mexima. : L ' ‘

In tuning the dischargers, remember that the correct frequency
setting on the RT-10 must be obtained in order to avoid tuning the gas
dischargers to the frequency of the image channel. "It must be remembered
that the image fréquency for the recelvers of blocks,B, V, and D (3, .5,
and 2) is higher than the main frequency, and that the image frequency
for the receivers of blocks A.and G (4 ang 1) is lower than the main.

' frequency, - . : S

. - 21‘, - ’
.  C=0-N-F-I-D~E=N«T=I-A-l, - , e
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. .: RT-10 during a tuning of the gas dischargers to the mirror

ties. medsured during e tuning of the dischargers to the = "I _
fundamental frequency, the -signals reflected from the - - ./
. target will pass. through the dischargers with greater -

..-;" ._-.3.' . . . _,.‘:

 screens. o T
o vy e . -: ;

: ”;_'_. : '. ‘I‘here are three methods of' tuning the gas dischargers to the funde-
... T omental frequency. -_‘--/:; : ; :

1,
A At i n pree = - . . . . .
B e L '::,' '*'\._.- R T S . -
5 [ T S N L A o
N " ;l‘ . l -
RIS \ @
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Fig. 9. Table for Calibrating the Oscillator of the RT=-10 Radar-Tester

- o ‘attenuation, and no target pip vill appear- on the 1.ndicator "ZI..
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", First method: Using the graph (Fig 9) supplied with the RT-10, fipd

T the desired scale graduation of knob l2'(CHASTOTA:GENERATORA (éqillator.ng e

O =" freguency)) correspopding to the frequency of the magnetron of the .given : '~
. ' channel. - ' ' . o ' ' . e

. in tuning the frequency of ‘the oscillator, find the msximm deflec- - .
" J.o+.:tlon of the needle of the 100-microamp ammeier. in the vieinity of this * . ..~
scale graduation.. Then tune the dischargers. . oL

- EET

I Second.method: By manipulating knob ATTENYUATOR GENERATORA
- (oseillator attenuator) set an attenuation of .approximately 10-20
". . decibels and, by rotating knob 12 (CHASTOTA -GENERATORA) find two . . "0 -
" maximum tuning positions on the 100-microamp dial (1f the needle de-’
- '..: flections are small or. absent; it will bé necessary to reduce gradually,' :
.+, the attenuation until the instrument needle deflection is not{ceable).

maxl e
[

|

- ‘For example, there, are two maxima at gra'di;gtior';s".‘.l.j‘q.h’d' 2h, . thus
5 ' two tuning points (See Fig-10). R TN S
- : L L - . B S
. PRI . t
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, At these scale points 16 a maximum deflection of the loo-mcroamp .o
ameter needle. The scale graduation at which the RT-10 oscillator . P
frequency is equal tp the klystron frequency is found between the '
graduations representing the maxima. . .

l PR

.Tune the RT- 10 oscillatoz‘ to the firs‘b maximm 1n channels 1 and,

"+ %, and to the second maximum 1n channels 2, 3, and 5, to establish R

the conditions . o . . 5
.fllsll < fyagn (chamnels 1 and 4), or .

e > fongn (ChAnnels 2, 3, and 5). s S

PIs

':Tune‘the discha.rge.fs. ' - s T
: . -

NOTICE: On the scale -of the RT-10 oscillator, .a reduction’
) in the number of gra.duations corresponds to an-increase
in the oscillator rrequency.- o ..

Third method: Hook up an oscilloscope with slave sweep to the .

) receptacle marked VYKEOD (output) on the front panel of the receiver, .

' .iWith the oscilloscope knobs, CEATOTA (frequency) and AMPLITUDA

SINKHRONIZATSII (synchronization amplitude), obtain a stable image
of local objects on the oscilloscope screen, and tune the dischargers

., Tor maximum amplitude of the signals reflected from _the local ob,jects. ,

Once the gas dischargers have been tuned, measure the: sensitivity )
of the receivers again. If the aenaitivity is below that given on ”

- the rating plate, — ;

d X

e 1 . A
. : .

-n- . ’i
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a;check should be made of'

._Q /

50X1-HUM. N

the crystal in the signal mixer;
tne reliability of the gas dischargers;
the receiver input tube, and

the tubes in the IF amplifier,

In the majority of .cases, the drop in sensitivity will be due to one

of the ahove components.

LIST OF FREO,UENTLY ENCOURTERED FAILURES IN RECEIVING EQUIPMENT -

No. Nature of Failure Probable Cause Remarks
1 Scanning stage does not a) Thyratron out of order .
. " function / (tube 15; TT-1-0.1-0.2) ,
' b) Faulty resistors .
A
N , Ryp OF Rpy.
2 AFC circuit not a) If AFC pulses are obser=
- operating (8 1/2 lizes ved on the oscilloscope
illegibla] : , (negative and positive)

~ which (illegible) do not
have the characteristioc-
thickening at the end,

© then tube 1l must be

[replaced?) , -
‘ © [3 lines illeg- .
[13 lines illegible] . ible} ~
L : .
A ; -
-28 < I "-..'.:...'-.,.a-—...l_-»—-— e e —

© C=0-N-F-X-DeE-N~T-I-A<L . " : :
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* 3. Resistor Rqy heats up-- ' ' The klystron coupling' SRR SO * )

© 2.2 kilohms (for radars . iloop tourches the cavity -* - PR
up t.o the. 1953 mdels) ‘ 3 resonator of the klystron. R :

4 Absence o/f noise at " +ia) Noises at the detecs o , VL

- ' receiver output when oscil-: tor when the loo-microamp - . g
-lograph is-hooked up t6 the °'instrument is conmected ' . oo

i, receiver Jack marked “'to the jack marked . o T
; VYKHOD (output). . ., DETEKTOR. Check tube .’ S .

. ' . 10 (CZhk) and tube 18

. - , (6P35) S s

/.. . . .. b) No noises at detec- Good tubes re- .
" * tor, then replace tube - main in their " -,
g _ L. . 16 (ém9s), and.check . places during -
.5 - The level of detector “stages 1, 2, 3, 4, 5, . testing.. -
- . noiges 1s below normal. ) 6 7, o.ncl 8 in the : . .
< T 'UPCh(i-f amplifier); .. ° - . e
S " check- relay MARU. - S TR R
, - <1
' Check tubes 1 through * ". .. .-

' R 9 in the UPCh (L-£ . - "« . . , -}

6 Positive pluses are amplifier); check ° . . _
-vikible on the voltage plus 105'v. . ., .- & L
oscilloscope, no matter what/ - oo o ’ S,

" the position of dial 2) Reduce AFC - CAE ;
'RRCh, when ‘the APCh  \ amplification with L - Vo
(automatic frequency potentiometer USIL R
control crystal current APCh o . ¢
1s belng tested with ' o . Lo

.+ the ‘transmitter on. b) Replace magnetron - L :-‘.-

te 4 ! . i}

1 . A f

¢ ) ; 1)
\
-~29 - !

C=0-R=PF4l-DeEvR-~Tel=AsL ;

) . . ‘ ) ) : 1. .
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For a successful [adjustment of components - in the]’ transceiver 50X1HUM i
channel, it is well in the [maintenance couses 2] to compile tables for | .- L
each [2 words illegible] frequency, to use them in the tuning and e
. ‘Yo enter on the graph all changes in parameters during an exchange of :i'':. . .,
' .- . 8ensitivity. A sample fdrm 1s given in Tmble 3. L e
CHAPTER IIT - : RSP
; Checking the Path of Reflected Signals : . o - L
1. Testing the TK-02 Slip Ring
From the outputs of the receivers s the véltages are fed to'the ih-d'ica.‘bor‘ T
through the  TK-02 slip ring. A poor contact between the wipers and ' . ‘
rings of the slip ring can cause the target indications to di sappear
from the displays. The 8lip ring is tested as follows: . o
1. Remove the feed voltage from the trensceiver. 4
) 2. Disconnect éable 1038 from the receiver and connect the neutral
- wire of the cable to ground. : o ,
3. Disconnect the receiver output imped:a.nde ceble from the PIK ;':
: .. cable box. _ . ‘ : . it
e ' ) ‘ ‘ b t
k. With the TT-1 tester, test the impedance between the' neutral - -
: vire ond ground at the PIK cable box; when the cable 1s rotated - aa
by hand, the impedance should remain constant within the . .- | =y
limits of 1-2 ohms, : _ N ' Poe 8
.‘- ) . " W P 'l"'il":,‘ - : K
P i
o : :
y , )
Q ; l'.,‘s r. h
/ :
i
- 30 - . . '
' C=0-NuF-I-DeEeN-T=I-A-] .
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5. If, vhen the cable is turned, the impedance drops in value20X1-HUM -
is necessary to remove the brushes from the brush (wiper) holder = |
of the slip ring, and to check the smoothness of the copper of -~ . :
‘both the wipers (brushes) and their contacts (voltage from the.: -’ .

) ou}:puts of the receivers [fed] to the top of the ring of slip i " . -
@ ‘ © rings 2,3,4,6, and 7). . . ' S

Poor contact can be due: to obstructions from chips getting into.
the holder or the -displacement of the brush off the ring and onto the #

RN

. plastic spacer.
. ) /

. !
2. Testing Block./SB-02

‘The following steps are fequired in testing Block SB-02:

1. Set the SB-NS switch in block MS-[ ? ] on position SB
(power supply/cut off). "

2. Switch on power. W S

., 3+ Open the 114 on the left side of block SB-02 and throw the
. - sWitch marked ZAPUSK (start) to the right.

k. At positions VERKEN (upper), SREDN (middle), ond NIZHN (lower).

. of the central switch marked BLANKI (blanks), test the _
presence of the blanking pulses, NACHALO (beginning), KONETS T-
(end one) ond KONETS II (end two); with the.corresponding -
slits on the lower left side of block §B-02, set the required.
durations of these blanking pulses.. . -

]
\

a . - C=0-NwFoI-D-E-N-Tw=I-A-L | L
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Set, the switch marked ZAFUSK (start) to the left.

control) to position VERT. (vertical). . . R
Set the central switch to position KALIRR. (calibratton)., = . °

Set the switch marked PERKEKL.KONTR.OSTSILL. (oseilloscope 1 N

With knob USIL.OSTSILL." (oscilloscope gain).set the heignt !
of the image of the calibrated voltage on the order of 20 .
millimeters (two volts). ' ' ‘ S

Switch on the receiver.

!l . .
In sequence, set the central switch to positions NIZHN,
SREDN, and VERKHN, and manipulate the receiver knobs to
establish the noise level of each receiver at approximately

1l volt, which will correspond to half the height of the image :
of the calibrated voltage. o

Set switch PEREKL.KONTR.OSTSIIL. (oscilloscope gontrol) to |

position NAKL. (slant) and set the noise level of the

receivers of the slant channel also at one voit.

‘Set the central switch to position BYKHOD SBU (SBU.output).

Switch PEREKL. KONTR.OSTSILL. to position VERT.

P

With the knob marked OBSHCHEYE USIL. VERT. (gemeral veirtical :

amplification), set a Moise amplitude equal to 0.7 - 1.0 volt. ! - '-

Set switch PEREKL.KONIR.OSTSILL: to posftion MAKL. (slant) ..

With ‘the' knob marked OBSHCHEYE USIL.MAKL. {general slant
amplification), set a noise amplitude equal to 0.7 - 1.0 volt.

Knob OTSECHKA (cutoff) of the vertical and slant [controls?)

must be in the far left position.

‘o

=32 -
| €=0-NwF-I-D-E-N-T=I-A-L -
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17.
18.
19.
20.

2]-0

3.

Switch off the receivers.

50X1-HUM | -

' Set svitch PEREKL.KONTR.OSTSILL. to position VERT.

Switching the sa-oa receivers on in sequence, use the compensa-:'
tors on the horizontal chaesis inside the block to achieve
maximum receiver noise amplitudes on the oscilloscope screen;

turn the compensation potentiometer until the noise emplitude

on the screen stops gaining.

Set the switch PEREKL.KONTR.OSTSILL. (oscilloscope control) on’

position MAKL.
slant channel 1n the same order.

(slant) and compensate the receivers of the

Regulate ﬁhe block according to the operating instrqetions.'

Testing the Reflected Signal Cha.nnel on the Display

Testing is done in the follow1ng order:

. "‘\ lb

o,
3.

NOTICE:

——

Declassified in Part -

Switch on the displiay.

-Set normal sweep (scan) brightness with the reflected~signn1
and scale circuits off. The range scanning traces should be

‘barely v1sib1e.

- Establish normal amplification in the signel reflection channels,

at normal amplification, the noise backgrounds should slightly

'illuminmte the screen.

1.. Regulation of the amplificntion}of'the reflected-signal
channel on the display is done dfter normal scanning '

brightness.on the oscilloscope screen has been set, and
‘the output noise of Block SB-02 has been set. :

. b .
. 4 's_’ ' N . : .

. . DL
: : e
N p' N ,"

. . . . 4
T L - . ' * -
A . .

) .
h -
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2. To prevent signal cutoff, do not put ‘che reflected-signn.l
amplification potentiometer in -the far right position.

f
LRI TR
..3 g
+

o S e
- 4. Test the equive.lent impedances in the reflected-sigm.l circuits -' -
: (TP-1 tester). The equivalent impedance values should be a.round
75 ohms.
/

Matching and Tuning 'bhe_.- Synchronous-Transmission System Elements

Tnhe tuning of all the blocks of the indicator equipment is done in
accordance with the instructions. " his section gives. only the me'thod
for tuning the synchronous-transmission elements.

The mn.tching and mning of” synchronous-transmission systen elerents
‘are done as follows: :

Lo~ 1. Switch on block GA-OL in the transceiver comparhnent, all the. .
' panels of the indicator equipment, the rémote indicator, and
.armoture switches SL-262 in the US-02 and the KhA-Ol.

2. Remove the neon lamps in blocks US-02 and KhA-OL, and set the
- slits in the recesses of blocks KhA-Ol and US-02 as follows: -

REG USTOICHIV (stability control) all the way to the left; .
USIL TOCHNOGC and S
USIL GRUBOGO OTSCEETA (gain for fing and coarse 1nd.1ca.tion) to

the far right )

3. Switch the transceiver compartwent rotation to three-tu.rna.

'In blocks KhA-Ol, PO-02 and PO-03, the scale and scan will begin to
rotate. If in any of the blocks the scan rotates counter-clockwise, and
the scale moves towards lower graduations, then tronspose S) and S, in-
the precision selsyn of the BSM servomotor sectlon of the corresponding
cobinet. If in all the blocks used, PO-02, P0-03, KhA-0l, the direction

. of rotation of the scoh and scale are opposite, then exchange terminals .
Rln.nd. R2 in the selsyn-transducer of the fine indica.tion in Block F¥D-0O1,

-7 k. If the rotation is correct according to the precision tracking
. chonnel, plug in the neon lamps. If 1n one of the blocks, the
/ scan or the scale beg:ms t0 rotate in the opposite direction,
exchange the positions of terminals S and S, in the coarse selsyn
of the corresponding BSM. If counter}ota,tion begins in all-
" blocks, exchange the positions of terminals RZL and Ry of 'bhe -
coarse. selsyn-transducer in Block FD-01.

C=O-NeF-IaD=E-NaT=I-A=L
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Lock' the transceiver. Loosen the 1ock1ng device on the &11450X1- HUM
entisl in Block FD-01, and by rotating the FD-0l differential, -
bring the KhA-Ol dial to ‘zero (signalling the moment of

concidence of scale and, graduation moark is possible with the

' si;m.l preventing the rotation of the (transceiver) compo.r't:nent)., ~ - ]

Loosen the linkage of the stators of the coarse and precision
tracking selsyns in block KhA-Ol, unplug the neon lamp and, by
rotating the stator of the precision tracking selsyn in one - .
direction or the other, set the scnle of the fine reading to '
zero (scale of coarse reading also a.t z.ero) und tighten the
selsyn.

While cont.rol.‘l;’ing the voltage with the oscilloscope (or with the
tester at about 10 volis) in receptacle 115 of block KhA-OL, turn
the selsyn of the coarse trackipng in the direction of reduced. . - -
voltage until a minimum reading is obtained. Tighten the selsyn
and replace the neon lamp,

In blocks PO- 02 and PO-03, 1oosen the stators of. the fine and
coarse-trncking selsyns in the BSM. .4 .

the scan line does not coincide with the North line (off by mofe
degrees), then, by turning the stator of the coarse-tracking selsynm, -

transpose the scan and North linpe (first-set the beginning of the scon
on the center of the graphic scale}. .

10.

- 2.,

-0
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N 9..
" . line... Tighten: the selsyn . r,

Remove: the neon lamp from Block US- 02 and, by turning the stator
of the precision-itracking selsyn, set the scan on the Nort.h

While controlling the voltage with the oscilloscope (or with the
tester at about 10 volis) in receptacle 115 of block US-02, turn
the selsyn (coarse tracking) in the direction of lower voltege
until & minimum reading is obta.ined Lock the selsyn and
replace the neon lamp

If the scan line is out of coincidence with the North line by
not more than plus-minus five degrees, correct as indicated
under  No 8. ‘above.

Release the transceiver cabinet from the locked position and -
switch on rotation. If the blocks have been correctly

' adjusted, the neon lamps should not light. If the adjustment: -

is correct, and all of the lamps still light 'up, then the slit
(screw) mrked USIL.GRUBOVO. OTSCHETA (conrse indication
,amplification) should be rotated 1/4 turn to the left.

-35- . .
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13,

.

7.

18,

TR

15,

16,

" tracking transducers; set the dials
. ;epla.ce the gover of the FD-OL.

50X1-HUM
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Shut off transceiver-cabinet rotation and put 1t on lock. " e - :
scale of block KhA-Ol should be at zero, and scan should be bn..
the North line, Remove the cover from block FD-01; loosen the '~ .

screws which hold -the selsyn diols .of the precision-and coarse-: .

Release the transceiver cabinet from the locked c;dnd.ttion and * .

.switch rotation on<six revolutions per minute.- o

Set ‘the block. VO-OL iﬁd.ica.to;-' éector"i_n ‘such a wzfy that the Bcan

" ot . the instant the scanm

B
st

‘(sweep)-will traverse the screcn of the

indicator of that block
(sweep). of block PO-02 passed through -

the North line.

. L .
~ . . . -

'Follow- the same procedure for the indicator 6f‘Ii0-_02-. -y

Stop the rotation of block KhA-OL by means of . switch: IAKOR',SL-262
ot .the instant the sweep traverses-indicotors VO-Ol and No-02.

t

Pull out block KhA-O1 and, by turning the redpction geaz ‘behind .
.- the drive sleeve
"7 to five degrees.

, increase the scale ind.ica.ti&:_x of Block KhA-Oi

The cweep of indicators VO-OL ‘and NO-02 should shift upward. I

.one or both should shift downward, 'then the selsyn terminals
-and Sp of the. corresponding indd

. cator (upper selsyn BST in & L
indicator NO-02) must be exchanged. :

'If terminals S,and Sp must be exchonged, then switch YAKOR'

(armature) SL-262 of Block KhA-Ql must be turned on, and the
operations. given under 15, 16, and 17, abdve, must be repeated. .

 By'turning the reduction gear of block KhA-Ol, behind the drive
'sleeve, set the KhA-Ol selsyn scales .to-zero. ' :

Loogen the screvs which hold the scale USTANOVKA SEKTORA (sector
adjustment) of the VO-Ol indicator. . C .
By slowly turning the USTANOVKA SEXTORA knob of indicator VO-01 )
obtain minimum deviation of sweep when the knob MASSHTAB AAIMUTA

(dzimuth scale) is turned.

With the MASSHTAB

AZIMUTA knob in this position, set the dial. at
zero and tighten. : Lo

Follow the ‘same procedure for indicator NO-02. Instead of

' - manipulating the dinl MASSHTAB AZIMUTA[ turn the knob marked
| MASSHTAB VERTIKAL'NOY RAZVERIKI

(vertical sweep scale), and set
both the precision- and coarse-tracking dials to zero at the .
same time. The control marked SMESHCH LINII GOR (shift line
horizontal) superposes the NO-02 indicator sweep on the lower
exponential line on the grzphic scale, | : :

C«0=N=FdI=D=E-NTwI=A=L i

at zero and tighten them; ' .

R

1
L

L]

.\..

-
t
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'
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With the KhA-OL dial at zero, brighten up the lines on the ““?‘Eﬂjw|'3
of the VO-Ol and N0-02 indicators. .. - S0X1-HUN

Set the §0-02 indicator switch UGOL-AZIMUT (angle-azimuth) on
.position AZIMUT. S T
--B)/ means of sx:zijtch YAKOR' SL-262, switch on the block KhA-Ql

" rotation, ; : A ‘ B o

29, . Turn on 'ﬁhe scale switches of V0-Ql a.q'd NO-02. - o ot

S 0.

"By turning the (preciously drawn out under the slit) 'a.xia, of: the
rotor TOCHNYY ST. (preci‘sion-[sta.bilization?l) in block KhA-01,

.. Superpose one of the five-degree marks on the eariier illumina."be&‘ O

LT

3k,

. .and, during subsequent adjustments » moke sure that the zeros do

v 36.

. -2ero lines of the VO-0k and NO-02 indieator screens. Fasten the " »

. holdér of slit TOCHNYY ST of block KhA-OL.

‘By, turning the (previously drawn out under the slit) axis of the -
' selsyn GRUBYY ST (coarse-[stabilization?]) of block KhA-Ql,

- superpose the thirty-degree mark with the north-(zei-o) five-dégree':

merk on the PO-02 indicator screen. Fasten the slit(screw) GRUBYY
ST of bloek KhA-Ol. - - : oA S

In block NO-02, set the switch on position ‘UGOL (angle), and woit
~until the scale marks on the screen are well 11luminated (bright- . -,
ness can be turned up).. Voo L

"Turn the knob marked VYBOR SEKTORA (sector: selector) of the KO-02°

,indicator one degree and notice whether the five-degree marks -
8hift vertically; if the shift is on the order of two degrees, * =~ '}
then terminals S, and S, of the NO-02 five-degree selsyn (lower - & - .¢
‘Belsyn of the block selsSyn-transformers BST) must be excha.nged‘. T

.8et the coarse and precision scales of indicator No-02 on zero ; i

-not move out of aligmment.- _ T !

Loosen the stator of the lower BST selsyn of indicator NO_-02.. S

.By turning the stator knob of the lower BST selsyn of indicator

' . NO-02 bring together the five-degree marks in both positions of

the switch UGOL-AZIMUT. 1In this aligning (mstching) operation,
alternate the switch positions UGOL and, AZIMUT and observe the
five-degree marks on the indicator sereen. After the matching,
put the switt¢h on position UGOL, - .

1]

/ © . .37. TFollow this 'procedure whenever entire BSM blocks, or the selsyns

-within them, are exchanged.

38. + When'exchanging blocks of the BSM or the selsyns of block IChA-OL

-

Declassi_fied in Pa

- eonduct the entire adjustment rrocedure 'and match bloeks VO-OL
and No-02 with them as described above. S :

L
A

- 37 - N
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Motching-the SSP during an excha.nge of a block of main transducb*'ﬂ '
(FD-Ol) in toto, or their selsyns,must be done as fo].'l.ows. R S0X1- HUM !

n\‘ tL o et
.

S n.) unplug the neon lamp 1n block KhA-OL and rotate the t.ra.nscgiver Lo

Lo . cobinet clockwise; 1f the scale of block KhA-Ol begins to - [

o 'rota,j;e in the direction of lower graduations, it will be. necessa.ry t
O ' . .to exchange the terminals R, oand 32 of the fine-selsyn-—transducer 2

. of block FD-Ol B 3

) repla.ce t.he neon la.mp in block KhA-Ol a.nd switch the trensceiver- .
" ‘cabinet rotation to &ix revolutiohs per minute; if the scale ofthe
KhA-Ol block begins to rotate in'the direction of lower graduations:
.o . then exch:.mge the positions of the termina.ls Ry and. .‘R2 .of the coarse ,
e 'selsy‘n -transducer- of block FD-O1. . .

v) Stop the rotation of the transceiver cabinet; loosen the stator
- of the coorse selsyn-‘cra.nsducer of block FD-Ol and,:while controlling
©+ - .- thevoltage with an oscilloscope '(or with tester.on & scalé of
T ' _about 10 volts) at receptacle 115 of block KhA-Ol, rotate the: "+ . . =
+ -~ - _ pelsyn in the ‘direction of lower voltuge , reach a minimum value, )
. . and tighten the sta.tor. : . o
. + ! . ". L]
- g) switch the 'tra.nscelver rota.tlon on six revolutions per minute
*, . . switch the UGOL-AZIMUT switch of indicator NO-02 on position. UGOL
and illumina.'be the scale of the azimuth marks.

————

. d) “turn the knob USTANOVKA SEKTORA (a.djustment of, sector) of .
- indicator NO-02 one degree and cbserve vhether the five-degree m:.u‘k
on the indicator screen shifts; if the shift 1s as much as two \
‘ d.egrees from its eadier position, exchn.nge the positions of 'bermim.la -
and R oft.h. selsyn-transducer of the five-degree marks of N A
b ocks FB- : _ ' ,‘
B i
. e ) 8top block K:hA—-Ol at the irstont its scale reaches zero a.nd. Lot T
oL "this position, illuminate the sweeps on indicators VO-OL and No-02;" .
set the UGOL-AZIMUT switch in IO-02 on the position UGOL (angle). o

4

« o, . zh) Loosen the stator a.tta.chment of the .selsyn-transducer of the five- ) .
.. ' 'd gree marks of block FD-OL and, by roteting the stator, siperpose . |

".the five-degree marks of the indicotor screens on these illuminated " + - ¢
ea.rlier., 'bhen tighten ‘the stator of 'bhe selsyn. . )
z) Set the transceiver cabinet on lock; by .means of the :

) differential of block FD-Ol set the scale of .block KhA-Ol on zero, F-’ )

O- . ' loosen the éca.les of block FD-O1 and -set them at zero. W s

! ' Gunranteed normal mili’ca.ry operation of the P-20 ra.d.a.r requires A
R tha.'t all par..men'bers be maintained as given in the logbook of the © . . , : _f
radar set, plua a testing at least once o . month of the levelling and
the initisl angles of image a.djustments ( in cccordance with the :
instructions for use). All work|conducted must be entered in the ol
_technica.l log. ’ . ‘

. B ‘,‘ ." . ‘. .. . l
- ' - 38 - L . . . - Nk
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