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FOREWORD

The manufacture of radio-clectronic equipment comprises
component fabrication, assembly, wiring and alignment
of the equipment. The process involves a vast variety aof
operations and specialized equip and
tion.

A modern radio or electronic system incorporates several
thousand components; it involves a great variety of opera-
tions, alignment heing the most time-consuming.

This book gives the basic characteristics and features
of radio equipment; general requirements for operation,
storage, transportation, assembly and alignment. The service
life and trouble-freo operation of radio equipment to a great
extent depend on the quality of assembly and alignment.

Due emphasis has been placed on assembly and wiring of
radio equipment. In addition to general information on
assembly operations, specific data required for practical
work are also given. Much space is allotted to the packaging
of radio equipment. The entire field of assembly is explained
and essential safety rules are stated, Much attention is given
to the problems of hanization and fon of indi-
vidual assembly operations, such as wire cutting and strip-

ing, soldering and welding of radio components, ete.
%xnmples are given of wiring practice for specific types of
equipment,

Attempts to mechanize and particularly to automate the
packaging of radio equipment on an extensive scale have
{ailed and during the last 10-15 years new efforts have
heen made o develop new sszembly metbods (o mechanize
labour-consuming operations. New methods of manufacture
called for new principles of radio equipment design which

inste




< Forevord

rexuited in the development of printed circuit techniques
whirh are also discussed,

Since all the stapes of radio equipment assembly must
be rlosely checked the hook explains the principal methods
of electrical measurements. Attention is paid to the discus-
sion of fundamental problems and specific methods of radio
rquipment alipnment,



THAPTER OXNE

CIRCUIT COMPONENTS

{. Capacitors

CLASSIFICATION AND PURPOSE

According to design and application capacitors employed
in radio work may be classilied into fized, trimmer, and
varlable.

Fixed eapacitors are used as elements of tuned circuits,
as temperature compensating, coupling or bincking devices.

Trimmer capacitors are semiadjustable devices. These
capacitors are vsed in tuning 1o compensate the spread of
parameters in circuit elements. They are extensively used
in fine conlinuous tuning to compensate the spread in the
circuit initial capacitance, to adjust capacitive coupling
to the required value, and to tune circuits to the required
(fixed) frequencies, and for other applications.

Variable capacitors are mainly used for tuning resonant
circuits within a definite range.

The basic parameters of capacitors are the nominal
capacitance, class of precision, working voitage and power-
loss (leakage) factor. The rated capacilance is determined
by the size of capacitor plates, spacing between them, and
the diclectric constant. Fixed capacitors are most commonly
used. Depending on the insulating material used they may
be defined as paper, mica, ceramic, electrolytic, cte.

The class of precision of a capacitor indicates the percent-
age deviation from the nominal or rated capacitance.

According to permissible percentage deviation multipur-
pose capacitors are grouped into three classes of precision
with respective values of %35, 210 and £20 per cent.
Choice of the precision class depends upon the cirenit re-
guirements. Thus, the Ist claes capacitors are employed, for
example, in tuned circuits and in circuit stages with high-
precision operational requirements. In circuits that can
tolerate relatively wide changes in capacitance {e.g. decoupl-
ing and blocking circuits) class 111 capacitors are guite
applicable.



n Chapter One, Circuit Corponents

The rated d.c. voltage is indicated on most types of
capacitors, The a.c, (efiective) vollage for the capacitor
chould be 1.5 to 2 times less than d.c. voltage. For capaci-
tars employed in pulse circuits the sum of the d.c. voltage
and the amplitude value of the a.c. voltage must not exceed
the tated voltage. Multipurpose capacitors are produced with
voltage ratings from saveral volts to scores of kilovolts.

The insulation resistance of a capacitor is determined
by the dimensions and the quality of diclectric used. This
parameter makes it possible to evaluate the current leakage
acrore a capacitor and to draw a conclusion about the relia-
bility of operation of a capacitor in a certain circuit stage.

The graphic symbol of the capacitor is commonly given
in the circuit diagram. In addition, the symbol is supple-
mented with the Roman capital letter G provided with a nu-
mesical or letter index, and the capacitance value. The
capacitance from 1 to 10,000 pF is given in picolarads
{miceomicrofarads), {rom 40,000 pF up, in microfarads,
omitting in hoth caces the unit of measurement (e.g. 3,300
instead of 3,300 pF). If the capacitance is expressed in

 integers of microfarads a comma and zero are put after the
eapacitance value (10 mF--10,0). For capacitances expressed
in fractions or intepers with fractions of a picofarad the
unit of measurement is given (0.5 pF or 7.5 pF).

Varinble or trimming capacitors are marked with the
minimum and maximum capacitances or with the maximum
mpay:::mco_nnl}x Electrolytic capacitor symbols are often
provided with an indication of their voltage ratios given
next to the capacitance number, thus a 5 uF capacitor
designed for 459 V voltage is marked 5,0 (450 V),

FIXNED CAPACITORS

s In there capacitors paper, polystyrene film, mica, ceram-
4 I(;’ aluminium oxide are used’ as diolectric material.
Yepending on design, parameters and application, fixed

capseitors are subdivided into low- h
capacitors, ow- and high-frequency

Attty g
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1, Capacitors 1

Low-frequency capacitors comprise paper types BAf,
BIM, I{E!‘q, MBI'o, PMBM; electrolytic types !\3. ary,
3M, 30, 3TO and others. High-frequency capacilors com-
prise mica and enamel types KCO, CTM, KCT, !'(C', ceramic
types KTH, KTH, KTRK, KTM, KAC, ROB, KOK, K10,
KIY; film ond metallized-film types 110, TIM, 11CQ, IC,
MIIT and other capacitors. i

The USSR State Standards require fixed capacitors to be
manufactured with the capacitances ranging hetseen 1 pF

fig. 1 Fixed capacitors
a—paper, b-film, c¢—mica, d-ccramlic, e~tlectrolytic

and 2,000 pF. The capacitance marked on the elements is
the rated value, whereas the actual capacitance may vary
within the tolerance limits depending on the class of aceu-
racy.

Let us consider the principal types of fixed capacitors
in detall,

Paper and metallized-paper capacitors. These (Fig. ia)
arc widely nsed in modern radio equipment as Llocking,
decoupling and filier capacitors, In these capacitors paper
impregnated with fnsulant is the dielectric, and metallic
foil—the clectrodes. Paper capacitors are avaifable in
various sizes, and shopes and ratings.

Capacitors type KBI' (paper capacitor, sealed) are
sealed into a cylindrical or rectangular metalhic casing with
glass or ceramic hypass insulators,

Several modifications of the KB type are known:
KBI-I in eylindrical ceramic or glass casing, KBI-M{ and
KBI-M2 in cylindrical metallic casing, KBL-MIL in fiat
rectangular metallic casing and KBU-MH in standard rectan-
gular metallic casing.
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The rated d.c. voltage is indicated on most types of
capacitors. The a.c. (efiective) voltage for the capacito
<hould be 1.5 to 2 times less than d.c. voltage. For capaci-
tors employed in pulse civcuits the sum of the d.c. voltage
and the amplitude value of the a.c. voltage must not exceed
the rated voltage. Multipurpose capacitors are produced with
voltage ratings from several volts to scores of kilovolts.

The insulation resistance of a capacitor is determined
by the dimensions and the quality of dielectric used. This
parameter makes it possible to evaluate the current leakage
acrass a capacitor and to draw a conclusion about the relia-
bility of operation of a capacitor in a certain circuit stage.

The graphic symbol of the capacitor is commonly given
in the circuit diagram. In addition, the symbol is supple-
mented with the Roman capital letter C provided with a nu-
merical or letter index, and the capacitance value. The
capacitance from 1 to 10,000 pI is given in picofarads
{micromicrofarads), from 10,000 pF up, in microfarads,
omitling in both cases the unit of measurement (e.g. 3,300

Cinstead of 3,300 pF). If the capacitance is expressed in

"interers of microfarads & comma and zero are put after the
capacitance value (10 mF—10,0). For capacitances expressed
in fractions or integers with fractions of a picofarad the
\mitrni.monsuromont is given (0.5 pF or 7.5 pF).

A\‘nrmhln or trimming capacitors are marked with the
minimum and maximum capacitances or with the maximum
capacitance only. Electrolytic capacitor symbols are often
provided with an indication of their voltage ratios given
gf:‘t md the c’apnrcimnco number, thus a 5 uF capacitor

signed for 450 V valtage is marked 5,0% (450 V).

FIXED CAPACITORS

. In theee capacitors paper, polystyrene film, mica, ceram-
fes ar alumininm oxide are used as dieclectric material.

Mpici{wnqu on (;(:;aigx:i. parameters and application, fixed
apacilors are subdivided into - i
o low- and high-requency

ettt
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1, Capacifors 1

Low-frequency capacitors comprise paper types BM,
BIrM, KBI, MBT'O, MEM; electrolytic types K9, 3Il],
3M, 3D, 9TO and others. High-frequency capacitors com-
prise mica and enamel types RKCO, CI'M, KCT, KC; ceramic
types WTH, KTH, KTH, KTM, KAC, KOB, KIK, KIO,
BIY; film and metallized-ilm types IIO, TIM, 1ICO, NIC,
MIIT and other capacitors.

The USSR State Standards require fixed capacitors to be
manufactured with the capacitances ranging between { pF

fig. 1 Fixed capacitors
a—paper, d~tim, c¢—mlca. d—ceramic, e—~clectrolytic

and 2,000 pF. The capacitance marked on the elements is
the rated value, whereas the actual capacitance may vary
within the tolerance limits depending on the class of accu-
racy.

Let us consider the principal types of fixed capacitors
in detail.

Paper and metaliized-paper capacitors. These (Fig. {a)
are widely used in modern radio equipment as blocking,
decoupling and filler capacitors. In these capacitors paper
impregnated with insulant is the dielectric, and metallic
foil—the clectrodes Paper capacitors are available in
various sizes, and shapes and ratings.

Capacitors type KDI' (paper capacitor, sealed) are
sealed into a cylindrical or rectangular metallic casing with
glass or ceramic bypass insulators.

Several modifications of the KBI' type are known:
KBI-U in eylindrical ceramic or glass casing, KBI-M1 and
KBI-M2 in cylindrical metallic casing, KBI-MIT in flat
rectangular metailic casing and KBI-MH in standard rectan-
gular metallic casing.



{2 Chapter Ore, Cireult Gomponents

The demand for heat-resistant capacitors was met by
manufncturing the BIMT type (pnpes, sealed, small-size,
heat-resistant), with cither inserted (BIMT-1) or soldered

IEMT-2) contacts,

(M’I"h(\ ‘)m“g;gmﬁzmim\ of radio equipment has resultf!d
in the development of miiﬁaturo capacitors such as the BM
(paper, small-size} and BI'M types (paper, sealed, small-
sire). vy e

Models TM-1 and BM-2 are also known with inserted
and soldered contacts, respectively. The BM-1 model is not
recommended  for applieation in cireuis with voltages
belaw 10 V. BI'M capacitors are intended for d.c, circuits,
lu the BI'M-1 model only one lead is insulated and in the
BI'M2—two,

Metallizedpaper capacitors are a version of paper capac-
itarz, They are manufactured from paper impregnated with
an insulant, on which a thin metatlic current-condueting
film is deposited; they are much smaller in size than usual
paper capacitors of similar parameters,

The metatlized-paper eapacitors comprise a special group
of caparitors capable of celf-healing after a breakdown. In case
of an accidental shorting in some points of the plates the
shortecireuiting current melts and  partially  evaporizes
the thin layer of metal around the breakdown area burning
out the short and restoring insulation between electrodes.

Snaviet industry manufactures metallized-paper capaci-
tors of the MBE type including capacitors of various design
and shape, and for different frequency ranges. All eapacitors
of this type are intended for d.c., a.c. and pulse current
circuits,

Heat-resistant capacitors (type MBI'T) designed for
oprratinn at temperatures up to 100°C are also available.
anmtnmpmpnmm (MBM) are employed in transistorized
radio equipment operating under the same conditions as
the previeus graup,

‘Iﬂm and mctnlllrosi-mm capacitors, Film capacitors
(e 18) employ organic films (sometimes combined with
il Sronsh it bk o rie e st gl
fietently “‘lt‘%blé A L‘a ‘rioe:xs;tnnco, they are also s'uf.
rﬂ‘wi!'c" sealing ;i"‘} ms most coneme, acting during

: t realing, The Blms most commonly used nre poly-
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styrene, styrofiex, polyethylene aswell as mylar (polyethyl-
eneterephthalate).

Film capacitors do not differ in design from similar
paper capacitors. They may be of a hermetically sealed type
or unsealed in various casings; miniature capacitors are also
available,

The following types of capacitors are employed in d.c.
circuits: TIO (film, unsealed), IM (polystyrene, small-size),
IIOB (film, un<ealed, high-tension) and HIT (polystyrene,
hermeticatly sealed, precision). In d.c. and a.c. circuits
capacitors of the IIKI'T type (film, combination, lermeti-
cally sealed, heat-resistant) are employed; in d.c. and pulse
current circuits capacitors type MU (teflon, sealed, heat-
resistant) are used. In d.c., a.c. and pulse current circuits
capacitors type MIII' (metallized-film, sealed) and @I (te-
flon, heat-resistant) are used

Mica capacitors, These (Fig. 1e¢) have high-guality
mica a8 the dielectric interlaid with current-conducting
electrodes in the form of metallic foil or a thin silver coating
deposited by the burning-in metliod, or by spraying.

Depending on the design these capacitors are either
hermetically sealed or waterproof, this is done with the use
of an insulation compound or by a special impregnation
technique. Hermetically <caled capacitors using a glass
hypass insulator for the leads are also available,

Of these capacitors the following are most widely used:
type KCO (mrca, moulded) and type KCI (mica, hermeti-
cally scaled). The Soviet industry afso manufactures minia-
ture capacitors type CI'M in ceramic casings.

All mica capacitors are intended for use 1n d.c., a.c.
and pulse circuits. Owing to low losses and high resistance
of the dielectric, mica capacitors are mainly employed
in high-frequency cirtuits; in other radio circuits they are
used ns bypass or blocking capacitors.

Ceramic capacitors (Fig. id), although comparatively
recently introduced into radio engineering practice, have
already gained wide u<e. Ceramic capacitars consist Dasi-
cally of a ceramic plate or tube provided with electrodes
formed of a metal film (usually silver) deposited at high
temperature by the .burning-in mcthod. They are notable
for low losses at high frequencies, and are extentively ued
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in the ultrahigh frequency wave range (w.h.f.). These capac-
itors are not subject o ageing, i.e. their capacitance is
always constant with time,

Under certain conditions (high temperature and abrapt
changes in mechanical pressure) piezoelectric effects occur
in ceramic capacitors. It is known that if a ceramic capac-
itor acquires piezoelectric properties, it will retain them
in future. For this reason potential differences may inadvert-
ently develop and subsequently become a source of inter-
ference in tuned circuits with low signal-to-noise ratio.
Mechanieal overstresses reduce the service life of ceramic
capacitors. Experimental data show that service life of
ceramic capacitors is inversely proportional to the cube of
voltage. -

Ceramie capacitors are relatively fragile, they are easily
damaged by chocks and vibrations. Available are various
i}\';;es of fixed ceramic Capacitors: tubular, disk, base and
IYpass,

The characteristics of each type of capacitor can be differ-
ent, as they depend on the ceramic used, production tech-
iique, ete. Ceramic capacitors are classified into six groups
2§’~(?EZC"{‘I“"C° with t}w temperature coefficient of capacitance
ol i o f a3 oren ol o e

rking dot;

'Il(;‘? "OE, specifid 1 (;’;)rr?xggo)

53;’0:1::!:3:3? i(!)q;‘ ...... . % {dark-blue)
e Do b )
%(;(1)_\3: foyape 0 I (red
A2 N R+ (gm)en)

l.,‘ vl a
o l;l;}%riclliloc::ni::‘g 1t}pﬂs of ceramic capacitors are intended
nd T an( .¢, 'nn_d A.C. circuits ag tuning, bypass,
R (:nf:zir(l{x cxr{ts. RTM {miniature, tubular, ceramic),
A0S ce:‘; dislk, ceramic), KTK (tubular, ceramic),
AR i%.ru‘,.dx}uf). K1y (disk, ceramie, for u.h.f. appli-

atios T }(n:fl-% ceramic, forroelectric). '

srw'.-shn;mls g{; c:t capacitors KOR (moulded, ceramic
S c;pscit‘f;:x ILI{‘d in d.c._ and pulso current circuits.
o Bighvaltage nponie s EBET type (tubular caros

3 6% application) as woy 2s KBKB (burrﬁ’

s
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shapeds €° ramic, for \ug\\-\ oltage apphonl'\on) amcmp\oyed
in tunt \ te, grid an nd feeder circuits.

Elec \ml)nc capacitor use aluminium ot tantalum
lates on WHIC s an. oxide fim is dcposxlcd {hat octs 85 the

i [
diclectrics ¥ with the electrolyte as the other piate (Fig. 1g).
Elcclro\yuc capacitors de from i¥e 1ayers of foil
(o of them © oxidized) fabric jmpregnate
with c\ec\m\yl nndwic\xc ccn them. he foil af
i H ﬂ\c rial @ soll and place
i : . l d to oxidized foil
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in the ultrahigh frequency wave range (u.h.f.). These capac-
itors are not subject to ageing, i.e. their capacitance is
always constant with time,

Under certain conditions (high temperature and abrupt
changes in mechanical pressure) piezoelectric effects occur
in ceramic capacitors. It is known that if a ceramic capac-
itor acquires piezoelectric properties, it will retain them-
in future. For this reason potential differences may inadvert-
ently develop and subsequently become a source of inter- -
ference in tuned circuits with low signal-to-noise ratio.
Mechanical overstresses reduce the service life of ceramic
capacitors. Experimental data show that service life of
ceramic capacitors is inversely proportional to the cube of
voltage,

Ceramic capacitors are relatively fragile, they are easily
damaged by shocks and vibrations, Available are various
iypes of fixed ceramic capacitors: tubular, disk, base and

ypass. :

The characteristics of each type of capacitor can be differ-
ent, as they depend on the ceramic used, production tech-

(TCC), each group bein marked b i
whole element or of tﬁe markingydaog;lﬁemnt colour of the

TCC not specified , , , | (rang
(Dxwos” 8 G
I e - ((%m))
0 L 100 a0-0" [ I (red)
— (0300 £ 200) 400" K (green)

The followi.ng Lypes of ceramic tapacitors are intended

r : - 3
o %ggxéz{t::;e}: d.c. .nnd a.c. cireuits ag tuning, bypass,
ments: KTM (miniature, tubular, ceramic),

1 s » N :
i (éxiumuture, disk, ceramic), KTK (tubular, ceramic),

sk, coramic) KAY (disk i
\ 01c), y cera i-
catxo:ll;si)(,) KIC (disk, ceramic, ferroelre;];ic(;).f or Wi appl
barrol~sh:segpes of capacitors ROR (moulded, ceramic
Varion ct}: .are used in (g, and pulse curren’t circuits,
or s -vfﬂmom of .the.HBI{ type (tubulayr ceramic.
age application) pg well ag KBI{,B (barrelz






16 Chapter One. Circuit Components

Tantalum capacitors have smaller dimensions and weight
(at comparable working temperatures). They can be more
advantageously used at high altitudes and are less affected
by vibration and humidity, have small leakage current
(5-10 mA) and capacitance drift; they also have low in-
ductance and long service life.

TRIMMER CAPACITORS

Trimmer capacitors are used in tuning circuits of radio
receivers and other radio apparatus to ascertain accurate
alignment. In trimmer capacitors.one of the plates is made
movable with respect to the other
(Fig. 2). Designed for relatively small
variations in capacitance, they are
made with an air or solid dielectric.

Air-dielectric capacifors can ‘be
with flat or cylindrical plates. The
solid-dielectric capacitors most com-
monly used are ¢eramic trimmers of
) rotary flat-platé or cylindrical types.
The trimmer capacitors manufactured by Soviet indus-
try are designated KIIK (trimmer ceramic capacitors); they
are intended for operation in d.c. and a.c. circuits and are
fabricated in four modes: models KIIK-1, KIIK-2, KIIK-3°
and RIIR-5 are known. The stator of these capacitors
is in fact the ceramic base with a thin silver-film sector
applied; the rotor is a ceramic disk with a similar sector.

’(Il‘fxsi trimmer capacitance is changed by turning the rotor

Fig. 2. Trimmer

VARIABLE CAPACITORS

Variable capacitors (Fi i
r g. 3) are used when the capaci-
tance is to be changed continuously by varying the amI:)unt

of meshing between movable and i

. ; tationary groups of plates
(Fig. 3a). Widely used in h‘nh-S ye o.ps
they give i yprecisi igh-frequency tuned circuits,

on of adjustment and low 1
There are also vari e and low losses.
o able capa wi c3 A o
which insulating strips pacitors with solid dielectric in

are placed betwe .
these are mostly used for adjusting purpos;:sr.1 the plates;



1. Capaciters 17

Variable capacitors are grouped into four types according
to the character of capacitance variation with shalt rota-
tion determined mainly by the following shapes of the platest
straight-line capacitance, square-law, slraight-liue—hequen-
cy, and logarithmic.

Straight-line capacitors with semicircular plates change
their capacitance in direct proportion to the angle of shaft
rotation. The use of these capacitors is restricted mainly
to special measuaring instruments. Square-law capacitors

Fig. 3. Variahle capacitors
a—single, b—gunged

have a somowhat differently shaped plates enabling them
to change the circuit wavelength in direct proportion to
the angle of shaft rotation. These capacitors are also seldom

A wider application has been found for straighl-line—lm—
quency capacitors which enable & linear change © the cir-
cuit frequency over the entiro rangeé, and for lugarithmic
capacitors in which the capacitance percentage change per
degree of tho ghaft turn is a constant value in any range
area, This pravides for accuracy of reading over the entire
scale .length and considerably facilitates ganging several
capacitors on a common shaft.

Broadcast receivers are usually furnished with variablo
capacitors whose law of frequency variation ls closo 10 that
of logarithmic capacitors.

Commercial equipment employs R8ng capacitors in
whish one, two (Fig. 3b) or three tections are mounted oft
the same shaft, with air as the dielectric. The minimum
capacitance of such capacitors (with the plates brought ontl,
of various types is in the range ot 10 to 47 pF. a® the

- spw
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maximum capacitance (with plates moved in) between 450
and 540 pF. The insulation resistance between thg movable
and stationary plates of the capacitor at any setting of Fhe
shaft should be not less than 200 MQ. For ultrahigh
frequencies capacitors are employed with a capacitance
varying between 8 and 20 pF.

CIIECKS AND TESTS

The most characteristic faults of capacitors are break-
down, shorting, leakage, change of rated capacitance.

Overvoltage may be the cause of a breakdown of insula-
tion resulting in a short circuit between the plates. Short- -
circuiting, as a result of mechanical action, is more often
a fault of variable capacitors. Excessive heating reduces
insulation resistance which results in leakage of current.
The change in rated capacitance can occur as a result of
prolonged operation, particularly at varying temperature.

Less frequent faults listed below are mainly due to mechan-
ical defects, comprising the brushing of rotor and stator
plates against each other, longitudinal (axial) and lateral
(radial) play-in the rotors, current collectors and other
structural elements, jerky rotor rotation, absence of lu-
bricant in bearings and step bearings.

Assembly defects are checked by visual examination,
after dust, chips, drops of solder and other foreign matter
have been blown off the capacitors, particularly from the
gaps petween the stator and rotor plates. This cleaning
(blowing) should be done in a room provided with an ade-
quate ventilation. Then, the electric, mechanical and “cli-
matic” tests should follow, the character and scope of which
depend oun the purpose and expected operating conditions
of t11\e radio equipment. ‘

rilnlgx llf)lz:f(l)?l iizg;::}:} pagar:xeters to be tested include:
if the rotor & hoy ccael ; etween the stator and th:e chassxs{

¥ connected to the chassis, or be-

tween the rotor and th i i
) e stator, if a ceram cle i
used in the design; ’ ( 1o rotor axle 12

minimum and maxi
be combined with ma
microphonics;

mum capacitance; this test should
tehing of the sections;
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stability of the resistance value of current-carrying
electric contacts.

The finsulation resistance between the stator and the
chassis (if the rotor is electrically connected with the chas-
sis) or between the stator and the rotor (when the latter is
not electrically connected with the chassis) should be not
less than 1,000 MQ. The plate spacing should not exceed
0.5 mm and must endure without breakdown a 500 V d.c.
voltage.

Radio transmitter capacitors with plato spacing exceed-
ing 0.5 mm are tested for voltage breakdown under a doubled
rated voltage, d.c. or a.c. with the mains (50 c/s) frequency.
The alr gap is tested for electric strength in special cabinets
provided with automatic blocking in which the capacitor
under test is automatically deenergized when the eabinet
door is opened.

The mirimum and maximum capacitances must be
within the specified tolerances. This test is to be combined
with the adjustment (matching) of individual sections
of the capacitor 50 as to obtain an accurate alignment of the
capacitance. For this purpose the end plates of all the
rotor sections are provided with slits. By changing the air
gap between individual parts of the slit roter plates and
those of the stator, the capacitance of cach section in any
given setting of the rotor can be varied. Usually the variable
capacitor sections are matched in 6 to 8 points, The number
of stits in the rotor plates should correspond to the number
of matching points. The sections are matched by means
of high-precision instruments,

Slit piates after matching have residual internal mechan-

ical stresses, which give rise to a mis h with time,
Y man 1, .- - A guk s“avariable
eating in

' . wling.

The microphonics is due to acoustical feedback between
the loudspeaker and the local oscillator of the variable capac-
itor. The vibration of the capacitor plates results in fre-
quency modulation of escillator voltage, causing low fre-
quency oscillations at the radio receiver output,

The microphonics can be partially eliminated by anneal-
ing the rotor and stator plates, thus reducing their resili-
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ence; also by proper fastening of the plates and application
of glue at the points of fastening the plates to the rotor
shaft and the stator frame. In vaviable capacitors it may be
avoided by die-casting the rolor and stator,

The tests listed above are 1o he applied to all capacitors
manufactured. Selectively the rated capacitance is checked
by turning the rotor 10,000 times from 0 1o 180° and back;
the deviation value should not exceed 0.25 per cent of the
rated. -

Mechanical tests include checking the rotor torgue,
which should be between 250 and 450 g-cm, spring pressure
(not less than 60 g), and checking the variable capacitor
for vibration and impact strength and wear resistance.

The torque is determined with the aid of a simple device
consisting of a rod and a sliding poise; the device is attached
to the rotor of the capacitor. The spring pressure is deter-
mined with the help of a dynamometer. The vibration and
Impact strength are tested on vibration- and shock-load
testing machines.

The wear test is carried out by means of a mechanical
device which turns the rotor shaft either 10,000 complete
}urns or 10,00(} double turns of 180° after which there must

. be no perceptible play.

The torque and spring pressure tests are made on all
capacitors, the other tests being selective.

. d'I‘}he “climatic” test, determines the effects of temperafure
; ;:) . tmmyzdx.ty on the capacitor. After subjecting the capac-
i é“;) \talgmfxs temperatures, the temperature coefficient
Is re(liggl f ée tl;;‘rgl _\vhéchT;he condition of the capacitor can
" delermined. These tests are al i

After the “climatic” tests, th o of the v

coating is checked
» and the smoo i
and contact resistance, thness of rotor Totation

2, Resistors

CLASSIFICATION AND CITARACTERISTICS

Twa basi .
radio quia;rl;egfoups of resistors mogt commonly used in
of carbon or memalre compound resistors in which a layer
applied to a ceramic rod of tube is the
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conducting component, and wire resistors in which, as the
name suggests, a high ohmic resistance wire (for example,
manganin) serves as the conducting component.

Compound resistors can be subdivided into two group-:
(1) composition resistors; (2) high-stability film resis-
tors.

Composition resistors are manufactured from a material
featuring high resistivity and a bonding material, Resistors
of the required shape and value arc moulded from these two
components, They can be made either fn the form of a solid
conducting hody (volumetric construction) or in the form
of conducting layers on an insulating base (flat construction).
With reference to conducting and bonding materials, the
composition resistors are further subdivided into carbon-
ceramic, soot-varnish, metal-ceramic, efc.

Film res{stors arc obtained by depositing a resistive
film on the surface of an insulating cylinder or thread.
Depending on the type of the conducting material there are
carbon- and metal-film resistors,

The stability of re«istors to a large extent {s dependent
on the method of their protection against climatic and
mechanical effects. As to the protection technique (and its
effectiveness) the resistors nre grouped into non-protected,
varnished, compounded, moulded with plastics, sealed and
vacuum. Varnished resistors are actually non-fnsuiated;
this must be taken into account in the process of assembly
and wiring.

The symbols accepted in radie engincering for designa-
tion of the non-wire resistors reflect their features and con-
sfst of three fetters, The first one indicates the type of the
conductor (KK—composition, ¥--carbon, M—metallized-film);
the second letter stands for the type of protection (JI—var-
nished, [—<caled, B—vacuum); the third letter pertains
to the peculiarfeatures or designation of resistors (for gener-
al-purpose  resistors:  T—hent-resistant, fI—precision,
B—high-voltage, M--megohm, etc.). Thus, composition,
varnished, high-voltage resistors wall be marked KJIB;
metallized-film, varnished, heat-resistant—3MJT, ete.

Before the introduction of this standard designation
system another method of denomination was in ute which
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nas been preserved for old-type resistors, for instance, BG,
T07 CH) etc'* . . ) .

The conductive component of wire-wound resistors 1s
the wire. It should meet a number of requirements of which
most important are: high resistivity, low ohmic temperature
coefficient, negligible contact emf with copper, high corro-
sion resistance, high time stability of features, high-quality
insulation, high tensile strength, low percentage elongation
due to tension, low contact resistance with contact loads
from fractions of a gram to several grams (independent of
environment and ambient temperature), high wear-and-tear
durability in conjunction with other spring contacts, high
ductility, enabling small-gauge wires up to 0.02 mm in.
diameter to be manufactured.

Copper-base alloys (constantans) and chrome-nickel-base
alloys (nichromes) are in current use in manufacturing
resistive wires. In addition, fixed resistors are very often
made of manganin and noble-metal-base wires.

Compound and wire-wound resistors are divided into
fized and adjustable types.

Fixed resistors are not adjusted whereas adjustable
resistors are adjustable over a considerable range of resist-
ance.

Both fixed and adjustable resistors are denominated by
thexr‘ nominal resistance which is marked on the resistor
and is expressed in chms or megohms. Resistors from scveral
ohms to many megohms are in current use. The nominal
zglc\ée of an adjustable resistor refers to its maximum resist-
iron'l;};tta max{mlllm possjble vgriation of the actual vglu
Commesrcliwinmq value is specified by the class of precisior
classes of procisions (1) itk w3 sormded nto thre

1 % tolerancs; =+
2{:&}%%@2{’% ,Tthls Jmeans, for oxample, that for a thir
8 and 12 Ko C;IS or its actual resistance may vary betwe
« Choice of the class of a resistor is governed !

;tlz rfu:}xchon In a circuit. Resistors of the 1st class of pre
o used, for example, in circuit sections requirj

.* The system of resistor desi ion (i i
radio compunen i) e 10T | esignation (in fact, like that of ot

(Translator’s note.) ements made in this country o



recision of oper
| cen 7 tc\nl\\‘c\y h\rge‘ hange !
[

ation. On the hand, it circuits
c in
1 effect O the condition® opcmlion (as, {or exam-

o 0 in

0.12, 0.25, 5,01 and 2 watts. The wattage cating 1%
crmined by the {ormulat
pe=

which P—-(\iss'\pal‘m

The actual
reater (by 30-4
[hus in case © R =1 =

ou! be taken ccount-

Thus, fori atances ila “0-0425 resistor of 1 MO num'mn\
L ing O P is nnminn\ {or 1\

the dr of voltee® across the pesistor will be 50V, where-

as Ahe 1imiting workin voltage for (s resitor js only

350 V. Oh\inue\y. another wype © resistor, cay, 1 0.5

of § MQ for 500 Ve hould be cmplnycd. at \Wo 0.5 M

Commﬂc\a :nmpo\m(\ resistor? cover Joltages from
100 to 1,000V (cnnum\om\n:\d), The voltast can he aPProY
imately, oubled for pot<e oads- The pcmuss'\ 1o voltage
in wenplly in direct pmpor\\on to the tengih of the resistofs
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To relieve the cirenit disgram of superfiuovs nscriptions:
pesistanct ratings 8 usually des\gnatcd in abhrevinted
form. Thus sesistors irom o 1,000
integers without mentioning the unit of

(e 8 350 ohm resistor iS deslgnntcd 350). Resistors from 1
10400 k0 (some\\mcs up to 1 MQ) ate denoted BY the aumber
of kitohms and wmall fetter - (for example, 2 35 kilohm
resistos 18 denoted 35 k) Tiesistances trom 0.4 MQ up ot

\]

designate megohms, spcc“yh\g uremen
unit and using [ and zero after ity it the rating 18
wholo pumb { resistor O MQ ssed by 14
A resistanc w is not equ integer o © ms
is denoted the ¢ rresponding h the measure
ment und { 5 or 9.5 ol 3, 1t the rating pecifie
on the diagram 13 n APP! jmation (the exact value eing
determin 4 in the process of tuning)s Cterisk 18 put at
the resistor €@ ational symbo dj table yesistance
« denote! max lue only- sroquently the

8
] con\'enlmnul sign put inside tho symbol-

FIXED CO“POUND “ESISTO[\S
Compn\md osistors Ar° most cxtcnslvc\y emp\oycd in
c!

radio eng\neering an d pranches. They at¢ smatlers
as cemparcd to wirc-wound elements, and have ncg\igiblc
12 I
aY
1 ./B:—// oy
(] f

g 4 Fixed resistors
a—type BC: e 1ad Wit

{nductanc?® and capacitance of their OWN. their resistat
docs not change in 8 wide (reqquenty FANEC, and, 10 additic
they ate cheap. wch resisters are used 10 c., 2.6 ¢
pulse circuits 83 1oad, decoupting and damping presiste
01 the various types @ commcn:\n\ fixed resistances b
extensively used are damp vool type BC (Fig- Ka). In ¢
formily with the maximum dlssipating capacity. they
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The resistance changes with temperature, depending on
the resistor type. The amount of change in resistance with
4°C change in temperature is called .the femperature coef-
ficient (RTC), and this commonly does not exceed 0.2%
for 1°C change in temperature for most commercial compo-
und resistors. For example, if the temperature of a BC-0.25
resistor (nominal value 4 MQ and RTC 0.2%) is changed
by 20°C, the value will be changed by —4%, i.e. it will be
reduced to 0.96 MQ. For wire-wound resistors the RTG is
negligible and is not taken inte account.

When electric current flows across a resistor; together
with an orderly (regular) movement of electrons, a chaotic
(irregular) movement of electrons also takes place inducing
a certain (comparatively small) variable electromotive force
{emf) across the resistor terminals. When amplified along
with the useful signal, this emf gives rise to a characteristic
noise and is known as the resistance noise emf.

Resistance noise is determined by the ratio of the noise
emf across a resistor to an applied d.c. voltage of 1 V.
Resistance noise is mostly characteristic for compound resis-
tors which are classified into two groups in accordance
with this feature: A—for resistors with the noise emf not
gxx\e,d[x\;\g 1 mV/V and B—with that not exceeding

Any resisto? is also characterized by its intrinsic induct-
ance and capacitance, due to which the resistor value depends
upon the frequency of the passing current which is often
inadmissible. Commercial wire-wound resistors have marked
;\r}d{\xctance and cgpagitance and are therefore not used in

igh-frequency circuits. On the other hand, compound

resistors have a negligible inductance and very small

ggv{‘}gl‘ﬂ“? (up to 0.5 pF), which however results 13;1 a per-

Té’“; fg GBanHe of the resistance at very high frequencies.

r BC-0.25 and BC-0.5 resistors the resistance is re-

duced approximately by 10% at a 10 Mec/s frequency and
apg{oximatelyd threefold at 100 Me/s 1 yan
n circuit diagrams ¢ iona 3

tor {in the form E(:)f a re(gzrf;g;,ei?wnalllsymbo} for fed by

capital R with & numericc | ¢ usually accompanied by

or occasionally letter) subscript

o.g. Ry, R,, u g
%1290," 2, Ry, etc.) and the resistance rating, for example,



2. Reslstors P>

Ta relieve the circit disgram of superfluous inscriptions,
resistance ratings are usually designated in abhbreviated
form. Thus resistors from 4 to 1,000 ohms are given in
integers without mentioning the unit of measurement
(e.g. a 350 ohm resistor is designated 350). Resistors from {
10 100 k2 (sometimes up to { MQ) are denoted by the number
of kilohmse and smali jetter “k™ (for example, a 35 kilohm
resistor §s denoted 35 k), Resistances from 0.4 MQ up are
designated in megohms, not specilying the measurement
unft and using & comma and zera after it, if the rating is
a whole number (thus resistor of 4 MQ is expressed by 1,0).

A reslstance which is not equal to an integer of ohms
is denoted by the corresponding figure with the measure-
ment unit (e.g. 0.5 ohm or 9.5 ohms), If the rating specified
on the diagram is an approximation (the exact value being
determined in the process of tuning), an asterisk {s put at
the resistor conventional symbol. An adjustable resistance
is denoted by its maximum value only. Frequently the
power rating of the resistor is also marked on diagrams by
a conventional sign put inside the symbol.

FIXED COMPOUND RESISTORS

Compound resistors are most extensively employed in
radio engineering and allied branches. They are smaller,
83 compared to wire-wound elements, and have negligible

te? ({1
Lo {o—

Fig. 4. Fixed resistors
a—iype DC: b—type MAT

inductanco and capacitance of their own, their resistance
does not change in a wide frequency range, and, in addition,
they are cheap. Such resistors are used in d.c., a.c. and
pulse circuits ss Yond, d pling and damping resi 3

Of the various types of commereisl fixed resistances most
extensively used are dampproof type BC {Fig. 4a). In con-
formity with the maximum dissipating capacity, they are
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adjustable compound resistors. The isolit base in the BE,
TK and CII types (Fig. 5a) is glued to a cylindrical plastic
body. The currenf-carrying layer of “volumetric” resistor
type CIIO is molded into a bow-shaped groove of a ceramic
hody. Adjustable resistors have three leads: two from the
ends of the current-carrying layer and one from the runner
whose rotation changes the resistance between the middle
and end leads.

Variable resistors (just as fixed ones) are described
by the dissipating capacity (between 0.15 and 2 W) and
resistance rating (from 470 Q to 7.5 MQ).

Fig. 5. Variable resistors
g—non~vwire CII; b—wire

A further classification of variable composite resistors is
acc'ordmg to the relationship between the shaft angle and the
resistance value. Thus, there are linear resistors (Group A),
log resistars (Group B), and exponential resistors, (Group C).

The A-group resistances are used in various equipment
(for example, in TV sets for line and brightness control,
crtcl.). Generally, they are convenient when the circuit
v ? tlage has Lo be changed in direct proportion to the angle
of shaft rotation. The B-group resistances are employed in
special cases which require a more rapid change of voltage
at the beginning of shaft rotation. On the contrary, the
thgrg;‘x’? resxsftances haye a reverse character of change, i.e.
L che nge of voltage is less at the beginning of shaft rota-

1an at the end, which is convenient for volume controls.

WIRE-WOUND RESISTORS AND POTENTIOMETERS

used in mand resistors  or resistances are extensively
ng mstrument.s as range multipliers and

sh i
unts. In radio apg electronic equipment these resistors
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sre loss frequently nsed {mainly as load and voltage-dropping
ones in heavy current circuits),

‘The radio engincering industry manufactures wire-wound
resistors type HO (s ire-wound, enamelled) intended for wee
in d.c. and a.c. cirevits of 50 ¢ls frequency. The lends of
theee resistors are made In the form of Bexibie multiple-
strand cords from soft copper wire.

Extensively used pre resistors type I3 (wire-wound,
enametled, mofsture-resistant) with resistance rating be~
tween 50 and 50 k02 and dissipating capacity from 2.5 1o
100 Y, designed for operation at temperatures from —&0
0 4 100°C. The ouipul terminals of these recictors are made

Table 3
Paste Data of Fixed Wire Resistors
Resittanes rating Dimenstons
Jeveintor typr Dlaipatiog
P! fromn | toxg ORS00 Le'g.;”!h.

1215 5 5 78 10 40
3.5 o $ 1" 1 0
1tU-20 29 ] 2 18 »
1325 1 3.6 O 2 o
a5 § 15 W bl ki)
[T I 1 3 5 23 160
13400 0o & 15 3 215
Hap2n A3 0.43 2.5 13 20
1.3 5 5 3.3 75 14 5
nan4a0 i 10 19 14 43
f13R-13 H] 15 15 17 5]
#1382 0 20 par) 1 5y
fI136-25 10 24 5 2t 51
HIB-J0 16 3 ke 24 7
;{gg«-gg 2 5% 48 & 87

- 2 5 il 2y
nmwas 5 9 T 23 lﬁé
98-t 5 ] 100 28 37
1138.40X El 02 pild id 4%
HOR15X 20 a2z 15 17 43
113020 2 G.43 20 17 57
nan25x ) VhoL ) 5t
120X &8 ! 30 £ I
%ggéﬂ\f 2% [&] 50 29 91

100X 53 7 W 29 170
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in the form of brass plates provided with holes for soldering
to the extornal circuit wires,

Also available are resistors type HOB-X; -these are pro-
vided with a sliding contact which is used for the adjust-
mant of the resistance,

Basic data on fixed wire-wound resistors ayo stated in
Table 3, Varlablo wire-wound resistors (Fig. 5b) aro also
used in radio engincoring practice,

Polentiometers, Wire-wound potentiomotors are used in
d.c. circuits as voltage dividors or variablo ohmic rosist-
ances. Thoy may bo single- and multiturn,

Fig. 6. Patentiometors
a—siongle-turn; b—multiturn

The single-turn wire potontiometer is in fnct a dovice
made from a thin insulated resistance wire wound in one row
on a former, A slider in the form of a motal strip or wire
hent at t_ho end moves on the strippod surface of the wire.
iz'(\s tho{shdor moves ovor the exposed soction of the winding
itbeloi")(q g(&mtels into '(;ontnct with the next wire turn before
the llix‘no Thm brevious ono, {hug mataining contact all
onds ! ¢ potentiomotor has three leads: two ai the

ixutl;( ll. 1o third ono conneeted to tho slidor (Fig. Ga).
into :xso‘F t(l‘xztvf(::: years multjturn potontiometors have como
resol\xti{)‘n nnd:‘ ro(;‘ spmll n §1zo' in conjunclion with high
potent] omoterspm "S‘g" (Fig. 6b). The precision of multiturn
of the total rostst f;y e\as great as one hundredth por cont
o 0 rosistive "l 1CE. A capper wire 4 to 2 mm gaugo wound
filled wit)y insn{}(‘zfpmm of 4.5, 10, 15, 20, 25 or 40 turns
the multitupy !mm”‘g compound serves as the bobbin for
the singlo-turn ppgs e Beter These potentiometers wunlike

! nes are wound with hare (uninsulated) wire.
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The change of resistance is due to the variable pitch
of winding. The output voltage is taken off by means of
a contact arm which moves over the internal surface of the
clement, simultancously sliding on the shaft Jocated in
parallel with the element axis. The current is passed from
the shaft to a collector ring whose axis coincides with that
of the clement. Thus, instead of the only contact between
the resistive clement and a movable contact arm, a single-
turn potentiometer las contacts: (1) between the resistive
element and a movable arm; (2) between this arm and the
shaft; and (3) between the arm and a collector ring.

3, Inductlon Coils

CLASSIFICATION AND CHARACTERISTICS

A great variety of induction coils differing in design
and purpose are employed in high-frequency components
and circuits of radio equipment. In contrast to resistor<
and capacitors, induction ceils are not produced in large
quantities which is due to a great specificity of require-
menis the coils must meet.

The quantitative and qualitative parameters of a Ingh-fre-
quency coil are determined Ly its inductance, Q-factor, seli-
capacitance, and the temperature coelficient of inductance.

Inductance depends mainly on physical characteristies

of the coil; the bigger the coil and the more turns 1t has,
the greater the inductance. In addition, inductance is greatly
influenced by the insertion of a core and application of a
ecreen. Values of inductance used in radio equipment vary
over a wide range, from fractions of a microhenry to tens
of millihenries.
. Sln!llnrly to capacitors, the dissipation of energy in
induction coils can be expressed in the loss tangent (tan 8)
However, the quality of coil operation in a.c, ciremts i
ually expressed by the reciprocal of the Joss tangent called
the Q-factor (Q.).

Commonly, ¢ails with medium value of the Q-factor
(of the order of 40 to 200) are used for practical work,
high Q-lac!or coils {from 300 up) being employed in special
cases {for instance, in tuned circuits and filters).
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The turns and layers of the coil make up a capacitance
which as a whole can be considered as a capacitor connected
in parallel with the coil. This capacitance of the coil impairs
its quality (reduces Q-factor and stability, diminishes the
range of frequency coverage coefficient in a tuned circuit,
deteriorates the efficiency of the coil used as a choke). For

)

Fig, 7. Induction coils
a-—single; b--~tapped; c—wlith lrggﬁdust core; d—varlable-{nductance

these reasons the coils are designed in su
hav%hthe 1?mst capacitance pgssible. such a vay that they
e self-capacitance of a coil o a great mea
on.lthe coil size and the method of gwire win(si‘iltig.d?e?;i
‘t:glll? possoe?s greater self-capacitance (coil diameter is more
toll éﬁ%)'t ; minimum capacitance (1 to 3 pF) are one-layer
e 38 ed coils, as \yell as stagger-wound multilayer coils
0 30 pF). Coils with the windings divided into separate
sectéopls da}so have low capacitance. d
oil dimensions and, hence, its inductance change with
;l;}blieglé igempﬁrf:iture. The relative change of ind%ctance
PICD). & called the temperature coefficient of inductance
- Special measures are taken to reduce the TCI. Thus

in one-layer coils the form
; L ers are made of cerami
coils are wound with wire heated to 80~120°r(]amws' and the
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1, for example, the TCI of n one-layer cylindrical coil
is of the order of 30+10°¢ to 80.10°¢, this parameter of a coil
with o ceramic former and deposited on it turns wifl be
reduced spproximately to 8.40°%18.10°%, In tuned circuits
1he influence of the TCl is diminished Ly connecting a {em-
perature-compensating capacitor with & negative tempera-
ture coefficient of capacitance 'fl'CC).' e e

{1ar: e
{tra .2 ‘ A
ta another), high-frequency chokes (barring the path to
high-frequeney currents) and so on. According to design,
cotls are divided into cylindrical, helical, one-layer, multi-
1ayer, aie- or i ed, d or fixed or
sarisble, X
Colls most commonly used are illustrated in Fig. 7.

TYPLS OF COlLS

‘The muitfiayer coil and the cylindrical one-layer types
are thoss most extensively used, Cylindrical windings are
employed for coils of low inductance {(up to 200 micro-
henties). They ase easy to produce, and have low seli-capaci-
tance; the required inductance can be calculated quite
accurately {within 3 to § per cent).

The conductor is wound into a coil on n thin-walled
¢ylindrical former made from an insulating matenal,
‘the winding turns are either pesitioned ciose to one another
ot spaced out at & certain interval. To prevent turns from
creeping off, the ends of the winding are either fasteued
with thread or passed through holes 1 the former. The
coil is made of copper wire of 0.3 to 06 mm gauge type 19
(enamel-insulated) or (IO (insulated by one layer of
stk over enamelled wire).

in winding 8 coil the number of turns actuaily wound
should be 510 30 per cent more than the designed quantity,
feaving a margin for the final tuning of the coil by taking
off some of the turns which 13 more handy than 1o add them.

To increase the Q-factor, the coul former should be made
ol & fow-foss dicfectric. Dielectric losses increase with fre-
quency; therefore, in choesing the material for the former

I-%5
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frequency range should be duly f:onsifiered. At high fre-
quencies good results may be obtained if low-loss materials
are-used (polystyrene, ceramics). )

The coil is mounted at right angles to the chassis
(Fig. 8), with the coil turns some distance from the chassis
surface. Otherwise the inductance and Q-factor of the coil
would be impaired by the eddy currents induced in the chas-
sis by the coil field. Shielded coils should be adjusted after
the screen has been carefully se-
cured to the chassis.

The coil ends are passed
through holes in the chassis and
enclosed in insulating sleeves.
If the coil serves as the induct-
ance of tuned circuit, it is
advisable to connect the circuit
capacitor to the coil terminal
in the immediate proximity -to
Fig. 8. Screened induction the latter.

coil Multilayer coils may be

either layer- or mesh-wound.

The stagger-type winding is also used in multilayer coils.

When winding: the coil by this method, the wire is wound

at an angle to the former axis; at the coil edges the angle
of winding is reversed.

The st.agggr-wound coils can be advantageously used in
;arlgus circuits, pspecially as compensating coils in broad-
A‘"} amplifiers, in tuned amplifier circuits, delay line, etc.
A r‘f]att\}rolof these coils is their small size coupled with
2 plinly e nduanes (20 mit ond mor) o

is due to this type of winding.

Sereen
JCACUTN

TYPES OF CORES

The use of cores is m i
ost effective, making it possible
gggrid:‘x;:;et:}:nogerfagl (iiimensions _pf the coils, zt\gvhilepretain-
stability ge of inductance adjustment, high quality and
m agg;‘ii?rgeﬁadef from a magnetic material concentrates the
With the me ne(t)‘ a coil, thus increasing its inductance.
gnetic cores the physical size of coils is reduced
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and the Q-factor, sometimes, increased. In addition, the ute
of a core which can be moved inside a coll makes it possible
10 change inductance without changing the number of turns,
thix being an {mportont feature {n adjustment of apparatus,

Cores made of jron dust and ferrites are mosily ueed In
radio frequency work.

An fron-dust core consists of fine particles of fron mixed
with a “binder™ of insulating material In sueh a way that
the individual iron particles are insulated from each other.

Incuetonee

Ctere ‘,?;J/I/N!

Fig. 9 Croes peetion of induction coil  Fig {0 Shell-type core

with magnetic cors (s) and inductance j—trimmer;  2—catbonyl
verus cate porition cutve (b) magnesic  cheuit J-space

1—frsme; g—coll S core e colt

The ferrite, in contrast to yron-dusl cores, is 3 monolithic
matetial  poscessing  ferromagnetic properties and  high
sesistivity (of the order o} 10*-30'% ohm -em). Due to this
important advaniage oser metallic magnetic malenals,
ferrites have smail eddy-current losses and can be used as
manelithic cores in radlo equipment.

A cross section of the “univeral” type eoil with a care
is represented in Fig 9 tegether with the cunve showing
the change fn inductance as a furction of the core position.
The maximum fnduetance 1= s1th the core exactly in ib¢

-
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coil centre. In moving the core both sides from the central
position, inductance diminishes: from Lpmex 10 Lmin (equal
to the inductance of the coil without a core). |

The effective permeability of carbonyl iron ceres (peys =
= Lmax/bmmn) produced by Soviet industry varies from
1.5 to 2.7 depending on the core type and frequency at which
the coil operates.

The carbonyl cores of the CIIP (cylindrical, threaded),
CHT (cylindrical, smooth), CUT (cylindrical, tubular) and
CIII (cylindrical with pin) types can be used at frequencies
up to 25 Me/s. The core is moved inside the former depend-
ing on the design, either by screwing the threaded core
into the former (CIIP) or by means of a threaded pin molded
into the core. The core should be turned and moved by means
of a non-magnetic screw driver, otherwise the screw driver
will itself affect the tuning of the circuit. ‘ ,

Magnetic cores can be used both in single- and multi-
layer-type coils. In addition to the simple cores described,
also used are shell-type or “armoured” cores CB which
represent a complete magnetic circuit; they are manu-
* factured from a carbonyl-base compound (Fig. 10). The

magnetic permeability of such cores is between 3 and 6
depending on the type and frequency.

The design of induction coils also depends on the frequen-
¢y range and power of the tuned circuit they are used in.

Qommonly the coil inductance diminishes with increase
in frequency range.

COIL ELEMENTS

The basic components of the coil are the former, winding
and screen.
_The former is the support for winding, It should be sul-
ficiently strong to provide for rigidity of the winding and
to ensure the fastening of the leads and core. The former
material selecfed for the former should meet the require-
men'fg of l\:eeymg losses in’ the former dielectric within the
igecxhed limits, and a'lso variations in inductance due to
te; change of geometric dimensions under the influence of
b lxierature, humxfhty., etc. Formers of the coils used in
gh-power tuned circuits should have higher voltage break-
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down characteristics. Typieal constructions of the formers
are shown in Fig. 11.

The formers are factured from powdered materials,
ceramic, polystyrene and other r.{. dlelectrics. Split ceramic
formers are glued together by the use of glaze and then
fired. Ceramic formers are manofactured from r.f, or v.h.i.
porcelaine and steatite. The formers are provided with
ipternal threading, if the inductance is to be adjusted with
the use of iron-dast cares.

o)
3]

Fiz. 11. Short-wave coil formers
with grooves for wire; e—with lllu' vl m:: ll‘z'uk

ooth;
Tt et e with flange;
2-Tartentng Bofe; 2~flange

Grooves eot on the formers contribute to higher tnduclion
stability, as they the p
=hifting of the cofl turns. The winding on lhe«c formers is
made with uninsulated silvered copper wire thus decreasing
the dielectric losses.

Ribbed formers ilfustrated in Fiz. 12 are employed for
tranemitter coils which require a very high Q-factor. Here
the wire is in contact only with the former ribs, which
considerably decreazes the intercofl capacitance and in-
creases the Q-factor. The tibsare grooved on a spiral, The re-

cesxes and openings made in the former reduce Josses in the

material and cut down the weight. In commercial radio

transmitting and televizion eguipment extensive use is made
of molded powder for fabrication of coil formers.

winding. Loog- and medium-wave coils are commonly

wound with fitzenwire, whereas short-wave coils employ

single-core enamelled wire, Litzenwire is 2 conductor twisted
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from a number (from 7 to 149) of enamelled copper wires
of 0.07 to 0.2 mm in diameter. Litzenwire is produced
in two types: JIEIIO (enamel single-silk covered) and
JISIJT (enamel double-silk covered).

The screen. To reduce the spurious coupling between
individual tuned circuits and to reduce.the influence of
external magnetic fields the induction coils are shielded by
closed metallic current-conducting screens.

Fig. 12. Ribbed coil formers

a—ceramic (solid); b—assembled, with two {langes: c—st hened
by three ribs; z—ribs; 2—{langes; 3gE\'7.'fre strengthen

Due to the action of the alternating magnetic field eday
currents are induced in the screen which build up a magnetic
field In antiphase to the initial magnetic field, due to which
the cail external magnetic field is weakened. The reduction
%shgreater with screens of low ohmic resistivity materials.
red(ix csecre.etzn Jncreases the coil capacitance and losses and
; s its 1pductqnce. Screens are made of materials with

oW resistivity, viz. copper, brass and aluminium.

4. Audio Frequency Transformers and Chokes

APPLICATION AND PRINCIPLE OF QPERATION

usegrf’;‘SfO;{ners and audio frequency chokes -are widely
interstacs any luibment. They are subdivided into input,
ge and oufput transformers ang chokes. The most
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Fig. 14, l‘ower Iransformer (s}, fow- fmquency output trans-
former (&3; 1) {er; lovw-fte-
quency power choke (d)

up-ta-date and extensively used types of transformers and
chokes are presented in Fxg. 13.

The audio freg hing t i THY (input,
mterstage and output) are used with Jow-froquency fransis-
tors iu radio and electronic equipment. These transformers
are designed for mounting in uwsual ang printed circuits.
in printed circuits they are fitted by means of terminat
leads and threaded bushes; in circuits with usual wiring—
by means of yokes and clips.

Input transformers are used to match the amphfier
input impedance with the internal impedance of the signal
source. A demerit of wnput transformers is their sensitivity
10 stray magnetic ficlds, due to adjacent power transformers,
electromagnmr, voltage stabilizers, etc. Stray magnetsc
fields may give rise to stray voltagcs at the mains frequency
in the case of power transformers or electromagnetic voltage
stabilizers, and at multiples of the mains frequency 1 the
case of rectifier filter chiokes This interference can cause
a.c. hum at the output, for example, at the output of radio

V4
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receivers or amplifiers. The proximity of the input transform-
er to the amplifier output circuits may result in ampl}ﬁer
self-excitation which will interfere with its normal function-
ing. The interference is reduced by:

(4) shielding the chokes, power and output transformers,
using materials of high magnetic permeability;

(2) carefully screening the input transformers; )

(3) positioning the axis of the input transformer coil
normally to the magnetic fux of the interference source;

(4) correctly positioning the apparatus elements on the
chassis (separating the input and output circuits, the input
and power transformers, etc.). ‘

The interstage transformers are designed for matching
low-frequency transistors. These transformers find applica-
tion in low-frequency hali-wave and push-pull stages. The
output transformers are applied in low-frequency transistor
circuits with a power rating of 10 mW to 25 W and low-re-
sistance (4.8 and 16 Q ) or high-resistance (450, 300 and
600 Q) loads.

The maximum amplitude of the a.c. input voltage is
1 V for the input, 5 V for the interstage and 300 V for the
output transformers. The d.c. test voltage between the trans-
former windings and the unit chassis or transformer core
must not exceed 70 V. Within the 300 to 10,000 ¢/s frequen-
cy range attenuation at boundary frequencies should not
be over 2 db; non-linear distortion factor—below 5 per cent
at 400 c/s,

The low-voltage power transformers used in radio equip-
ment are produced in two types depending on their applica-
tion: plage‘ and filament transformers. Depending on operat-
ing conditions, transformers with low- or high-temperature
rise: may be employed.

Plate transformers have two main and two compensating
;econdary mndmgs. The main winding is divided into two
ciarlcvqst thgg enabling the use of transformers in centre-tap

uits. Filament transformers are made with two, three
;md four secondary windings. The low-voltage power trans-

"m,i“}’l‘: seml?éoy split tape shell-type magnetic circuits.
pecific power (power-to-weight ratio) of the trans-

formers dependin thei o)
and 045 VAJg. & o WPe and rating is between 0.3
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Autotransformers JIATP-1 and JIATP-2 are designed for
continuous control of mafns voltage. These devices are very
convenient for use in the process of assembly and, particu~
Iarly, adjustment of radio equipment. Their range of voltage
control is from 0 to 250 V, nominal primary voltage 220 V,
nominal secondary voltage 250 V, scale graduated with an
interval of 10 V, efficiency 0.95. M

The autotransformer is made in the form of a tubular
iron core with a single-layer winding. On one side the wind-
ing is stripped of insulation to provide a track for a carhon
brush. The carbon hrush is moved by a haudwheel arranged
on the top of the transformer. The handwheel is provided
with a pointer moving over a scale graduated within the
value of secondary voltage. The autotransformer is enclosed
in an jron hexahedral perforated jacket with a terminal
panel secured to it.

Pulse transf form a sep group and are used
for the transformation of small duration pulses,

Audlo frequency chokes are widely used in rectifier
filters for smoothing the pulsations of the current, as well
as in low-frequency amplifiers as plate loads of amplifier
tubes when a narrow frequency band is to be amplified.

In spite of the difference in the functions of audio fre-
quency and power transiormers, the principal physical
phenomena in them are of similar nature. Therefore trans-
formers intended for installation in different circuits are
similar in design: any of them consists of a magnetic core
and windings. Frequently transformers and chokes intend-
ed for different applications are made {rom the same
materials.

The magnetic circuit or core is an important element of
transformers and chokes. J¢ is made from soft magnetic mate-
rials with high permeability, minimum coercive force and
small hysteresis losses.

TYPES OF MAGNETIC CIRCUITS (CORES)

Magnetic circuits or cores are divided into stacked,
tape-wound, and iron-potwder cores.

S}acked cores are assembled from variously shaped
laminations or plates made of electrical sheet steels. The
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hasic lamination shapes are shown in Fig. 14. T}Ee assez}lbly
patterns are characterized by plate size, power rating, welgh?;,
cross-sectional area of the middle limb, mean magpetlc

(6) path, and overall dimensions,

fa] _ o ete.
) " Tape-type cores have of
late found wide  application.
e belong cut cores
E 5 p ~ To thes g cu

(C cores). made by winding a
tape into a spiral and cutting

(el (a0 it in half (Fig. 15q), and.to-
° y roidal cores made from tape
m lengths of different size, stacked
. o and bent to shape (Fig. 15b).

The parameters and applica-
{e) {1 tion of tape-type cores are

similar to those of stacked
cores. Tape cores of various
wll type are given in Fig. 16.
The magnetic characteristics
of cut cores are 4 to 10 per
(g th) (i cent inferior to those of solid
cores due to airgap effect at
n the butt-joints and the local
saturation. However, the for-
mer have certain advantages,
Fig. 14 Types of magnetic Sincetheycanbe produced and,
circuit faminations wlhz(llt ismore imp?lx'tan'lt‘,hasse;n-
a and b—E-I-shaped; ¢, d, e and  bled automatically. us, for
J—clospdtvpe,, & Ushaged; h— example, they may be assem-
bled from coils wound on ma-
chines designed for simultaneous winding of 12 and more coils.
Cut cores may be of core- or shell-type; the latter are
more widely used. However, the core-type magnetic circuits
can be employed advantageously for low-power transformers.
Iron-powder cores are used in r.f. induction coils. They
are fabricated from powdered iron and ferrites by means
of cold and hot moulding and die casting.
The principal requirements which a core should meet
depend on the current and output parameters of a radio
unit or device. These requirements are minimum hysteresis
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and eddy-current losses, and high magnetic permenbility.
In addition, stacked and tape-type magnetic cores should

& MO0

[) {b) ©
Fig. 15. Fig. 16. Tape-type cores
a—spltsl-wound tape before :ut; u-—lhcll-:y‘vi'ambm—‘!iowﬂvt.

3 d—uet Of tape lengths ben
vieg: b to shape

have & maximum space factor K, = Voo /Viotar which is
equal to the ratio of the actual volume of iron to the stack
total volume.

The required quality of magnetic circuits is ensured by
correct choice of material and proper methods of fabrication.

MATERIALS FOR CORES

Cores or magnetic circuits are manufactured from silicon
steels, nickel-iron alloys, iron powders, and ferrites. The
first two groups of magnetic materials are used mainly
for low-frequency applications and the latter two—at high
{requencies.

Silicon steels are most commonly used and are applicable
at all frequencies from 50 ¢/s and up to radio frequencies.
Depending on application the silicon content varies from
several decimal fractions 1o 4.8 per cent.

The addition of silicon to iren increases the resistivity
of the latter several times and perceptibly improves jts mag-
netic properties, though considerably lowering the satura-
tion induction. Siliton also impairs the technological
properties of iron, making the latter more brittle. Iron can
be cold-ralled, if silicon content does not exceed 3.5 per
cent, and stamped and ent when it is below 4.5 per cent.

According to the Soviet Standard transformer steels
depending on the percentage content of silicon are divid
into the following groups: low-alloyed (0,8-1.8), mediZF
alloyed (1.8-2.8), high-alloyed, hot-rolled (2.8-3.8) <
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reduced (2.8-3.5), and superalloyed (3.8-4.8) steels_. The prop-
erties of these steels to a large extent are determined by the
method of rolling.

Hot-rolled silicon steels are used mostly for the cores
of chokes, transformers and other elements, operating in
audio frequency magnetic fields of high induction. The
restriction of frequency ranges is stipulated by an increase
in power losses in steel at higher frequencies.

Cold-reduced silicon steels stand out among transformer
steels in that their grains are oriented in the direction of
rolling, thereby improving magnetic properties. The weight
of a core made of cold-rolled steel is 1.5 times less than that
of hot-rolled steel.

The silicon steels are characterized by the following
magnetic parameters: coercive force 0.15-0.9 oersted, satu-
ration induction (at 20°C) 19,500 gausses, initial permeabil-
ity 400-4,000 gauss/oersteds, maximum permeability
5,500-60,000 gauss/oersteds.

Nickel-iron alloys (permalloy) have also been widely
used for magnetic circuits. The magnetic properties of these
alloys depend on the nickel content which is from 35 to 80
per cent. The saturation induction of permalloy is not great,
ranging from 8,000 gausses for high-nickel steels to 15,000
gausses for low-nickel steels.

_ High-nickel permalloy of various grades finds applica-
tion in the manufacture of small-size choke cores, low-current
audio frequency and pulse transformers. The saturation
induction of the low-nickel permalloy is nearly twice as
high s that of the high-nickel alloy due to which the low-
nickel alloys can be employed in power transformers and
chol%eils,

¢ maximum permeability of permalloy is in the range

g§ l(_)l\w_r field strengths and is many times greater than thtglt

silicon steel, therefore the permalloy is mostly used in
magnetic circuits operating with low fields.

A characteristic feature of nickel-iron alloys is their
excessive sensitivity to variocus mechanical strains {compres-
sion, tension, beqding) which deteriorate the magnetic
properties. For this reason permalloy components are an-

nealed aiter technological : ; .
N operations
stresses in the material, p Whlch can induce
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ISR w o, R - [T vy

0.02 10 0.05 mm varies in steps of 10 micvons,

Iron powders are made on the base of various soft magnet-
ic materials. Their magnetic properties depend on the mate-
rial or alloy chosen. The hasic magnetic materials are pow-
dered iron obtained by the electrolytic or carbonyl process
or reduced from natural ores; permalloy with or without
other alloying P s; nickel-i balt and iron-
siticon-aluminium (alsifer} alloys, etc.

Most eoxtensively used in industry are iron powders
based on alsifer, molihdenum permalloy and carbonyl iron.
Alsiler, in addition to its high electromagnetic characteris-
tics, has a distinet advantage over other alloyed materals,
specifically over permalloy, in terms of grindability, cost,
and availability of raw materials. Carbonyl iron is used to
advantage in a widé frequency range from audio frequencies
to 200 Me/s, Carbonyl iron powder consists of the finest spher-
jcal grains {1 to 40 microns), obtained by the decomposition
of iron pentacarbonyl Fe(CO); into carbon oxide and iron.

Powders from molibdenum permalloy have the bighest
initial permenability and their hysteresis losses are below
those of alsifer and carbonyl iron.

Ferrites sre compounds of the MO -Fe,0; type (in which
M is the symbol of any bivalent metal) ground and compacted
by a special method. They have a number of advantages
over iron powders, though cannot completely replace them.

In their composition, ferrites can be single-, double-
and multicomp They are homog and their prop-
%rtiies entirely depend on the compasition and caking con-

itions.

MANUFACTURE OF STACKED CORES

The magnetic circuits with optimum characteriztics &7
obtatned by lamnating the core; that is by assemblig i
from separate plates or laminations.

In small-scale production, the cores are hand-zed? X¥
Interleaving plates with ineulation until reguired co* ‘;"‘:::
ness is obtained. With this method, separate pieces ol e
core are bult-jornted.
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reduced (2.8-3.5), and superalloyed (3.8-4.8) steelg. The prop-
erties of these steels to a large extent are determined by the
method of rolling.

Hot-rolled silicon steels are used mostly for the cores
of chokes, transformers and other elements, operating in
audio frequency magnetic fields of high induction. The
restriction of frequency ranges is stipulated by an increase
in power losses in steel at higher frequencies.

Cold-reduced silicon steels stand out among transformer
steels in that their grains are oriented in the direction of
rolling, thereby improving magnetic properties. The weight
of a core made of cold-rolled steel is 1.5 times less than that
of hot-rolled steel.

The silicon steels are characterized by the following
magnetic parameters: coercive force 0.15-0.9 oersted, satu-
ration induction (at 20°C) 19,500 gausses, initial permeabil-
ity 400-1,000 gauss/oersteds, maximum permeability
5,500-60,000 gauss/oersteds.

Nickel-iron alloys (permalloy) have also been widely
used for magnetic circuits. The magnetic properties of these
alloys depend on the nickel content which is from 35 to 80
per cent. The saturation induction of permalloy is not great,
ranging from 8,000 gausses for high-nickel steels to 15,000
gausses for low-nickel steels.

X Eigh-nickel permalloy of various grades finds applica-
tion in the manufacture of small-size choke cores, low-current
audio .frequency and pulse transformers. The saturation
induction of the low-nickel permalloy is nearly twice as
high as that of the high-nickel alloy due to which the low-
211121;{218 alloys can be employed in power transformers and

The maximum permeability of permalloy is in the range
g§ lst:is';’ field strengths and is many times greater than that

con s_teelz therefore the permalloy is mostly used in
magnetic circuits operating with low fields.
ex A; N ?’ara“‘?f}St}c featurfa of nickel—_iron alloys is their

Xcessive sensitivity to various mechanical strains (compres-
sion, tension, ber}ding) which deteriorate the magnetic
properties. For this reason permalloy components are an-

nealed after technological i 3§ .
p operations w
stresses in the material. p s which can induce
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Nickel-iron alloys are supplied as cold-rolled, untreated
sheets and strips from 0.02 to 2.5 mm thick in grades accord-
ing to the Soviet Standard. The thickness of sheets from
0.02 to 8.05 mm varies in steps of 10 microns.

{ron powders are made on the base of various soft magnet-
ic materials, Their magnetic properties depend on the mate-
rial or alloy chosen. The basic magnetic materials are pow-
dered iron ohtained by the electrolytic or carbonyl process
or reduced from natural ores; perma]loy with or without
other alloying balt and irom-
siticon-aluminium (alsder) ﬂlloys, ete,

Most extensively used in industry are iron powders
based on alsifer, molibdenum permalloy and carhonyl iron.
Alsifer, in addition to its high electromagnetic characteris-

tics, has a distinct advantage over other alloyed materials,
specxﬁcally over permalloy, in terms of gnndabxmy, cost,
H Wlise nf raw materials. Carbonyl iron, is used to

ll.
of iron pentacarbonyl reiuugs s v
Powders from molibdenum permnlloy have the }ugh%L
initial permeability and their hysteresis losses are below
lhose of n]slfel' end carhonyl iron.
: F MO Ta 0, hme (in whlch

Goud Ll

In their composmon, Iemtes £an e suugi, -

and t. They are h and their pmp~
srues enurely depend on the composition and caking con-
itions,

MANUFACTURE OF STACKED CORES

The magnetic circuits with optimum characteristics are
oblained by laminating the core; that is by assembling it
from separate plates or lammmwns

In small-scale production, the cores ate hand-made by
interleaving plates with insulation until tequired core thick-
ness is obtained. With this method, separate pieces of the
core are hutt-jointed.
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The closing plate from feed box 5 (Fig. 18a) is supplied
into the position shown in Fig. 18b, Push-rod £ of feed mecha-
nism 13 moves this plate (with some delay in time) up to
a stop. One E-shaped plate is fed into position as shown in
the disgram (Fig. 18b), following which push-rod I forces
this plate into coil 6, Next, the closing plate is moved in
just the same way from feed box 2 (Fig. 18a), and push-rod 3

! 4
* ?
2
7 7
4 11
12 i
4 24 ..9
e o o
I
e
LA

Fig. 18, Device for mechanized assembly of E-I plates
o—genersl view; b—sssembly disgram

fits it into the magnetic circuit; push-rod ¢ fits an E-shaped
plate. A stock of E-shaped plates is found in feed boxes 10
and 72

The process continues without interruption until the
opening in the coil is _completely filled. Part of assembled
core 11 is shown in Fig. 18a. Alter each cycle of placing
two plates (one E-shaped and the other I-shaped) the base
sinks a distance egual to the plate thickness. The assembled
core is packed by means of clamp 7.

Plates of circular or other shape whick have no holes
for tie-rods are held together with the use of bakelite var-
nish, B®-4 cement, etc. Due to the insulating properties
of the adhesive substances, the laminations need not be
provided with oxide films, parherized or varnished.
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MANUFACTURE OF TAPE-TYPE CORES

The successful manufacture of metallic strips less than
0.1 mm thick has created favourable conditions for the
replacement of stacked cores by improved tape-type ones,
The cores are generally wound on a semiautomatic machine
or o lathe. The fabricated core must correspond to the draw-
ing specifications and the turns of tape be tight.{y corrlx)presi(id
to onc another. Possible
displacement  of  turns
should be within the limits
specified.

The tape-type cores are
insulated with the use of
various coatings, of which
a substance composed of
water glass (807.5 g/,
kaolin from the Glukho-
vets deposits (150 g/1) and
baking soda (42.5 g/l) is
considered the best. Water
AU glass has good insulating

’ ami _ adhesive  properties,
Fig. 19. Fastenin making impregnation in
tmgu ofumngnte(?ctlc%rcggx &B,m}f,:f vacuum needles;;.

contact welding To prevent inadvertent

. uncoiling of a magnetic cir-
cuit wound of atape up to 0.45 mm thick, the end of the last
turn is secured by spot welding carried out with the use
i’f a speeial “welding pencil”. Asshown in Fig. 19, the insu-
‘I\l\(jn is pierced on the last turn only, so as to prevent
‘:‘O“'C‘Fc“ml\g of the entire component. Deponding on the
bl:»p;}» “thuiléness,‘)ghe’ voltage applied to the “pencil” should
Ve “(\ 2to 24V, 0_\\'mg to their natural rigidity cores
8 rom u tape thicker than 0.15 mm do not uncoil
‘I“"I‘]U‘“OOHSIS" thus making spot welding superfluous.
ots nlx]::!“ gﬂstt‘n‘m% the last turn, the core is secured in brack-
perature .l:“lm“'mi .)m L vacuum stove at a maximum tem-
brackets Df\\f 1,200°C. The anncaled cores are freed of
Serew op Jdeeres (avoiding jerks and impacts) on a
3 or hydraulic press and impregnated, Cores wound
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from electrical sheet steel are impregnated with insulation
compound KI'MC-2, varnish MJI-92, cement B®-4, com-
pound KII-18, varnish 976-1. The magnetic circuits are
impregnated in autoclaves or a special impregnating appara-
tus and dried in th ats or drying chamb

5. Switching Devices

PRINCIPLE OF OPERATION

Radio equipment widely uses devices to open, close,
or route electric cirenits. These, above all, are switches
and relays. Circuit-routing may also be accomplished by
connectors and valve sockets.

A switch or an electromagnetic relay ists of one
or several pairs of electric contacts and of a special ar-
rangement used to make or break these contacts,

, The operalion| of contacts is aecompanieg by such com-

u
ometry come into touch, Anactive medium is always present
and each of the surfaces becomes covered with oxide film,
the electrical conductivity of which depends on the film
properties,

Due to surface irregularities and oxide film, the “cflec-
tive" contact area composed of the areas of crests on which
the insulating oxide film is damaged 13 small. Commonly
it constitutes no more than 0.001 to 0.01 of the total
area. -

When pressure is applied to the contact surfaces, the
crests are deformed and new “hales” in the exide film appear.
Thus the effective contact surface increases and the contact
resistance diminishes. This effect does not continue infinite-
ly and the decrease in contact resistance has a limit, and
the lower it is, the better the contact surfaces are processed,

The macrogeometry of the contact surfaces is also essen-
tial, sinco equal contact pressures ncting upon surfaces of
different curvatures would produce different changes of the
effective contacl area.
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The current passing through the contacts is distributed
only over the points, constituting the effective area, and
therefore the current density reaches great values. The in-
crease in current density brings about the increase of tem-
perature in the contact points up to 700-800°C which re-
sults, on one hand, in burning the crests of the surface
irregularities and in the increase of the number of holes in
the insulating film (thus increasing the effective contact
area); and, on the other hand, it creates favourable condi-
tions for the formation of new layers of surface film.

!

it

4 il
7 i LRy
y Semnan
== 2 o=
{c}

Fig. 20. Contacts

a—~—compression-type; bfriction-type; c—cut-In n 3
éggtt:‘;cé;sx}rmggm(aag:m éggdlcaltlw d!reﬁ%fon (;f mnvexggngaggéne] o-fcﬁ?e
v [ . s IT—position of contac H
Il—~contacts open; y——cmftact area; x—zone oiﬁn?egﬁ?;%ggf}ﬁg? )

The actually measured conta i i
ct resistance is much greater
than the value calculatgd from the given contact ar%a and
g:eogeir;gs of ttl}z]e material, since mechanical defects on the
ease the contact resistance i
even huneesine tenfold and spmetimes

Operation j ; :
mgcal, of the contacts is determined by the physico-

and mechqmcal properties of the materials. The

(a)

g(lg?eszilfrm&l) tanéi electric conductivity. The materials
platinumi ridis 0 %he above properties include platinum,
alloy. oham; ‘1]'1‘1 alloy, gold-nickel alloy, gold-platinum
brass and gnca Y Pure silver, silver-copper alloy, “hard”

The desimgze' (ti\mgsten 2nd metalloceramics,
governed Lo ho s oPerating conditions of contacts are
y the following factors: intensity of current
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flowing across closed contacts, value of voltage drop across
the open contacts, inductivity of the controlled circuit,
contact break speed, cooling conditions, Irequency of ope-
ration and climatic conditions,

The switch and relay contacts are classified into two
groups, depending on the character of contact closure in
making and breaking, viz. compression (Fig. 202) and fric-
tion (Fig. 205) contacts,

The whole cycle of operation of push contacts can be
broken down into the following steges,

First stage~contact closing. The contact area is very
small and contact resistance is Jarge. With an increase in
pressure the metal jrregularities are smoothed out, increas-
ing the effective area ond decreasing the resistance,

Second stage—the contacts are closed. The process of
contact area oxidalion due to heating by the current across
them takes place. Oxidation will be the more intensive,
the greater the contact resistance and the value of current
passing across the contacts.

Third stage-—contact opening. In the process of opening
the contacts the contact pressurc is lowered and resistance
increased.

At the instant immediately preceding contact opening
and after the contacts are parted, an arc or spark occurs
between them, due to which the contact surfaces oxidize
and burn, With repetition of make and break process, the
layer of the oxide film may become so thick that the con-
tact pressure will become insullicient to destroy it and no
electrical contact will take place.

With friction contacts the effective contact area and
the intensive destruction zone in making and breaking are
situated in different places. In addition, the instance of
closing is preceded by Iriction between one contact area
against the other resulting in the removal of the oxide film.
Friction contacts due to self-cleaning are more reliable
than compression ones, though the mechanical wear is much
morp intensive,

A better contact i3 ensured by cul-in contacts (Fig, 20¢)
which are a version of friction contacts. The contact in them
is established between two contact elements connected in
parallel,
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All types of contacts are fastened onto spring plates
made of an elastic material with high electric and l.leat con-
ductivity and, if used in switches and relfays desxgnefi f_or
a great number of commutations, with a high elastic limit.
Springs are usually fabricated from various grades of
bronze, nickel-silver alloys and brass.

SWITCHES

Switches are intended for making, breaking or simul-
taneously making one circuit and breaking another. In
radio equipment switches are used for cutting in and off,
switching over from one range to another and from one mode
of operation to another; stopping and locking moving parts
in a given position and for remote control purposes.

The principal requirements which the switches must
meet are the reliability of electric contact and low contact
resistance, optimum contact pressure value, accurate locking
in position, a force or moment of given value required to
operate the switch, reliable electric insulation and mini-
mum inter-contact capacitance and loss. Also, the switch
should not increase significantly the resistance of the electric
circuit; the allowable value of switch contact resistance
being within 0.01 Q. '

Depending on the number of the circuits controlled
at a time, there are two-, three- and multipolar switches.

By design characteristics switches with a small number
of poles are grouped into:
sl’dse}ide switcltxﬁs in which the movable contact or contactor

ides over the stationar iper-
Switohes) vy contacts (e.g. wiper-type

push-button switches in which the application of pres-

sure results in making or breaking a circuit;
e S};(;\lwl’;;'eg c;rattqmblgr switches that feature a compara-
to the on perating time and are put from one position
0 the other by a throw-over lever (Fig. 21a and b);
opeglggc;‘swgglgesaggﬁzdare chz}racterized by instantaneous

craion whe and instantaneous return to the
original ‘position when the action ceases;

reammng, switches in which commutation is achieved by
rranging the position of a plug in a socket,.
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Multipolar switches include rotary wafer-type switches
(Fig. 21c), which consist of an insulating base or body with
the stationary and movable contacts attached to it. All
switches, with the exception of the push-type ones, have
a locking arrangement the function of which is to guaranteo
certain predetermined positions of the movable and sta-
tionary contacts with respect to each other.

‘The proper installation of switches is of great importance.
In mounting simple two-pole switches on vertical panels the

Fig. 21, Switches
a—vingle; b—double; c—wafer

“QN" positivn should always be up and the “OFF" position,
down, The *vertical® installation enables commutations
to be made quicker and reduces the possibility of brushing
against other controls, and allows the work to be performed
with lesser mental fatigue.

\When several switches are mounted on a panel there
RN A A S R R Y o,
Lo L '.:'l'- L

-, " . i - . 1] E ., \
are used.

Rotary wafer switches must be harnessed in such a way
that the values to be controlled increase when the handle is
turned clockwise and decrease when rotated counterclockwise.
Such wiring reduces possible mistakes.

MU

RELAYS

The electric relays are divided into movable (contact)
and static relays according to the principle of operation
of the control elements. Static relays afiect the conirolled
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Fig. 22. Nelays
a--electromagnetic dype PR b—h!lwﬂmlp‘.&gﬁ PRC-2, e

e~neasitiye,

wialature type PHA, d—mintatare, control t:
cetrorg type ?ﬁqr; J—potarited

electromagnetic, doublecoll, tesled

coil is 5 W. The breaking power capacity of the relay con-
tact system under active load iz 2 kW with alternating
current and 4 kW with direct current {(magimum breaking
current is 20 A).

The PRC-3 relays are designed to operste with 24, 48,
60 and 400 V d.c. actuating voltage. Its silver contacts sre
capable of breaking a current of up to 20 A.
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Miniature relays type PKM (single-coil, round, direct-
current) (Fig. 22¢) are intended for operation in various
wire and radio communication equipment, automatic and
signalling devices. . .

Under normal temperatures and humidity not exceeéding
80 per cent their service life amounts to 50 mln operations
(at 0.2 A non-inductive load and 60 V voltage).

The PKM-type relays are produced in different ver-
sions: they can be normal and slow-release, have one-
and two-winding coils, and from 2 to 15 contact springs.
The operating time of these relays varies from 4 to 30 msec,
the release time—{rom 5 to 20 msec and 70 msec (for slow-
releaso relays). The sensitivity of the PHM-type relay
(with one closing group) is 62 mW. The maximum power
consumed by one coil does not exceed 3 W (1.5 W—rated
value). The contact package consists of one to three groups
of 2 to b springs each.

The control, miniature, electromagnetic relays type PMY
(Fig. 22d) operate from d.c. sources and are designed for
commutating of electric circuits in stationary, portable
or mobile, automatic, signalling and communication equip-
ment. The service life of the PMV-type relays is not less
than 100 thousand operations under 4 A non-inductive
load on the contacts at 27 V d.c,

' T!xe PMV-type relays are manufactured in the single-
winding mode only, with 2 to 12 contact springs, grouped
for closing, breaking and switching duties. The total number
of groups is from 1 to 4. The springs are fitted with silver
contacts.

. The d.c., two-coil, sensitive, electromagnetic, hermet-
cally sealed relays. POUT'  (Fig. 22¢) are wused in
communication equipment, signalling circuits and automat-
I¢ apparatus operating under severe climatic conditions.
'.“:10 maximum current for the relay is 0.2 A in case of non-
;:1 uctive lond.and sport—time operati_on, and 0.4 A for con-

m}l?ﬁis operation with arc suppression (voltage is 27 V).
dovict relay servico life is 100 thousand operations. The
S(G)VIXCB )‘z‘m endure 10,000 impact overloads up to 4 g at
o ds 100ks per min. The relays are fabricated with a winding
Wi tha switching contact groups, The two coils are connected

a jumper. The relay armature is secured on axles in
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step bearings; in operation It turns, closing the pole shoes,
The relay sensitivity is very high, since tho magnetic cir-
cuit lis made of permalloy and tho armature movoment fs
small,

The polarized relays type PIIB (Fig..22f) in thelr design,
classification and gencral operating data aa woll ns In the
outline and installation dimensions matel tho polarized
relays of tho PII typo and are interchangeable with thom,

Lo

Fig. 23. Eleetronic relay elrcuit ¥ig. 24. Slmple cloctrunle
timer circuit

The ceramic bridgoe in the PIIB typo s repiaced with n allu-
min onc which has the cocfficient of extension equal to that
of the body and former—tho factor contributing to stable
relay operation,

The electronie relay is a devico consisting of a usunl
electromagnetic relay and an electron tube, acting as an
amplifier.

The principle of operation of the clectronic relay is
illustrated in Fig. 23. With plate voltage equal to U,
¢ Iy will flow through the winding of the

Ste- ™ mte =o' sontncts will be open,

. . " to the control grid ¢
it to be less than the

he control elrcuit and

relay contacts are not shown.

If 2 positive (with respect to cathode) #igznal voltage
U, is applied to the resistor J,, the negative voltage on ths
grid will reduce and the plate current Increase becoming
greater than the relay operating current; then the relay
contacts will elose. For this increase in the plste cumr:}q
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a nepligible value of the signal volt._nge U, is rc_quircd. §ince
the olectron tube possesses a capacily to amplify the signal
applied to the grid to a great extent. When the voltage U,
is removed, the plate current will reduce and the relay open
again its contacts connected to the controlled olectric
circuit. i

The clectronic time relay is nsed when it is neccessary
to have a definite time delay between the instance of signal
application (closing and opening of the signal contacts)
and the instance when the electromagnetic relay operates or
rolenses. The use of the electronic time relay makes it
possible Lo obtain time delays from wmilliseconds to
ahout 30 seconds,

The rolay diflers from a usual clectronic relay in that
it has an additional capacitor € in the grid circuit of the
wube (Fig. 24). With contact S closed the capacitor is charged
1o n negative voltage Ug which cuts off the tube, When
the contact opens the tube grid negative potential gradually
diminishes, as the capacitor discharges across the resistor
Ry When the tube “opens” and its plate current rises Lo
a value sufficient for the electromagnetic rolay to operate,
the relay contacts will ocither close or open the control
circuit,

The greater tha capacitance € and the resistance M,
the greater is the operating lime; however, the choice of
largo values of € and 1, is restricted by the leakago resist-
ance in the tube grid and capacitor. The resistance R,
should not be over 5 to 10 MQ and the capacitance C—more
than 10-20 pF. The maximum attainable delay is limited
to a scoro or two of seconds.

The u‘)"‘{\(mn relay can be used to control high-power
processes withow! additional clectromagnetic relays., The
(1"})"?(]\(!'_(“\ ﬁ§(‘s at A cerlain \*oltnge drop across its electrodes
:}\Enc zzxs called the firing potentinl U;. The firing potential

pends both on the design and physical properties of the

l§n:«‘mtmn relay and on the voltage U on its grid. Thus
:n‘;z\ r}xjmnent. of the relay firing can be controlled by chang-
g .

o ;\ fjch'?:nm,ic dingram of the thyratron relay is presented
Seiont "o I}f the control voltage Uy is absent or insuf-
My L0 Telay 1s “dend” and no current is passed through
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resistance R. On reaching avertain critical value Uy .y the
relay fires, its resistance becomes insignificant and current
passes through resistor R. To return the circuit to its initial
condition, the source voltage U,
should be switched off or reduced.

The photoelectronfc refay usual-
1y consists of the illuminator, pho-
toelectric  pickup, photocurrent
amplifier and output electromag-
netic relay. The illumination ele- Uy
ment containg a source of lighh
(incandescent lamp) and optic ele-
wents which {orm a natraw heam ‘}.-_5
of light. The photorelay pickup
receives the light beam and concen-  Fig, 25. Simple thyratron
trates it on the photoreceiver relay circuit
light-sensitive surface.

In most cases the photoelectric currents are amplified
by means of clectronic amplifiers since they possess stable

e Fig. 20. Photoelectronic yelay
a-~clreult operating upon Hghting; b
™ X ‘:! “m!u 'D clreult operating upon

chiaracteristics and ensure accurate operation of the ph
rclnsy.s m‘lm gnder ‘severa operating gonditions. ° phote-
impie photorelay circuits with a vacuum photoceld
(PE} and electron tube (T) d.c. amplifier are re}fresented
in Fig. 26a and b. These circuits difier only in the method
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of connection of the photocell. The photorelay in Fig. 26e
operates upon lighting the photocell; that in Fig. 266—
upon darkening it. )

Upon lighting the photocell, the photoelectric current
builds up a voltage drop across the resistor Ry which in
the first case reduces the negative bias on the tube grid
and in the tecond case increases this bias. The resistor Ry
is selected so as to ensure the required value of plate or
anode current in the electronic tube with a given value of
photoelectric current.

PLUG-AND-SOCKET CONNECTORS

Plug-and-socket connectors are used in radio equipment
for connecting individual units and subassemblies. Low-
frequency energy is fed through multicontact low-voltage
and high-voltage (hermetically sealed and non-sealed)
connectors.

High power is transmitted via special plug-and-socket
connectors which are either symmetrical or coaxial. Inside
a unit power is distributed between the individual elements
via inter-unit flat connectors The connectors consist of
a pin part fitted directly to the unit and a socket part fitted
to a flexible cable or to the subassémbly.

The force required for plugging in or pulling out the
connector differs depending on the number of contact pairs,
amounting to 10 kg and more. The contact resistance of each
pair must not be more than 0.01 Q. The insulation resistance
between individual contacts as well as between any con-
tact and the former should not be helow 1,000 MQ under
«norrrnal operating conditions and be able to bear the speci-
fied, a.c. voltage. High-frequency connectors must, in addi-
tion, have insulation with low high-frequency losses.

Non-scaled connectors type PHI are intended for con-
necting various electric equipment to the power mains of
::guéo (g??y'\a ta.t;.m 'Il;l}esez ctonnectors are intended for contin-

ient tem — °
and air humidity up to 70 pé): zztn\}:es from —15 to 435
Connectors of this type should not be used:

. in places not, protected agai i
ol and oreoan gainst the penetration of water,
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in media containing acrid gases and vapours in concen-
trations destructive to metals and insulation;

in explosive media;

in media saturated with current-conducting dust;

under vibration and shocks.

The are {; d with different num-
bers of pins (two-pin, three-pin and five-pin); they can also
be with or without a ground-
ing arrangemeni and can be 1.
vither attached to or built »
into a device.

Connectors of PHI type
consist of a plug and a socket;
never should the plog be dis-
connected from the socket
when the circuit is under Joad,

The conventional notation
of plug connectors explains
their design features, Thus in

1

12

~:/e.'n

N U

. r 0 . . -
filting diameter, Il for the shape
of the socket joint (straight),
1 stands for the number
of tontacts, D for the type of
cable (shielded), I for the
type of contact in the biock
{pin), 4 is a conventional no-
tation of the contact combi-
nation.

The socket of this type of
connectors consists of plastic
block 4 (Fig. 27) with four
sackets 6 and clamps § provid-
ed in it. The block is enclosed
in metallic housing 1. The cable lead is passed {uto the
sacket through a hole 18 mm dia in tho housing bottow.
The block is secured in the housing by means o 1Wo screws
4. The current-carrying elements aro jnsulated frong the,
housing by reans of circular spacec & and washer & T

Fig 27, Plug-and-sockot con
neetot



64 Chapter One. Circult Components

i acitors, semiconduc-

For smaller elements (resistors, capacl ,
tors) the lugs can serve as mechanical fasteners. The shape
of the lug should enable the wire or band-type leads from
the parts to he casily and reliably soldered (or unsoldered).

Fig. 29. Wiring panels
a—general view; b—fastening of plates

Usually each external wire is soldered to a special point
(lead) provided on the lug. In most cases there are two leads
on a lug. The lug type and method of its fitting are chosen
in accordance with operating requirements.

TUBE HOLDERS

Along with tube holders produced as a part of the tube
socket, separate tube holders are also employed.

Tube holders may be of various shapes and designs. Thus
tubes with 27, 32, 34.5 and 38 mm base can be secured by
holders made in the form of a plate spring (Fig. 30a) and
fastened with the same screws used for securing the tube
socket to the chassis. Four-point lugs on the inner side of
ﬂ}fz springy ring will firmly hold the tube in place during
vibration.

Another tube holder is illustrated in Fig. 30b. It is
provided with stand 3 and holding vane 7 which engages the
tube hase shoulder 2. The stand is attached to chassis 4
by means of a nut and a springy check washer. After the
tube has been inserted into the socket, the holding vane is

put an the upper shoulder of hase 2 and pressed by the nut
as required.
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Tube holders with tubular stands similarly secured to
the chassis and provided with a captive ring which holds the
tube by the bulb (envelope) top are also in common use.

fo)

Pointed lugs.

Fig, 30. Tube holders
g--circular plate-type; b~-with hold-down vane

FUSE HOLDERS

Reliable protection of radio equipment elements against
excessive cutrents is ensured by different types of protective
devices of which fuses are most commoniy used. A fuse

Fig. 31, Open-type fuse holder

comprises a thin metallic strip or wire {fusible link) whose
thermal stability has been reduced. The fusible link is en-
closed in a glass, ceramic or plastic tube with metallic cap
outputs {in good contact with the link) at the ends.

An open-type holder for tubular fuses, such as isillustrat- |
ed in Fig. 34, is located in accessible places inside the unit, *
For ease of maintenance these holders should be arranged

5343
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rated load. The shock absorbers under nominal load with-
stand vibrations of 50 c/s frequency and 10 g acceleration
during 100 hrs,

Bracket-type shock absorbers (Fig. 325} are serviceable
at —~40 to -160°C temperatures. The shock absorber deflec-
tion in the direction of force P, equal to the rated load,
is between 4 and 6 mm.

The deflection due to force @ does not exceed that affect-
ed by force P.

Proper operation of the shock absorbers, provided the
type is correctly chosen, is also dependent on theirlocation,
which is selected on the basis of weight, position of the
centre of gravity of the unit, frequency and amplitude of
vibrations or magnitude and duration of impacts.

CHASSIS

The chassis is the basic part of any electronic device
and is used for mounting electron tubes, resistors, capacitors
and other components. Flat-type panels from sheet metal
(steel or, more often, duralumin) are in common practice.
The use of sheet material provides sufficient rigidity of struc-
ture, required thermal insulation, and good electric and
magnetic shielding.

Heterodyne or similar circunits are assembled inside
box-like chassis so as to protect them against stray coupl-
ings with elements of the apparatus. As the solid metal is
noted for good thermal and electrical conductivity, the
heat-radiating components {vacaum tubes) are mounted on
one side oi the chassis, whereas tho<e easily influenced by
a change {e.g. induction coils
and resl:lors)—-on the opposite side.

The chassis design and configuration depend on the type
of the apparatus in which it is used. An important factor
in plating components on the chassis is whether the equip-
ment is stationary or mobile.

The variety of chassis shapes may be reduced to twa
principal types: box-type and flat chassis.

The box-type chassis is a bottomless box made from thin
sheets, In 2 number of cases a bottom plate or cover {or7
casing) is used to provide an additional protection - ®
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dust and mechanical damage as well as additional shielding.
The chassis is a tetragon in plan. The radio tubes and heavy
or large-size parts (transformers, induction coils m}d large
capacitors) are arranged on the top of panel 2 (Fig. 33a)
and smaller parts and most of the connecting wires are locat-
ed on bottom side 3. The rigidity of the panel is ensured
by bent cdges 4 which at the same time serve as supports.

Usually, this horizontal panel is mechanically connected
to a front panel or vertical wall I on which all the controls

(6} (c)

{a)

Fig. 33. Simple chassis {n); Gve-wall (bottomless box) (b);
four-wall (¢)

are arranged. The chassis of this type can he slid inside
a five-wall casing schematically illustrated in Fig. 33b.
In other cases a cover-type enclosure (Fig. 33c) is used which
is placed on the chassis from above, From below the chassis
is sometimes closed with a bottom sheet.

Box-type chassis can be mounted on racks and connected
to other units by means of plug connectors. In this case
the chassis are moved into racks along slides, and the front
panel is bolted to the rack.

Flat chassis is a metal sheet usually somewhat thicker
than that used for box-type chassis. The sheet is trimmed
to fit the inter-rack space and holes required for wiring
are punched. Tubes and large-size parts are mounted on. one
side of the chassis, the opposite side being used for resistors
and other small components.

This type of assembly is ideal for dissipation of generat-
ed heat and provides good access to the elements in serv-
icing, Flat chassis are used in radio equipment intended
for control of various industrial Processes,

Flat chassis can be mounted vertically in a cabinet
thus making the components easily accessible through
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rear doots. A U-shaped chassis, a variety of aflatchassis,
is widely used in radio equipment. Supporting flanges in
this type are formed by bending down the side edges. Two
U-shaped chasses joined together form an H-shaped chassis
which is exceptionally rigid and space-saving.

8. Decorative Parts

CONTROL KNOBS

Most of the contral and adjustment elements have shafts
extending through the front panel. For handy operation the
shafts are equipped with plastic knobs.

5) 1

A
=

Fig. 34 Knobs
a~plastic: b—beak"-type

A plastic control knob with molded-in metallic bush Z
is shown in Fig. 34a. The knob is secured to the shaft by
screw 2,

A “beak"™-type knob, illustrated in Fig. 34b, is small and
convenient for pripping. The pointed end 3 of the knob with
radial groove £ serves as an indicator of the knob position.
T the shaft is to be turned several revolutions, a handwheel
with a handle js more convenient than control knobs.
After a rough adjustment obtained by turning the handle,
fine tuning is effected by rotating the wheel (which has
a series of ridges or knurls to aid gripping).

CASES

. Cases (cabinets) of commercial radio equipment (spe-
cifically radio receivers and TV sets) are usually made of
wood or plastics,

P~
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As a result of temperature and moisture effects, the
wooden cabinets might be warped or twisted from the orig-
inal shape, and cracks might appear. Therefore the cabinets
of receivers or TV sets are commonly made from plywood
consisting of several layers of shelled birch-tree veneer
sheets glued together with hakelite or other resin.

To prolong the service life of wooden cabinets, they are
varnished and strengthened by fitting metal angles or strips
at the corners inside them.

Plastic cabinets are made by hot pressing different kinds
of thermosetting molding powders,

9. Vacuum Tubes

CLASSIFICATION AND CHARACTERISTICS

Vacuum tubes are extensively used in radio-electronic
apparatus; they include:

Receiving tubes designed for operation in radio-frequency
(up to tens of megacycles per sec) amplification and conver-
sion circuits. A special group of high-frequency tubes in-
cludes wide-band amplifier tubes used in television, radar,
multichannel telephone systems, etc.

. DOscillator tubes used in oscillators and power amplifiers
in high-frequency (up to 20-25 megacycles per sec) circuits
as well as medium- and low-frequency amplifier circuits.

Microwave tubes have also found wide application.
Modern radio equipment utilizes the following microwave
frequency bands: Very-High Frequency (VHF) or metre
waves (30 to 300 Mc/s), Ultra-High Frequency (UHF)
or decimetre waves (300 to 3,000 Mc/s), Super-High Fre-
quency (SHF) or centimetre waves (3 to 30 Ge/s) and Extra-
High Frequency (EHTF) or millimetre waves (30 to0 300 Ge/s).
The frequency bands thus designated include the lowest and
exclude the highest frequency cited.

‘ Klystrons, magnetrons, travelling-wave and reflected-
wave tubes_are used as power amplifiers or high-frequency
oscillators in the microwave band. Input travelling-wave
tubes find application in radar and relay system receivers.

High-power travelling-w
¢ g-wave tubes f{ind applicati i
various transmitters as output stages. pphestion A
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Catbiode-ray tubes for oscilloscopes and radar indicators
as well as for televisor kinescopes.

Receiving tubes are most extensively employed of all
vacuum devices and areavailable in a great number of types.
According to design they may be classified as folfowa:

vacuum_ tubes containing one tube system inside the
envelope (diode, trivde, pentode and so on);

duai tubes with two similnr tube systems in one envelope
(double-anode kenotron, double diode, double triode and so
on};

combination tubes containing severs! different tube
sysiems in one envelope and usually having one comwmon
cathode (diode-triode, double diode-triode, diode-pentode,
diode-hexade, ete.);

directly heated tubes in which the filament is at the same
time the source of electrons (cathode);

indirectly heated tubes in which the cathode, emitting
electrons, is insulated from the filament which is solely its
heater.

Tubes are manufactured in various shapes and sizes and
with different envelope materials.

Metal tubes (Fig. 35a) usually have a metal envelope
and an eight-pin plastic base with an aligning lug (key)
in the centre. Glass tubes (Fig. 35b) have a glassenvelope
and a plastic eight-pin base with an aligning lug in the
centre. Bantam tubes (Fig. 35¢) have output pins secured
right in the tube glass lottom; microminiature tubes
(lFI‘gh 35d) have a cylindrical or flattened all-glass

huib,

' oeoeme > with electrode
{eac pass through
at as throngh its
top and botiom. Lock-in tubes (Fig. 35f) feature a glass
bulb enveloped by a metallic base (shield) with an ahgn-
ing lug in the centre. The Ing end has 2 circular groove,
which, when caught by the spring of the socket, provides
focking the tube.

Disk-seal tubes (so-called lighthouse tubes—Fig, 35g)
have a glass envelope and a plastic eight-pin base with the
ahgning lug in the centre. The electrode leads are in the
form f metallic disks soldered to the stepped envelope.
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A special class of microwave tubes is composed of disk-
seal metal-ceramic tubes. These tubes are cmployed as
oscillator and amplifier devices throughout the whole spec-
trum of microwave frequencies. Metal-ceramic tubes feature
high operating temperatures and great design rigidity as
well as close tolerances of electrical parameters. These de-
vices are triodes (both low- and high-power) and tetrodes

(b}

{a)
(c}

@ {9)

el

i
Fig. 35. Vacuum tubes

ag--metal tube; b—glass tube; e--bantam all-glass tube: d—
miniature tube; e—acorn tube; f—-lock-in tuﬁe; g-—‘:iise}';-s(éalmt‘lflgg

(high-power VHF and UHF) and as a rule are employed
in special circuits with coaxial cavities.

Other types of microwave tubes, such as multicavity
klys_trpns and travelling-wave tubes are now manufactured
uul}xxzmg- the advar}tages of metal-ceramic technology.
- n e}mmplo_of pm_num}aeri_ng of tubes with the aligning

g on the base is provided in Fig 36a. The pins are numbered
glogk\x-xsg starting from the lug. The lug obviates errors
F“ msit;mng the tube into the panel. The pins are conven-
’liﬁgadi}; shownfby circles with the sequential numbers inside.
The ; gram of the base makes it possible to determine the

1 f;*lc gggmofl thef pin with a required tube electrode.
is illustrat dp‘e of a bantam tube electrode pin numbering

rated in Fig. 36b. Here the base is also viewed from
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Equivalent noise resistance Ry is a resistor on whose ter-
minals at room temperature a noise voltage equal to the
tube noise voltage (reduced to the grid circuit) is qbtained.

Q-factor is a parameter, characterizing the wide-band
amplification properties of a tube.

NOTATION

The tube notation system employs four elements marked
either on the metal or glass bulb.

The first element:

for receiving tubes—the number indicating the filament
voltage in volts (approx.); for oscillator UHF tubes—Iset-
ters I'V; for cathode-ray receiving and oscilloscope tubes
~the number stating the screen diameter or diagonal in
cenlimetres;

for stabilivolts (gas-filled voltage stabilizers)—lettersCL';

for barretters (current stabilizers)—a number indicatling
the stabilization current in amperes.

The sccond element:

for receiving tubes—a letter specifying the type of the
tube, viz.:

diedes . ... L. L., A
dual diodes . . . . ... ... ... ...... X
triodes . . . ... ... .. ... ..., C
dual triedes , . . .. ..., ..., ... H
triodes with one or twodiodes . . . . . . .. .. . iy
remote cut-oll pentodes . . ., ., . ..., ... K
screen grid sharp cut-off pentodes . . . . . . . . . i
frequency-converter tubes with two control grids , . . A
outpul pentodes and beam-power tubes . . . . . . n
pentodes with one or two diodes . . . . . . . . B
tuning indicators . ., . ., ... 0" B
kenotrons .0 o LT 31
triodde-pentodes . ., ,, ' 1)
triode-hexodes IT

 for oscilloscope tubes and kinescopes with an electrostat-
m—d{eﬂectmﬁ system—letters JIO:

ot oscilloscope tubes with an elect ic- i
system—Iletters JIM; romagnotic-deflecting

ne
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for stabilitrons—a figure giving the scrial number of
the device type; .

for barretters—letter B.

Oscillator tubes have no second element in their marking.

The third clement:

for receiving and osciilator tubes and cathode-ray tubes—
the figure giving the serial number of the device type;

for stabilivolts—a letter which has the same meaning
as the fourth element for receiving tubes;
. for batretters—two hyphenated numbers giving the
voltage of the beginning and end of stabilization in volts.

The fourth element:

For receiving tubes—a letter characterizing the tube
construction, viz.:

all-metal tube . . . ... ... . . no designation
lass tube . . . C
antam tube . .. ... oL .. I
minfature tube up 0 10 mmdia .. B
miniature tube up to 6 mm dia . A
*acormmtube L., ... ... . . TR
Jockdntube , ... ... ... T
disk-seal (lighthouse) tube . ., .. I

FEATURES OF TUBE APPLICATION
The reliability of vacuum tubes depends not only o
et Rt SRR TSt w S

R sl
in
nd

The causes of fajlure can be divided into two main
groups. The first group comprises mechanical damage of
-the tube parts—burning-out of cathodes and heaters; dam-
age of fastening of the tube electrodes to the leads; short-
circuiting between the electrodes caused by deformation
of the electrodes or by foreign current-conducting particles;
cracks in the bulb and in the tube base. The second group com-
prises changes of the electrical properties of the tube result-
ing in deterioration of tube characteristics.

TRadio equipment adjustment must ensure normal opers-
tion of a tube. The electrical parameters of the eleme=ts
must be in full compliance with technical specificatizes.
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The following are the most important parameters:
minimum voltage between cathode and heater, nominal
filament voltage, admissible electrode currents, power
dissipation on the electrodes, permissible resistance value
in the control grid circuit, operating temperature range,
mechanical loads. T

Particular care is given to reliable fitting and electrical
contact of the tube to its external circuit. The pins of the
tubes should be straight and have no traces of corrosion.
The straightness of pins is checked by means of ‘a special
gauge. Pins, bent due to negligence in handling or unsuc-
cessful attempts to insert the tube, must be discarded.

In fitting a tube into a socket it should not be rotated
about its axis for aligning the tube pins with the socket
jacks. The tube socket should be arranged so as to provide
proper fitting of the tube and a visual check.

The socket terminal lugs should be soldered only with
special gauges (or discarded tubes with straight pins) insert-
ed. The vacant lugs should not be used as support points
for wiring. It is strictly prohibited to use tubes which have
been under overload even for a very short time due to faulty

wi;ing or failure of circuit elements associated with the
tube.

10, Semiconductor Devices (Transistors)

GENERAL

~Inthe .last decade semiconductor devices have come into
wide use in electronics, radio engineering and automatics,
since tlt‘ey are much smaller in physical size than vacuum
tubes. Thus the volume of the bantam series tubes is 15 to
20 cm?, of the microminiature series tubes, 3 to b cm?,.
and that of semiconductor triodes type II5, only 0.5 cm®.
. In transistorization the reduction in apparatus volume
3;1 the greater, the less the volume of parts per one tube.
’ us} reduction is more marked in equipment using a large
tumber of standard stages (computers and other devices of

the commutator type).
or I(x]\e 3;10&1“0;1 to small weight and dimensions, semiconduc-
o esba so have a number of other advantages over
um tubes: negligible power consumption and voltage
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requirements (from fractions of the volt to several volts);
high reliability and long service life: insensitivity to mechan-
ical effects, in particular, to acoustic vibrations; great
mechanical rigidity, ete.

These features have stipulated extensive use of transistors
and semiconductor diodes in radio equipment instead of
vacuum tubes. In designing transistorized radio units use
is made of components which provide normal operation
at reduced (as compared to vacuum tubes) voltages and
power dissipation in individual elements.

However, present-day trapsistors have a number of
drawbacks: dependence of parameters on temperature and
frequency: low input resistance of transistorized amplifiers;
relatively low power output (especially at high frequencies);
comparatively high noise level which limits sensitivity
of amplifiers, etc,

Research during the last years has shown that many of
these defects can be eliminated. Hecent high-frequency
(drift) transistors can operate at frequencies of the order
of hundreds of megacycies per sec. The input resistance
of some transistor types is as large as that of vacuum tubes
{transistors controlled by a magnetic field—techunetrons),
High-power transistors with outputs up to 100 W have been
developed, as well as low-noise transistors, the noise level
of which is similar to that of vacuum tubes. New circuits
reducing the temperature effects have been developed.

The industry produces hundreds of types of semicon-
ductor devices which differ in design and characteristics.
Semiconductor devices hold a firm place in various radio
and electronic cquipment gradually supplanting vacuum
tubes, The use of semiconductor devices stipulates new
apparatus designs featuring printed and integrated circuits,
ete.

At present there are many types of low-frequency
transistors, high-frequency junction germanium trausistors
used as mixers, heterodynes, intermediate-frequency ampli-
fiers and high-rate switching. Other transistors are produced
to suit specific requirements (e. g. commutation).

Also available are temperature-stabilized transistors
which ensure a pulse rise and pulse decay time of the order
af 0.3 pisce with a commutation time of 0.5 psec; miniature
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point-contact germanium transistors used in TV sets as
video detectors and in high-speed computers. /
Junction silicon diodes feature ideal rectification char-
acteristics at relatively high temperatures (up to 16§° (_));
they can operaie at a current up to 1.5 A without artificial
cooling; they feature also negligible reverse current, even
at very high temperatures, and insignificant voltage drop
under full load; these devices are hermetically sealed.

TYPES AND CLASSIFICATION

Semiconductor devices have a so-called pn (electron-
hole) junction which represents a joint of two semicon-
ductors with different types of conductivity (electron con-
ductivity—n and hole conductivity—p). A barrier or deple-
tion layer is formed at the semiconductor junction.

The semiconductor device comprising one pn junction
and intended for rectification of alterpating current is
called a rectifying diode. A t{ransistor is a semiconductor
device comprising two pn junctions and capable of ampli-
fying or generating electric oscillations.

The chaice of transistor type is determined by the radio-
electronic circuit requirements and operating conditions.
Germanium transistors are commonly used at temperatures
up to 80°C, silicon transistors—up to 120°C. The latter,
though more effective at high temperatures, are character-
ized by a sharp reduction in amplification factor at low -
temlperatures (from —20 to —~60°C) and at low cur-
rents.

Junctior} transistors represent a system of two closely
spaceq pn junctions in one monocrystal of semiconducting
material and are most commonly used.

At_ present, semiconductor diodes and tranmsistors are
classified by the production technique and application.
Depending on the method of production there are alloyed-

junction, diffused-junction, rate-grown-i .
{ N -jun n-
version types. ’ g junction, and co

. All_oyefi—junction transistors are e
Ing circuits, trig
all low-frequency
sec) over a wide

1 mployed in r.f. switch-
gers, direct-coupling multivibrators, is
circuits (up to 10-20 megacycles per
power and current range.
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Diffused-junction transistors are used in high-frequency
ned circuits and aperiodic amplifiers, low-voltagehigh-
e pulse generators and S_Wltches;

cillators.

Conversion transistors are used in oscillators and ampli-
s of medivm-power and f y radio tr tters,

comparatively high-current and low-voltage switches
ith medium rates.

As to application, transistors are classified depending
t the permissible dissipation power on the collector,
ol frequency and current amplification factor.

The basic part of a transistor is the icond
ystal with a layer or layers of different conductivity
rpes. Each layer of tho semiconductor is provided with
lead. Thus an element with three leads (called emitter,
llector and base) is obtained. The element is enclosed
1a case consisting of the body (base) and the cnp. Depending
n the application either the collector or base is altached
> the body.

APPLICATION AND WIRING

The relationship between parameters of a transistor
nd temperature, time, operating conditions, frequency,
nd the dispersion of parameters unavoidable in the process
{ production governs the specific requirements which the
ransistorized circuit must meet, In checking and tuning
uch circuits the following should be considered:

In connecting the power supply care must be taken to
bserve the proper polarity, as otherwise the transistors
an be broken down. One of the methods to safeguard the
ransistor is to include a semiconductor diode series
iected 1n the power supply circuit.

The bodies of mains-operated semiconductor devices
nust have a reliable contact with the circuit commeon wire.

Measurements should be made with the use of a tube
roltmeter, since the internal resistance of instruments of
sther types is comparable to that of the circnit under check,
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and when connected, the instruments can appreciabl
change the current through a transistor. i ;

It is forbidden to break, unsolder or disconnect the base
circuit of an energized transistor, as this may increase the
voltage across the collector and cause breakdown of the
transistor. o

Particular care must be observed in checking the circuit
or replacing thecomponents with the power supply connected
(more safely to cut it off). . . ]

Adequate cooling of the transistor is of primary impor-
tance for its stable and reliable operation. With an overheat-
ing of the case and junction, the maximum and permissible
parameters (voltage, current and power) as well as the
thermal stability of the transistor will be reduced, and
almost all the parameters changed; thus cooling must be
the matter of special concern, particularly for high-power
{ransistors.

The transistor fitting to a heat-sink element should pro-
vide a reliable thermal contact. Poor contact due to warping,
poorly fitting surfaces, burrs, scratches and soiling in the
heat-sink are inadmissible. The_ temperature drop may
range from 1 to 40°C; under such conditions even a high-grade
transistor can be damaged due to poor contact and inade-
quate removal of heat, The transistor is isolated from the
unit chassis with the aid of washers of mica, polyvinyl
chloride films, bakelite lacquer, oxidized aluminium, etc.

Transistors operate at relatively low voltages, that is
why they are sensitive to various pickups and leakages.
In servicing transistorized components use is made of low-
;lé)lttfage (up to 12 V) d.c. soldering irons with a well ground-

ip.

Tl}e electrostatic charge accumulated in a human body
standing on a non-conducting surface may produce an electric
pulse sufficient to damage the transistor. Therefore it is
advisable to “ground” oneself before working with transis-
torized equipment.

The soldering should be done as quickly as possible
50 as not to heat the internal connections and parts of the
transxstor._ For the same purpose the leads are soldered
at some distance from the transistor body. The solder melt-
ing temperature should not be in excess of 150°C. The
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lead must not be bent closer to the transistor than specified.
If the bent point is too close to the glass insulators the
latter may be damaged, and the transistor sealing may be
disrupted. The leads should bo bent uniformly at a mini-
mum radius of 0.8 mm not to damage their conductive
coating.

Nipping pliers should not be used for trimming the
transistor leads as they produce a mechanical shock that
may damage the delicate internal connections; scissors
should bs Raaiians i A S
nose pliers .

Transis . . .
only. It is inadmissible to secure them by the leads, as
resonance oscillations due to vibratjons and jolis may dis-
rupt the hermetic sealing of the body or break the lead.
Low-power transistors are usually attached to the panel
with the use of a special cement.

Sometimes, belore installing, transistors are tlested
with the aid of an ohmmeter. Thiscan result in a complete
breakdown of the transistor, since many ochmmeters operale
with much greater voltages and currents than those speci-
fied for the transistors. Before carrying out this test, check
that the maximum permissible voltage and current of the
transistor are not to be exceeded; then make certamn that
the ohmmeter te be used has a high input resistance and
produces a small current.

TYPLS AND DESIGNS

Let's consider the design and features of most commonly
used semiconductor devices.
Rectifying ju " - .

U7 (Fig. 37) are » o
The operating fr P : st
50 ke/s. The maximum current amplitude at transients
(with a duration of 0.4 sec) is 25 A. Depending on their
¥ parameter values JITH] diodes are grouped into seven sub-
¥ types {JIT1]-21 1o JAT11-27). They are enclosed in a metal
2 body with a glass insulator.
#  The electric parameters of diodes J{7 are similar to
Sof diodes [IT1Y and they are similarly grouped into . -y

L T A TR
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from A7A to JITIK. They are manufactured in an all-metal
welded hody and are noted for high moisture resistance.
High-power rectifying junction diodes 302 to H305
{Fig. 38) are also designed for rectification of alternating
current. They are fabricated with a metal pressuvized body
provided with a radiator and a glass insulator for -the lead.
One of the clectrodes also serves as a mounting screw for
fitting the device to the panel.
Rectifying  junction silicon diodes J§202 1o J205
(Fig. 39) are unsed for rectification of alternating current
al frequencies up to 50 ke/s. They are
il ] fabricated in a metal hermetically sealed
body provided with a mounting screw
for the heat-sink, Their working tem-
per.}mre range is from —60 to +4125°C.
unction silicon transistors IISA to
M5 (Fig. 40) are used foramplilication
o‘[ audio frequency electric oscillations.
'Uui\ydmi)c (;;mduced in glass hermetically
sealed bodies,
) Germanium transistors I8 to TI1
fFig. 37. i nH e . .
8, T (Fig dia) e ntended o spliation
amtypes AFOL to quency eleciric oscillations
111‘1?11-%';; - ?ﬁ'f‘?"“ in ptlnsh-puncircuits without a trasnform-
; er. They are manulaclured with a met-
Rosible leads Theﬂlthcrmehcaﬁy sealed container with
Hexibie leads. emperature range for the colleclor
jun%t.l](-m is_between 1100 and ~G0°C.
_ otlicon junction transistors TI101 to 11103 (Fig. 41b
:;}‘fé;}l:‘i‘;dgsc;gggglgrl‘lfay hxgh-fmquenc_y electric oscillatigns?
ney telosed 1 metal hermetically sealed container
provided with flexible leads. Their temperat i
))QL\I\'PQH ~B60 and +12OQC‘- perature range 1is
Jiflusion germanium  transistors [14 ' :
S 4 . $1S 101 o TIA03
g:(:ﬁ T{zlc)rﬁre mtend;ad to generate and amplify r.f. oscilla-
_They are made in a metal hermetically sealed contai
provided with flexible leads. The maxi y sea‘ed container
onerati . aximum and minimum
aitd fgogém}mmmre§ of the collector junction are <-80
transistors 1112, TG, 11407 (Pip. iy oney 1, Sermanium
. . . . 14 . . n
high-frequency amplification and osciliation. enced o




Fig. 38. Tligh-power junction diedes 1302 Tig. 39, Tunction silis
ta J1305 con diodes 1202 to
| —Indium; #--bulb (envelope}, 3~~tube; 4—insu. 205
ator, s~-lead; 6~crystal holder, 7—heat-sink
element

Fig. 40 Junction germanium dtodes NSA to TSN
1—tmitier, g—~base, 3—cotfector

Fig. 41. Transistors

a--germanium trausistors T8 to ITft, d-—-silicon junctio !
101 to 11103, c—~dittusion rermaniuvm tnmlsmnjl“(\lll t‘}: ‘nr:ual,'ﬂ’:

L T408, I40T, J—
tor; 2--base, 3—~emitier ¢ » Joeotlec-



CHAPTER TWO

MOUNTING

11. General

The problems of mounting radio equipment require
clo ¢ attention because of high labour requirements and
the marked effects of mounting operations on the parameters
of equipment.

Depending on the radio apparatus design and the scale
of its production, the mounting operations constitute from
50 to 75 per cent of the total labour cost. This is due to
varions features peculiar to radio engineering industry,
the basic of which can be summarized as follows:

1. The complexity of modern radio equipment and
dovices, presence of long multi-loop circuits in the unit,
and a great number of inter-unit connections which call for
adjusting and tuning operations and, in a number of cases,
require mechanical work.

2. Complexity of operations required to ensure the
desired physical parameters (resilience, permeability, re-
sistance, etc.).

3. Considerable percentage of adjusting and finisning
operations.

4. Insufficient mechanization and automation of mount-
ing operations,

In designing radio equipment particular attention is
paid to the easo of fabrication of individual components,
elements and the apparatus as a whole, as it has considerable
efiect on labour consumption and cost.

Improvements in general design have great influonce on
the assembly process. Following are a few examples.

Tig. 42a illustrates a block with 12 different parts in
which holder 7 and associated eclements, stop 6 and lead
10 with wire 11 are altached to block 4. The block is provided
with bush 5, rivets 8, auxiliary bush 12, and cover plate 9.
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drying and long air seasoning, This design is inapplicable
in flow hoe assembly. Constenction of the unit shown in
Tig, 44b makes it possible to replace the formerly used
binding material with air-polymerizntion materials, thus
considerally reducing the drying time,
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operation of fastening it to the body; the use of putty how-
over extends the process of assembly and fouls the operator’s
bench. .

A plug connector attachment more suitable for produe-
tion {Fig. 43b) has been designed, in which the plug connec-
tor serves as the mandrel in moulding the apparatus body,

{a}

Fig. 43. Versions of plug-and-sackel connector fitting
a-—-poorly adapted for production; b—well adapted tor production

i.e. the body is-infegral with plug connector. This method
eliminates preliminary assembly of the plug connector,
saving time and labour; in addition, the number of parts

Fig. 44 Attachment of plug-and-sockel connector to body
a-~poorly adapted tor wroduction; b-well adapted for production

required is reduced, the operation of attaching the connee-
tor to the body is eliminated and the sealing of the body
improved.

An.othgr method of atiaching the plug connector to the
body is given in Fig. 44a. For better sealing, the plug con-
Dector is coated from the inside with a cement (nitrocellulose
enamel with gypsum} which requires a constant-temperature
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drying and long air seasoning. This design is inapplicable
in flow line assembly. Construction of the unit shown in
Fig. 446 makes 1t possible to replace the formerly uced
hinding material with air-polymerization materials, thus
considerably reducing the drying time,

Two ways of sceuring a glass part to a device body are
lustrated in Fig. 43¢ and b. In the first case (Fig. 450)
the glass part inserted into body
5 is clamped with ying 1 and {0} (b) 2
cemented with putty 6. This
method 1equires a period of time
for polymerization of the putty
whick, hawever, does not ensure
adequate protection from  ditt
and moisture. More so, the appli-
cation of (he putty iz Iabour-
cansuming.

In the second case (F1g 4Hh),
packing ring 4 i~ first litted into
the body, followed by glass 3 7
which is pressed with the aid of  Fir 43, Two serwians of
special spring 2 made m the  fitting a glass to the bodv
shape of a truncated cone st gopoyh sgarts for froduc:
for better springing This meth- duction
od ohviates the cementing
and polymenzation of the pmity, improves moisture-
and dust-protection of the body.

Usually the ease of fabrication of an apparatus and its
constituent elements is estimated with the aid of a certain
system of accepted enteria of fabrication which can he
absolute and relative.

Absolute cntena of fabrication are used mostly when
the production of a given device has been organized for the
hrst time and s design cannot be compared with any
similar device from the pmnt of view of its adaptalnlity
to production

Relative criteria arc used when there are <everal sumlar
designs which can be compared from the point of view
of fabrication. These designs can be the successive modern:-
zatjons of one and the same device and can also present differ-
ent devices of similar design manufactured simultaneously.
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{2. Detachable Joints

Detachable joints enable parts to be connected or dis-
copnecied many times without deformation. Mounting
with the use of threaded joints (screws, bolts, nuts, wood
screws) is the most widely employed method of detachable
conuection of parts.

Threaded joints in radio engineering have the following
distinctive features: rapid assembly, sometimes up to
10 sec, extensive use of screws and nuts of different shapes

{a} {b) fe)
AN it
ey 8 e 15)

{a)
{f} {9}
ap I B

Fig. 46. Principal types of screw fastemers Fig. 47. Screwed

&V

employed in radio engineering connections
a--rectangular-head  screw; b—round-head screw; a~—open-type
c~-hutton-ticad screw; d-—sunk-head screw; e—pin: b-—-clgscd-tys")pé

f—hexagonal nut; g-stepped hexagonal nut

and diax.nev:ers.less than 6 mm, necessity to ensure a torque
value within close limits and to preserve the external finish
of the parts being assembled.

The principal types of threaded joints are screws with
straight and cross-shaped slots and various shapes of heads,
bolts and nuts with hexagonal and round thumb heads, pins
and wood screws without washers and with flat and spring
washers (Flg: 46). With the aid of these parts open- and
closed-type joints can be made (Fig. 47). Threaded ele-
ments may also be employed as contacts, hinges, etc.

] The. cheice of the right teols is of primary importance
:in.makmg threaded connections. Thus, the size of the screw
river should accurately match the screw size, otherwise
cither the required strength of the joint cannot be obtained
(];r the screw slot will be damaged. Nuts and bolts should
e tightened with captive or socket wrenches only. Pliers
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or other improvised tools should not be used for this pur-

0se.

? Calibrated tools with adjustable torque are in comman
use for tightening screws, bolts and nuts, Torque wrenches
and screw drivers ensure a required tightening force and
automatically disconnect the wrench head or the screw
driver blade from the handle when they are overforced.
In mass production use is made of pneumatic and electrical
tools {speeder wrenches or nut runners).

The variety of technological requirements cails for
the use of tools of different design.

in large-scale production it is more expedient to use
stationary single~ and multispindle speeder wrenches since
they allow both hands to be used in work. In addition, the
weight of stationary tools is not so drastically limited,
which allows us to make the wrenches reliable in operation
and with extended service life. The choice of either single-
ot multispindle machine iz governed both by the design
of the device assembled and engincering and cost con-
siderations.

In mounting medium- and large-size units and units
in which the fastencrs arc fitted from several sides and in
difficult-to-reach places, universal-lype portable electric
or pneumatic speeder wrenches are more convenient. Be-
sides, they are much cheaper than the stationary ones.

On the work benches and conveyer lines in mass- and
Yarge-scale production use is made of electromechanical
light and small-size speeder wrenches with fiexible shafts,
But in batch production of radio devices mounted on stands,
it is recommended to use tools with flexible cords and air
hoses and with built-in clectric or pneumatic motors,
since they are morc convenient.

When choosing the type of drive, one should remember
that for mounting work-on stands in large-scale production
it is better to use pneumatic-drive tools, since these are
more reliable 1n operation and lighter; in small-scale pro-
duction speeder wrenches with electric drive not requining
compressors are preferable.

Straight and angular speeder wrenches are used, as the
case may be. The tools can be mounted and fixed on the
working station by different methods
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Connection of threaded parts with the use of gadgets
i= cmployed when it is necessary to mechan‘xze au.\‘gh_ary
operations: to locale the screw in a definite position,

to assemble the screw and

{ washer, to feed the fastener

under the speeder wreneh tip.

| With driving screws and bolts

or nuts, the tip should easily

) fit the tool spindle and trans-

7 mit the necessary torque to

! the screw, bolt or nut. The

{ types of tips and their seals
are presented in Fig. 48,

frnn bateh produclion for
tightening JTastencrs ol MIL7
to M4 thread diameter the elee-
tramechanical speeder wrench
shown in Fig. 4% is used. Serv-
ing as the drive is a commu-
tator wotor 2 with bunift-in
, Yeduction gear 3 and helder 7 attached to shaft & of the

reduction vear by means of pin 6.

The replaceable tips are secured to the holder with the
aid of spring 8. The fasteners can also be tightened by hand
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Fig. 4. Electromeebanical gpeeder wrench

{to inerease the torque). For this purpose ratched digk 4
is fitted on the cover o

[ reduction gear : this disk .

R : gear 3; this disk engages
?:“t‘}““}eﬁ pawl and, on turning the electric motor housing,
raticmits motion to the tip. In operation the speeder

wrench is not fixed in positi i i
v 3 sition, and is swilched ‘eSS~
ing push-button 7, , o ov by depress

-
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rig. 50) are Irequcn\ly
n stands and penches

\§
oyed for as® bly operati®
atch production- The W n a cock
y 2 oot-0per 4 valve press 4 air otsles four-
e pncumal' 18 whose ¥ 2 turns 10

jc mo p otof
ngs 14 and 11. The motien to s indle 3 fitted in housing
is lrnnsmil\cd through

Fig. 50 Pocumalic speede? wrench

a frictiont cluteh (dishs 8 and 6)- Friction disk 813 ccured
o the rotot shaft by means of screw g, disk 618 attache

to the cp'\ndlc by means of pind and screw 7.The c\muuc:\h\e
nstalled in the spindle cyhm\nc:\\ hole and fa~

tened by foching 108 L o flal surfac

The llg\\\cmngl que % cpe! dent ant he pressure exert-
3 on sCr€ r nut be nghten ewing the fas-
eners home by nand there 18 SPT 7 which acte as @ pach-
Tunning cluteh. F\c\lb\c hose 17 (rubiber be 4 6 or
¢ v 8 mm s m\mduccd into connecting yranch 16 follow-

ing which tush 151 serted o the hose end and the
connecting pranch 18 screwed wnto the housing threaded
note. Tins :\uachmcul is handy and rehiable 30 opera
tion.
When ascembling acrew jonts. only final ughtemns o
the joint 1° done usIng the tool all othe crations af
done by hand. Large-<iz® threads should e \ubncn\cd wit
oil or grease \m‘orc\mnd.

n aesemnbling multiscrew joints (c.g- fastemng UM
1o the chassis with the ad of 3 large number of screws &
ants) * definite sequence of opcralions <hould be ohsers
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Connection of threaded parts with the use of gadgets
is employed when it is necessary lo mechanize auxiliary
operations: to locate the screw in a definite position,

ing as the drive is a commu-

to assemble the screw and
H
I.‘

tator mofor 2 with built-iu

<t washer, 1o fced the fastener
L 3
L) !_.ﬁ under the speeder wrench tip.
'“' Eg—i With driving screws and bolts
rednclion gear 8 and holder 7 attached to shalt & of the
reduction gear by means of pin 6.

|
% or nuts, the tip should easily
] 7 fit the tool spindle and trans-
mit the necessary torque {o
“ the screw, bolt or nul. The
™| types of tips and their secals

m are presented in Fig. 48.
; ; In batch prodnetion for
! lightening fasteners of M1.7
Zﬁ’ to M4 thread diameter the elec-
tromechanical speeder wrench
shown in Pig. 49 is used. Serv-
The replaceable tips are seenred to the holder with the
aid of spring 8. The fasteners can also be tightened by hand

ig. AN Types of tips -

/1
=

e

Fig. 4. Electromechanical speeder wrench

{10 increase the lorgue). For

N this purpose v
is Btted on the cov purpose ratched disk 4

er of reduction gear 9 this disk

¢ gear 3; this disk engages
E:\otl'mh‘ler_ pawl apd, on turning the electric motor hausing,
U transmits motion to (he tip. In operation the speeder

wrenchisnot fixed in positi i i
\ ) sition, and is switched on by depress-
ing push-button 7. , e

-
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Pneumatic speeder wrenches (Fig. 50) are frequently
employed for assembly operations on stands and benches
in batch production, The wrench is turned on by a cock
or by a foet-operated valve. Compressed air rotates four-
blade preumatic mator 72 whose rotor 12 turns in ball
bearings 14 and 11. The motjon 1o spindle 3 fitted in honsing
10 and turning in ball bearing 4 is transmitted through

1 2\ 3456789 012 3 KBiissn

Fig 50 Pneumatic <peeder wtench

n friction clutch (dishs &8 and 6). Friction dish § 1s secured
1o the rotor shalt by means of screw 9; disk 6 s attached
1o thespindle by means of pin5and corew ¢ The changeable
tips I are installed in the spindle eylmdncal hole and fas-
tened by a loching lug wuh a flat surface

The tightening torque 1= dependent on the pressure exeit-
ed on serew or nutl bemg tightened  For screwing the fag-
teners home by hand there s spring 2 whech acts ac a hack-
running cluteh. Flexsbie bose I7 (rubber tube 4 6 or
6> 8 mm) i1s mtroduced into connecting branch 77 follow-
ing wlnch bush 15 15 inserted into the hose end and the
connecting branch is screwed mlo the honsing threaded
hole. This attachment 15 handy and reliable in opera-
tion,

When assembling serew joints, only final tightening of
the joint 1 done using the tool; all other aperations are
dane by hand  Largesize threads should be lubricated with
oif or grease beforehand.

In assembling multiscrew )oints (c.g. fastening units
to the chaseis with the aid of a large number of scrows and
nuls) a definile sequence of operations shiould be observed
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g0 as to avoid warping and deformation of the unit. Usually,
the operation is performed step by step, working from the
centre to the edges of the unit.

During operation of the equipment the screw joints can
loosen up due to shaking and vibration, and individual
screws and nuts can even completely turn off. This is avoided
by locking the joints.

The inadvertent unscrewing can be prevented by two
methods: by creating sufficiently large friction between the
connected clements of the structure or by the application
of special auxiliary parts.

Required friction between the screwed surfaces can be
obtained without additional parts. Sometimes unscrewing
is prevented by the use of paint or varnish if the joint is
not to be dismantled frequently. This method gives good
results for small-size serews (from 3 to 6 mm in diameter).
Best results are achieved if enamels are employed.

The measures against accidental wunscrewing using
special additional elements are resorted to in cases when
the joint is to be dismantled often enough, as required by
production or operating conditions. This method is also
_used for rarely dismantled joints employing large-size
* screws or holts (more than 4-6 mm in diameter).

_ There are many various designs of locking devices. The
simple one comes in the form of a lock nut on the screw or
bolt above the basic nut tightened up so that it is in good
contact with the latter. A disadvantage of this method is
t}}at the joint becomes heavier due to longer bolts and addi-
tional nuts, and the joints are not quite reliable under
heavy vibration.

In case of a multibolt joint the inadvertent unscrewing
can be dealt with by passing a lock wire through special
Loles in the bolt heads. The wire is stretched in such a man-
;1;31'1 tthz}t af%er twisting its ends it should facilitate ghe

ghitening of the bolts or screws. Another method of locking

serew joints is with the aid of cotter-pins.
radiI;) ﬂreq!g?;f“ eﬁtenswel){_ employed in the mgunting of
washers which dueai% flla)elli xs"g:ll?g D
silience provide the tightness

fastenors, g unintentional loosening of the
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13. Permanent Mechanical Joints

Making permanent joints of elements is one of the most
common operations in the assembly of radio equipment.
Permanent joints are those which cznnot be dismantled
without considerable destruction of the connected parts
or materials.

These joints are made with the use of solid or hollow
rivets (pistons) by soldering and brazing, by using plastic
deformation of the metal of indisidual elements or parts.
Also by welding, pressing, puttying and cementing (for
sealing with the use of thermoplastic and thermosetting
materials), by filling, sewing, caking, etc. Of these mainly
used in the astembly of radio equipment are riveting,
flanging ont, soldering, welding and cementing.

in this zection we shall deal with mechanical joints
of parts in assembly, viz. riveting and flanging out; the
other methods will be considered in the following sections
of this chapter.

RNIVETING AND FLAMGING OUT

In riveting (or flanging out) the d parts are
tightly pressed together. The resulting friction prevents
mutual displacement. The rivel or pin on one of the parts
is driven in and the material fills the hole provided for
the rivet or pin.

Fig. 51 illustrates the process of making a permanent
mechanical joint by directly flanging out a pin. The same
process referred to nivets is illustrated in Fig. 52. The por-
tion of the pin or rivet to be flanged or driven is shown in
Figs. 51 and 52 by brokea lines.

Non-metallic parts are generally connected with the
use of tubular and semihollow rivets (Fig. 53). The hole
for the rivet should be larger than the rivet shank diameter.
When connecting 1nsulating matenals (such as ebonite,
textolite, hardened paper) the holes are made slightly
larger than thoxe in metal pasts. )

Various types of rivets are used in radio engineering;
the most common of them are iflustrated in Fir. 54..
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i ity riv joint it is 1 tant to choose
For a high-quality riveted joint it is importar .
2 rivet wiﬂgl a shank length sufficient to obtain a dx_'xven
d of proper shape and thicknes_.s. )
heaThe drIi)veg or closing head of the rivet can be of dlfiergnt
shapes, The clearance between the shank and the material
can also be different, depending on }he joint in question,
and the rivet itself can be made of different materials with
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Fig. 51. Flanging out connect- Fig. 52. Riveled joints

ing pins
a—lforming a countersunk head;
t—button head; c—fiat head; d—
cone head, e~—round-top counter-
sunk head

amount of deformation varying with a shank length and
method of riveting. Therefore the required length of the
rivet shank is selected experimentally. For approximate
calculations of the shank length the following formula can
be advantageously used

l=s54+1.5d

where d—shank diameter in mm;
s—1total thickness of sheets or plates to be riveted,

Riveting can be performed by two methods. With the
first method, the riveting tool strikes the set or manufac-
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-ed head while the driven head is formed by the shank
ing pressed against a hold-on. With the other mc}hod,
» tool strikes the end of the projecting shank until the
ven head is formed, the manufaclured head being held
the hold-on. X .

The pin or rivet shank is inserted into the hole with
e aid of a support. Supports are frequently made with
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1. 53 l\i\'cl.ing with tuhular Fig. 54. Types of nvets
and semihollow rivets s—button head, b—countersunk

head, e—1lat head, d-—round head,
e—~tubular; r—rod rivet, g--spe
ciat-type, h—piston-type Tivet

wable jaws 7 which grip part 2 (Fig. 55) protecting it
ainst hending and flattening in the process of riveting.
1all-diameter rivets are fitted into the hole with the aid
tweezers or pliers. To protect the rivet head from damage,
¢ plier jaws are annealed or provided with inserts of
fter metal (brass, copper).

In case of misalignment of the holes in the parts to be
14 together or if the punched holes are not smooth enough
ey are calibrated by reamers without increasing the
ameter. “Catchers™ (locking pins) in the shape of rods
ound at one end to fit the holes are used to prevent mutual
splacement of parts that are to be joined together by
veral rivets,

The catchers are inserted into the holes which are remote
sm each other and are arrested by their shoulders against
1¢ of the surfaces of the part to be riveted. After that the
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rivets are fitted in. If the rivets are numerous, they are
first fitted into every other, third or fifth hole, inserting
the remaining rivets after these have been slightly
riveted.

The parts to be riveted and the rivets themselves are
generally made of steel grades 10 or 20, stainless steel,
brass, copper, aluminium, duralumin. Duralumin rivets
are tempered beforehand. Hollow rivets and parts are often
flanged out on drilling machines (Fig. 56) and sometimes
on lathes. This method of flanging out is extensively
employed for large-size parts. ’
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Fig. 55. Support used in rivet- Fig. 56. Flanging out tubular

ing connecting pins rivets on a drilling machine

High-quality rivet joints can be obtained if the peculi-
arities of the riveting process are taken into consideration.

In connecting metallic elements of a structure, possible
fluctuations of the hammering force will have little bearing
on the quality of the joint. However, if non-metallic and
particularly low-elastic elements are joined, the fluctdation
of applied force during riveting is of great importance and
it can be the cause of defects and even destruction of the
clements. If it becomes evident that uniform force cannot
be ensured flanging out should be used.
_ Sometimes the edges of the flanged-out rivets are addi-
tionally caulked. This method provides a good connection
of the parts, however it is accompanied by considerable
strains in the joint which prevent the use of thismethod
for connection of brittle elements (ceramic, thermosetting
plastics or hardened paper).
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RIVETING EQUIPMENT

Pormanent joints in radio equipment aro also made with
the aid of mechanical, hydraulic, prneumatic and electro-
magnetic presses. Lot us consider those most widely used,

Mechanical presses ave frequently employed. 1}f\mct\onul
disgram of a pendulum-typo foot-operated press is presented
in Fig. 57. During operation lever 7 turns about axis 2

L
Fig. 57. Foot-operated pendulum Fig 58. Diagram of high-
press speed riveting mechine

in the direction shown by the arrow. Connected to the
lever, link 8 moves slide 4 down to the work located on the
table. The stroke of the slide is adjusted by screw & as re-
quired. This press is very convenient, as the hands of the
operator are free, and he can align and hold the parts
when required,

Riveting, caulking and Danging operations in radio
engineering are carried out with the use of specialized

hanical riveting hi Figure 58 illustrates a func-
tional diagram of o high-speed riveting machine designed
for producing permanent joints with small-size rivets;
it can also he used advantageously for flanging out bushes
and for other operations.
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machine is powered by electric motor Z through
a bzilzatransmission imparting rotation to crankshait 2 by
means of friction clutch 3 turned on and off by foot pedal 4.
The crankshait is linked to draw rod 13 provided th}x shock
absorber 72. During shaft rotation the draw rod imparts
vibratory motion to beam II (with wooden bar 10) about

Fig. 59. Functional diagram of automatic machine for pressing pins
into sockets :

the beam Iulecrum. The wooden bar serves to reduce noise
from shocks against spindle 9 which is attached by a leather
strip to bar 0.

Spindle 9 is provided witha key and freely passes
through the hole in worm wheel 8 rotated from worm § which
inils turn receives rotation via a belt transmission from pul-
leys6 and 14. Driving pulley 74 turns jointly with crankshaft
2. The machine kinematics ensures a reciprocating and rotary
motion for spindle 9 and hence to set die 7 (or flanging-out
device) secured on the spindle taper. These operations of
the tool provide good shaping of the rivet heads and proper
fllanging out combined with high efficiency of work.

Pressing operations are performed with the use of auto-
matic and semiautomatic high-efficiency machines. Figure 59
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represents the pictorial of an antomatic machine intended
for pressing rods into the plug connector tubes. The machine
together with an_ electric motor is mounted on a 200 X
% 500 mm panel. The automalic machine is driven by
worm I and wheel 2 from an electric motor rated at 0.25 kW,
1,350 rpm. The worm is turned via clutch 28 which auto-
matically disconnects the electric motor, if the parts fed
to the machine are not of standard dimensions.

Cam gears 72 and 27, upper die 26 and rotary shaft 22
with cams 23 are operated from worm wheel 2 {itted on shaft 3
provided with eccentrics 4 ard J.

The antomatic machine operates in the following manner.
Contact tubes duly selected and pul into feeder Jare ejected
by means of lever § and cam gear 72 through a slot into
receiver 70. From the receiver the tubes onc by one pass
into the slot of slide 13 and subsequenily cam 12 feeds
them onto lower die 24, Receiver 10 also serves as an inter-
rupter.

pﬂods to he pressed in are supplied to feed bin 7, When
lever G vibrates, they pass by way of tube 17 into receiver 24
whence they are fed to recess 79 of rotary shaft 22 with
cams 23. Shaft 22 is turned (to position the rod horizon-
tally) by means of pusher 16 and cam gear 27. The rod is
further moved by needle 15 from the shaft recess into the
contact hush at a depth adjusted by movable needle holder
17 in the slot of slide 18 driven by cam gear 27.

On completing the ahove operations, shde 13, actuated
by spring 20, rotary shaft 22 and spring 21, returns to the
initial position. At the same time upper die 26, driven by
eccentric 5, forces the rod into the bush Spring 25 returns
the upper die into the original position,

Hydraulic presses for fabricating permanent joints are
generally used in the process of preliminary assembly.
They are powered from a built-in motor and, in certain
designs, {rom a general-purpose hydraulic mains.

A simple hydraulic press is presented in Fig. 60. It
comprises electric motor I which dnves the pump. The
latter forces oil through a slide valve, operated by handle 2,
into working cylinder 8 fitted with pressure gauge 4. The
oil under pressure forces the pistan with slide 5, carrying
the working tool, o move to or fro.
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Pneumatic presses used for assembly are generally
operated by compressed air from the shop air mains and,
in rare cases, by a special unit. Compressed air, passing

Fig. 0. Pictorial diagram of a small-size hydraulic press

through the valve, is supplied to the air distributing device
whence it is directed into the cylinder and moves the piston.
Pneumatic presses feature percussion-type operation due

3

\g \8

Fig. 61, Functional diagram of lever-type pneumatic press

to kinetic energy accumulated at the end of the working
stroke of Lhe piston and connecting rod carrying the tool
at its end.

T}xe press design illustrated in Fig. 61 is intended for
flanging out hollow rivets and riveting. It consists of body J
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justalled on base 5, air cylinder 4 (100 mm in diameter)
with connecting rod 3. The connecting rod rests against
Jever 2 hinged on axle 13 and tensioned by spring 12. The
short arm of lever 2 is hinge-connected to spindle 17 carrying
punch 70, The spindle is given a translatory motion via
tever 2, connecting rod 3, operated by pneumatic system 6
and starting cock 7, controlled with the aid of pedal 9.

The starting cock has four branchings, three of which
are connected to pips lines and the fourth is used to discharge
waste air. Gear wheel 15 mounted on the axle at the lug
of the starting cock body serves to switch over the air flow
in the cock. The wheel is turned from rack 74 which is
moved by the pedal and is returned to the initial position
by spting 8. The force exerted by the machine is up to
1.6 tons, with the compressed air pressure in the line of
3 to 5 atm.

Electromagnetic presses cmploy electric magnets fed
by d.c. or a.c. If powered by a.c., they are supplied directly
from the power mains, d.c. presses require intermediate
rectifiers which convert a.c. into d.c. Electric magnets
designed for a.c. operation are less economical and more
complicated than d.c. magnets, due to which the latter
are more sxfensively used.

The electric magnets daffer in desygn depending on the
application. Usually the procedure of designing a d.c. mag-
net for the presses with a given force F (in kg) and gap &
(in mm), defining the connecting rod stroke, amounts to
determining the number of ampere-turns and the coil wind-
ing data.

Electromagnetic presses based on the use of solencids
and electric magnets are now widely employed in radio
engineering for riveting, flanging out and other aperations
associnted with the produetion of permanent joints. In these
machines the prime mover and the tool are combined in
onod unit which allows to gain space and convenience of
operation.

An electromagnetic press of this type is shown in Fig. 62.
It consists of a cast or welded body with base 7 and mounted
on it coil 2 of the solenaid, and core & within the coil. The
solenoid is hinge-connected by draw rod £ to beam § rigidly
fitted on axle 9. On the other end of the beam a counter.
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weight is fitted which lifts the solenoid core wit}{ the draw
rod (when the solenoid coil is deenergized) until it rests
against stop 6. In some designs springs are used instead
of the counterweight. The springs are operatc.d' either by
compression or tension depending on their position respec-
tive 1o the beam fulcrum.

Yoke 7 is fitted to the other end of axle 9 which goes
through the press body. Draw rod 10 hinged to slide 11
is fastened to a pin in the yoke slots. The required tool
is attached to the lower end of the slide.
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Fig. 62. Functional diagram of eclectromagnetic solenoid press

The parts to be assembled or stamped are respectively
placed in the appropriate assembly contrivance, or lower
dic 12 located on base 7 and aligned with the slide. The
slide stroke can be adjusted vertically by means of stop 8.

The press is controlled by a foot pedal which switches
on coil 2 of the solenoid after which the coil retracts core 3.
This action forces down slide 17 with an appropriate tool
at its end (through draw rod 4, beam §, axle 9 with yoke 7,
and draw rod 10). On releasing the foot pedal, the solenoid
coil is decnergized and the counterweight (or spring in
other designs) will return the system to the initial position.

14, Soldering Wire Connections

GENERAL

Solglering is intended to obtain a permanent joint of
megalhc parts with the aid of a molten metal or alloy (solder)
which, on cooling, forms a seam, holding the parts. In the
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process of soldering a mutual dissolution and diffusion
of the solder and the metal of mounted parts take place
which provide mechanical strength, tightness, electric and
thermal conductivity of the soldered foint.

The soldering temperature is below the temperature
of melting of the parts connected (in contrast to welding).
The temperature of the solder should be somewhat higher
than its melting point. This is necessary for complete
filling of the gap between parts and {or good wetting of the
surfaces,

The process of formation of soldered joints can be divided
into the following stages:

heating the basic metal to a temperature near to the
solder melting point;

melting the solder;

spreading liguid solder over the hard metal surface and
filling the gap between the parts;

partial dissolution of the basic metal in the liquid solder
and mutual diffusion of metal;

cooling and erystallization of the solder.

In practice, the listed above stages overlap each ather
and nre also accompanied by certain auxiliary proc-
gsses.

Soldering is performed with the aid of fluxes which
protect the surfaces to be joined against possible exidation
at elevated temperatures. Fluxes not only form a liguid
or gaseous protective medivm but also additionally clean
the surface of the parts from dirt, dissolve oxide films and
promote better flowing of the solder into the gaps between
the parts.

Various non-ferrous metals and their ajloys are used
s solders (hard or soft). Soldering with the use of hard
solders is known as brazing.

Hard solders or brazers (copper. copper-zink, silver)
have high melting points (700 to 800°C) and can ensure
sufficient mechanical (tensile) strength of 2 joint (up to
50 kglmm?).

The melting point of soft solders is below 350°C, their
mechanical strength 1s relatively low (texsile strength is
from & to 7 kg/mm ). Usually tin-lead, biemoth, cadmivm
and other alloys are employed as soft solders,
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Both types of solders are extensively used in radio
engineering; wiring connections, however, are made with
soft solders only.

SOLDERS AND FLUXES

Jook-up wires are joined with the aid of tin-lead solders
HOIC~40 agd IIOC—GiJ and tin-cadmium solder ITOK-56.
Solder ITOC-61 is used for tinning current-conducting ca})le
cores, cable terminals, contact lugs, and for solderxqg
joints which can be heated to 250°C. Solder HOC—61015
used for joining and tinning parts heated not above 200°C,
and solder [IOK-56 for tinning and joining parts that can
be heated up to 140°C. .

Solders may be either in the form of a tube filled with
colophony (rosin-core) or as rods or wire of 3 to 4 mm in
diameter. Rosin-core solder is preferable; it is made in the
form of a round-section tube of small diameter filled with
colophony flux. The main advantage of such solders is
that the application of solder and flux to the joint takes
place simultaneously.

Rosin-core solders improve the gquality of a joint,
appreciably save time in mounting operations, and are
convenient in work. In addition, this considerably reduces
expenditure of solder and flux. An important feature of rosin-
core solders is that only required amount of flux is supplied
to the joint and that the solder melts when the flux is already
heated to an active state. The amount of flux in the core
varies with the type of solder.

The use of rosin-core solders rules out the possibility
of incidental fouling of the flux as it might happen with
rod or wire solders when flux is applied separately.

In the simplest design rosin-core solder is made in the
shape of a tin-lead alloy tube filled with flux (Fig. 63a).
This construction has certain disadvantages, as flux supply
can be interrupted, if there are hollows in the flux core;
E\lso the flux can flow out and evaporate before the solder
is melted in which case no good quality of joint can be
expected.

The possibility of formation of hollows in a rosin-core
solder and of interruptions in the flux supply may be reduced
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9. Neither the flux nor the products of its disintegration
should emit harmful gases. .

As it is usually impossible to wash soldered joints to
remove the flux remainder completely, the fluxes used
should meet additional requirements.

The flux should not leave remains capable of corroding
the soldered parts, and the evaporations emitted during
soldering should be harmless for the surrounding parts if
accumulated on their surfaces. The flux remainsshould
be highly resistive to electric current (be a good insulator);
the flux should also be hard and smooth so as not to accumu-
late dirt and dust causing leakage of current. The flux
remains should not be hygroscopic, otherwise in case of
excessive humidity, it will absorb moisture producing
electrolite on the surface of the joint and resulting in
current leakage and corrosion.

Colophony is the best to meet these requirements; this
explains the wide use of this material as a flux for soldering
interconnections in radio devices.

In wiring operations liquid rosin (colophony) and com-
pound JITH-120 are generally used as fluxes. Liquid rosin
(30% solution of rosin in ethyl spirits) is used for soldering
in most wiring operations; flux JITH-120 is used in soldering
on nickel- or zink-plated steel tags, in soldering wires of
resistive alloys (constantan, nichrome, and others). In
soldering printed circuits with a hard-cardboard base flux

JITH-115 is used as it does not impair insulating property
of the hard cardboard.

SOLDERING METHODS

To clean scale off the soldering iron tip the heated iron
is dipped into a lump of colophony or wiped with a coarse
cloth. When fouled and darkened the lump of colophony is
replaced with a fresh one. Pits on the tip surface are removed
by filing. Following that, the soldering iron is wetted on
all sides in colophony and dipped into the solder.

The temperature of heating of the soldering iron depends
on the solder grade (Table 4).

The soldering temperature is controlled by varying the
voltage applied to the tool. Under normal operating condi-
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Table 4
Characleristics of Solders Grade IIOC and NOK

‘Temperature, *C

Soider grade
solder U | saidertng tron

noc-40 235 250-260
110C-64 190 200-210
TIOK-56 124 $40-150

tions the solder should melt quickly but not roll down from
the tip end; colaphony does not burn instantanecusly but
romains on the tip in the form of boiling beads. Care must
be taken not to overheat the soldering iron.

A thin coat of flux is applied to the joint with the aid
of a soft brush,

To avold defective (cold) soldering joints, the joint
area should be heated to the solder melting point by pressing
the flat side of the iron (but not the edge of the tip) to the
joint so as to ensure a maximum heating area.

In certain cases heal removal (heat-sink) is required.
Soldering with heat-sink {ensured by means of farceps pro-
vided with copper caps at the ends)is performed if the dis-
tance from the point of soldering to the radio component hody
is less than 8 mm (Fig. 64a), when soldering bare wires
or leads enclosed in polyvinylchloride tubes (Fig. 64b),
and also in soldéring Jugs of plass leads in sealed components
(Fig. G4c).

In soldering, rosin-core solder is held in the left hand
and, with the soldering iron in the mght hand, js applied
to the joint area simultaneously wilh the iron tip.

When rod solder is used, the method of soldering is simi-
Tar 10 the described above differing in that the flux is first
applied to the joint area. If the left hand is to be free during
soldering (for instance, when using a heat-sink), molten
solder is transferred to the joint area on the soldering iron
tip, preliminarily cleaned in a lump of colp,

) y phony (solder
after melting remaing on the Up end in the form of a
small run).
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During soldering care should bo taken not to touch the
adjoining components and wires with the heated portion
of the soldering iron. In wiring in tight places heat screens
are employed. In the process of soldering the apparatus
must be protected from drops (splashes) of sol.dcr and flux.
Drops of solder must be immediately removed with tweezers.
When soldering ends of flexible wires o “floating” lugs
the latter must not be “flooded” with solder. When soldering
cable terminals check that the solder cements the wire

fa) b) ()

Soldering

e

Solenrjhy
ot

Fig. G4. Soldering with the use of heat-  Fig. 65. Soldering of a

-1

12 3 &
Ty

sink wire to contact of plug-
a—with o simclmz hetween  &oldering polnt and-socket connector
and Dbody; b—soldering of wires or leads

enclosed in tubes; c~soldering of hermetically
sealed components

current-carrying core to the inner and cnd face surfaces
of the terminal lugs and also covers the butt end of the
core and slot between the lugs.

The procedure of wiring plug connectors is as follows
(FFig. 65). Fit on the soldered wire a polyvinylchloride
{pve) tube 2 (15 to 20 mm in length) of an internal diameter
equal to the diameter of contact 3 of the plug connector.
Insert cleancd end of wire core £ into the hole of the plug
connector contact and solder it. After washing the assembly
and checking the quality of soldering, fit the pve tube onto
the contact and soldered joint until it rests against plug I
of the connector.

If several wires of more than 3 mm? total cross section
are soldered to a plug connector, special transitory contacls
should be employed. In this case a longer pve tube should
be taken. The wires are soldered in a clockwise direction
starting from the lower row of plug conncctor contacts. If
the wires (bunched conductors) are soldered to the contacts
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before the plug connector is fitted to a unit, the connector
shauld be clamped in a vice (Fig, 66). The use of the vice 1
allows us to fix a component or unit 2 in a required position
and thustofree the left hand. The plug connector is protect-
ed with a felt pad 3,

The ends of the shielding braids of several wires are
soldered s shown in Fig. 67, Sometimes the ¢nds of shielding
brajds I are fitted and soidered into one cable terminaj

Fig. 60. Fasteang of plog- Fig. 67, Soldering shielding
and-anchet conneetor in a vice praid of wires to body fug

which is clamped under the fastening screw of a plug con-
nector instead of connecting to body tag 3. The conductors
are soldered to contacts 2.

The conductors and shielding braids of r.I. cables type
PK are soldered fo the contacts of coaxial conneetors in
many ways, depending on the type of connector and method
of eable-end sealing. In the process of soldering particular
care must be taken not to damage the internal polyethylene
Insulation. Low-temperature solder [101i-56 is used. If
2 spacer (presshoard or linoxyn tube) is placed between the
shielding braid and insulation, solder TIOC~D can be used.
. To remove flux remains, the joint area should be washed
immediately alter soldering (before the metal cools down)
with a calico tampon wetted in spirits and wound on tweez-
ers, The use of other solvents for cleaning is not recommend-
ed as they may damage the varnish coating and the marking
inscriptions.

After soldering, the apparatus and wiring should be
blown out with compressed sir to remove dust and wire
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leftovers; gun-type nozzles are recommended. The complete-
ly finished and cleaned wiring is carefully located (ar;anged)
as required on the chassis by means of forceps with pve
tubes fitted on the forceps ends. Great care must be exercised
in arranging the wiring so as not to break or cut the current-
conducting cores of the wires and the leads of the
hook-up radio elements and not to shortl-circuit the bare
wires.

The wires should not obstruct reading of marking
inscriptions and uninsulated components or bare wires
should be at least 2 mm to one another and to the chassis,
and 1 mm to the insulated surfaces.

5. Application of Electric Welding in Mounting
of Circuil Elements

The electronics industry extensively uses welding to
obtain permanent joints. Large- and medium-size unils
are welded from elements either taken from stock or after
machining. Small-size parts are usually welded in the pre-
liminary assembly scctions, i.e. after final machining.
This order is characteristic mostly for the production of
medium-grade precision radio devices, in which accurate
finish of the surfaces is not required.

In radio-components industry use is made mostly of
clectric welding processes (spot, seam, -upset arcwelding);
gas welding is employed much rarer.

Spot welding is employed for lap-joining of sheet mate-
rial. Components from sheet steel of low-carbon grade
up Lo 10 mm thick can be welded; non-ferrous metals (alu-
minium, copper alloys, etc.) for spol welding should be
not thicker than 3 mm,

The spot-welding process features high productivity,
though components or units of box-like construction jointed
by means of spot welding are not hermetically tight. Besides,
spot welding induces stresses, particularly, in the weld
spots and for this reason high-precision components often
cannot be connected using this technique.

_ As aresult of spot welding, characteristic round depres-
sions, 1.¢ the imprints of the butt ends of the electrodes
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the surface. In case of considerable averheating
;in:\axiann‘:;al, the imprints are d.eep and are difficult to he
removed by cleaning or grinding.

Seam iwelding is employed when it is necessary to
obtain tight lap joints. In this process the stucks_ or paris
1o be joined ate fed between roller electrodes which leave
a tontinuous track-Jike seam. .

Upset welding ensutes 2 reliable joining of components
or stocks of different metals. In butt-resistance welding
the components brought together with their butt faces are
heated by an electric current passing t..hrough the junction,
and, on reaching the plastic state, are tightly pressed togeth-
er, thus ensuring a strong joint.

Flash welding consists in fusing the components and
pressing them together ejther under current or without it,

Electric arc welding is geperally used to connect sheet

P and el of iderable thickness and
dimentions, as weil as for joining components of intricate
conbguration which cannot be welded otherwise. Electric
arc welding i3 vesorted to for joining bodies and box-shape
tomponents, bratkets and instrument racks, ete.

Arc welding of very thin sheet components (from 0.5
1o 1.0 ram) has always been something of a problem. The
welding is realized with the aid of a low-power welding
gen;:—)nxr ensuring a stable arc al welding currents of 20
to .

A new trend in the develop t of radio engineering
is the introduction of automatic welding for wiring opera-
tions, In addition to lower plion of labour, automa-
tion sets ap conditions for designing flat. units which are
nore ot for hapization apd antomation of
the mounting and wiring operations as a whole.

Automatic and hand welding of wires utilize the heat
of aa electric are to obtain permanent joints of metals.
The wites to be welded are placed into the hales of a plate
or welding firtare end are reljably pressed by clemps 0
obtain 2 gued contans, v P "

A diegray of wntomatic welding and formation of ;”:‘{'

[oints 8 presenteq in Fig. 68 i it,
H - g. 63. Assembly uni} g
'::? {3“ be welded is placed on the base of W« - 'm'm

preseed o the fatter by clamps 27 ,
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flat carbon electrode 5 is arranged under the wires to be
fused.

When the electrode approaches the projecting wires of
the components 6 to be jointed a welding arc is formed be-
tween the electrode and one or several conductors. Due to
a continuous movement of the electrode in the required
direction all joints are welded in one stroke. As soon as

= ]
I~
= 6
0
o
7% 1
4 &
Fig. 68. Diagram of automatic welding and formation of welded
joints

the carbon electrode reaches the limit position, the arc is
broken and welding stops.

) Usually in the process of automatic welding of connecting
wires either the group or the conveyer belt technique is
emplo.yed.‘ The first method is better suited for welding
electric wiring of individual units with several joints, the
seccond—for welding complicated assemblies with a large
number of joints. The schematic process of formatjon of the
welded joint by group and conveyer welding technique i--
shown in Fig. 692 and b.

In group welding (Fig. 69a), leads I of the unit mountes,
must be prepared beforehand—cleaned, cut and bent a°
required. The leads thus prepared are laid down into weldin
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Lxture 2 in which special clamps 3 press the leads of the
comporents togetber, formicg & [oist. To exsure the proper
bunching of the lead exds to be welded acd protecticg
the components from carbon dust 2zd wetal sputter in
certain designs special heat sereens are provided. Welding
is achieved with flat carbon electrode f under unstable arc
conditions. Arc excitation at the instance of cason electrede
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tion treatment as £y f=== #2iing and are Lid ints tie
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flat carbon electrode 5 is arranged under the wires to be
fused.

When the electrode approaches the projecting wires of
the components 6 to be jointed a welding arc is formed be-
tween the electrode and one or several conductors. Due to
a continuous movement of the electrode in the required
direction all joints are welded in one stroke. As soon as

F-4
£

Fig. 68. Diagram of automatic welding and formation of welded
joints

the carbon electrode reaches the limit position, the arc is
broken and welding stops.

) Usm}Hy in the process of automatic welding of connecting
wires either the group or the conveyer belt technique is
emplo.yed: fI‘he first method is better suited for welding
electric wiring of individual units with several joints, the
second—for welding complicaled assemblies with a large
2‘:3%2?{ of Jct)'u;)ts. The schematic process of formation of the

oin Fou y i i i

sho}vn iix i }(;9%1 anpd abrfd conveyer welding technique is
n group welding (Fig. 69a), leads I of the uni

must‘ be prepared heforehang—-cleaned, cut ar;‘g n}x)gﬁ;xtzi

required. The leads thus prepared are laid down into welding
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ixture 2 In which special clamps 3 press the leads of the
components together, forming a joint. To ensure the proper
bunching of the lead ends to be welded and protecting
the components from carbon dust and metal sputter in
certain designs special heat screens are provided. Welding
is achieved with flat carbon electrode ¢ under unstable arc
conditions. Arc excitation at the instance of carbon electrode

Fig. 69. Formation of welded Joints using the group (a) and
¢ conveyer line (b) jweldlng 1echniqus

contact with conductors is facilitated by electrode vibra-
tion with a rate v, besides constant speed movement at
a rate v,

In conveyer belt welding (Fig. 69b) components I of
the unit under assembly are subjected to the same prepara-
tion treatment as for group welding and are laid into the
base of fixture 2, The ends of the Jeads ol components 1
{or of units) are passed through special holes in the base.
The diameter of the holes and their depth must ensure the
assembly of the ends into compact bundles required for
obtaining high-quality wiring. The base of fixture 2 is
pressed to conveyer 5 by holder 3.

Welding is performed with the aid of disk electrode 6
rotated at a constant speed in a direction opposite to the
advanco of the joints being welded. To facilitate reliable
excitation of the arc unler a continuous feed of joints to
be welded, & bigh-frequeucy voltage is superimposed on the
arc welding voltage.
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The unit is assembled and welded in special assembly
trolleys 4 placed on the conveyer instal_latmn (Fig. 70)
equipped with a welding head. The electric current 1s_ied
to each joint via vertical tag-type leads which come into
electric contact with the rotating disks of a special contact
device during conveyer motion.

Group or conveyer welding conditions are selected depex}d~
ing on the number of welded joints and the cross section

Fig. 70. Conveyer line installation with 'a weldi g head for
assembly and welding of a unit

of the metal. The welding heads are powered from a stand-
ard transformer at idle current voltage of 20 to 40 V.
Carbon feed rate is adjusted by the operator in the process
of welding.

Speed v of feed of the parts towards the rotating carbon
disk on the conveyer installation with the welding heads
depends on the speed of rotation of the drive station rotary
shaft. The speed of rotation of the carbon is constant {be-
tween 6 and 10 rpm). Carbon electrode 8 is made of the
graphitized substance used in arc furnace rods.

To ensure good welding of the assembly joint, the metals
of welded components 2 installed on block 7 should be select-
ed in proper combinations and percentages. Notable for
good weldability are combinations of copper-copper, copper-
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Y ™,
(\? Fig. 71 Radio components
welded using the conveyer
fine welding technigue

bronze, copper-tombac {copper and zink alloy), copper-
brass, tombac-bronze. Silver or tin-lead coatings on the
leads welded improve the structure in the fusion zone, form-
ing alloys, ruling out possible burning of the copper con-
ductors and retaining their mechanical strength. After
welding the joints are cleancd of deposited carbon dust and
oxides with the use of a rotating brush. The welding head
is instailed underneath the conveyer beit.

Units welded with the use of conveyer line welding are
titustrated in Fig. 71, The employment of welding heads for
folning radie units greatly improves the quality of the
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joint, at the same time reducing labour costs by 2 to 5 times
(Table 2). Table 5

Consumption of Labour in Assembly, Sol«}ering and
WeldingPOpcrnlions {Manual and Automatic Methods)

Hand soldering

reid- Reduction in re-
Eér“'fég’%%; N ’Sgr“fogeégs qaired Jabour
Unit ) er
Operation “h“;s' Operation Tg‘,}:' operation Total
Tub: socket|Assembly}2.35 Assembly|1.14| 2 times :
Soldering } 2.35| Welding {0.11] 21 times 3 times
Dynamic Assembly | 0.57 | Assembly | 0.31] 1.85times .
%oudspeak- Soldering { 1.3 |Welding }0.14] 9.3 times 3.43 times
er hlock
Capacitor | Assembly{0.95| Assembly{0.33{ 2.85times :
z?nd resis- | Welding {0.3 | Welding j0.05] 6 times 2.6 times
tor unit
Intermedi- | Assembly|0.65]| Assembly}0.65 — :
ate-fre- | Welding {2.2 | Welding {0.22| 10 times | 1.0 times
quency
transformer

TV set | Assembly]7.2 }Assombly|1.66} 4.3 times 5 times
\t‘%vet“ Welding {2 Welding {0.14} 4.1 times N
lock

In designing assemblies to be jointed by automatic
welding, the following should he taken into consideration:

all the contact joints should be arranged in one plane
and on one side of the base;

the lead ends projecling beyond the base surface should
be from 8 to 10 mm long;

the nature and volume of metal of the conductors to be
welded should be selected on the basis of good weldability;

in case of the group welding technique the units are
to be designed for assembly in fixtures with the use of clamps
to compress the conductors and supply the welding current;

the unit design and all the hook-up elements should
provide free access of the current-conducting clips to the
conductors welded;

in conveyer line welding the joints should be arranged
in a definite order so as 1o ensure successive current
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Adbesive Materials Used

Adhesive
material

Composition

Technology of gluing
process

Bakelite
varnish

Methanol
glue

Crment
D2

Cement
1304

Cement
Ba-6

Cement
B3

Cement
71007

Polystyrene
frive

Acrylic
rhe

Thermo-
prene glue

Eopaxy glue

Alcoholic solutfon of phe-
nolformaidehyde resin

Methanol 4 benzoyl perox-
fde or uitrlc nctd from ito
%% by welght

Alcohollc solutlon of phe-
notlarmaldehyde resin with
certain additives imparting
various properties to glue

Sate

Satne

Same

' 20% polystyrene shavings,
80% benzene (by welght)

2.3% orgonie gings shav~
ings, 07-88%  dichloro-
ethane (by welght)

Natural rubber treated
with  organic suilo nclds
{10-122,) and composition of
gagsoline with benrzene §8-
805 (by weint), ratio 214

tpoxy resin 3B-4, dician-
dlamide and Hting matering

Polymerization by rising
temperature in steps from
110 to 150°C, Pressure at
gluing from 3 o & kg/em?

Talymerization at 2025°C

Polymerization at gradu-
ally rising temperature from
60 to 120°C. DPressure at
giuing from 5 to 10 kg/em3

Polymerization at 8Q°C.
Pressure at gluing from 5 to
8 kpfem?

Polymerization at 60°GC.
Pressure at gluing from 2 to
4 kp/em2

Polymerization at {00 to
$36° C. Pressure ot pglulng
from 0.5 to 4.5 kp/em?

Gluing is due to evapora-
tion of benzene, Pressure at
gluing 2.5 to 3 kg/eme

Gluing is due to evapora-
tion of dichloroethane. Pres-
sure at gluing 2.5 to 3 kg/cm3

Gluinp i due to evapora-
tion of gnsoline nnd ben-
zene, Pressure at gluing 4-
§ kg/em3 with simultnneous
heating to 170°C. Thickness
of gluing layer ¢an be { to
2

Polymerization at 150°C.
Pressure ot gluing trom 5 to
T kg/om




in Radio Engineering

Table 6

Properties of cementlng layer

Range of
working 1em-
peratures, °C

Tenstle
strengilt,
kg/cmd

Reslstance to mols-
ture, Hquids

Application

~-50 to +60

60 to 70

~60 to 480

—80 to +80

—80 to +80

—60 to +80

50 to 460

—80 to +50

—i0t0 470

—10 to 4159

80-90

250

50-200

50-140

50-80

50-70

110

50-100

§0-180

Resistant to trzns-
former oll. Not mols-
ture-resistant

Resistant to trans-
former ofl, gasolize
and kerosene, Not
molsture-resistant

Resistant to oile,
gasollne,  kerosene,
mineral acids, mofs-
ture

Same Also resist-
ant to heavy sibra-

Same

Resistant to mols-
ture, acids and alka-
Hes

Resistant to olls,
acids, sea water

Resistant to mols-
ture, acids, sea wa-
ter, beary yibration

Resistant to acida,
alialies, mujsture

Gluing of hardened paper,
textolite, electric cardboard,
plastics, wood In any com-
binations

Glulng of materials In any
combinations Brass surfaces
are glued after tinning

Gluing of any metaillc and
non-metallie  materfals in
any combinations

Same

Gluing of fabrics, cello-
phane, triacetin, cellulold,
mica, etc.

Glutng of glass

Gluing of polystyrene, ce.
menting of thin wires of
Irduction colls

Gluing of organic glass

Gluing of different brands
of rubber to metals Brass
should be tinped prior to
ghulng

Gluing of metal® and
other matertals [n d)iferent
combinatiens Cementing
layer has packing propertles
(though not hermetlc) Can
be used under tropieal eon-

djtions



Adhesive Muaterials Used

Adhesive

Technology of glulng

material CO!H]\OS(”OI\ DProceRs
Baketite Alcolole eolution of phe-| Tolymerization by rising
varnish noltormaldehyde realn temperature In kteps from
{10 to 150°C. Pressure at
glulng trom 3 to 5 keg/em?
Methano! Methanol - benroyl perox-|  alymerization at 2045°C
wlue fde or nitrle acid from 1 to
3% by weight
GCement Alcoltalle solution of phe-| Polymerlzation at grado-
BO-2 nolformnldehyde resin with | ally rising temperature from
certafn additives fmparting { 60 to {20°C. Pressure at
various propertien to glue gluing from 5 to {0 hg/em?
Cement Same Polymerization at 20*C.
R4 Dressure at gluing trom 5 to
§ kgrfem?
Cement Sume Polymerlzation at 60° G,
K6 Pressure at ghuing from 2 to
4 kpfome
Cement Poly
BO-a X olymerization at 100 to
Cement Same f30° C. Pressure at gluing
FiD-5 from 0.5 to 1.5 ki/om?
Polystyrene 200 polystyrence ahavings,{ Gluing {8 due to evaparn-
rhie 80, bensene {by welght) tion of hearene. Pressure nt
rluing 2.5 to 3 kp/em?
Acrylic 3% orgnnie plass shav-| Gluing I8 due to evapora~
rlue fnps, 07-08¢,  dichloro-| tlon ot dichloroethane, Pres-
ethiane (by welght) sure at gluing 2.5 to 3 k/cm?
Thermos Natural rubber  treated| Gluing i8 due to evnpora-
prene gplue Wwith organic sulto achis|tion ot gasoline and bene

Epoxy glue

(10-42%%) and compoaftion of
gasoline with benrene §8-
008, (by welght), ratlo 2: ¢

Epoxy resin OB-4, dician-
diamide and (Hng mutertn}

zene, Pressure at glulng &
G kp/em® with almultancous
heating to 170°C. Thicknesn
of gluing layer can he | to
on

Polymerization nt 150°C,
Prersure b pivndng from 5 to
7 kglem?
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Table 6

Properties of cementing layer

soge of | Tensile Resiatance to moté-
X - { strengtit,
Pttt |

Application

50 to 480} 8030 Tesistant 1o 17ADS-
tormer oll. Not mols-
ture-reaistant

~80 1o 470} 250 Realstant to trans-
former oll, gasollne
ard  kerosepe. Not
molsture-resistant
—80 1o 480} 30-200 { Resistaut to olls.
gosaline,  keronene,
mineral aclds, wolss
ture

--80 to 480 50-140 Same Afso resist
ant to heavy vibrae
tion

—80 10 430} 5080 | Bame

~80 to 30| 50-70 Sawe

—50 to 480 - Resietont to mols-
ture, acids and alka-
ies

~80 ta 350 ua Reslstaut to olls,

acids, tea Water

=40 to +70 1 50-100 | Resistant 1o 1mdly-
N tre, atids, sea Wa-
ter, beavy vibration

~T0 to+150] 60-180 | Resiatant to acids,
alkalles, molsture

Oluing of hargened paper,
textolite, electric cardboard,
plastics, wood In any com-
binations

Oluing of materials jn any
combinations, Brass surfaces
are glued after tinning

Glutng of any metalile and
non-metaliic iaterfals in
any combinatiaas

Same

Olulng ot labries, cello-
phane, triacetin, celluiold,
mica, ete.

Gliulng of glass

Giuing of polystyrene, Ce«
menting of thin Wires ot
induction coily

Gluing of orgasic glass

Gluing of differeny brands
©of rubber to metaiy Brass
shouid be tinned prior o
glufng

Glulpg  of metals and
other matesials in ditfesent
combinations,  Cementing
1syer Ras packing properties
(though not hermetie), Can
be used under tropical con-
ditions



CHAPTER THREE

WIRING

17. Essentials of Assembly and Wiring

Successful wiring of a radio apparatus requires that the
rules of assembly and wiring operations are thoroughly
observed. The assembler, when performing his work, must
have a clear understanding of the operating conditions
of the apparatus, and must ensure casy repair of the appa-
ratus in operation or replacement of components, and check-
up of the radio circuits.

The apparatus is assembled in strict conformity with
the adopted technology, adhering to the following succession
of wiring common to all kinds of radio equipment:

wiring of panels, switches and other isolated units
(prior to fitting them to the apparatus chassis);

assembly of bare wire jumpers;

assembly of isolated wires;

mounting of preassembled units and fitting the wires
running from them on the chassis;

laying out bunched conductors on the chassis and wiring
the conduclors;

wiring the hook-up radio components (resistors, capac-
itors, etc.).

In each particular case, however, the above-listed succes-
sion of assembly and wiring can be partially changed,
if required.

Any® apparatus must be fabricated in compliance with
the drawings and specifications and adopted methods of
production.

Still higher requirements are imposed upon the assembly
of radio devices, as the quality of the assembly will guar-
antee proper output parameters which ensure reliable
dovico operation.
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The wire or cable ends are stripped of insulation wit}
the use of special tools or contrivances which rule ouf
possible cuts of the wire cores or individual cable conductors
The ends of the external textile braid of wires should be
prevented from tousling and creeping.

The braided shields of efectric wiring not exceeding
100 mm in length are connected to the body.in one point
those longer than 400 mm—at two points and are groundes
at both ends (except cases specified otherwise). The method
of processing braided shields and of soldering grounding
wires (“whiskers”) to them must exclude the possibility
of damage (burning) to the wire insulation. The edge of the
braided shield should he at a distance of 1 to 2 wire diameter:
from the sliced insulation end with a voltage helow 500 V.
at a distance of 20 mm with that below 3,000 V, and 40 mm
when it Is abeve 3,000 V.

Untinned current conductors of wires and cables shoulc
be cleaned of oxide film prior to tinning.

Clectric wires should be ~onnected with the contac!
tags without stretching them, leaving a reserve of 7 t
10 mm at each end for another stripping and soldering
operation. When elongating wires, they should be firs
cannected by soldering and enly then twisted. .

Wires are connected between themselves and with the
leads of hook-up elements only by means of terminal blocks
or tags (lugs). Not more than three wires are to be soldered
to one contact tag (including the leads of hook-up elements)
and not more than two wires of no more than § mm® total
cross section should be soldered to glassseal contact lugs.

Rigid leads fitted into glass and ceramic components
should not be bent in the process of wirizg.

Multiconductor wire cores conzertsd to clamping con-
tacts are fitted with cable grips.

Washers should he placed te 2 cable grip and
insulating plate, as well as vz=2e ozt or kead of tke
clamping screw.

Bantam tube socket legs 2=
wired with a master form ¢r ¢
the sockets thus firing trs ==

Wire connections tp ¢
with bare wire laid al~ez 132

cirer ~Toating” Ioz
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Jugs (without sagging). The minimum spacing between hax:e
wires and chassis depends on the working voltage anfl is
specified in flow charts; it should comply with the given
below:

-

Operating voltage, V. up to 127 220 380 500
Minimum spacing, mm 3 5 7 9

Jumpers of bare wire and the leads of hook-up radio
elements are insulated with polyvinylchloride tubing only
in case of possible short-circuiting. either between themselves
or with adjoining surfaces, and this should be specified
in the flow chart.

It is not recommended to use rigid wires for connections
between the lugs of elements which can shift with respect
to one another due to vibrations or jerks, as well as between
floating lugs (as, for example, between floating lugs
of bantam tubes, etc.). The wire insulation must not be
damaged; if so, it should not be mended with insulating
tape or varnish.

Care must be taken to ensure a sufficient spacing (not
less than 5 mm) between certain components (e.g. vitri-
fied resistors) and movable elements. Electric wiring in the
immediate proximity to components emitting heat must
be with heat-resistant insulation cables. The cotton insu-
lation of wiring must not get in touch with non-insulated
wiring elements (cable cores, contact tags). If shielded wires
may come in contact with non-insulated sections of the
circuit, they must be provided with a coating in the form
of insulating tubes.

Two or more eleciric wires (shielded wires as well)
should be bound into a bunch. Each branching of wires
from a bunch of conductors must be tied. The knots of cotton
thread loops made on a forming board should be arranged
on the lower portion of the bunched conductors (on the side
facing the chassis). A.c. circuit supply conductors (50 and
400 c/s frequencies) are twisted in pairs over their entire
1engt!1 prior to bunching. The bunched conductors must
not lie on fastening parts (nuts, screws, clips), obstructing
access to the latter.

The radius of bending of leads of the hook-up components
should be not less than their doubled diameter (thickness).
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Abrupt bends of the leads and bends at a Jevel with the com-
ponent casing are impermissible. The length of the leads
of hook-up resistors and capacitors from the casing to the
soldering point should be from 8 to {5 mm. The leads of
semiconductor elements are bent and soldered at a distance
of not less than 10 mm from their bodies.

{n wiring transistors their base contact is connected
first. In mounting polarized parts (all types of AT-N semi-
conductor diodes, electrolytio capacitors) the proper polar-
ity of their leads must be observed.

The hook-up elements are spaced from each other and
from 2ll other current-conducting surfaces at not less than
2 mm. This distance can be reduced to 4 mm, if a coating
of the wiring with moisture-resistant enamel is specified.
The hook-up parts should be connected so as to make the
nominal value designations and the marking well visible;
in case of assembly on panels the inscriptions shonld face
one direction. Connecting wires, bunched conductors, and
hook-up elements should not ohstruct reading of marking
inscriptions.

In soldering wire connections a reliable contact and the
cequited moechanical strength must be ensuved.

a Finished wiring must be carefully cleaned of dust and
irt.
18. Operator’s Work Bench

The work bench of an operator is at a table or bench pro-
vided with oll necessary equipment and fixtures. Proper
arrangement of the work bench is of ,great importance,
inﬂllx(encing the efficiency and quabity of the operator's
WOrK.

It should house lools, components, subassemblies and
accessories required for carrying out the current work. An
gxample of lay-out and equipment of an operating hench
is presented in Fig. 72. The equipment is intended for
carrying out operations of average labour consumption
(hsh'ng more than 3 min) and is used in the Bow-line pro-
duction both with manual and mechanized station-to-station
transfer.

Storage boxes are a_handy supplement to the operating
bench; they are used for storing fastenings (nuts, screws,
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washers, rivets) and circuit elements required for assembly.
They can bhe of diverse shapes. Ilustrated in Fig. 72 are
2 mounted and a flat boxes & made of sheet steel.

The tools are arranged in drawers 4 of the bench in
strict order of application. Measuring, wiring, mounting
and fitter's tools must not be stored all in one box. 1f

Fig. 72. Layout and cquipment of operator’s station

I—assembly and wirlng bench; g—waste~disposing slit; 1
t‘:‘g»‘r{l,pc;ncnts: 4~frame for flow sheet; .5—-r3bbcrg mat; %—-ggﬂic{g;
{'\hlp qcnndcsccnt tamp; 7~—~support for tiux and washing-liquid con-
ta i r]s. &~place for pllers and other tools; 9—soldering Iron support:
To—signal button (to call the foreman); ‘77—socket o plug In sol-
fer bx:] lron; 2—soldering fron heating control; 13—~pull-out shelf
1 ulky components and units; 14—drawers for tools: 15—place for
reeps, heat-removal caps, rosin-core solder; 16~waste bin; 17—

probe socket )

kept “in bulk”, the tools (measuring instruments in partic-
ular) can be damaged, much time is wasted to find the
required tool, whereas the working station acquires an
nnt'xlt‘)]y appearance. ‘
¢ arrangement of tools in each hox

well thought out. The best practice is t:; i}éggl‘zag}ls Otol();l3
in the qu in ils special recess like those made in the case
for drawing instruments. Measuring instruments are usually
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distributed from the tool-room in special cases or boxes,
thus no recesses in the work-bench drawers are required
for them,

Sometimes a vice is fastened at the right-hand side of
the bench; it is used for miscellaneous operations which
might be necessary in the process of assembly and wiring
of radio equipment (such as fabrication of clips for securing
capacitors, stretching singlecore electric wires, etc.).

The soldering iron is placed on support 9. In modern
practice electric soldering irons of various designs are used
for wiring operations. In accordance with the safety rules
soldering irons rated at no more than 36 V must be used.
In assembly shops a special line fed from a step-down trans-
former is laid along the assembly conveyer to supply current
to soldering irons.

The mains of a plant usually fluctuates over a wide range
of voltage values during the day and night. Due to these
fluctuations the soldering iron will be heated to different
temperatures which might result either in underheating
or overheating. The required temperature is usually main-
tained with the use of tapped secondary windings on the
transformers.

The operator's bencl 13 equipped with panel 11 having
several plug sockets which are supplied with voltage from
different taps of the transformer secondary winding (Fig. 72),
to which the soldering iton is connected. In supplying the
soldering iron from an individual transformer, designed
for power supply ol one work bench only, the transformer
is placed on the operator's bench. In both cases check that
the flexible cord 1s located beyond the bench and the solder-
ing iron can be moved about freely.

The soldering iron support 1s made 1n the form of a box
divided 1nto two scctions: for the flux and for the solder.
A sheet of pressboard or hard paper (discarded together
with the contaminated flux) is placed on the box bottom.
The amount of flux in the box should not exceed 4-3 cm3
which 13 sufficient for immediate use and enables ils more
complete utilization and more frequent refreshment. The
quantity of solder in the box should not be excessive either,
since a large lump of solder may become fouled with the
carhon and oxide from the soldering iron Int, requiring
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more time for melting. Contaminated solder is collected
in one place and remelted.

The operator's bench should be well illuminated by
natural light, therefore it should be located close to a win-
dow. In case of artificial lighting the lamp rating should
be not more than 40 to 60 W. Such a lamp will ensure proper
lighting of the bench at a distance of 0.5 to 0.75 m from
the illuminated surface. The light from the lamp should
fall uniformly so that there are as few shadows as possible.
Particularly important for proper illumination of the sta-
tion is the absence of flashes which dazzle the eyes (due to
excessive brightness of the lamp).

The light source and lighting fixtures are located so as
to completely protect the eyes from direct rays. Lighting
fixtures providing uniform illumination and excluding
dazzling are used. Most handy are fixtures with an exten-
sion or rotary bracket and deep reflector 6 in which the
lamp is fully recessed (Fig. 72). These fixtures enable the
reflector with the lamp to be placed aver the work benchat a
required height and provide lighting in the required direction.

The flow chart is placed in frame £ on a special bracket
so that it can always be at a moment's notice. The workpiece
is placed within the easy reach.

Deleterious vapours and burnt products formed during
soldering or welding are removed with the aid of exhaust
ventilation provided at the operator's bench. If arc welding
is used in the assembly processes the operator’s bench is
provided with special screens or curtains protecting the
operator’s eyes from the arc light coming from the neighbour-
ing stations.

To protect the apparatus from damage in the process of
assembly, foam rubber mat 5 is placed on the operator’s
bench; inflammable liquids (spirits, varnish, glue) are
kept in a metal box.

19, Assembly Tools

There are two basic kinds of assembly operations:
assembly of serial equipment in an assembly shop on the
production line and assembly of mock-up and pilot models
of the apparatus in a laboratory or experimental shop.
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An operator in an assembly shop, wiring units of mass-
produced radio eguipment, does not need to carry l(l,:“l com-
plicated mechanical work, install and secute bulky parts
and units (1amp panels, transformers, switches, plug conuect-
ors), These operations are carried out by assembly fitters.

The ascembly worker is to perform only wiring and
simple fastening operations such as laying wires between
components and units of the radio apparatus, mechanical
fastening of the wires to the lugs, as w_en as arrangement
and installation of the small-size circuit elements, fitting
apd fastening the leads of the components to the. lugs of
the panels, terminal blocks, etc. For thess operations the
operator needs only such tools as a soldering iron, flat-nose
pliers, round-nose pliers, side-cutters and a screw driver.

The radio fitter working in a laboratory or experimental
shop, before wiring a unit or subumit, generally has to
assemble it completely first, i.e. to install and fasten ail
the components and elements, to locate all the wiring
plates and bearing points, drill holes which might be required
in the course of assembly, etc. In addition, the universal
assembler has to mount and secure components and devices
as well as to assemble and wire them. These operations
require a much greater outfit of toofs.

Let ua discuss in detail the assembly and wiring 1ools
required.

Soldering irons. Soldering joints in the course of radio
equipment wiring is usually performed with the use of con-
tinuous-action electric soldering irons whose heating ele-
ment is in the form of a nichrome spiral gither wound round
the soldering iron copper rod or located inside it.

The clectric soldering iron should ensure an intensive
supply of heat to the place of soldering. This 15 effected
by an appmpria}!e selection of the heating element rating
ang the mass (diameter) of the copper rod which must have
vy ;E‘&:':‘\‘t‘a';a!la;;“nyiﬁigdtrgpidlyiheat the soldered

n i 1
tureNat tlhe same tin!\'e. & ToP of s own tempera-
. 6t less than two soldering irons sh
into the tool set. One of them,gwizh a 600?:d1()hbe \v?aut?:d
and & rod from 10 to 12 mm in diameter, is used for ordinarg
wiring operations (such as soldering wires up to { mm dia)
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and the other, with 200 W power rating and a thicker rod,
is used for soldering thick conductors, screens of sealed
transformers, screens of intermediate-frequency filters and
other components requiring more intensive heating. For
wiring use should be made of soldering irons designed for
supply from a step-down transformer at 12, 24 or 36 V.
Soldering irons designed for supply from 427 and 220 V
mains are not recommended since in case of rupture of
insulation between the heating element and the rod the
operator might receive a dangerous electric shock.

When wiring transistorized egquipment the soldering
iron rod should be reliably grounded, so as not to cause
damage to the transistors in case of faulty insulation of the
soldering iron heater.

The reduction in length of the soldering iron copgper
rod as a result of frequent cleaning, on one hand, and the
connection of a number of soldering irons to one transformer,
on the other hand, can cause either underheating, encumber-
ing the soldering, or overheating, when the solder rolls off
the copper rod and the heating elements burn out. The most
favourable operating conditions of the soldering iron are
maintained by voltage control.

An iron for soldering connection wires should heat
quickly (not more than in 4.5 min after switching on)
it should also be of light weight at a sufficient rating. It
design should ensure easy replacement of the burnt rod
the handle should not get hot in operation.

Two types of electric soldering irons, straight and angu
lar, are in common use for the wiring of radio equipment
The angular iron (Fig. 73b) is more handy for soldering
open joints {on terminal blocks, cable lugs, plug connectors)
the straight irons (Fig. 73a) are handy for soldering wire
inside the apparatus, in tight places, inside units witl
dz?ep chasses and close wiring. Extensively employed i1
wiring radio equipment are straight soldering irons witl
§h§ped copper rods intonded for the performance of specia
jobs.

_Figure 73b represents an angular soldering iron of 60 W
rating with a copper rod 8 mm in diameter. The length
of the rod (up to 150 mm) is greater than that required
for immediate use since allowance is made for subsequent
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wear. The rod is secured with an eccentric clamp and fs
extended as it wears off as a resull of dressings.
Sometimes soldering irons with changeable copper rods
are employed. One of these illustrated in Fig. 74 has inter-
nal heating element 3 in the form of a nichrome wire helix

Fig. 73. Types of soldering irons
a—straight; b—angular {bent)

enclosed in copper cup 2, provided with changeable tip I
and packed with magnesinm hydroxide. The helix should
be arranged concentrically providing a uniform thickness
of the insulation fayer between the heating element and

e
WRASEATERES 51 .;':,d_-/'«‘_-:_

Fig. 74. Electric soldering fron with replaceable tip and heating efe-
ment inside the rod

cup. Electric current heating the helix passes through the
connecting stainless steel tube 4 secured in handle 5.

With hand soldering irons, much time is spent picking
up solder with the copper rod. To increase the productivity
of labour, experiments have been made on mechanization
of this process by automatic feed of solder either to the
working portion of the soldering iron copper rod or directly
to the joint.
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Fig. 75. Blectric soldering iron with semiaufumatic fued of solder

The author jointly with engi-
peets G. V. Kalashnikov and
V. 1. Ivanov have developed an
entirely new type of electric sol-
dering iron fitted with a device for
semiautomatic supply of rosin-core
solder to the working portion of
the copper rod, protected from burn-
ing and erosion by a nickel bit
(Fig. 75). The solder is fed due to
translatory movement of a pusher.
The bution, actuating the solder
feed mechanism, is located an the
soldering iron handle and is linked
to the pusher by a lever. The solder
feed is adjusted by an eccentric
whose rotation ensures continuous
control of the amount of solder
fed.

This electric soldering iron con-
sists of a rod, heating element,
feed mechanism with a button and
return spring, solder feed control,
handle and flexible eclectric cord
with a plug. Rod 7 with a protectlive
nickel bit is fastened on tube 5 with
the aid of clamping collar 4. Heat-~
ing element 3 insulated from the
ro(tii by mica 2 is located inside the
rod.

The heating clement consists of
a nichrome wire wound on a ceram-
ic tube; it ensures heating of the
rod to a temperature up to 350°C.
Soldered to the ends of the nichrome
wire helix are two copper con-
ductors connected to flexible cord §
with plug 9 at the end. The copper
conductars lacated inside tube 9 are
insulated by means of mica wash-
ers and ashestous cord. Tube §
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with cooling holes and tubs 13 with the solder are fas-
tened in handle 7 by means of set screws.

\When button 6 is depressed translatory motion through
lever 15 is transmitted to pusher 12 which moves solder 10
to the working purtion of rod I. Simultaneously with the
translatory motion of pusher 72, return spring I8 is stretched
out. Upon releasing button 6, spring I8 returns lever 15
and pusher 12 to the initial position. The task of preventing
solder 10 from moving in the reverse directiop during the
return_motion of pusher 12 is accomplished by lock I
secured on tube I8 by a ring. Solder feed control 16 is fas-
tened on ring 17 which fits around handle 7. Upon turning
control 16, the position of the eccentric changes, smoothly
varying the stroke of pusher 12 and hence the feed of solder
10. The rigidity of the design is achieved by fitting split
collar 14 which also serves to retain a preset spacing between
tubes 5 and 13.

This type of electric soldering iron has been tested in
production shop conditions; in comparison with the standard
soldering irons it ensures an increase in productivity of
labour by 20 per cent, saving in solder by § per cent, and
provides a higher quality of joints in terms of shape and
strength.

Electric soldering irons are designed for soldering joints
up to 5 ¢m in volume with the use of rosin-core and wire
tin-lead solders; their voltage rating is 42 V, snd power
rating—35, 70 and 120 W. Rod temperature is from 290
to 350°C, diameter of the solder used—from 1 to 4 mm,
working copper rod diameter is 4, 6 and 8 mm.

Flat-nose pliers. Usnally a set of assembly and wiring
tools includes two flat-nose pliers. The bigger one, sizing
from 150 to 170 mm, has knurled jaws (Fig. 76a) and is
used for stretching or straightening thick single-core wires,
bending various fastening clips and other similar jobs.
The smaller pliers have thin and narrow jaws from 40 to
50 mm long (Fig. 76b); the jaws are not knurled so as not
to damage bare wires and wire insulation during bending
and fitting.

Round-nose pliers. These also come in two pairs with
long and thin jaws up to 40-50 mm long and 4.5 mm in diam-
eter at the ends and 5 mm at the jaw hase (Fig. 76¢). The
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Fig. 76. An example of a tool drawer

a-—notched faw pllers; b—plain jaw pliers; ¢—pliers with long and

thin Jaws; d—notched, strong-jaw round pliers; e-~slde-cutting pliers;

f—trant-cutting pliers; g—surglcal forceps; h—watch-maker’s pin-
cers;, i—scissers; j—electriclan’s knite

pliers are handy for curling wire leads into spirals. Another
type of pliers, sizing 4150 mm with strong jaws 30 mm in
length, are knurled on the converging surfaces (Fig. 76d).
The diameter of the jaws of such pliers is 7 to 8 mm at the
base and 3 to 3.5 mm at the ends. These round-nose pliers
are used for handling bare wires 1.5 to 2 mm in diameter;
they are also convenient for bending wire ends into rings
for fastening them with screws and nuts.
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Catting pliers. Most suitable for wiring operations are
tide cutters or nippers (Fig. 76¢) which can be used for
wutting odd ends of wire inside the apparatus. The cutting
iaws of such pliers must be very sharp and straight, Nippers
san be used for cutting wires pot over 2 mm in diam-
ster.

Larger gauges of wires are cut with the help of front-
sutting pliers (Fig. 76f). These ate less suitable for wiring
»perations, since their cutting jaws are arranged at right
angles. Such pliers, though being stronger, are sometimes
inconvenient for cutting wire. The side- and front-cutting
oliers usually come in the same sizes {not over 150 mm).
For operation with thicker wires it is advisable to have
front- cutting pliers 200 mm in size.

Forceps., These are indispensable in operating radio
equipment. Usually surgical forceps (Fig. 76g) not more
than 130 to 140 mm in size and watch-maker's forceps
(Fig. -76h) are used. The forceps should be sufficiently
sptingy. The watch-maker's forceps have sharp converging
prongs and are used with wires from 0.03 to 0.08 mm in
diameter (for trimming and fitting the ends of potentiometer
windings, circuit coils, etc.). The more sturdy surgical
forceps with notched prongs are used for other wiring oper-
ations (twisting the ends of wires around parts, straighten-
ing wires and ing them to comp , holding wires
in the process of soldering, etc.).

Very convenient for assembly and wiring operations
in difficult-to-reach areas are surgical forceps with a rectan-
gular collar fitted on the prongs. The collar clamps the
prongs, when moved towards their ends. A resistor, capac-
ftor, wire or other component can be gripped by the prongs
and fixed in this position by adjusting the collar; this pro-
vides some convenience, since the forceps can be easily
held by the very top.

Scissors. These in sizes from 150 to 200 mm (Fig. 76i)
are pecessary for tutting paper ot fine fabric. The cutting
edges of the scissors should be not less than 50 mm in
length, be sharp and tight-adjusted. Such scissors are useful
for cutting paper (for interlaying transformer coils and
other wound components), varnished fabric, binding
throad, etc.
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It is advisable also to have small hand-operated shears
for cutting sheet metal (aluminium, brass, iron, copper up to
1 mm thick). Such shears should be from 250 to 270 mm
in total length with the blades from 90 to 140 mm. The
internal side surfaces of the blades should be well polished
and parallel; the cutting edges of the blades should be sharp,
otherwise they will crumple the metal instead of cutting
it. It is not recommended to cut metals thicker than 1 mm
since this may damage the shears.

Electrician’s knife is also included into the tool set.
It may be of a length between 4150 and 170 mm, with one

Fig. 77. Selection of screw driver Fig. 78, Screw driver
size
a-~screw driver of proper blade width;

b-~blade wider than screw head slit:
c~blade narrower than screw head slit

or two blades (Fig. 76j). The knife is used for stripping the
wires (if other methods cannot be used), for chipping threads

’{er winding the insulating tape and for other similar
obs.

Screw drivers. These are used for fastening radio ole-
ments, panels, bearing points, plugs. They should match
the slot of the screw head (Fig. 77a). Thus, if a flat head
screw is worked with a screw driver whose blade is wider
than the length of the slot (Fig. 77b), the surface of the
panel or component, into which the screw is inserted, may
be damaged by the projecting ends of the blade. .W* m
the serew driver is narrower than the length of -
{Fig. 77¢), it is difficult to tighten up the screw p"e‘i ; "'
and an altempt to do so may result in damaging t}
head (stripping the slot) or breaking the scrow .

Four or five screw drivers of different length =
should be in the radio operator’s tool kit (Fig’
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i 1v. The tool set should contain five Wrencpes
g?orl?o:get?g:sogry nuts M2, M3, M4, M5 apd M6 and a side
wrench for nuts M10 (for fitting variable resistors and tumbler

smggf;gers. The tool set should include an ordinary

v o -00d
fitter's hammer weighing 200 to 300 g m_th a hgrd woo
harféle (of birch tree or oak), and 230 to 250 mm in length

te}

Fig. 80. Wrenches Fig. 8. Hammers
g~s8ocket  wrench; b-usual a—{fitter's hammer; b—watch-mak-
(“monkey™) wrench er's hammer; c-—mallet

(Fig. 81a). This hammer comes handy when it is required
to bend sheet metal in a vice (brass, alumin), fabricate
chassis, prick holes for drilling, and to carry out many
other fitter's jobs. .

In addition to the fitter’'s hammer, a smaller, watch-
maker’s hammer (Fig. 81b), is necessary. It is used for
driving in pins, cupping out small rivets and other opera-
tions in which the heavier hammer cannot be used.

It is also useful to have a mallet made of hard wood—
birch or oak (Fig. 81¢). This will be indispensable for such
jobs as straightening of bent or buckled stock from strip
or sheet metal (aluminium, brass, red copper) from 0.5
to 2 mm thick used in the production of chassis, screens,
etc. The mallet does not leave hollows or indentations on
the metal surface.
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Fig. 82. Files

a—flat, puln!ed. bd—1at, blunt; c—triangular; d—knlre e,
—rhom boidal; f—hslt-round, g—ro
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Fig 83. Needle files
a—-{fat; p—taper flat,

quare. d.
1~round
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Files are used for cutting and smoothing metal, when
fabricating chassis, making holes, fitting parts and cleaning
soldering irons. Files of different types and shapes should
be available (Fig. 82).

Files come in various lengths (from 75 to 450 mm). By
the length of a file the length of its cut portion is implied.
Files of medium length (150-200 mm) are most convenient
in radio work. The round file should be not over 840 mm
in diameter. After filing metal (aluminium or copper},
hardened paper or textolite parts the file should be cleaned
of particles of the material stuck to the cut with a special
card brush. Files are kept separately from other tools in
special recesses. :

Needle files are made of thin steel wire. A set of five or six
needle files is adequate to meet the operator’s requirements,

{al {6}

Fig. 84. Tightener (g} and shape die (B) for riveting

They have shapes similar to those of ordinary files (Fig. 83)
and the length between 140 and 160 mm. Half of the length
is provided with bastard, smooth or barette cuts; the other

Fig. 85. Prick punch

half (round section) is used as a handle. Needle files are
employed for fine and precision work—cutting holes, slots,
ete.

Rivet sets and snaps. Rivet set (Fig. 84a) and rivet
snap (Fig. 84b) are the tools used for riveting parts in the
process of radie equipment assembly. The rivet set serves
to tighten or press paris 1o one another and to the rivet
head; the rivet snap is used to impart the final shape to the
rivel closing head. Rivet sets and snaps of different size
may be required.

Prick punches. The prick punch (Fig. 85) is a round bar
made of tool-grade stcel: one end of the bar is tapered at,



19. Assembly Tools 139

se an<ln af 7E #n AN ite middln caction ix cut for better
18}
e

and align the drill.
Scraper. This tool is necessary to remove burrs Teft after
cutting large holes (for tube sockets, plug connectors, etc.).

Fig. 86. Scraper

The best is a triangular scraper with three cutting edges
(Fig. 86). It can be made out of an old triangular file, 100 to
430 mm in size, after grinding off the cutting ridges and
sharpening the cutting edges retaining the triangular pro-
filo of the file. For conven-

ience the scraper tang is fitted 2L
with a wooden or plastic (8
handle.

Tools for laying and
adjusting the wiring. The pin
(Fig. 87a), rest (Fig. 87b),
straight and right-angle hooks
(Fig. 87¢ and d) are used for
pressing down the wires during
soldering or welding, for
;hrea}:linghindividual wires or

unches through holes in the

chassis walls, for drawing a ' §7 Tebforwinnzfittng
conductor out of 2 bunch, as ... ;R_,,ﬁ f_m‘ bt
well as in all cases of laying ~ Bicr. é—saigttangle hook
the wires in position.

Marking tools. In laying out the chassis and panel of
a radio apparatus model the operator uvses a straight-edge,
protractor, square, compasses and a scriber. The latter is
a sharp-pointed rod of tool-grade steel 3 10 4 mm in diameter
and 100 to 430 mm in length. Tke opposite end of the tool
is fitted with a brass cut kandle. Sometimes the seribes
is used instead of an awl for piercing holes
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Measuring tools. Slide calipers graduated to 0.4 mm
are used 1o measure external and internal diameters of parts,
mark out holes for tube sockets on the chassis during model-
ling and such-like operations. The diameters of wires for
power transformers, coil chokes, potentiometers, apd the
diameters of wires connecting components and units are
measured by means of micrometers. The slide caliper and
micrometer are delicate instruments requiring careful
handling. Occasionally they should be wiped with a soft
cloth and coated with clean petrolatum; they are kept in
special cases.

20. Connecting Wires

In mounting radio equipment use is made of copper
wires. The wires must be flexible to permit “shaped laying”
(bending to a certain shape) of individual cables and bunched
conductors consisting of several wires tied together. For
greater flexibility conductors are made in the form of several
individual thin conductors twisted together. The diameter
and number of thin conductors are selected depending
on the intended use and required cross section of the cable.

Connecting wires are insulated with the use of rubber,
glalss fibre, polyvinylchloride, cotton, silk and other mate-
rials.

Connecting wires, mainly those with rubber insulation,
have tinned conductors. They are tinned to protect the
copper from the effects of sulphur contained in the rubber,
since formation of copper sulphate in the surface layers
of the copper conductor results in an increase of its resistance
and decrease in mechanical properties. The rubber insula-
tion is characterized by a rapid decrease in elasticity, so
cracks may appear on the bends of wire causing breakdown.
In addition, tinned conductors are well soldered without
stripping wire ends, thus considerably speeding up the
wiring process and reducing costs. Non-tinned wires are
also used.

The thickness (gauge) of connecting wires is selected
depending on the current density and frequency; the type

of insulation depends on the voltage rating and operating
conditions.
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Connecting wires should be protected from electric
interference by shielding braid (sleeving) made of thin
\inned copper wires. The bralding comes in diflerent diam-
eters from 2 X 4 to 40 X 55 mm. The gauge of wires used
for the braiding is dependent on the diameter of the braid,
The double notation of the braiding diameters indicates
the minimum and maximum internal diameters formed
respectively during stretching and compressing the sleeve.
In high-frequency eables such braiding from wire gauge
0.45 to 0.3 mm is used as the coaxial-line outer condue-
tor,

Bare wire. Interconnections are sometimes made with
the use of bare round-section copper wire; soft annealed
wire brand MM from 0.31 to .62 mm in diameter is com-
monly used for this purpose. Sometimes soft copper wire
is silver-plated to reduce electric losses, though tinned wires
are used more often (hot-tinning wethod).

Insulated wires. A great variety of insulated wires
ara used for interconnections. The choice of a particular
wire brand is governed by the operating conditions of the
apparatus and the operating voltage, Simple single-conduc-
for rubber-insulated conmnecling wires of the MP, MPP,
PTI03, MPIII, MPIII3, and MPIVI types are available,

Brand PIIO and PIII multiconductor rubber-insnlated
wires are also used for connections in radio equipment.
The wire PIIO has 10, 12 or 14 conductors from 0.35 to
2.5 mm? in cross section; it is rubber-insulated and addi-
tionally covered with aseptic cotton braiding. Shielded wire
PIIO may have, in addition, a screening braid of tinned
copper wires. Cotton {and other fibrous) insulation is used
in especially flexible cables,

In wiring radio equipment to be operated under sharp-
changing climatic conditions requiring high dielectrc
strength, oil and gasoline resistance, use is made of wires
QI-2, -4, JUIA-6, JIJI-8) insulated with silk-
varnished fabric The figure in the wire denomination stands
for the number of insulation layers.

For fixed intornal connections in small-size radio equip-
rment operated at —60 to +50°C temperatures and relative
humidity up to 98 per cent, polyvinylchloride-insulated
wires are employed. Wires MI'BCJI are used for connections
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in low-current radio equipment. Plastic-insulated connecting
wires have high heat resistance.

Electric connections in radio equipment operating at
—60 to +250°C at voltage up to 250 V within 50 to 500 ¢/s
frequencies are made from heat-resistant wires with poly-
fluoroethylene grade 4 film insulation. Under elevated tem-
perature conditions connecting wires type BT and its
screened version BIIT3 are also employed. Fixed connections
in low-current radio equipment are made with film-insulated
wires. Extensively used for electric connections are com-
posite-insulated wires type MTIUB and MTHIBJI.

High-voltage wires. High-voltage wires are used in
radio equipment connections designed for application in
equipment operated below 33 kV, d.c., under various
climatic conditions. They differ from other types of wires
in high dielectric strepgth of the insulation.

Cables. Along with bare and insulated wires internal
connections of radio equipment are also made ‘with cables
which are assemblies of electrical wonductors insulated
from each other. Twin wire cables with either parallel or
twisted conductors and r.f. coaxial cables are employed
in radio engineering.

Multiconductor cables in plastic insulation are used
for fixed connections of radio equipment operating at up
to 380 V at 50 ¢/s or 550 V d.c. They can withstand tempera-
tures from —350 to +4-70°C at humidity up to 95 per cent.
R. f. coaxial cables are used for connections in radio instal-

lations operating at —40 to 4-60°C and humidity up to
98 per cent.

21. Preparing Wires, Cables and Leads
of Radio-Circuit Elements for Assembly

PREPARING CONNECTING WIRES

The method of preparing connecting wires for assembly
depends. on the rate of production and the wire brand.

'Cuttmg connecting wires into lengths. Connecting wires
(shielded wires as well) are cut into required lengths for
assembly by _means of special automatic machines, gate
shears, electrician’s scissors or nippers. The length of the
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stock of wites, jumpers, cables and insulating tubing should

conform 10 the sizes specibed in the Mow chart or stock

table. It is prohibited to splice wites and cables from separate
{eces,

P In preparing the stock of wires by hand their lengths

are cither duplicated alter patterns or measured. Lengthy

connecting wires for interamit cables are cut on a special

Fig. 88. Cantrivance for wire cutling
a~clamping device, p—general view

device which measures off the required length automatically,
ot ate cut by hand, pulfing out the wire to a required fength
measured  beforeband.

Cutting connecting wires in polyvinylchloride 1nsula-
tion into 30 to 200 mm lengths is advantageously achieved
with the use of a special contrivance, It isinstalled on a lathe
bed and driven from the spindle. The contrivance can be
casily mounted and removed. Its efficiency depends on the
spindle speed (one length of wire is cut off per one revolu-
tion of the spindle). & spindie speed of 120 rpm 15 the most
convenient.

The contrivance operates as follows. Taul prece 7 which
rotates shaft Z through a hinged coupling 1s clamped 1n
a three-jaw chuek (Fig. 88a). Driving disk 3 with a semi-
circular rolled groove for drawing the wire, cam disk ¢
and disk 7 with a dial for sething the length of wires cut,
are tightly fitted onto the shaft. Turmng out screws 6
cnables bush 9, with cam disk 5 and notched disk 8 pressed
on it, 10 be freely fitted onto shaft 2,

. Roller 19 constantly pressed to the disks by spring I8
is mounted on the lef-hand end of rocker 77 (Fig- &+
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The rocker right-hand end is hinged to blade 76. Lower
rocker 17 via draw rod 18 is connected with upper rocker 72
which has rubbor-rimmed pressure roller 17 on its left-hand
end. Rollers 70 are provided for straightening the wire
which is protected from bending by tube 14, .

Operation of the contrivance depends on the position
of roller 79 (in fact, on two positions of the roller):

1. When roller 79 moves on the circumference of the
disks within the smaller radius section, roller 11 pressing
the wire to disk 8 threads it and feeds through the tube to
plate 5. Al this instance blade 76 is in the extrome lower
position.

2. When roller 79 passes over to the larger radius section
of the disks, roller 11 withdraws from disk 3. The blade
cuts off a length of wire and remains in the extreme top
position.

The length of the wire cut is determined by the dial
of disk 7, and is controlled by turning disk 8 after releasing
screws 6.

Stripping wire of insulation. The insulation from the
ends of connecting wires is removed on a section from 7 to
10 mm long if not otherwise specified in the flow chart. The
wire of current-carrying conductors can bo cut or damaged,
if the insulation is stripped off with the use of knives or
lancets, therefore this operation should be made on either
automatic strippers or with the help of special devices.

The method of insulation stripping depends on the wire
type. Types with plastic or polyvinyl insulation of the
conductors are stripped on automatic machines simultane-
ously with cutting into lengths. The actuating mechanisms
of these automatic machines are controlled with the aid
of a cam whose contour represents three similar curves.

One cycle of operation is provided by turning the cam
through 120°. Thus three measured lengths of wire are pro-
fl‘uccd‘per‘ one complete revolution of the cam (Fig. 89).
lhp wire is fgd in the required lengths automatically. Two
pairs of rotating blades cut the insulation to a preset depth
from both ends of the wire sheared off.

The mechanisms of the machine oporate as follows.
}Jn;&"mdmg from bobbin 9 (Fig. 90) the wire passes through

srakes 70 and 17 and next through straightening rollers 72,
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Fig. 89, Cyclogram of operation of aulomatic machine for
cutting and stripping wires (automatic stripper)

Disk 7 and spring-mounted roller 8 feed the wire to clamps
€ and 24, Cam 1 controls the tlamps with the use of rests 17
and 27. Cloteh 15 intermittently driven from cam 7 turns
tho feed disk. Wire feed is adjusted by handle 78 and is read
out on dial 74,

Upon fixing the wite by the clamps, two pairs of blades 3
and 4, secured on the turning head and driven by gear
wheels 2 and 5, cut the insulation through to the current-
carrying conduclor. Blade 20 with a reciprocating motion
from cam I through link 19 cuts off the wire. The number
of wire stocks obtained is registered by counter 18. When
frames 23 and 22 shift, blades & and £ strip the insulation
from the wire between blades 3-20 and 4-20, respectively.
Further movement of tte lower frame causes stop 16 to

10=385
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Fig. 90. Head of automatic stripper

release clamp 24 and the finished length of wire is pushed
out into the receiving chute.

Automatic Machine Characteristics
Length of wirecut, mm ., . ..., ... . 50-800

Length of stripped section of wire, mm 15-70
Wire diameter, mm . . . ..., ... .. 0.1-1.5
Cycle duration, se¢ . . . . ... ... . 3
Capacity per hr, pes . ., ..., .... 1,200

Wires MT'B, M'BJI, MT'BCJI, BIIBJI, IIBJ, IIMB can
also bestripped of insulation with the help of a foot-operated
device (Fig. 91).

Stripping of wire types MI'B, MI'BJI, BIIBJI, IIMB,
IIMOB, IIMBT', MTHIB, MIIJI, MOT is achieved by electri-
cal. stripping with the use of closed-type device with a sole-
noid drive (Fig. 92a) installed in the preparing sector of
a shop; or with electric pincers which remove insulation
rom individual conductors (Fig. 920).
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In the electrical stripper (Fig. 92a) the wire end is
introduced into hole 2 till it rests on & stop. The length
of wire 1o be stripped of insulation is adjusted with screw 4,
Solenoid J controlled by foot pedal 6 draws together fncan-
descent filaments which are supplied with 0.5 V current
from transformer 5. The wire is stripped In a cavity ventilat-
ed through hole 8§ to which an exhaust hose is connected.

Fig 91. Foot-operaled stupper
1—slide; 2—Xnlves; 3—boldera

From individual wire types MI'B, MI'BJI, MI'BCJI,
BIBJA, BIT, NBJA, IIMB, MUCI, JIUJ, MOF, TM-200
fnsulation is removed with the use of special pincers
(Fig. 93). Wire with combined insulation (MI{CJI, IIMBF,
JIILIT, MIILB, MOT) is first stripped of the outer insulation
layer on the automatic machine (see Fig. 90), following
which the inner layer is removed in the electrical stripper.
The outer layers of insulation of wires BIIT, LIMCJI,
MTBCH, and TM-200 should not be electrically stripped,
as they have glass-fibre and polyfluorosthylene braiding.

The operations of trimming and binding the insulation
ends as well as fastening the braiding of wires intended for
inter-unit connections are carried out after the wires have
been tied into a bunch and the latter has been placed in
a metal protective sheath,
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Enamel insunlation is
removed by several meth-
ods: from wires I3T
and TI3J1 by means of
emery cloth or scraper;
from wires II9B and I13M
with the use-of formic
acid (dip the wire end
into acid and rub with
a soft cloth); from multi-
conductor wires JIBIIO
and JIBHIY by heating
in the upper zono of a
spiril lamp flame (heat
the fluffy end of the wire
to  light-straw  colour,
quickly dip into alcohol
and wipe with soft cloth).

Removing oxide film

from  current-carrying

Fig. 92. Solenoid-operated jig (a) and 1 * D
pincers {(b) for clectrical atripping of c_m-“ l,wtors{ ({“Ymn{t oa
insulation rying conductors of con-

necting wires, which have
not been originally tinned
(wires JI111J1, JOPTC
and others), are cleaned
of oxide film, using a
device represenied in
Fig. 9%4. The end of the
wire (with stripped insu-
lation) i3  ‘introduced
through hole I in the
casing (take care nol to
damage the insulation)
in between rotating steel
wire brushes 2, After re-
moval of the oxide film,
Fig, 93, Pincers for stsinping i the wire conductors are

; ndsTPPING wire - twisted togother efther

I—angle; 2 upper binde, 3—tower Wade: with a special device
¢ —hinie; $—hotder " or manually.
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Fastenlng insulation ends. Methods of fastening insu-
lation ends depend on the type of wire used. The ends of wire
with cotton braiding are usually fastened with nltro-g.lue
or by placing lengths of polyvinylchloride or linoxyn tubing
on them to avoid possible fluffing and sliding. Nitro-glue

2-10

&)

Fig. 04. Gear for removal of oxide  Fig. 95. Fastening of wire fosu-
fim from connceting wite strands  lation with nilroglue (o) and
by pve tubing ()

7-10 3-5

Fig. 06, Fastening cotton sheathing of GNBI, MFBJT, MTBCI wires
with nitroglue

the polyvinylchloride insulation and its excess is spread
out over the wire length (Fig. 96).

As a rare exception, textile braiding may b fastened
by binding with cotton threads (Fig. 97), this method is
extremely [abourconsuming. Insulation I 13 bound with
thread 2 on a section 5 to 7 mm long.

Tinning of stripped wire ends. The hot method is used
for tinning stripped conductors on a section 5 to B mm long
by dipping them for 1-2 sec into a bath with electrically
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melted solder. To remove excessive solder, th.e \yire is
shaken, then wiped with a soft cloth. Prior to tinning the
individual conductors are twisted together in a clockwise
direction.

The ends of several wires can be tinned simultaneously
(before that they should be levelled by slightly tapping
them against the table surface). The wires are immersed

{iol5

seid

{a) -
710 _8te®)  §
¢ b4 7 o ’Z 7
- i 12
2
Pull to Eqmen 5} 810 .
JL | fids fobe cut off 7t0l0 | Jta 3
1 e
2 7 2 4
Fig. 97. Fastening of wire Fig. 98. Fanning out the end
insulation with thread of a shielded wire

c—after fastening the braid shield;
b~cofton sheath stripped oft

into the bath, being held vertically. The wire ends are
tinned with the use of acid-free fluxes. The ends of individual
conductors are tinned with the aid of an electric soldering
iron.

Fastening the ends of braided sheathing. If the braided
sheathu_xg might come into incidental contact with tags
oi. a uuilt or component, it should be enclosed into a poly-
vinylehloride tube which is put on prior to fastening
the ends of the braided sheathing. The sheathing is fastened
so as to make its connection to the apparatus casing possible.
This operation is performed as follows.

Remove t_he ends of insulation 2-of wires with conduc-
tor 7 and bind them after fastening braided sheathing 3
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(Fig. 984). The ends of cotton braiding £ of sheathed wire
types BHBJI), MI'BJI3 and MI'BCH3 are cut off with
scissors at 3-5 mm f{rom the point of cut of the pve insula-
tion (Fig. 985). The braided shielding of the wires is removed
with scissors. Shift the ends of the braid, make a 20 mm
cut along the wire starting from the edge and trim the

Fig. 99. Methods of fastening the Fig. 100. Extension of
ends of braid shielding grounding terminal of braid

a~end of brald ahfelding pulled hack; shielding
b—endof braid shielding drawn out; e—end
of braid shielding stretched

braid around to get rid of sticking out wires. Soldering
on the shielding should be made with care not to damage
the insulation. It should not take up more than 5 sec.

To fasten the ends of braid shielding of wires, following
methods are suggested.

(1) By passing the wire through a hole in the braid and
pulling out the free end of the braid (for wires MI'B3 only
this method of fastening the braid is applicable). First
of all the end of the braiding should be expanded (shifted
back) as shown in Fig. 99a. The hole in the braiding is
made at a distance about 20 mm from the end of wire I so
that after stripping the insulation the braiding end is 8 to
10 mm from the uncovered conductor. The {ree end of the
braiding is gently pulled out using pole 2 and is tightly
pressed to the insulation at the point of wire emergence
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(Fig. 99b and ¢). In this method of fastening, braiding 3
is equal in length to the wire and does not require additional
¢rimming and binding.

The free end of the braiding is subsequently connected
to the grounding lug. If the length of the free braiding end
is not sufficient, a length of bare wire MM 0.5 to 0.8 mm
in diameter (Fig. 100) is soldered to it. The end of the bare
wire (4-6 mm long) is introduced inside the braiding 2

8 7/5 .
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Fig. 101. Fastening a grounding Fig. 102.
wire to braid shiclding end a—tastening of brald shietding
a—multistrand prounding  wire: b— end; b—soldering a wire to the
sinpic-atrand prounding wire braid shislding

:‘)rfox:'thelbutt. ’I{“iu\: v;\lnd of‘braitliing 2 and the soldered length
vire 1 are fitted with a linox i i
insulzating o inoxyn or polyvinylchloride
(2) Make a wedge-shaped cut in the edge of polyvinyl-
chloride tube 6 (Fig. 101a) placed on bmid?ng 5,1:1113 usi:;lg
iolder. secure the fanned-out end of wire 4 (type MI'B),
10-50 mm in length and 0.35 mm® in cross section, to the
braiding at this point. Fasten with thread 7 and coat with
nitrocellulose glue § the area of soldering and the end of
the braid shield with the pulled-off end of the cotton sheath 3
(inside t%l() sheatl} is conductor 7 with insulation 2).
- {3) Txghﬂy'wm!i 2 or 3 turns of bare tinned wire type
MM 0.5 mm in diameter around the end of braiding 5
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(Fig. 1016) working away from the middle of the wire.
One end of the bare tinned wire wil) remain free (40-50 mm
Tong); the other end (alter cutting off the excessive length)
should be presced with fitter’s pliers to the sheathing.
Following that solder the wire torns and the braid shielding
end with the use of solder TTOK-56 (melting point 124°C).
If solder TTOC-40 or 1TOC-61 is used, place cable paper or
varnished fabric between the cotton and shielding in the
soldering area. Strip off the insulation, make the cotfon
sheath fast with nitrocellulose glue and put a linoxyn
tube & (30 to 40 mm long and 0.5 to 0.8 mm in diameter)
on the free end of the bare wire: cover the soldered area
with a tight-fitting insulating tube 15 to 20 mm long.

(4) Using thread 2 fasten the ends of braid shielding 7
of the short wires (Fig. 102a) together with the cut-off
end of cotton sheathing 3 and cover with nitroceliulose
glue 4. Solder the fanned-out end of wire & (type MI'B,
0.35 mm? in cross ection and 40 to 56 mm long) to the
middle of the braid shielding (see Fig. 1025). Put poly-
vinyichloride tube 5 on the shielded wire. Pass the free
end of the soldered-on wire through a cross cut {4 to 5 mm
long) made beforehand in the middle of the tube and pull
the  wire out.

CABLE PREPARING

Radio-frequency cables (PK) are cnt to measured lengths
by means of guillotine-type shears. The required lengths
of cable are either measured with a graduated rule or with
the use of a cable sample. The insulation and braid shielding
are removed from the ends of cables in steps on a semiauto-
malic machine or with electrician’s shears and electric
knife. In doing so, care should be taken not to damage the
§onduc(ors. the internal insulation and the braid shield-

ng.
The ends of the cotton sheath of cables PK-44 and
PR~45 are [astened with thread and coated with nitroceljulose
slue. The oxide film from the bare ends of the conductors
of cables P should be cleancd off with a scraper or emery
cloth of medium grain size. The cleaned conductor is tinned
over a length of 5 to 7 mm with TIOC40 solder.
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The ends of the braid shielding of cables PK are tinned
with solder TIOK-56 (if required) using a soldering iron.
If TOC-40 or TIOC-61 solder is used for this purpose, enlarge
the diameter of the braid shielding end by pushing it back
when soldering it to the connector (placing cable paper,
olectric insulating cardboard between the cable internal
insulation and the screen sheath or fitting on a linoxyn tube).

PREPARING LEADS OF RADIO COMPONENTS

The leads of hook-up radio components (capacitors,
resistors, etc.) prior to assombly should be straightened and
shortened to the required length. Tho strip-type leads

ety § ;"‘; ]
{5}
S
A4
&
BRI
Fig. 103. Bending  of n strip lead of Fi 4. Tinni is-
radio component {a) and nippors or ‘gt;yri(}c:t.id i;lkn:tn%mlz‘?f *

this purpose (b)

1~~hole tor constriction of band lends into
a cylinder

?I{“Mdiig qth‘ts should be pinched to tubular cross section
3 i‘gil : a) or narrowed by an oblong cut for convenience
Nié\mng;‘tx{f nnL 11%1‘:0’3”-'&‘ (;Rgs. The leads are pinched with
< 1ole drille i i
shown in Fig. 103 especially for this purpose, as
X Oxide film and paint are removed from the leads of radio
;oxgpon}ems with a scraper or emery cloth. The cleaned
“!;nqﬁ sxm{xld be tinned with TIOC-40 solder at n distance
tin t‘““_‘ "l““ the component. If it is necessary to apply the
more close to the component, usp is made of pi}xcers
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with heat-sinking copper endpieces (Fig. 104). To conform
with a model, the leads of radio components are bent using
2 tomplet (Fig. 1054) or with round-nose pliers (Fig. 105b)
at not less than 2 mm dist from the p t. The

fu) (b)

Fig. 105, Bending of radio tomponent leads
a—~in a templet; b—with yound-nose pllers

bending radius should be not less than the double diameter
(or thickness) of the lead. Sharp bends of leads or bends
at the lovel of the component body should be avoided.

22, Preparing Bunched Conductors

Connecting wires that run in one dircction are tied up
into & common bunch, using cotton or linen thread. The
thread should be preliminarily waxed.

Marking electric wires for bunches, The ends of wires
in bunched conductors are usvally marked by one of the
following mothoda:

colour-coding of wire insulation;

palnting or numbering the polyvinylchloride tubes used
for fastening the insulation ends. The tubes are marked
with numerals on an automatic machine, in special stamps
or manually with marking irk;

gluing col d or bered polyviny! ide adhesive
tape, wrapping it round the wire ends 1.5 to 2 turns;

marking with multicolaur nitrocellulose varnishes;

use of replaceable tags put on the wire ends when binding
up the bunch and removed after the wires have been sol-
dered to their appropriate contacis;

gluing numbered paper tags to the insulation ends. The
tags are glued with BD.6 cement and coated with colourless
cellulose nitrate varnish.

1ehl
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Preparing bunched conductors (bunches) and their draw-
ings (sketches). Bunched conductors and their drawings are
prepared in the process of designing an apparatus or when
preparing for batch production. In batch production the
bunches are made with the aid of templets.

To prepare the bunch proceed as follows:

Carefully lay the wires to be made into a bunch on the
chassis; the wires are laid in accordance with the wiring
diagram and the table of wiring connections. The ends of
wires to be attached to contact tags should not be specially
cleaned. If colour-coded, the wire ends connected to the
same contact tags should be marked in the same colour.

The bunched conductors should not contact with fasten-
ers (nuts, screws, clips) and obstruct access to them,and
that the wire insulation does not touch the contact tags
of adjacent components. Wire insulation should be protected
from damage in the holes of the shields as well as from stifi-
ening ribs and other sharp projections with the help of
polyvinylchloride tubes, pads or rubber slesves.

The wires are laid starting with the shorter lengths and
ending with the longer ones so that the latter form the
bunch faceside. Screened wires not enclosed in a poly-
vinylchloride tube over their entire length should be placed
in the bunch centre. If spare wires are specified in the
bunched conductors, these should be of maximum length
and placed on top of the bunch. The cross-sectional area
of these wires generally equals that of the thickest wire
“in the bunch. Spare wires should be of a different colour-
coding; wires of the same colour should not he placed
together.

In laying each wire measure its length; this is con-
veniently done after securing the other end. When cutting
wire to a required length leave 20 to 25 mm extra for fasten-
ing the ends, and the same length (20-25 mm) for repeated
connection in case of snapping. Enter these results into the
table of wiring connections.

_ An example of binding a bunched conductor with branch-
ing wires is illustrated in Fig. 106. Wires 7/ are made into
a neat bunch 2 and tied up with strong cotton thread 3,
using a bent needle. The loops are tightened up at equal
spacing (not over 25 mm) and also in the points of wire
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iz. 1060). The thread ends are fastened as in

?‘?:?c}l'(i)%g.(f:uz]:inln)g threads, their ends should be tied
Fig. 106c). .

" T(htfginlcrna)l radius of a bend in a bunched conductor
should be no less than double the external diameter of the
hickest wire in the bunch.
" cUty‘)’on c:)mplcllng the bunch in the apparatus, detach the
wire ends from the contact tags of the components, 1ake the

H
(o) \12

3
E ]

marx

{c}

-

Fig. 106. Binding wires into a
bunch (a), fastening the thread
(b) snd (¢) spheing threads

bunched conductor out and straighten on a level surface,
shaping the bunch as required. If the assembly wires are
arranged in various planes, they should be bent at 90° into
the plane of the major part of the bunch so as to twist the
wires instead of bending. The branches should be bent
towards the bearing wall or panel (Fig. 107).

On straightening the bunch, place it on a sheet of draft-
ing paper with the face down (i.e. in a position opposite
to that it will occupy in the apparatus) and carefully trace
the branching wires. The outlet points and directions of
wires, their length and end markings are designated as
shown in Fig. 108.

The sketch of a bunch thus obtained should be corrected
with the help of a rule. Group the ends of the bunch wires
in such a way as to use as few pins on the forming board
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as possible. For this purpose it is practicable to sligh.tly
change the outlet points of some wires (with a corresponding
change in their lengths). The sketch is used to make a form-
ing board and in preparing the operational flow chart
for the bunch. .
Strictly following the sketch, lay out and make 8 pilot
forming board (templet) which should be of the simplest
design possible {a sheet of plywood with the buncheq con-
ductors plotted on it and with pins located where required—

Fig. 107. Method of branching Fig. 408. Designation of
bunched conductors in one planc bunched conductors and branch
wires on a sketch and forming
board (bold dots mark pins on

the forming board)

Fig. 109). Lay out and tie up the first (experimental) bunch
on the templet. Cut off the wire ends at the end crosswise
marks (see Fig. 108), mark them and make fast, twisting
them around the pins (one turn).

The wires are arranged on the forming board in a sequence
opposite to that stated above, i.e. starting with the spare
and long wires and finishing with the shortest lengths.
Such an order is necessary to make the wires look more neat;
now all the thread knots on the bunch will not be in view
after the bunched conductors are fitted and wired in the
apparatus.

Following that, place.the experimental bunch on the
apparatus chassis and check for correct configuration,
position of branching outlets, and branch lengths. In doing
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0, correct 3}l miror inaccuracies {practically alr_:ms‘l rn-
avofdable) and introduce neceszary a::emgmenu iato the
burch sietch and table of wiring conections. The 2ctual
forming board is made in sccordance with the corrected
sketch.

In preparing bunched conductors we recommend 1o use
forming boards with clips jnstexd of pics 2od 2 !xgbl signal
system for indicating the points of connmection of the
otber eads of the wires and, if necessary, the direction
of wire laying. In using
soch  formicg  boards
errors in arranging the
wires will be eliminated
and no additioral tech-
nical documentation is
required.

Laying out and bind-  Fiz. 109, Formicy beard for bunched

ing Inter-wmit  wires cooducters
{bunched  conductors).
In this operation all the above rules should be fol-
fowed. No interlacement of wires is permissible except
cases otherwise specified in the flow chart. Wire crossings
are permissible only at points of emergence from the bunch
and in case of crosswise position of the branches.

For laying out bupched conduetors stocks of wires with
cleaned and trimmed ends are nred. In laying and binding
wires care must be ‘exercited not to damage wire irsulation
and not to crack the bare ends. Bunched condoctors are
boungd with the 2id of a me1al shottle (Fig. 110) vsing thread
wound beforehand, or with a bent reedle.

When fitting the bunched conductors in the apparatos,
the ends of the wires should be carefully spread out with
pincers in the directions of the contact tags to which they
should be connected. Particular care rot to damage the
trimmed insulation ends and the marking should be taken
when passing branches of the bunch and individoal wires
through rubber sleeves.

Sections of bunched conductors less than {50 mn in
length are reliably keld in place by the branched wires
connected to contact tags of the components. Sections of
bunched conductors 7 void of branches and lonzer than
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as possible. For this purpose it is practicable to slightly
change the outlet points of some wires (with a corresponding
change in their lengths). The sketch is used to make a form-
ing board and in preparing the operational flow chart
for the bunch. -
Strictly following the sketch, lay out and make a pilot
forming board (templet) which should be of the simplest
design possible (a sheet of plywood with the bunched con-
ductors plotted on it and with pins located where required—

Fig. 107. Meothod of branching Fig. 108. Designation of
bunched conductors in one plane  bunched conductors and branch
wires on a sketch and forming
board (bold dots mark pins on

the forming board)

Fig. 109). Lay out and tie up the first (experimental) bunch
on the templet. Cut off the wire ends at the end crosswise
marks (see Fig. 108), mark them and make fast, twisting
them around the pins (one turn).

The wires are arranged on the forming board in a sequence
opposite to that stated above, i.e. starting with the spare
and long wires and finishing with the shortest lengths.
Such an order is necessary to make the wires look more neat;
now all the thread knots on the bunch will not be in view
after the bunched conductors are fitted and wired in the
apparatus,

Following that, place.the experimental bunch on the
apparatus chassis and check for correct configuration,
position of branching outlets, and branch lengths. In doing
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so, correct all minor inaccuracies (practically almost un-
avoidable) and Introduce necessary amendments into the
bunch sketch and table of wiring connections. The actual
forming board is made fn accordance with the corrected
sketch.

In preparing bunched conductors we recommend to use
forming boards with clips instead of pins and a light signal
system for Indicaling the points of connection of the
other ends of the wires and, if necessary, the direction
of wire laying. In using
such forming boards
errors in arranging the
wires will be eliminated

and no additional tech- )
nical d tion is N
required. ¢
Laying out and blnd-  Fig. 109. Forming board for bunclied
Ing inter-unit  wires conductors

(bunched conductors).

In this operation all the above rules should be fol-
lowed. No interlacement of wires is permissible except
cases otherwise specified in the flow chart. Wire crossings
are permissible only at points of emergence from the bunch
and in case of crosswise position of the branches.

For laying out bunched conductors stocks of wires with
cleaned and trimmed ends ave used. In laying and binding
wires caro must be ‘exercised not to damage wire insulatior
and not to crack the bare ends. Bunched conductors are
bound with the aid of a metal shuttle (Fig, 110) using thread
wound beloreband, or with a bent needic

When fitting the bunched d in the apparatu
the ends of the wires should be carefully spread out with
pincers in the directions of the contact tags to which they
should be connected. Particular care rot to damage the
trimmed insulation ends and the marking should be taken
when passing branches of the bunch ard individual wires
through rubber sleeves.

Sections of L 1 od £ -kﬁmnimmmin
length are reliably held in place by the branched wires
connected to contact tags of the components. Sections of
bunched conductors 7 void cf Erazekes and longer than
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150 mm, as well as coaxial cables PK, are fastened to ch‘as~
sis 2 with metal clips 4 bent to fit the bunch or cable section
{Fig. 111). At the point of fastening‘the bupched conductors
are wrapped with pad 3 (electric insulating cardboard or

= B

<= <

Fig. 110, 'Shuttle ifor binding Fig. 111. Fastening of bv:mched
bunched conductors conductors to chassis

pve) which is 3 to'5 mm wider than the clip and no less

than 0.5 mm in thickness.
Laying and binding inter-unit bunched conductors. These

should be laid and bound preserving the mutual arrangement

4
Bunch binding , 3 N ViewA

! %
ooy ! Ent
\N§ %

p -

Fig. 112, Binding bunched con- Fig. 113. An example of fabri-
ductors of inter-unit cables with cating bunched conductors of
the aid of a fixed comb gadget inter-unit cables

of wires over their entire length. For this purpose use is
made of a fixed comb 2 (Fig. 112) which is a metal plate
with holes in number and arrangement corresponding
to the number and position of contact lugs in the largest
conncctor. Wires 3 unwound from stand £ and passed
through the holes in the comb are bound into a bunch as
they are deawn through the fixed comb, or as the comb is
withdrawn from the fixed wire ends. Following that, wires 3
bound into a bunchare cut off by means of a shearing devicel.
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fn laylag and biading inter-unit bunched conduclors
Fig. 113) the constance of the mutual position of wires is
pchieved by lightly stretching out the wires during winding
ot stands, identical arrangement of turns on both stands,
and by proper binding.. The method illustrated in Fig._ 13
is applicable for binding bunched 4 comprising
wires of tho same brand and gauge and taken from one coil,

Fuz. {14, Wrapping bunched conductors with surgical tape

The bunches are bound with linen waxed thread by means
of a shuttle {see Fig. 110). Loops are evenly spaced at
approsimately $0 mm.,

Multicore cables in masticated covernigg grade KMB
consisting of wires MTIUB in multicolour insulation are
nsed for inter-unit bunched conductors with less than
14 wires.

The ends of inter-unit bunched conductors are sometimes
wound with surgical (kermingbore) tape. The tape is wound
tightly with an overlap of subsequent turns (Fig. 114
One end of the tape is passed between the wires to the oppo-
site side of the buceh, drawn along the buneh unhif 1t rests
againat the thread binding, then bent towards the binding
and placed under the fizet tape tum. The other end of the
tape, on completing the winding, 12 et of and f2
with ligen thread. Fellowizg that the tape 18 impregzales
with coment b6,

Inter-unit bunched condzetors are exclesed 12 primstre

f melal-braided sleeving. Degendinz ez the le
" bunch, this latter operation sx eftber dove mazzally
, the bunch through the sleeve c- waik tha belp of
" Fig. In pushing tke Bumel b3 bacd yur erd azz == T
*are wiapped with inevlaticy taze cr enciose? f¢ NF{ -

tocf sz
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sleeve of appropriate size (diameter) and tightly constricted
sround the bunch.

In drawing bunched conductors 4 through braiding I
with the aid of a special jig consisting of metal rod 2 and

4

2 3
/ o 35 g"‘
i M<M
400 t2 500 304 to 400
1] i

Fig. 115. Gadget for sheathing inter-unit cables

1

a length of braid 3 of appropriate size attached to it
(Fig. 115); the braid should be preliminarily expanded, pul
on tife bunch end and tightened there,

23. Fastening Wire Ends and Leads
of Radio Elements to Contact Lugs

In assembling radio equipment the wire conductors and
leads of hook-up radio parts before soldering should be
mechanically fastened (Fig. 416e and 3). The conductors

Bend ond seider Bend gad selder
With 00407\

~5m Tiwist fogether
ATl ofF excessive
~z fength

PRIl

(a) {6}

Fig. 116. Fitling cable conductors (wire
strands) and leads of radio components
in fugs
a~single wire; b—twisted wire

Fig. 117, Fastening wires

and leads of radio com-

ponents on panels without
lngs

of wires § and the part leads are passed into the soldering
hole of contact lug 7 in.panel 2 and are bent aside or hooked
round the lug by half-turn or complete turn with the help
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of pincers or electrician’s pliers. The excessive length
of conductor or lead is cut off with cutting pliers. On panels
without lugs wire conductors and leads of radio elements
are secuerd as shown in Fig. 117. 5

Soldering of unfastened ends {(butt or lap joints) is
inadmissible. As an exception (specifiéd in the flow chart),
it is permitted to make a temporary soldered joint of the
leads without hanical {. i this is per ble
only for elements selected in the process of adjustment
{marked with asterisk in circuits), and these must be mechan-
ically fastened and soldered after final selection. To gen-
eral-purpose and h.f. plugs and wires are soldered
without mechanical fastening.

The contact lugs of tube sockets prior to wiring are bent
outside approximately by 45°. Before connecting wires
to “Hoating™ lugs of 2 bantam tube socket special templets
are inserted into the tube socket to fix the lugs in position.
Not more than three current-carrying strands should be
attached to one lug. The connection of a greater number
of wires (but not more than five) is permitted only in cases
specially stipulated in diagrams and flow charts. Not more
than two current conducters of total cross section not over
1 mm? should be attached to the contact lugs of glass-
sealed leads.

The distance from the point of the conduetor attachment
to the insulation edge should be not more than 4-1.5 mm.
Wires with damaged or repaired insulation (either with
tape or varnish) should not be used. Neither should electric
wires with outer rubber insulation be used in close prox-
imity to silver-coated surfaces.

Connections between movable contacts are made with
flexible electric wires { 4 with i b
movable contacts are made with a sag in the wire to exclude
stretching when the distance between them is maximum.
The connecting wires must not lie on sharp edges of the
chassis and the edges of holes; this precaution is necessary
to prevent insulation damage. Generally, the wires have 20
to 25 mm reserve length to permit a repeated fastening
of the ends in case of snapping. Connecting wires {except
bare wire jumpers) must not be stretched. The bending radii
of wires and cables should equal at least double wire dia  .r.
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Far e et * R R A L TANATE S

For proteotion of connvating wires against damage the
ends of piacers used for hending aud laying tho wires are
Gtted with polyvinyleblovide  tabing,

The onda of wives aro fastened with the markings faeing
ontwards, Wires in o huneoh ave oonnested fn accordanse
with the maurking, colonrs and longth, [n cuse of any doubt
ax to correatniaz of the connention cheek the wives and find
the right onds with the aid of o tester, The counestions
must ho wmade only i0 no doubt in their corvoatnesa ariso,

All the hook-up pavtz ave first marked in complinnce
with thetr deapmation in the olvenit diagram, Their londs
ave pravided with tesalating tabes, The distanen from the
points of fastoning of the teads of hook-up clemonts to
thoir badies shonld be as short ne practionbis but not less
than 810 mm i wot apecified otherwise in thy flow chart,

The length of both lendp of vadlo components after
their fastoning shonld be vqual,

The assombled hook-up radio compononts should be
apaced Gom sach other, from e chassis and from other
current-eareying suvfiees by not lesa than 8 wmwm, 1 the
party ave coated  with  wmoiatureeresistant.  vaenish,  this
distanes may bo radnesd by a factor of two, In ease of olose
avrangemont of parts, nsndating tubies should be fitted oo,
The contaet Iugs of procision and glassod vostators mast not
be bent in assembly,

The tinned cores of hook-np wive seoured in eable lups
are Rttad into the Iatter amd Hehtly squeesed togethor with.
sprafal forcops (rowmd-nose plives with grooves in the jaws
te it the cable terminal), Aftor entting off the surplus Jongth
of wire and soldering the joint, a palyvinylehlovide tube
i Ated onto the terminal, Not mare than threa wives with
enble torminale ahonld be elamped undor one elamp contaet.
Multicomduetor wites without vable torminaly should unt
e waed with elamp contaets,

8 Bloek Diageams, Clrendt sl Wity Dingrams

A vadio apparatus s conventionally reprosented by
deawings and dingreaws, '
{ {h:‘ blook or sehematic dagram pives only a goneral fdea
of the vadio apparatug, it peiveipal voits and thele fane-
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tions. The block diag ists of squa gblncks) or
circles representing major units which sometimes jncorporate
several stages with electronic elements. The squares are
provided with inscriptions explaining the purpose of eac}x
block or with conventional desi it of ponen
specific for the given unit, The squares are connected with
lines showing the interaction of the blocks,

A typical block-diagram of a radio apparatus is represent-
ed in Fig. 118. The blocks which permeanently take part

II Manipulator| I
l Indicotor l Receiver

Fig. 118. Typical block-disgram of a radio apparatis

in operation snd the permanent interconnections are plotted
in solid lines; special-purpose units with intermittent duty
and confiections of a temporary nature are shown in broken
{ines. Mechanical jons B blocks are shown
by double lines. Depending on the complexity of design
and application, individual elements of the apparatus give
name to the blocks of the diagram.

A circuit diagram shows the detailed interconnections
of actual components in each stage and jllustrates the prin-
ciple of operation. The diagram is the initial data for
designing the equipment and its electric wiring diagrams
and for traiming purposes; in conjunction with the wiring
diagrams it is also used in the process of assembly, adjust-
ment and operation of the ap

In the circuit diagram each element essontial for the
apparatus operalion is represented by a particular symbol.
Elements required in the apparatus either for the purpose of
wiring or for design considerations (terminal bloeks, plug-
and-socket connections, etc.) are not usually illustrated
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in the diagram. In these diagrams the details of wiring,
such as grades and gauges of wires, number of terminals
and terminal blocks pertaining to internal wiring, etc.
are also avoided. In the diagram all the electric connections
of the apparatus elements are shown by separate lines. All
lines on a circuit diagram are bended at a 80° angle.

To simplify the circuit diagram, groups of separate
lines are sometimes blended into common lines with the
joints made in radii. The merging lines are given a partic-
ular number which is the same at both ends.

The conventional symbols of elements which are assigned
a particular function in the apparatus are grouped in the
diagram in one place irrespective of their actual location
in the apparatus (as groups of synchronous transmission
and reception drives, elements of amplifying, rectifying
signalling devices). If required, these groups are separated
from the rest of the circuit by outlining them with a dot-and-
dash line and indicating their designation or symbol.

The component symbols in the groups and the groups
themselves are arranged in the diagram in a way which
provides easy and consecutive following the diagram and
;msures a minimum number of intersections of the connecting
ines. ~

The groups (blocks) are drawn in definite sizes (fo
instance, equal in height and differing in width) for the
convenience of their positioning in rows and tracing lines
between them, representing electric connections.

Elements in the diagram are represented in the following
positions:

switches—in the OFF position;

change-over switches—either in the OFF or in a charac-
teristic operating position;

relays, contactors, electric magnets in the “dead” (no-
load) position;

contact devices—in the neutral position;

limiting devices—in a position corresponding to normal
operation of the apparatus;

_contacts which are closed and opened mechanically—
in a position void of mechanical action;

_ rheostats and potentiometers—in characteristic posi-
tions under normal operating conditions of the apparatus.
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If an element contains several windings represented by
identical symbols (such as transformer windings), it should
be made clear in the diagram which winding is connected
in each particular case. This is done with the aid of inscrip-
tions, giving the winding voltage rating; or by indicating
the markings of the output terminals provided on the ele-
ments.

In certain cases waveforms and voltage values are indi-
cated in specific points of radip apparatus.

T

Rg _L bz

Bl | 3~ —J—
e
a)

T2-3

grg | czz
w2555 =

(b)
Fig 119. Conventional designation of elements on dragram
a—Iisst metbod, b—second method

Controls and checking elements (change-over switches,
instruments, pilot lamps, test sockets, adjustable resistors)
are supplied with inscriptions, indicating their purpose
or application in accordance with inseriptions provided
on ihe apparatus outer walls.

The principal method of identifying elements in the
diagram is to indicate them by letters accompanied with
the element serial number placed after the letter symbol in
the form of a numerical index (Fig. 119a).

For multiunit (multiblock) systems serral numbers are
assigned to elements within a given unit (block), listing
the unit number after the letter symbol and the serial

number of the element in this unit after a dash (Fig. 119%),
for example:
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For unit 2:
R 2-1; R 2-2; R 2-3, etc.
C 24; C 2-2; C 2-3, ote.

Tho reference (position) designations of eclements in
the diapram are shown at their grophical representations,
if possible, at the left side, or under the clement symbol.

The pround or chassis lines are graphically led to a com-
mon line (zero potential or “ground” line). In complicated
diagrams with large numbers of connecting lines the chassis
or ground signs may be drawn adjacent to the symbols of
individual clements. The tube filament circuits are depicted
in full and in complicated circuits only, they may be cut
short and provided with arrows and explanatjons as to their
connections. Shielding of wires, cloments, units, and appara-
tug is also shown in the diagram.

Tsines representing tho electric connections with cloments
boyond the apparatus for which the circuit diagram is made
aro cut short at the diagram margins and provided with
frames in which information on external wiring of the unit
is given. Tach output terminal plate or plug-and-socket
connector is provided with a separate frame bearing the
roferonco designation,

i In Fig. 120 a scction of the circuit diagram of an ultra-
high frequency (uhf) radio receiver is shown, The component
symbols.nro provided with numbers. These numbers repro-
sont their symbols in a special table (list of components)
in which the designation, type and ratings of tho eloments
are given. An oxample of such a list is given in Table 7,
in which some components of the circuit diagram (Fig. 120)
aro included.

) The circuit diagram, however, does not provide informa-
tion about the design features of many compononts, their
Inyout on the chassis, tho form and sizo of the chassis, otc.
Th?so gaps are filled in by pictorial or wiring diagrams
whicl servo to help nssemble tho apparatus illustrated in the
circuit diagram,

The wiring or connection diagram givesa complete account
of the components which make up tho apparatus and how
they aro actually interconnected. Whorens in the circuit
diagram the connections botween individual olomonts are
traced without referenco to the actual points of joining the



Tab

Component List of UHF Recelver Clrcuit Diagram

le 7

Com- d:vll- Operst-
;e:,: Applicaton of element| Type | Rated value rrolx::‘l’ne v:ﬁ.gage
diag- rated ] orpower
ram value,
%
16 Superregenerator | 2/27 - — _
tube
17 Audio frequency | 2iK27 - - -
amplifier tube
18 Trimmer - 2.8-4.5 pF | +10 [1,000V
19 Blocking capaci- | KBr-{ 4,700 pF | 220 | 200V
tor of superregen.
erator tabe screen
grid cirenit
20 Self-bias resistor | BC-0.25 | 510,000 0hms] +5 (0.25 W
in_superregenerator
tube control grid

Fig. 120. Circuit diagram of uhf receiver (fragment)
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Fig. 121. Wiring diagram

hook-up wires; in the wiring diagram, on the other hand,
all the connecting wires, terminal blocks and other points
of connection are numbered and connected as they are
wired in practice.

In the wiring diagram the basic data concerning the
wires, cables, feeders, and bonding jumpers which connect
the apparatus elements are listed. However the wiring
diagram does nol give the actual relative positioning of
individual elements. It is a transitional stage between the

circuit and the pictorial diagrams. A typical wiring diagram
is represented in Fig. 121.
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Pietorial diagrams are used as process charts for assembl-
ing radio equipment in batch and mass production. These
diagrams are resorted 1o in the process of internal electrical
wiring of the apparatus. Pictorial diagrams are drawn in
accordance with the actual position of the elements and
connecting wires, they contain all the necessary data con-
¢cerning wiring, On this diagram the apparatus is shown from
the side of wiring.

There are two methods of preparing pictorial diagrams:
constructional and conventional.

In the constructional method all elements, connecting
wires, cable strands, and cables are represented in simplified
form. Such diagrams do not show the current paths in ele-
ments and are used together with the circuit diagrams. Con-
structional diagrams are resorted to when it is Decessary
to show exactly the mutual position of elements and con-
necting wires in the apparatus,

According to the conventional method, all radio ele-
ments, connecting wires, cable strands, and cables are
reproduced by conventional symbols and lines. Tho diagrams
made hy this method illustrate the current pathsin elemonts
and can be nsed without reference to circuit diagrams. The
conventional method is resorted to in cases when the repre-
sentation of the mutual position of connecting wires and
radio elements on the diagram is sufficient to ensure proper
wiring of the apparatus.

If the operating conditions of the apparatus require
the mutual position of connecting wires and elements to be
definitely specified, a special wiring (desizn) drawing may
be prepared either for the complete apnaratas or for a cer-
tain part of it. This represents the cozetructional layout
and fastening of connecting wires as well as the methods
of fitting, sealing and attaching wize exds to element ter-
minals, This drawing supplemente tt2 wiring diagram made
by the conventional metbod.

Connecting wires in disgrazs x-e designated by doztle
sefial mumbers. The first nomber is vssizned to each connest-
ing Yine of the same potentis}; the second number—to ee

wire of the same electric line. For instance, 1-4; §-2; 1-3, £3
245 2-2; 2.3, ote. Figure $22 Mowirates the desiprenos &
wires in electric diagrams, Wire rumeration starts £7& &=
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Fig. 122. Designation of wires in pictorinl diagrams
{a) couventlonal method and (4) constructional method

Cy Cs J Try
6 d

6 CARA
‘
; : 1, &
: ; ]
RS
o~
-
Fig. 23, Designation of wires, connected to one terminal, on wiring
dingram
192939496
415311213
Lid
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Fig. 124, Desiguation of o cable and eable conductors on a diagram
{conventional mothod)
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within one unit or apparatus circuit. The wire designation in
the circuit is indicated at both wire ends. Short lengths of
wire are sometimes marked at one end only and short
jumpers (bare wire or plate) are not marked at all.

1§ each conpecting line contains only one wire this is
indicated solely by the line number. Wires connected to one
l%rminaéa;re specified in the diagram by similar numbers

ig. 123). .
¢ Cable conductors are desigmated in wiring diagrams
by single serial numbers wlt_hm each cable starting with
number one. The cables are assizned their respective numbers
in compliance with the nazmaration on the genmeral eircuit
diagram and in the disgraz of conrections in the following
sequence: generab-purpese Cales, radinfrecueney eables
other special-purpose cables. o

The cable pumber is listad Ix=
cable line end or is showain marizal notes (52
al diagrams). The cable grals
conductors and the aumber af ez
along the cable hre adiecs=t &=
frame), An illestation 5l &3l
designation in a convemtirzs’ wo=xo
Fig. 424

The table of the pipnrr= ~vrmgoe-s
diagram is located ip the Er—r= —mar o -,
title. The table is prwmoes = & o =
vided in the asserliy &meomr o= &
to tep.
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of radio parts, preparation of stocks of bunched conductors,
as well as the assembly of unils and of the apparatus as
a whole. After checking the stocks of connectling wires and
cables visually, verify their brand, gauge, length, methods
and quality of trimming and binding the ends, marking,
absence of cuts in conductors and their tinning, absence
of damaged and soiled insulation sections.

The dimensions are checked, comparing the stocks to
models with the use of special gauges, rule or tape measures,
and in cerlain cases cstimating approximately by visual
inspection. The type, rated value, marking, longth, shape
of bending and quality of tinning of the leads, absence of
scralches, splits, cracks in the body and damaged inscrip-
tions, sharp bends and fractures of the leads of hook-up
elements prepared for assembly are checked by visual
examination and comparison with models.

Wire layout is checked either with a tester or visually;
also is checked the accuracy, tighiness and correctness of
binding of bunched conductors. The connections are checked
for mechanical strength with pincers (fitted with pve tub-
ing), pgently strelching the wire or lead.

In checking wiring joints make certain that the follow-
ing conditions are observed:

all connections must be made with wires which have
been mechanieally fastened to contact lugs prior to soldering;

all soldered joints should be of tho skeleton-type (the
contour of the connecting wire should be seen under the
solder), (slits and gaps between the connecting wires and
lugs should be filled with solder), soldered joints should
not have pores, bulges, beadings, and should have a lust-
rous surface without traces of flux;

the wire insulation and the insulation binding al the
ends should be intact; pve tubing on bare wire jumpers
should not be fused;

glass beads on hormetically sealed compononts should
have no cracks; connections of contact lugs with the output
leads of such components should be in proper condition;

registor leads should be sccured to contact lugs without
stretching (slightly sagging);

the wiring should be free of solder splashes, traces of
flux, and scraps of wiring material;
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the wiring should be properly fitted and neatly placed
on the chassis; )

the dummy bantam tube or its templet should easily
fit into the tube socket after wiring the latter.

Correctness of assembly and wiring of jumpers, individ-
vel wires, hook-up radio components and marked bunched
conductors is checked visnally. If the marking is damaged,
or ahsent, or there is any doubt of the correctness of the
connections, check the wires with a tester. The assembled
hook-up radio el ts are checked visually and by compar-
ing them with reference models; in specified cases they are
checked with an ohmmeter or capacitance tester.

Inter-unit cables are checked for proper connection

with the aid of a semiautomatic set-up or by comnecting
a tester to the plug-and-socket connector contacts having
the same numbers. Tho units are checked for proper wiring
with the aid of a semiautomatic set-up or by checking all
circuits in turn with tho help of an ohmmeler.

An essential.requirement of all test operations is that
they should be periormed carelully, neatly and thoroughly
to guarantee against any damage in the process of checking
by tampering with the position of wiring elements, thus
reducing the spacing 1 ron-insulated e} or
short-circuiting them.

Soldered joints of proper guality are marked by the
inspector with coloured transparect cellelose-nitrate varnish
which is applied to the soldered area with a special tube
(of the drawing type) or with a soft brush. The soldered
joints of hook-up elements whith are matched during
adjustment are marked witk varxich only after a second
check, which is done after the £zal adjustment and mechan-
ical connection and resolZzrinz of elements have been
completed.

On checking the plmra=dsccket connector coutasts
for proper soldering, tte i=spector slips the pve tubes o3 122
soldering points until thex rest against the eourartes IS
any defects are detertsd i= the assembly and widzs. £27
should be recorded ix {3+ stzet of defects apd ths apTT2s=s
(unit) returned for cosmeetiem ta the forpmarp of t32 SeTNTTT
shop  section.
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ch batch of solder should be tested for chemical com-
posiEt‘:?on which should comply with the smnd{rd. ?h'gl%:?ilx; Ly
of each bateh of flux is checked in the course of ¢ ng.
The flux should provide a uniform .aud strong connection
of the solder with the basic metal; it should also be acid-
free and contain no foreign inclusions. All components a_nd
upits from other production shops are checked for quality
of the surface preparation for soldering.

26. Safety Practices

The proper organization of labou;, accuracy and care
in the process of work are the essential conditions for the
safety of the operator. Assembly operations require implicatle
adherence to basic safety rules.

Llectric shocks present the most imminent danger. The
operator must know that the effects of current on a human
body depend on the current density, frequency, exposure time,
current path and individual features of the human being.

The grealer the current density, the greater the danger
it presents (current from 0.1 A up, as a rule, is fatal). The
greater the voltage, the less is the resistance of the skin
and the greater is the danger of aflection. Voltages below
40 V can be considered as relatively safe. Higher voltages,
especially 220 and 380 V commonly used in industry, may
be fatal.

The danger is increased with decrease in current fre-
quency {the most dangerous for a human being are the indus-
trial {requency currents) and increase of exposure time.
This is due to the fact that the resistance of the skin, which
to a certain extent protects a human being from current
danger, reduces with prolonged exposure to the current.
High-frequency currents (50 ke/s and higher), though not
fatal, can cause heavy burns.

When pulling a plug out of a socket, grasp the plug and
not the cord, since the latter can be torn oul of the plug
which might result in short-circuiting or inflict an electric
shock. Faults in the mains should be repaired only by an
electrician.

In working with microwave frequency installations the
personnel can be subject to electromagnetic radiation from
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arious oscillators (maguetrons, klystrons, etc.). The most
ntensive electromagnetic radiation is from antennas, open
nds of waveguides and the cathode leads of high-power
ascillator tubes. Besides that the energy of electromagnetic
;aves can leak out of the joints between waveguide elements
flanges, boxes), through open flanges of wavegnide direc-
ional couplers, cavity resonstors, etc.

Systematic exposure to microwave electromagnetic
adiation is damaging to a man’s health. The extent of the
nfluence depends on the duration and intensity of radiation,
lo avoid accidents and prevent adverse effects of microwave
adintion, the following is essential:

thoroughly study the unit or apparatus circuit aud
ocate ail the elements which are under high voltage;

ground metal casings of the units of the apparatuses
mnd measuring jnstruments;

check the power sources for proper operation and avail-
whility of the appropriate fuses and switches;

when working with high voltage place a rubber mat
underfoot;

after switching off an apparatus, pulled out of its casing,
discharge the capacitors with a special discharging rod;

microwave oscillators should be loaded to dummy loads
(except in case of antenna measurements). The oscillators
should he operated at a minimum power level sufficient
for normal work;

check radio-frequency circuits for tight and reliable
connections;

ohserve particular precautions in testing circuits for
electric strength.

1t is forbidden to:

check the presence of voltage and heating of the current-
carrying elements of the circuit by touching them;

use wires with damaged insulation for the connection
of units and devices of apparatns;

perform soldering and wiring operations in energized
circuits;

measure valtages and currents with non-insulated jacks,
rods, wires;

connect units and instruments to operating apparatus;

replace fuses on live apparatus;

1 __an
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work on high-voltage installations without special
rubber gloves and insylated tools‘;i i level:

look into a waveguide open end at any power level;

ir any energized radlo—freqpency circuit; )

repalrr with the shields of microwave installations;

ffifé&e radio-frequency radiation beyond the assigned
sectrg;.e aperator’s station should be free of unnecessary
materials, tools and components, as thls: has an adverse
effect on the productivity of labour and might cause a hand
mn}?&uids used for washing soldered joints (alcohol, sol-
vent, turpentine) should be kept in wgll_ corked _bottle§.
Evaporation should be reduced to a minimum; wgth.thgs
aim the bottles should be opened only when the liquid is
used. To avoid fire danger, don’t wash soldering joints with
gasoline. i ..

While working with a soldering iron guard your hands
against burns especially with irons of 200 to 300 W used
for soldering massive elements (screens, filters, transform-
ers). Use a cloth folded several times for holding such parts
during soldering. Support smaller components and bare
wires during soldering with pincers or flat-nose pliers.

Particular precautions should be taken against splashing
of solder in the process of soldering. This might happen
when the soldering iron slips off a lead, the latter may spring
back and spatter small particles of molten solder. In such
cases the eyes must be protected first as the minute particles
of molten solder may cause a serious eye injury.

Great care should be exercised during tinning ends of
wires and leads in a molten tin bath. The bath should oceupy
a firm position on the bench and, prior to connecting it to the
mains for melting the solder, it should be placed on a large
tray made of sheet steel or brass with flanged edges 10
to 15 mm high. Such a tray will not let solder spill over
the bench, if the bath accidentally turns over. The tray
with the bath must not be carried about until the solder
solidifies,

Cleaning wire insulation by scorching is accompanied
by much smoke with disagreeable and heavy smell. For
this reason a well ventilated exhaust hood should be used
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when scorching many wires. If the wires are not in large
numbers, their insulation should be scorched at an open
window (in summer) or (in winter) the operator should
either switch on an exhaust fan or thoroughly ventilate
the room on completion of the operation.

In the course of soldering and washing of hot soldered
places vapours of rosin, solvent and alcohol give off; par-
ticularly injurious to one's health are the vapours of tin
and lead. They contaminate the air in a2 work room, which
should be for this reason aired as frequently as required.
This is usually achieved with the use of exhaust ventilation
or (if lacking) by opening windows or air vents.

All tools should be reliable and handy for work, other-
wise the operator will injure himself with the tools, if they
are in bad repair. The wooden or plastic handles of screw
drivers, hammers, hack saws should not be cracked. A handle
with even a tiny crack can split in operation and the tool
tang can cause heavy injury to the operator’s hand.

In grinding drills and screw drivers on a grindstone
guard the eyes against small particles of stone and metal,
using either a protective glass mounted near the grindstone
or protective goggles.

When drilling a hole in a drilling lathe take care not
to hold the work by hand. The work should be clamped
in a hand vice, Sometimes the drill can clinch in operation,
especially when drilling thick stock; the drilled piece may
be snatched out nnd the hands ay be heavily injured
if not removed in * H L

The operator’s = =+« -
chest so that first : o i
sary.




CHAPTER FOUR

PRINTED CIRCUITS

27. General

The process of assembly, wiring and adjustment of
a modern radio apparatus is very laborious. The total costs
of these operations amount to 60-70 per cent of the entire
cost of the complete apparatus. This can be explained by the
fact that assembly, wiring, and adjustment operations are
as yet insufficiently mechanized, and, in addition, involve
gkilled manusal labour.

Wiring and adjustment operations of existing designs
of radio equipment cannot be performed without manual
labour. Progressive technological methods ensuring a rapid
increase in output can be introduced only on the basis of
a radical change in the design of the wiring circuits in the
first place, as well as of individual components, units, and
radio apparatus as a whole. Such new designs can be provid-
ed with the incorporation of printed circuits which enable
the productional processes to be widely mechanized and
automated.

Printed circuit elements are made in the form of thin
layers of electric conducting materials deposited onto the
surface of insulating plates,

This technology enables not only the wiring but the
operations of assembly and soldering of radio devices to be
mechanized and automated. Until recently these operations
were generally performed manually.

. The use of printed circuits reduces the time for assembly,
wiring and adjustment operations and allows a sharp increase
in the production rate of radio equipment; it also makes
it possible to reduce the overall dimensions and weight,
decrease the number of possible mistakes in assembly and
thus the number of tests which are required in the conven-
tional methods of production. Printed circuits encourage
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further standardization of radio devices and their ele-
ments.

The rovolution in electronic equipment manufacture
due to the teansition from metal chassis with a network
of wires to structures consisting of panels with printed
circuits has brought about a number of problems confrouting
the design cngineers.

Prior to considering these problems, let us specify the
terms used in the printed circuit engineering,

Printed conductor~a section ol cusrent-conducting coat-
ing deposited on an insulating base.

Printed element—a resistor, capacitor, inductor, con-
ductor, etc. deposited on an insulating base in the form
of a metallized or other coating.

Printed wiring—a printed cireuit, or a portion thereof,
intended primarily to provide electrical connection or
shielding of circuit elements,

Printed circuit—a system of conpections and some of
the components printed on a common insulating base.

Printed eircuit plate (board)—insulated base with printed
wiring or printed circuitry,

Metallized hole—a hole in the printed plate with a layer
of metal deposited on the hole walls; or a hole with a hollow
rivet having electrical contact with the printed conductors.

Contact area-—~the metallized surface around & hole,

Wirtng hole—~a hole intended for securing the leads
of a mounted (hook-up) element.

Mounted {hook-up) elements—electric and radio elements
attached to the printed plate (board) by way of soldering
and which are in electric contact with the printed con-
ductors.

Printed unit—a printed plate with hook-up elements
and parts.

Reference grid—a coordinate grid conventionaly super-
imposed on the printed plate drawing to determine the
location of holes and dimensions of ctonduetors,

Grid junction—point of intersection of two grid lines
normal to each other.

Production conductor—auxiliary printed conductor pro-
viding clectrical connection of individual conductors on
the printed plate and subsequently removed.
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Specific features of printed wiring. There is a number of
features of printed wiring, including (1) the exclusively
flat-type arrangement of printed conductors’ on a plate
which does not permit the transition from one plate to
another without jumpers, terminal blocks or connectors;
(2) the use of same or similar devices in makix}g printgd
circuit plates; (3) the introduction of a coordinate grid
required for the mechanization of making holes in the

late.

P In addition, printed circuits are characterized by the
following peculiatities: mounting of hook-up elements and
securing their leads exclusively by passing them through
holes, simultaneous soldering of the leads of all elements
assembled on the printed plate; definite succession in the
assembly and wiring operations, viz: location of the hook-up
clements on the printed circuit board and their preliminary
mechanical fastening; soldering the leads of the hook-up
elements; installation of other mechanically fastened com-
ponents (racks, threaded bushes, etc.).

In all methods of producing printed circuit elements
the current density for a printed circuit wiring is adopted
cqual to 20 A/mm®; the adhesive strength not less than
25 1o 30 kg/cm® Due to small weight and large surface
of a printed conductor, its adhesive strength with the base
is sufficient to withstand considerable alternating mechani-
cal loads affecting the conductor during vibrations in
a frequency range from 4 to 200 c/fs.

Mechanical properties of printed conductors are adequate.
In healing unequal linear expansion coefficients of the
insulating base and the conductor material do not cause
any complications as well as in case of current-condncting
lines deposited on a flexible base. Since the plate is not
porous or contaminated, discontinuities in the process of
producing very thin conductors (as for coils) are ruled out.

Printed conductors are easily connected with structural
clements by soldering and welding, The latter operation
can be carried out without preliminary drilling or piercing
holes between the current-conducting lines on both surfaces
of the bhoard.

Irrespective of the method of manufacture, printed con-
ductors should meet the following requirements:
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The conductivity of the deposited metal should.approx-
imate that of copper conductors,

The cross-sectional area of the conductor should cor-
respond to the value of the current, as'well as to the permis-
sible voitage drop across individual portions of the condue-
tor. The minimum width of the conductor is determined
by the method of production and mechanical adhesion of the
conductor with the base.

Irrespective of the thickness of the layer, length and
shape of individual structural eclements of the printed
circuit a certain value of adhesive force between the depos-
ited metal and base surface should be ensured in a temper-
sture range of —60 to -4-270°C (-4-270°C is the maximum
temperature of heating in case of mechanized praduction
of the printed circuit).

Materials used for printed circuit boards, Depending
an the technology of printed circuit production either
a dielectric material is vsed on which the metallized circnit
is depasited, or a dielectric covered with continuous metal
layer (metallized dielectric) from which the excess metal
§s etched out.

In hoth cases the dielectric material should fea-
ture: :

minimum dielectric permeability (not exceeding seven) to
exciude considerable stray capacitances between printed
conductors;

low dielectric loss tangent or dissipation factor in the
operating frequency range which is of particular importance
for high-resistance circuits; the loss tangent should not
exceed 0.06 at 1 Mc/s;

specific sutface and volume resistance of the insulation
not less than 10" ohm and 40' ohm.cm, respectively;

dielectric strength not less than 15 kV/mm;

sufficient thermal stability to withstand the dip-
soldering process at 240 to 270°C for 10 to 15 sec;

stable electrical parameters in the operating terppera-
fures from —60 to 420°C. At a 30 £ 2°C temperature
and humidity of 95 to 98 per cent sustained during 30 days
the eleciric parameters should remain constant;

stable electrical, physical, chemical and mechanical
properties in the process of production treatment;
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sufficient mechanical strength and good machinability
(in drilling, stamping, milling); ) . -

a homogeneous (in colour) surface void of impurities.

Printed circuit boards are usually manufactured from
bard cardboard grades As and Bs. Its electrical properties
are not very high, however it is easily machined, is cheap
and ensures normal operation of circuits at frequencies
up to 30 Mc/s. At frequencies above 5 Mc/s high-frequency
grades of hard cardboard (Bs and I's) are used.

Hard cardboard boards used for printed circuits should
not be more than 2 mm thick to permit for their production
by stamping. Hard cardboard from 3 to 4 mm thick is used
in cases of heavy mechanical loads and usually for plates
with more than 300-400 cm® area.

In addition, printed circuit plates are made from texto-
lite (resin-impregnated laminated cloth) grade B4 and
glass-fibre textolite grade Cr. Other electric insulation
materials, such as ceramics, glass, molding powders, are
also used. :

The use of molding powder plastics encounters a number
of difficulties, of which the principal is that it necessitates
the manufacture of intricate molds which must be changed
cach time the design of the printed circuit plate is changed.
The best molding powder for printed circuit boards is
plastic type AT-4. Polystyrene is unacceptable, if dip-
soldering is specified, since its thermal stability is low,
though it is very adequate for printed circuit plates operat-
ing at ultrahigh frequencies. The most promising is the
polyfluoroethylene grade 4, though its use for printed cir-
cuit boards is restricted due to difficulties encountered
in producing a strong joint when gluing it to metal.

DESIGN OF PRINTED CIRCUIT UNITS AND PLATES.
RECOMMENDED METHODS OF MOUNTING
OF HOOK-UP ELEMENTS

The principal advantage of printed circuits is that they
can he manufactured using advanced processing technique
which opens up wide possibilities for automation and
mechanization of assembly and wiring; at the same time
1t requires technologically sound designs.
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The technological requirements discussed below refer
{o printed circuits manufactured by electrochemical etching
of metal foil.

Conductor width. The width of a printed conductor
depends on the current density, permissible voltage drop,
required mechanica) strength and method of fabrication.
A conductor with a less than required cross section is sus-
ceptible to overheating which may disrupt the connection
of the conductor with the base or result in conductor rupture.

The data on the temperature of heating, eross-sectional
dimensions and current are listed in Tables 8 and 9.

Table 8

Dependence of Temperatute on Current
Valoe 2nd C Seclions] Area of Conduct

Conducter dimensions Current (lnt::ml';:?;:l?g In heating
Width, mm Thickness, p gs°C 100°C

a.5 5.2 5.8

1.0 10 5.6 6.5

1.5 6.5 1.6

0.5 6.0 0

1.0 20 70 8.2

1.0 8.0 10.9

Table 9

Recommended Current Values vs Printed
Conductor Dimensions *

WIdth of con- | CUTTEnt (A) with conductor thickness of
ductor, mm ™ 20p
0.5 1.0 1.6
1.6 1.5 2.0
1.5 2.0 2.5
2.0 —- 3.0

* AL an amblent temperature of 20£3°C,
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The maximum permissible currents in printed conduc-
tors, as seen from these tables, are higher than for round-
shaped hook-up wires. Thus, a printed conductor 1 mm
wide and 0.05 mm thick made from foil, due to good thermal
conductivity and a relatively large surface, can be loaded
with a 3 to 5 A current, whereas the standard current for
a round-shaped conductor of the same area is but 0.5 A
(for a rated current density of 10 A/mm?).

The electric resistance of printed conductors to d.c. is
slightly higher than for round conductors due to irregular
edges of the printed conductors and higher resistivity of
copper foil and copper deposited by the electrochemical
method. The resistance of a printed copper conductor 0.05 mm
thick and 1 m long produced from foil is as follows (vs the

conductor width): !
Width, mm 0.5 1.0 2.0 3.0
Cross section, mm? 0,025 005 010 0.15
Resistance, ohm 1.0 0.5 025 0.8

The resistance of an electrically depesited copper con-
ductor 4 mm wide and 1 m long depending on the thickness
of copper built up is as follows: :

Thickness, p 10 20 30
Resistance, chm 3.5 2.0 1.5

In designing printed conductors due consideration should
be paid to voltage drop which might interfere with the nor-
mal operation of the circuit; therefore it should be primarily
accounted for in designing filament circuits. For instance,
a 6 A current can be passed through a foil conductor 1 mm
wide having a 0.5 ochm/m resistance; the current will heat
the conductor to 52°C. With a 200 mm length of the con-
ductor voltage drop will amount to 0.5 V which can cause
fnu{ty operation of the tubes. These considerations prevent
taking full advantage of one of the features of printed cur-
rents, namqiy, high current densities,

The minimum width of the conductor is dependent on
the technique of their fabrication. One of the most advanced
methods—offset printing with the use of bimetallic stereo-
type blocks—makes it possible to obtain foil conductors
as narrow as 0.3 mm and electrochemically deposited copper
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conductors 0.4 to 0.5 mm wide. However, a 1 mm width
of conductors made by the offset printing methed is econom-
ically expedient.

In using other types of stercotype blocks it is advisable
to increase conductor width to 1.5 mm.

An increased width helps to obtain printed conduclors
wnh nmrorm t;dges

The thick of a printed
conductor depends on the thickness of the foil available.
At present fails 0.05 mm thick are used in the USSR.
In electrochemical deposition it is impracticable to
make a conductor thicker than 0.63 mm since a thicker
conductor will require more time for its fabrication. In
addition, the adhesion of a cenductor to the base diminishes
with an increase in its thickness. Thus a conductor 0.4 mm
thick has so weak an adhesion that it is difficult to eusure
sulﬁcienl mechamcal strength of such a joint.
printed d Spacings between
pnnied conductors obtained in different ways are chosen
depending on the operating voltage (Table 10). The mini-

Takle 10

Minlmum Spacing Betwreen Conductors Printed on a Hard
Cardboard Base as a Funclion ol the Operating
and Breakdown Voltages

8pacing between Breakdown Operaun5

cosductors, mm vaitage, V voitage,
0.5 1,000 250
1.0 1.500 400
2.0 2,200 600
3.0 3,000 750

mum vpncmg }wmeen the edges of conductors, as deter-
mined by iderations, should be 1.0-1.5 mm.
The minimum spacmg (though impracticable economically)
is 0.3-0.4 mm,

The spacing between the soldering points in all cases
should be not less than 1.5 mm which is sufficient to aveid
short-circuiting of the adjoining conducting lines by the
solder (dip-soldering).
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Layout of printed conductors. Flat-type p]apem_ent of
conductors and component parts in printed circuits re-
guires, as compared to hook-up wiring, a more careful layout
of the insulating base. The conductors should be short,
especially in grid and plate circuits, and should not have
sharp changes from wide to narrow sections. The conductors
should change direction gently so that the internal radius
of curvature is not less than 2 mm.

Sharp changes of the direction and width of the conduc-
tor reduce adhesion of foil or deposited ‘copper to hardencd
paper, which in subsequent machining of the plate or heating
in the process of soldering might result in peeling the con-
ductor off the base. For the same reason foil conductors
should be located at not less than 1 mm from the edges
and large holes in the plate.

In fabricating printed circuits by etching, it is desirable
that the foil sections not used as conductors be left on the
plate and connected between themselves and with the
grounded parts of the device. However, circular arrangement
of the foil around high-frequency units (such as inductance
coils) should be avoided, since the short-circuited turn thus
obtained will impair the parameters of the circuit.

To prevent the buckling of the foil and peeling it off
the base due to gases liberated during heating the plate
in the process of soldering, conductors wider than 5 mm
should be provided with continuous slots or small sections
of the foil should be etched off.

For economical and technological reasons (economy of
foil, etching solutions and convenience of arrangement of
the component parts) conductors obtained by the etching
method should be arranged on one side of the plate. Inter-
sections should be made with the help of wire jumpers or
hook-up elements arranged on the free side of the plate.
The wire jumpers inserted into specially provided holes
are soldered to the printed conductors simultancously
with the leads of the hook-up elements by dipping them
into molten solder.

If printed conductors are arranged on both sides of the
plate, the current-carrying lines are passed from one side
to the other by ‘means of hollow rivets (pistons) or wire
led through special holes in the plate. The rivets inserted
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into the holes should be flanged out and the ends of the wire

ent.

For reliable soldering it is desirable to tin the pistons
and wires as well as the surfaces of the printed conductors
in touch with each other, before soldering.

Fabrication of printed conductors on bath sides of the
plate and their passing from one side to the other do not
present technological difficulties when electrochemical
techniques are employed. The current-carrying conductors
are passed from one side of the plate to the other by deposit-
ing metal on the walls of special holes simultaneously
with building up the layer of conductors.

In fabricating printed circuits by electrolytic deposition
of metal, it i2 essential that all conductors be inter ted;
for this reason the circuit is pravided with auxiliary tempo-
rary conductors which ensure current flow to all sections
of the circuit without additional complicated means.
Reduction of resistance and deposition of metal in a more
uniform layer on all the circuit sections are promoted by
making these temporary conductors as wide as possible.
For the same reason additional temporary-type jumpers are
joined at several points to conductors longer than 250 mm;
after building up the conductors these jumpers ate removed
or ruptured.

Sometimes temporary conductors are removed by stamp-
ing; they are ruptured when punching holes. This operation
can also be performed by drilling, reaming and trimming
}.h: ends of the board where the lemporary conducters are
ed out.

In certain cases instead of temporary conductors use
is made of a flexible contact in the form of a sheet complete-
ly covering one side of the plate. After metal is deposited
on the open side the sheet is removed to the opposite side
where the conductors have already been built up,

A wide metallized area of not less than 15 % 15 mm is
provided at the plate border for making contact with the
clamp (suspension) in the process of metal build-up.

General requirements to printed clrcuit boards. Usually
printed circuit plates are made either square or rectangular.
‘Their dimensions do not exceed 220 X 380 mm, since larger
plates are not mechanically strong, are awkward for machin-
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ing, apt to buckling in the process of printing circuit and
soldering by the dipping technique. ]

The centres of all the holes on the printed circuit board
are Jocated al the intersecting points of the coordinate grid
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Fig. 125. Arrangement of holes on printed circuit board
a—right. b—wrong

spaced at 3 mm (Fig. 125). Sometimes a coordinate grid
pitch of 1 mm is adopted. The hole centres for multicontact
hook-up elements (relays, connectors, tube sockets), which
by their design cannot be
aligned with the coordinate grid |
intersection points, should be i
laid out in compliance with
specifications or drawings for §
these elements and parls, so
that the centre of a hole adopted
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Fig. 126. Arrangement of holes Fig. 127. Lattice shiclding of
for Jeads of tnulticontact hook-up conductors
clements
a ~—right; b—wrong
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as the basic one should be located in a grid intersection and
the centre of one of the other * holes—on one of its vertical
or horizontal axes (Fig. 126).
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The conductors are shielded by latticed screens (Fig. 127)
with slots in the screen made at an angle of 45 to 60°.

Around holes for fastencrs, transit and auxiliary holes
in the screen there should be circular cutouts from 1 to
1.5 mm wide. If holes for the leads of haok-up elements
happen to be in the screen area, a semi-
circull;r l?utout from 1 t‘:: 1.5 mm wide S
shou e made in the screen at a S5z
distance of 1 mm from the edge, so §\E‘{\\\\“)\;]
that the width of the bonding jumper M%\Q
does not exceed 1.5 to 2 mm. Some- Eﬂ_\\\\;\,‘_’\_
times semicircular grooves or sectors .
are made around the holes (Fig. 128). Fig. 128, Cutouts

Generally the printed circuit plate around holesina shicld
is provided with at least two auxi-
liary holes and with a “key” (lug) duc to which the
plate can be located in one position only.

The drawing of a printed circuit plate (Fig. 129) should
contain:

plate averall dimensions;

width designation of the printed conductors (the width
of conductors up to 1 mm must be given in figures and wider
conductors are plotted to scale" with the coordinate grid);
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Fig. 129, Printed circuit board (drawing)

the distance between conductors (indications for spacings
less than 1.5 mm only are required);

the marking of holes and symbols of circit elements
on the side of installation, bearing in mizd that in usual
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one-plate designs only holes for eclements with flexible
leads and transition elements (wire jumpers, plug connect-
ors, terminal blocks) are marked, whereas in multiplate
(sandwich) designs all the holes of the printed circuit board
should be marked. ) ) -

In addition, the following data are provided in the
specification supplemented to the drawings: ]

the coordinate grid pitch (tolerance for non-parallelism
of the grid lines is 0.4 mm);

12 iy f
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Fig. 130. Printed circuit unit (drawing)

1~ dlode; 2 and S—capacitors; <—transtonner; S-~transistor;
8~hoard; 7—contact (terminnl)

tolerance for the width of conductors (usually 4-0.2 mm
in narrow places and 4-0.5 mm in the other areas);

the permissible digressions from the drawing in the
location of conductors (usually 41 mm);

methods of marking the holes (in most cases the figures
are Jocated symmetrically to the axes of the holes and are
marked in special white paint or by etching).

The prade of plate surface finish after machining and
drilling holes should be not worse than V4. In machining,
one of the plate holes is adopted as a reference point. The
plate edges should be used for this purpose as a rare exception
only. The spacings from the reference hole and any other
hole should be accurate to 0.2 mm if not specified other-

wise. QOther not specified dimensions are to the 7th class
of accurncy.
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The drawing of a printed circuit unit given in Fig. 130
represents a printed circuit plate with hook-up elements,
bridging ( ting) el s (jump terminal blocks,
etc.) and el s secured hanically (by flanging out,
riveting, etc.) with subsequent soldering. All the hook-up
elements are marked in accordance with the circuit diagram.
In addition, the specifications should ascertain the method
of soldering of element Jeads and protection of the printed
unit with varnish, and specify the materials used.

28. Fabrication of Printed Circuit Boards
and Wiring of Hook-up Elements

The methods of fabrication of printed boards are classi-
fied by the techniques of obtaining a current-conducting
coating and producing printed conductors,

Methods of obtaining current-conducting coatings. Several
methods of producing current-condncting coatings are known.

Electrochemical (electrolytical): in this method a thin
layer of metal (4 to 2 p) is deposited chemically to a requi-
red thickness in an electrolytic bath.

Elsctrolytic-and-transfer method in which the conductors
are preliminarily deposited electrolytically on a special
metal matrix with subsequent transfer of the conductors
onto an insulating base,

Foil application: a sheet of clectrolytic copper foil is
glued to one or both sides of an insulating base.

Burning-in of current-conducting dyes: silver compounds
in a paste form are applied to the surface of an insulating
base; during subsequent kilning the compound is reduced
to metal and fused with the base.

Schoope process: in this method molten metal is pul-
verized onto the insulating base with the aid of an air-
sprayer,

Vacuum flashing (as a version of cathode sputtering):
a metal, pulverized in vacuum, is deposited on an insulating
base in the form of a thin film owing to either sublima-
tion or the action of an electric field,

Pressing of metallle powders; in this method powdered
xl:ml!aldis (}:iressed into the insulating base by means of a pre-

eate .

13383
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Methods of depositing printed conductors. Printed con-
ductors are formed on the insulating base with the md' of
stencils bearing the image of the conductors and enabling
this image to be reproduced on the hase. The stencils can
be in the form of photographic diapoesitives or negatives,
ofiset printing forms, grids with the conductors represented,
molds, dies, templets, ete. The following metho.ds of depos-
iting conductors are used depending on the stencil employed:

Photographic—contact printing of the conductor image
from photographic diapositives or negatives on a base coated
with light-sensitive emulsion. o

Offset—application of the positive or negative image of
the conductors onto the base using protective varnish and
printing forms. . o

Graphic—application of the positive or negative image
of the conductors onto Lhe base with protective dye through
a reticulated stencil,

Molding—{ormation of a positive reliel image of the
conductors in the form of grooves on the plate.

Stamping—cutling out conductors with a special die
oul of a sheet of foil applied to the insulating base.

Impressing — deposition of acid-resistant films with
a positive or negative image of the conductors by means
of a heated dic and coloured foil.

Xerographic—photographing the positive or negative
image of the conductors by projecting them on a plate
covered with a semiconducting layer charged to apreset
potential. The latent electrostalic image is developed
with the use of charged pigmented powders and is transferred
onto the base with the aid of an intermediate backing, and
then is flashed off.

Engraving—formation of the positive relief image of
Lhe’conductors in the form of grooves with the use of special
Lools,

Drawing—application of the image of the conductors
to the foil-clad insulating base in acid-resisting dyes either
by hand or using a brush or lettering pin.

Application of a protective dye through a stencil.

Methods of fabricating printed circuit hoards. The method
of fabrication of printed circnit hoards is a combination
of a certain technique of fabricating a current-carrying
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Fig. 131. Methods of deposition of conductors and current.
earrying coatings used with various methods of production of

printed circuit boards

coating with this or that method of depositing the image
of conductors.

The diagram of Fig. 131 represents the methods of manu-
lacturing printed circuit boards consisting of two principal
technological processes: formation of a current-conducting
coating and deposition of the image of the printed conduc-
tors. In certain specific cascs, as for obtaining printed
circult plates on fragile bases, combined methods comprising
three or more technological processes are employed. For
example, the method of electrochemical deposition with
subsequent etching on a drawn stencil, the Schoope process
with subsequent etching with the use of photo-stencils,

=
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and others. Most commonly used are photo-electrochemical,
offset-electrochemical, grid-electrochemical, photographic
transfer, grid-transfer, photo-chemical, offset-chemical, and
grid-chemical methods. .

Technological requirements to hook-up parts. Automation
and mechanization of the assembly of printed circuits to
a great extent depend on the design of the leads of hook-up
component parts. i .

From the technological point of view a round-wire lead
is the most practicable (then the hole in the plate for fasten-
ing this lead is also round). In addition, the round shape of the
leads enables them to be sheared off and bent by compara-
tively simple devices. Generally round-section leads are
0.8 to 1 mm in diameter and are either tinned or silvered.
The designs of intricate-shape hook-up components to be
used in printed circuits should ensure the possibility of
automatic assembly and maximum utilization of the advan-
tages of the printed circuits.

Thus, large components are secured to the plate not
only by soldering them to the current-conducting leads but
also with the aid of special lugs projeciing from the bodies;
these lugs are soldered either to individual sections of the
foil or to the grounded wide common conductor. These
components or units are provided with special projections
or grooves which ensure the ease of their transportation
along the guides of automatic assembly machines with
simultancous orientation of the components warranting
their proper installation on the plate.

The design of fastening and locating elements used in
printed circuits should contribute to mechanized and auto-
mated assembly of components. Elements are adapted for
mounting on printed circuit boards using for this purpose
holes located on a coordinate grid of 3 mm pitch.

Radio eclements should be of small physical size and
simple geometric shape, preferably cylindrical; size toler-
ances should be not more than +0.25 mm. Polar radio ele-
ments as well as elements with three and more leads are
provided with a "key” for their orientation in the process
of fitting to the printed circuit board with the aid of an
automatic stacker. Miniature radio elements are made with
axial leads. '
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In broadcasting eguipment operating without mechan-
ical loads large-size units (tuned circuits, transformers,
chokes) are sometimes secured with the aid of clamps or
fastening clips with subsequent soldering.

Component patts fitted directly to a printed circuit
Yoard {for instance, tube sockets) should be of such a design
ss 1o exclude the possibility of varnfsh penetration to the
radio clements (such as tube socket lugs), when the board
is being painted, The materials used for radio devices and ele-
ments should permit heating them to 100°C for 30 hrs.

Methods of fitting hook-up clements to printed clrcuit
boards, Prior to solsering all leads of hook-up elements
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Fig. 132. Arrangement of hovk-up elements of plato

as well as wire jumpers are secured in the board holes to
prevent them from falling out during station-to-station
transfer ond soldering.

The leads of elements are passed through the holes
and then bent underneath the board. The bent section
should be at least 0.6 mm long and the point of hend
not closer than 2 mm to the element body The length
of the lead from tho radio element body to the point of
soldering shouid conform to corresponding specificatfons.

The distancoe between the body or Jead of an element and
the board cdge should be not less than 2 mm (Fig. 132),
between adjacent elements or units—not less than 0.5 mm,
and not less than 4 mm from the radio element to the centres
of hales for other radio elements arranged at right angles.

In double-plate (“sandwich”) constructions hook-up
elements are arranged vertically between two printed circuit
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and others. Most commonly used are photo-electrochemical,
offset-electrochemical, grid-electrochemical, photographic
transfer, grid-transfer, photo-chemical, offset-chemical, and
grid-chemical methods. .

Technological requirements to hook-up parts. Automation
and mechanization of the assembly of printed circuils i¢
a great extent depend on the design of the leads of hook-up
component parts.

From the technological point of view a round-wire lead
is the most practicable (then the hole in the plate for fasten-
ing thislead is also round). In addition, the round shape of the
leads enables them to be sheared off and bent by compara-
tively simple devices. Generally round-section leads are
0.8 to 1 mm in diameter and are either tinned or silvered..
The designs of intricate-shape hook-up components to be
used in printed circuits should ensure the possibility of
automatic assembly and maximum utilization of the advan-
tages of the printed circuits.

Thus, large -components are secured to the plate not
only by soldering them to the current-conducting leads but
also with the aid of special lugs projecting from the bodies:
these lugs are soldered either to individual sections of the
foil or to the grounded wide common conductor, These
components or units are provided with special projections”
or grooves which ensure the ease of their transportatio
along the guides of automatic assembly machines wi
simultaneous orientation of the components warran
their proper installation on the plate. Lo

The design of fastening and locating elei -+
printed circuits should contribute to mechani
mated assembly of components. Elements ares:
mounting on printed circuit boards using f
holes located on a coordinate grid of 3 m

Radio clements should be of small ph
simple geometric shape, preferably cylind
ances should be not more than --0.25 mm
ments as well as elements with three a
provided with a “key” for their orientat” -
of fitting to the printed circuit board v
automatic stacker. Miniature radio elem
axial leads.
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In broadcasting equipment operating without mechan-
ical loads large-size units (tuned circuits, transformers,
chokes) are sometimes secured with the aid of clamps or
fastoning clips with subsequent soldering. !

Component parts fitted direetly to a printed circuit
board (for instance, tube sockets) should be of such a design
as to exclude the possibility of varnish penetration to the
radio elements (such as tube socket lugs), when the board
is heing painted. The materials used for radio devices and ele-
ments should permit heating them to 100°C for 30 hrs.

Methods of fitting hook-up clements to printed elrcuit
boards, Prior to soldering all leads of hook-up elements
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Fig. 132, Arrangement of hook-up elements of plate

as well as wire jumpers are secured in the hoard holes to
prevent them from falling out during station-to-station
transfer and soldering.

The leads of elements are passed through the holes
and then bent underneath the board. The bent section
should be at Ieast 0.6 mm long and the point of hend
not closer than 2 mm to the element body The length
of the lead from the radio element body to the point of
soldering should conform to corresponding specifications,

The distance between the body or lead of an element and
the board edge should be not less than 2 mm (Fig. 132),
between adjacent elements or units—not less than 0.5 mm,
and not less than 1 mm from the radio element to the contres
of holes for other radio elements arranged at right angles.

In double-plate (“sandwich”) constructions hook-up
elements are arranged vertically between two printed ¢ireuit
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cutoff toa | A
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Fig. 133. Fastening radio elements with round axial leads (a} and
flat radial leads (b and ¢) on double-plate units

boards. Circuit elements with round axial leads are fastened
between the boards bending one of the leads (Fig. 133a);
radio elements with flat radial leads are fastened by the non-
constricted or non-sheared section of the lead (Fig. 133b) or
by bending the lead (Fig. 133c). The constricted lead is secured
in the hole by spreading out or {wisting during shearing.

In flat printed circuit units hook-up elements are arranged
parallel to the plate surface either without any spacing
or with a 2-3 mm clearance between the element body and
the plate, To protect the trimming elements (such as induct-
ance coils) from varnish in the process of dip-coaling,
their bodies are raised 3 to 5 mm above the plate surface
(exposed confacts of terminal blocks, relays, mounting
racks are raised from 5 to 10 mm).

Hook-up elements with round axial leads as well as
clements with flat radial leads in flat units are fastened
by bending the leads (Fig. 134a and b). Sometimes the flat
radial leads are secured without bending them (Fig. 134c).
The hook-up elements are located on one side of the plate
only (the side free of printed clements).
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General requirements to printed eircult units. Printed
circuit units are designed with due consideration to the
peculiarities of printed circuit wiring and the methods of
fabrication of boards. The printed circuit units can be
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Fig. 134. Fadening radio  Fig. 135, Design of printed &zt
elements on fMlat unils units
@ #nd d—bent leads, c-gtrafght  a-single-plate, d—doullepirsr 2z
Teads wlch™), ¢ snd d—unlts comsc gy o two
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single-plate (Fig. 135a), double-plate {Fig. {33 or com-
posite, consisting of Lwo, three and more
(Fig. 135¢ and d).
ook-up clements are arranged cz
which allows us to avoid harmful ¢
process of dip-soldering. For this
design all elements are located
(Fig. 135a) irrespective of thei
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Fig. 138, Attachment of a small-
size transformer to  board
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Fig. 140, Arrangement of o Inigo-size
component



28, Fabrication of Printed Ctreull Boards 208

Fig. 351, Connecting (bridging) elemends

tions from this rule, as shown. in Fig. 136k, it is no good
practice to arrange parts at different angles to each other
as in Fig. 136c. Another reguirement is that the convention-
al axis passing through the fastening points of two output
hook-up clements should be paraliel to the major direction
of the maximum mechanical stresses affecting the unit.

Leads of hook-up elements are fastened in plate holes.
Each hole shonld accommodate only one lead (Fig. 137).
Elements and units with many leads (such as miniature
transf plug ors) are secured to the plate in
2 manuer depending on their design features and mechanical
strength of the plate.

Figure 138 illustrates methods of fastening miniature
transformers on a plate. Heavy or special elements are
attached with the aid of brackets I (Fig. 139) thus prevent.
ing rupture of leads 2 under the action of mechanical stresses,

Bulky and heavy elements, components and unils (such
as power transformers) are located oulside the plate (Fig. 140)
and are connected either by muitistrand wire jumpers
or by means of special terminal blocks soldered onto the
plate using the “gang soldering™ metkod,
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Connection of the plates is achieved wit}} the aid of
connecting elements (plug connectors, terpunal blocks})
mounted in a way similar to hook-up radio components
(Fig. 141). In case of fast fitting of two plat'es 2 norma} to
cach other with conductors 3 located on chassis I connections
are made with the aid of “tenon joints” as illustrated in
: Fig. 142. In composite U- and
1 | I-shaped structures, it is not
g et L'/? practicable to use hook-up ele-
) X ments as connecting means be-
3 tween plates.

/ 2 Upon complete assembly the
/ printed circuit unit is coated
: with varnish.
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7 29.Soldering of Gircuit Elements
in Printed Circuit Boards

Fig. 142. Connection with The major technological proh-

the use of a “tenon» lem in manufacturing radio
cquipment with the use of printed circuit boards is
the problem of soldering circuit clements.

The arrongement of all circuit elements in one plane
on separate plates creates favourable conditions for the
mechanization and even automation of soldering connection
wires. The mechanization of soldering operations in the
manufacture of radio equipment results in a marked
reduction in labour consumption and improvement of the
equipment quality, Preparation of the printed circuit
hoards for soldering, the composition and characteristics
of the fluxes and solders used, temperature of the soldering
bath and its stabilization, the time during which the board
is in the bath with molten solder, etc.—all these factors
are of prime importance.

Dip-soldering is one of the simplest and most extensively
used metheds of mechanized soldering of printed circuits.
The method permits simultancous soldering of scores
of joints. Even when performed manually it is a definite
step  lowards mechanization. But simply dipping the
work into solder does not always ensure high-quality joints.
A common trouble in this method are individual
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cold-soldered joints of the elements across the entire bonrd
thichness, solder “icicles”, etc, To eliminate these disad-
vantages, the plate is soldered under vibration, Other
methods of soldering circuit clements are also in use:
selective soldering with the aid of protective masks,
“golder wave” method, and others.

Fealures of soldering clectric wiring on printed circuits,
Basically, soldering printed circuits does not differ {rom the
manual process performed with a soldeting iron, though
the following rules of soldering technique must be of partic-
ular concern:

plate conductors and element leads to be soldered should
be free of oxidation or dirt;

during soldering the surfaces being joined should be
heated to a temperature equal to or slightly above the
solder melting temperature;

the flux employed should be most effective in the range
of the bath werking temperatures and proside good quality
of soldering.

To ensure these conditions, particular attention must
o paid to storing the plates prior to mounting elements on
them. To prevent oxidatfon of the surfaces of conductors,
the printed circuit boards should be subjected to preserva-
tion treatment in storage, especially in case of a circuit
manufactured by the chemical method. Most economical
is the technique of preservation of the boards by applying
paraffin-stearine flux. This method provides satisfactory
soldering without additioral application of flux prior
to submerging the boards into molten solder. In the course
of preservation treatment of particular importance is the
protection of places of futuro jointz. Recently a new instal-
{ation for selective application of flux has been developed;
it yields good results in combination with selective or
“wave™ soldering.

Whereas hoards with an electroplated circuit have
a layer of deposited tin or solder TIOC, the circuits manu-
factured from foil-coated matcrials should be tinned before-
hand (cither by electroplating, or dipping). This is due
Lo the fact that active (acid) fluxes cannot be used for sol-
dering radio elements and that acid-free fluxes have insul-



204 Chapter Four. Printed Cireuils

ficient deoxidating ability and are mostly used for protec-
i rposes.
h()I}I‘llx"eu feads of radio elements after prolonged storage
under standard atmospheric conditions are heavily oxidized
and are very difficult to solder even with the use (_)f a.sol-
dering iron; they should be first tinned by dipping. i
The soldering bath should have a thermal “reserve”,
that is it should rapidly compensate the .IOSSQS of heat
introduced by the plates under shop conc.htxons. T_he tem-
perature of the soldering bath is automatically maintained
constant within 45°C limits. -
Dip-soldering. Let us consider the dip-soldering method
as an example of the mechanization of soldering of printed
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Fig. 143. Dip soldering installation (sketch)

circuits in the process of production. The dip-soldering
installation is illustrated in Fig. 443; the detail of the
method is given below.

Board 7 with radio elements mounted on it is fastened
on a special fixture, put on the vibrating head 2 and im-
mersed into the bath with molten solder 3 at 225 to 230°C.
The depth of dipping the hoard is equal to 50-70 per cent
of its thickness. The board is kept in this position for 2-3 sec
following which the vibrater with an amplitude of
0.1-0.3 mm and 100 c/s frequency is switched on. Vibration
facilitates the penetration of solder into the plate holes (thor-
ough soldering) and enables forming a joint of proper shape.

To reduce the expenditure of solder, the plate conductors
from the soldering side are primed with ground coat 138A
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this protects them ngainst tinning. The condutiors are
coated with the help of a pulvetizer through a slotted metal
stencil and are dried in an infra-red dryer on the conveyer
line for 30 min at 90 to 100°C. .

The dip-soldering process has certain disadvantages.
It requites a narrow margin of temperature conditions in
the bath, since at 232°C partial melting of the electric-
plated tin on tho conductors under the prime coat takes
place and the protection ol conductors becomes useless;
whereas at 225°C good soldering is not guaranteed and the
duration of the process increases considerably (Irom 15 to
20 sec). Morcover, when immersed into the flux at 120°C,
the plate preheated to 70-80°C (to reduce the subsequent
thermal shock) takes up too much fux thus making soldering
more difliculy and heavily contaminating the plate, in
particular, the tube socket lugs. A common defect of dip-
soldering is swelling or blistering, i.c. local delamination
of the plate.

Selective soldering, The selective soldering technique,
i.e. dip-soldering with masking certain areas, is also used.
The masking is achieved with the aid of varnished fabric,
varnished glags-fibre fabric, organo-silicon rubber, paper.
In common use is organo-silicon rubber brands 14-P-2 and
14-P-15 and paper. Rubber, however, is aflected by the
soldering process, it swells and loses thermal resistance.

A paper masking stencil is muchk more convenient, It
has openings in the pojnts of soldering only. First it is
impregnated in a stearine-paraffin flox, then it is fitted
onto the plate and together with tke latter is installed
into the soldering device. The use of the stencil impregnated
with flux sharply reduces condector swelling, modifies
the thermal shock to the plate, makes it possible to exclude
plate treatment with flux before irsmersion into the solder-
ing bath, enables the temperature of the soldering bath to
be elevated to 245 & 5°C, thas rendering the reduction of
snlg;n%‘ thme 10 B40 sec possible.
et st ericg TS pesitive feed of solder. In (2i¢
s L. . . . myais

€
I
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on master mask 3, provided with nozzles, and is pressed
to it by means of several stops. Vibrator 1 imparts oscilla-
Lions 1o the solder through a bronze diaphragm. The required
amount of solder 6 is forced by piston ¢ through the nozzles
in the master mask 3, soldering the joints. The solder is
melted by heating elements 5. The bath is placed in refrac-
tory lining 7.

A feature of the selective-soldering method is that the
printed circuit board is heated only in the points of solder-

w7
1
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77 A 7 R /2 R 7P
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Fig. 144. Schematic diagram of selective-soldering installation

ing; the conductors remain cold thus excluding their swell-
ing. Buckling of the board is reduced approximately four
times as compared to the dip-soldering technique. In addi-
tion, the selective-soldering method ensures a soldered
joint throughout the entire board .thickness, permitting
the applipation of overheated solder (260-300°C). On flat
boards without grooves the current-conducting lines need
not ‘bg coated with varnish.

This soldex:ing method can be recommended for series or
mass production only since each type of printed circuit
boa:d requires a separate masler mask with nozzles.

_“Wave™ method. The schematic diagram of soldering
printed circuits by this method is shown in Fig. 145. Printed
circuit board I is moved over the crest of a stable wave of
solder 4 forced through a special slot-shape nozzle 2. The
speed of the.boz\rd movement is determined experimentally.
The solder is melted by heating clements 3. The bath is
placed within refractory lining 5. '
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In this method the solder, which is in constant motion,
carries much heat which enables the soldering to bo hoosted
up. Due to constant movement, the solder is void of a sur-
face oxide film. At the same time surlace tension of the

Fig. 145, Scb diagram of {nstallation for *wave™
soldering

solder is easily disturbed by the moving board, thus facilitat-
ing wetting, Besides, the joint surfaces are well wetted
by the solder, The wave method makes it possible to auto-
mate the process of soldering printed circuit boards,



CHAPTER FIVE

RADIO MEASUREMENTS

30. General

Modern radio equipment is noted for the complexity
of its circuits and large number of interacting units. The
proper assembly and adjustment of a radio apparatus
requires a vast varidty of radio measurements to estimate
different parameters, A value is measured by way of com-
paring it to a conventional standard, which is the unvariable
unity of this value (measurement unit). The value measured
is compared to the measurement unit with the aid of measur-
ing instruments which in their turn are compared to the
standard unit by graduation.

Measurements are always made to a definite accuracy
and approximation. The accuracy of measurement is deter-
mined mainly by the precision of the measuring instruments
used, the purpose in hand and the measurement technique.
Thus laboratory measurements require greater accuracy
than measurements carried out in the process of assembly
and adjustment of radio equipment, since in the first case
it is necessary to estimate the operation of the apparatus,
whereas in the second case one should only make certain
that the apparatus parameters comply with specifications.

One should not quest for the measurement accuracy
greater than is necessary to determine the effect of the
value on the apparatus operating conditions, since more
accurate measurements will take up much time and require
the use of more complex and expensive measuring instru-
ments.

However the correctness of results obtained does not
entirely depend on the accuracy of the measuring instru-
ments used. This conclusion is easily arrived at, if several
measurernents are made by one and the same instrument
under identical conditions. No matter how meticulously
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the measurements have been performed, their results will
not be exactly the same. This is explained by the fact that
measurement resulls are dependent on many factors which
change incessantly.

In most cases measurements are made to appraise the
behaviour of a circuit in operation, therefore the connection
of measuring instruments must not aflect the circuit operat-
ing conditions appreciably, The connection of measuring
instruments might detune the circuit, change operating
conditions of tubes and induce spurious feedhack. Thess
effects occur even in audio frequency measurements while
in high- and especially ultrahigh-frequency measurements
they are almost unavoidable, if certain rules of connecting
measuring instruments to the circuits under test are not
obeerved.

Let us discuss how to connect a measuring instrument
to a circuit so as not to disturb its operating conditions
appreciably, Il the measuring instrument is connected to
the circuit in series, its interpal resistance should be smaller
as compared to the circuit resistance. When it is connected
in parallel, its internal resistance should be greater as com-
pared to the circuit resistance measured between the points
to which the instrument is connected. If the measuring
instrument is connected in place of a detached element
of the apparatus, the input resistance of the instrument
should be equal to the input resistance of the disconnected
element.

In transistorized circuits, in contrast to electron tube
circuifs, a part of the transistor output power is coupled
to the input, i.c. there is a certain amount of feedback.
This imposes specific demands on tho accuracy of matching
the measuring instrument resistance with that of the circuit
stage disconnected for the time of measurements, since
misalignment of the output circuit will bring about a mis-
alignment of the input, and hence, of the entire circuit.
In addition, since the input resistance of transistors is small
(of the order of hundreds of ohms at 100 ke/s frequoncy),
they consume considerable power from the signal source
and heavily shunt the output circuit of the preceding stage.

The degree of mismatceh in ultrahigh-frequency measure-
ments {s of prime jmportance. The slightest mizmatch will

PTTS
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result in reflections of high-frequency energy distorting
the measurement data. The instruments used for measure-
ments in these frequencies are connected by means of special
connecting devices.

Parameters are measured by different methods under
diverse conditions with the use of various test equipment.
This is of great importance, since it makes it possible to
substitute unavailable instruments (or instruments of the
required class of accuracy) with other instruments, using
an appropriate method of measurement of the magnitude.

Thus, voltages can be measured not only directly by
a voltmeter but also indirectly, determining the current
passing through a known resistance. Resistances are meas-
ured by the bridge method and also by the ammeter-volt-
meter method or with a vaoltmeter only. Thus, various
measurements can be performed with the use of a compara-
tively small set of measuring instruments.

This, however, requires a good knowledge of the operat-
ing principle ef the instrument and its peculiarities. Before
performing measurements with an instrument, it is neces-
sary to get familiar with its design by reading the reference
book or instructions that go with the instrument. Special
attention should be paid to directions regarding the accu-
racy of graduation and particulars of reading out the values
measured. Much attention should alse be paid to the
choice of instrument, determination of the measurement
range and estimation of the measurement evrors.

In the following chapter we shall discuss the principal
types of instruments which can be widely used in the process
of assembly, adjustment and testing of radio equipment.

31. Indicating Instruments

Indicating instruments are employed mainly for the
measurement of d.c. voltage and current in various radio
cireuits as well as for the measurement of resistances, if
the instrument design offers such a possibility. Indicating
instruments intended for the measurement of a.c. voltages
and currents are characterized by a narrow frequency band
(50-1,000 ¢/s) and are suitable for measuring voltage and
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cutrent values in power supply circuits only (tube [laments,
power transformers).
The measurement aceuracy depends on the accuracy

and 4. The error is expressed in per cent of maximum scale
value, To illustrate: an instrument of accuracy class 1 in
the 1-300 V range is to guarantec =1 per cent accuracy
from full-scale value 300 V, i.e. 23 V, and this absolute
error (3 V) is retained over the entire scale range. Hence,
when measuring say 3 V voltage (using this scale) the relative
crror may be 100 per cent. Therefore the measurement
range of an instrument should * .* CICH LI M S
of the values mecasured shoule ¢ 1= " e
scale and not at its beginning, 1 - -
error. The basic types of electric indicating
discussed below.

Multimeter instruments (circuit-analysers) are portable
commercial-type direct-reading instruments designed for
the measurements of current and voltage values in d.c. cir-
cuits, voltage and current values in a c. circuits at 50 to
1,000 ¢/s frequencies, and d.c. resistance. They can be used
at —15 to +4-35°C ambient temperatures and up to 80 per
cent relative humidity.

Usually circuit-analysers are equipped with a set of
connecting wires with changeable probes and adapters,

During measurements the instrument should be protect-
ed from electric ficlds and other kinds of interference. The
fnstrument indicating system should be accurately adjusted,
i.c. the instrument pointer should be preliminarily set to
zero by the scale corrector. However normal operating
conditions alone do not guarantee measurements within
the given accuracy class, Of great importance are proper
connection of the instrument to the circuit under measure-
ment and observance of measurement regulations,

On positioning the instrument it should bLe set to the
appropriate range. If the value of voltage or current is not
tnawn {roughly), the instrument should be first sct to the
maximum range s0 as to avoid overloading and pointer
“kicks* which might impair the instrument jndicating

H .
instruments are
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system. Care should be taken not to make any commutations
of the instrument under current, since this can damage the
jpstrument or disturb its calibration.

For resistance measurements the instrument should be
set to zero on the resistance scale. For this purpose switch
the instrument to resistance measurements, bring the probes
into contact, and with the zero-adjustment knob bring
the instrument pointer to the scale zero mark (the zero mark
is at the right hand side of the ohmmeter scale). Passing
over to another measurement range check zero adjustment
of the pointer.

Multimeter type L1430 is designed for the measurement
of a.c. and d.c. voltages, direct currents and resistances.
The instrument circuit diagram is illustrated in Fig. 146.
Direct current is measured with a pointer microammeter
furnished with shunts Rjs— Ry, and Ry,. For constant voltage
measurements multipliers Ry— Ry are connected in series
with the respective terminal, and resistances Ry— Ry
{through a copper oxide rectifier) for alternating voltage
measurements.

Power supply for resistance measurements is obtained
from four galvanic cells type 1.3 ®MII-0.25 contained in
the instrument of which only one is used for measurements
in the Xx1; X10; X100 measurement ranges, and all
four—in the Xx4,000 range. The instrument is adjusted
to zero (for resistance measurements) with the aid of variable
resistor fy; whose knob is located on the front panel.

The type of measurement is selected by setting the
switch in any of the positions marked (=, ~, Q) the range
is selected by inserting the lead plug into an appropriate
socket on the front panel.

The fundamental error in d.c. voltage and current
measurements does not exceed =3 per cent of the scale
range; =4 per cent for alternating-current measurements
at 50 cfs frequency; and 4:10 per cent for resistance
measurements. The {requency error for measurements of
a.c. voltages at frequencies above 1,000 c/s does not exceed
£4 per cent of the scale range.

. Measurements should be performed with the instrument
in a horizontal position. Overall dimensions of the instru-
ment are 215 X 115 X 75 mm; weight—about 1.6 kg.
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Fig. 146, Schematic diagram of clreuit-anslyser 1ype U430

Multimeter type 1155 is a commercial-type multimeter
rectifier-type direct-reading instrument. It fs designed for
d.c. and low-frequency a.c. measurements of voltage and
current and d.c. resistances, and has an additional decibel
scale (db). The instrument is used for radin measurements
in laboratory, work-shop and field conditions.
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The fundamental error faor voltage and current (d.c.)
measurements does not exceed -3 per cent of the full
ccale value on the range used, and =5 per cent for a.c.
measurements at 50 c¢/s current frequency. For resistance
measurements the error is about 10 per cent, Variations
in instrument readings with the change of a.c. freguency
from 50 to 1,000 c/s do not exceed -4 per cen{. Frequency
error for the § kV measurement range is not specified.

For a change of 410 per cent in ambient temperature,
the complementary error will be not more than:

+4-1.5 per cent for resistance measurements in the temper-
ature range from 20 to 50°C, and =2 per cent in the range
from —1{0 to +20°C;

+2 per cent for d.c. measurements (voltage and current);

+3 per cent for a.c. measurements (current and voltage)
in the temperature range from 20 to 50°C, and -6 per
cent in the range from —10 to -+-20°C.

When used as an chmmeter, the instrument is powered
by 1.5 V battery in the 3 to 300 kQ range, and by 22.5V
battery in the 30 MQ range,

The test voltage for testing the insulation resistance
is 5 kV. The overall dimensions of the meter are 270 X
¥ 220 ¥ 220 mm, and the weight is 8.5 kg.

32. Waveform Analysis Instruments

Waveforms of signal are avalysed by various types of
oscilloscopes. The most commonly used is the cathode-ray
oscilloscope. The instrument is particularly useful during
adjustment and analysis of radio circuits,

When using an oscilloscope as well as any other instru-
ment one should take into account the effect of its input
rircuits on the parameters of the circuit under test; this
oflect may be quite notable,

The cathode-ray oscilloscope type C1-1 is designed for
he analysis of periodic electric phenomena and processes
f & non-electric nature which can he converted into

lectric. It is used for the measurement of voltage, fre-
fuency, phase, and duration of a process, depth of modula-
ion, ete. The Ci-1 o

9 scilloscope characteristics are listed
L\



32, Wateform Analytis Instruments 245

{. Sensitivity of the vertical deflection amplifier 1s
4 mV eff/em ond the amplification factor is 1,800, Frequency
response is flat to -1 db In the 2 ¢/s-250 kc/s range, and
to 6 db at a 500 ke/s frequency; the input resistance is
2 MQ & 20 per cent.

2. Sensitivity of the hovizontal deflection amplifier
s 220 mV efi/em and the amplification fsctor is 35. The
frequency response is flat to =1 db in the range of 2 ¢/s-
200 kels, and to 6 db at 300 ke/s; the input resistance is
5 MQ £ 20 per cent.

3. The input attenuator range iz 1:1; 1:130; and
1: 100 = 15 per cent in the 2 c/s to 250 ke/s frequency
range.

4. Resistance of external synchronization input is
0.1 MQ 425 per eent.

5. Frequency range of the continuous scanning oscilla-
tor is 2 t0 73 7 to 30; 30 to 130: 130 to 500 ¢/s; 50 c/s to
2 kels; 20 73 7 to 25; and 25 to 50 ke/s; scanning non-
Yinearity is 5 per cent.

‘The instrument is powered [rom the 50 ¢/s main« at 115,
127 and 220 V' (.5, —10 per cent), consuming {26 W.
Overall dimensions are 565 > 233 » 423 mm; weight—
2% he

In oscilloscopy of pulses, periodic and aperiodic wave-
forms, the measurement of short time intervals, viz. pufce
durations, pulse rise time, oscillation penods, ete. is of
particuiar nterest. These measurements are effectively
performed with the use of pulse oscilloscopes which feature
a broadhand of the vertical deflection amphifier, slave eweep,
and a device for measuring small-time intervals (pulee-
duration calibrator)

The shorter the analysed pulse, the wider should the
pacshand be. Sfave sweep makes 1t possibie to examine
single pulees or pulses with durations mueh shorter than
their recurrence periods,

Duration calibrators generate time markers which are
superimposed ou the sweep trace as dark and bright dots.
The time-in mather generntor may be a sine wave ora pulse
oscillator; its output voltage is applicd to the control
electrade or eathode of the eathode-ray tnbe for modulating
brightness of the beam,
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33. Tube Voltmeters

Tube voltmeters have found wide application in radio
equipment assembly and adjustment. They are grouped
into direct-current, alternating-current, and universal-type
voltmeters: the latter are designed for d.c. and a.c. meas-
urements. The d.c. voltmeter is in fact a d.c. amplifier
with the indicator connected to the output amplifier, whose
readings are in direct proportion to the input voltage
being measured. An a.c. voltmeter comprises an amplifier
and a detector.

Small-value voltages are measured with the wuse of
amplifier-detector type voltmeters. The voltage measured
is fed to an a.c. amplifier, the amplified voltage is rectified
by a detector terminating in a pointer indicator. A draw-
back of this voltmeter type is that it has a comparatively
narrow frequency range limited by the passband of the
a.c. amplifier.

Voltages in a wide frequency range are measured with
the aid of tube voltmeters of the rectifier type. The voltage
to be measured is applied to the rectifier converting the
a.c. voltage into a d.c. voltage with a magnitude equal
to the a.c. amplitude. Direct voltage is measured by a device

_ similar to that used in d.c. tube voltmeters. A drawback

“of the detector-amplifier type voltmeter is that it cannot
“he used for measuring voltages whose amplitudes are in
millivolt range. Universal voltmeters are of the recti-
fier type; d.c. voltages are measured by applying them
directly to the d.c. amplifier.

Some types of tube voltmeters are discussed below.

The universal tube voltmeter type B7-2 is designed for
the measurement of direct and alternating high-frequency
voltages in laboratories and production shops. A T-joint
adapter head supplied with the voltmeter makes it possible
to carry out measurements in coaxial lines in the range of
100 to 400 Mc/s. The range of voltage measurements on
d.c. circuits can be extended with the use of voltage divider
JHC-8, and in a.c. circuits with JJHE-6 and JIHE-7 voltage
dividers supplied with the voltmeter.

: The B7-2 voltmeter basic technical data are listed be-
ow:
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1. Voltage measyrement range in case of direct connec-
tion to the d.c. o a.c. circuit {s from 0.1 to 150 V. Alternat-
ing current js measured in the 20 c/s to 400 Me/s range,
The instrument has five subranges: 1.5; 5; 15; 50; and
150 V.

2. The fundamental error in measuring d.c. and a.c. volt-
ages (al 50 c/s) does not exceed +:2.5 per cent of the scale
range; =3 per cent in the frequency range to 100 Mc/s,
and 15 per cent in the 100 to 400 Me/s range.

3. Voltage measurement range with veltage dividers:
NHC-8~ta 15 LV, d.c.; RHE-T—ta 5 kV, a.c. {20 ¢/s to
5 kefs); and [UHE-6~10 5 kV, a.c. (5 ko/s to 30 Me/s).

4. The voltmeter input resistance at 50 ¢/s is not less
than 10 M, not Tess than 50 kQ at 10 Mc/s, and not less
than 25 MQ in measuring direct voltage.

5. Input capatitance of the voltmeter connecting probes
{s not more than 7 pF for the audio frequency probe, and
not more than 3 pF for the r.f. probe. The resonance fre-
quency i4 about 350 Me/s for the sudio frequency probe,
and about 1,030 Mec/s for the r.f. probe.

6. VSWR of the T-joint adapter with the probe fitted
fnto it is not more than 1.3 in the 100 to 400 Mc/s fre-
quency band; VSWR with a dummy load is less than 1.1,

The instrament is designed for a.c. supply at 50 c¢/s
frequency and 1490, 127, 220 V 3= 1D per cent voltage, with
power consumption sbout 65 W. Overall dimensions are
210 X 270 x 210 mm; weight—10 kg.

The tube voltmeter type B7 is designed for the measure-
ment of d.c. and a.c. voltages as well as for the measurement
of resistances, capacitances and inductances.

B7 voltmeters feature the following characteristics:

1. The measurement range of d.c. voltages from 0.1 to
1,000 V is covered in seven subranges: 1; 3; 10; 30; 100;
300; and 1,000 V full-2cale values, The measurement range
can be widened to 10,000 V with the use of an external
divider.,

2. The measuroment range of a.c. voltages is from 0.1 to
1,000 V in zeven subranges: 0.4; 3; 10; 30; 150; 300; 1000 V.

3. The resistance measurement range is from 1 Q 1o
100 MQ in scven subranges: 100; 1,000 Q; 10; 100 kQ;
1 10; 100 MQ.
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4. The inductance measurement range is from 100 pH
ta 10® H in six subranges: 1; 10; 100; 1,000; 10,000; 100,000 H.

5. The capacitance measurement range from 40 pF to
100 puF is covered by seven subranges: 100; 1,000 pF; 0.01;
0.1; 1, 10; 100 pF.

. The input resistance in measuring direct voltages
is 11 MQ; in measuring alternating voltages with the high-
frequency adapter in subranges 1; 3; 10; 30; 150 V is not
less than 4.3 MQ with a shunting capacitance not exceeding
7 pF; with the universal probe in subranges 300 and 1,000 V..
is not less than 9 MQ.

7. The frequency range (with the high-frequency adapt-
er) in subranges 1; 3; 10; 30; 150 V is up to GO Mc/s.

8. Instrument error:

in measuring direct voltages on scales 1; 3; 10; 30;
100 V not more than 43 per cent; on scales 3(0 and 1,000 V
nol more than =4=4; and =8 per cent of the scile range with
the external vollage divider;

in measuring alternating sinusoidal voltapge at 50 ¢/s on
seales 3; 10; 305 150 V not more than =4 per cent; on scales
1; 300 and 1,000 V, =+ 5 per cent of scale range;

in measuring resistances, =10 per cent of the value
measured;

in measuring inductances, 415 per cent of the value
measured.

The instrument is powered by the 50 ¢/s, 127 or 220 V
mains and by 400 c¢/s, 115 V 3 per cent mains, consuming

35 W, Overall dimensions are 309 x 233 % 192 mm;
weight -8 kg.

34. Test Generators

The purpose of test generators is to produce signals of
waveform amplitude and frequency. R.f. test generalors,
in addition, can produce modulated signals with a definite
modulation depth. One of the principal reguirements to
test generators (and, indeed, any other signal sources) is
a low output impedance. The lower the output impedance
of a signal source, the lower is the influence of the circuit
tested on the generator operation, and vice versa.



34, Test Cenerators 219

In most cases the output circuits of test generators are
voltage dividers made up of law-resistance non-inductive
resistors having small stray eapacitance {usually biftlar
wound-wire resistors). Such a divider (altenuntor) provided
at the output of a test generator makes it possible to vary
the output vollage (which at the same time must be fre-
quency-independent) within o wide range. Of partienlar
importance is the frequency =tability of the test generator
and the possibility to vary frequency oser a wide range,

Ususlly the entire frequency range of the generator i<
divided into several subranges with continuous centrol of
frequency. In most cases the ontput voltage of the test
generator is measured by an instrument calibrated in
r.m <, vahues

The standand-signal generator type T4+ is designed
to test and align radio circuits. The basic technical charac-
teristics of the generator ate:

1. I'requency range extends from 100 ks to 25 Mc/s,

2. Frequency setting error is =1 per cent.

3. Output voltage ranges from 0.1 gV to § V.

4. Operation modes: free signal; builtan amplitude
modulation with a sinusoidal voltage at 400 c's; external
amplitude with a sinusoidal modulation veltage at 50 to
B efs.

5. Neoo-hnear distortion with wternal amplitude modu-
lation {s not more than £5 per cent

The strument operates on 110-220 V 410 per cent
ac., 50 ¢/s. Power con<umed is not over 120 W, The overal)
gim{mionc are 325 x 335 % 530 mm, and the weight 1s
25 e

The standard.signal generator type T'A-5 13 used a3 a
saurce of calibrated sinusardal r.f. valtages in radio equip-
ment tests and alignment The nstrument characteristics
are a« Jollows:

I Frequency range, 150 to $.000 Me/ss

2 RBase Irequency setting error, not more than 15
per cent

3 Operation modes: CW =ignal; external sinucowdal
amplitude modulation with a voltage at 200 ta 8.000 c¢'s;
vuernal pnilse modulation with pulses frem 2 to 10 §t =cc
duration, and 100 to 2,000 ¢'s repetition rate; internal
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pulse modulation with rectangular pulses of 1:1 half-
cycles, ratio at 1,000 c/s 410 per cent; internal pulse
modulation with pulses of 2 to 10 p sec duration following
at 100 to 2,000 cfs, externally and internally synchronized.

4. Outputs: power output, 0.4 mW to 1 W at a load
of 75 Q; microvolt output, 1 mV to 0.1 V at a load of
75 Q; output voltage setting errar, 25 per cent.

5. Pulse characteristics: pulse rise time not over 1.5 u
sec; decay time, not more than 2 p sec (0.1 to 0.9); pulse
duration setting error with internal pulse modulation,
=430 per cent 1 p sec; error of pulse repetition rate set-
ting, 30 per cent 4 100 c/s.

The instrument operates on 110; 127; 220 V 4 10 per
cent, 50 c/s or 145 V =4 3 per cent at 400 to 800 ¢/s. Power
drain is 270 W. Overall dimensions are 725 X 305
X 304 mm; the weight is 45 kg.

Audio frequency oscillator type T'3-4 is used as a source
of sinusoidal audio and ultrasonic signals for testing and
alignment of radio equipment. The basic characteristics
of the instrument are:

1. Frequency range, 20 c¢/s to 200 ke/s (in three sub-
ranges).

2. Basic frequency setting error, not over =42 per cent.

3. Output power, 0.5 to 5 W at 50; 200; 600 and 5,000
ohm loads.

4. Non-linear distortion, 0.7 to 1.5 per cent.

5. Frequency response is flat within 0.5 db (relative
to 400 c/s).

The instrument operates on 110; 127; 220 V, 50 ¢/s.
Power drain is 150 W. The overall dimensions are 598 X
» 357 % 293 mm; the weight is 32 kg.

35. Resistance, Capacitance, Inductance Measurement
and Q-Meters

Resistance measurements. Radio circuits employ resis-
tors with values from fractions of an ohm to hundreds
of megohms, In most cases resistances are measured with
ohmmeters and megohmmeters (chmmeters are often includ-
ed into circuil analysers). These instruments aré usually
multirange and direct-reading ones which is particularly
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convenient in assembly and alignment of radio circuits.
However, their accuracy is not very high, usually 5-10 per
cent, and the scales of such instruments arc non-linear.

Resistances can also be measured with a voltmeter
and an ammeter (milliammeter), but the most accurate
measurements are obtained by a universal measuring bridge.
Measurements on a bridge usually amount to positioning
the dials and adjusting the rheostat erm until the bridge
is at balance and there is no current flowing through the
null-detector connected across the bridge, The resistance
value is indicated by the position of the dials calibrated
in units of resistance. Radio engineering also uses other
forms of resistance-measuring instruments. Consider some
of them.

The lube megohmmeter type EG-2 is designed for meas-
uring the resistance of conductors and insulators in the range
from 1,000 to 100,000 MQ. The entire range is covered hy
two scales and ecight ranges. The fundamental error does
not exceed =4:1.5 to 2.5 per cent of the scale range.

The instrument operates on 110; 127; 220 V 4 10 per
cent, 45-55 ¢/s, and consumes 30 W; the overall dimensions
are 330 X 220 x 215 mm, and the weight is 8§ kg.

The coaxial Impedance meter type HIICK-2 is designed
for impedance and VSWR measurements in laboratories,
shops and repair stations. The basic characteristics are:

1. Frequency range, 30 to 1,000 Mc/s.

2. Characteristic impedance, 75 Q.

3. Measurement ranges: in the range from 30 to 200 Mc /s,
resistanecs, G to 1,000 Q, reactances, 10 to 3,000 Q; in the
range from 200 to 1,000 Mec/s, resistances, G to 1,000 Q,
reactances, 20 to 350Q.

4. The voltage standing wave ratie, 1.0% to 3 in the
30 to 500 Mc/s range, and 1.05 to 2 in the 500 to 1,000 Mc/s
range,

5, The error of measuring reactance and resistance in
these ranges does not exceed 20 per cent; for the VSWR
measurements §t does not exceed £5 per cenl. In the 30
to 200 Mc/s frequency range it does not exceed 10 per cent
for 12 to 500 Q resistance, and 25 to 1,500 Q reactance; for
the VSWR it does not oxceed 7 per cent in the 500 to 1,000
Me/s  frequency range.
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s

The instrument is inserted into a gap in a 75-ohm charac-
teristic impedance coaxial line. The overall dimensions
of the instrument are 320 X 170 X 170 mm, and the weight
is 17 kg.

The u%ﬁversal bridge type E12-2 is designed for measuring
d.c. resistance, a.c. inductance and capacitance (at 100
to 1,000 c/s frequency), as well as coil Q-factor. The instru-
ment consists of a universal bridge, audio frequency oscilla-
tor, balance indicator, tube voltmeter, and power unit.
A microammeier with a 400-0-100 pA scale is the balance
indicator; with its aid d.c. resistances are measured.
A.c. resistance measurements are made by the same instru-
ment with an amplifier incorporating automatic gain control.
The instrument {eatures the following principal parameters:

1. Measurement range: resistances—from 0.1 to
5 % 10° Q, inductances—from 10 pH to 100 H, capaci-
tances—{rom 10 pF to 100 uF, quality factor—from 0.1 to
500, loss tangent—from 10-% to O0.5.

2. Measurement error: resistances — not over 4= (1 -1 }‘-9;-)
per cent when in the range from 0.1 Q to 1 MQ (R—resist-
ance in ohms), and =4-3 per cent in the range from 1 to 5 MQ;
capacitances — not over {4 +2_%Q) per cent in the range
from 10 pF to 10 pF at 1,000 c¢/s (C—capacitance in pF),
and not more than +3 per cent in the range from 10 to
100 pF at 100 c/s frequency;

inductances—not more than o4-(1 +‘-‘Z%q) per cent in the
range from 10 pH to 1 H at 1,000 c¢/s (L—inductance

in microhenry), and not more than 4-3 per cent in the range
from 10 to 100 H at 100 c/s;

loss tangent—not more than (10 T%Yi'é) per cent

when measuring over the entire capacitance range at 100
to 1,000 c/s frequencies (tg 8 is the tangent measured value);

coil quality factor—not more than —__¥~(10:§:30—q) per

cent over the entire inductance range at frequencies from
100 to 1,000 ¢/s (Q—the quality factor measured).

_ The instrument operates at the mains at 110; 127; 220 V,
50 cfs; power drain—not more than 30 W. The instru-
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ment dimensions are 598 X 337 X 293 mm; the weight is
21 ke.
The PBC-i-type instrument for calibrating resistors
into tolerance groups enables the resistance deviation {po-
Iarity and value) from nominal to be read out in a range of
=20 per cent directly from the pointer deflection. The
instrument is used in production-shop and laboratory con-
ditions; with the aid of the instrument zeveral thousand
measurements per shilt can be made. The measurements are
carried out by comparing resistors with a reference resist-
ance. The oscillator containsa measurement circuit, amplifier
with an indicating instrument at its output and a regulated
rectifier. Resistance measurement range is from 107 to
1022 Q; measurement error is =2 per cent in the range of
up to 10" O, and 43 per cent in the 10'° to 1212 O range.

Capacitanice measurements. Capacitance measurements
are mostly performed in testing capacitors.

Prior to measurements the capacitors must be checked for
short-circuits and leakage. The capacilors are tested for
absence of short-circuiting with the aid of a d.c. probe-
indicator and battery. The indicator is connected to the
battery through the capacitor to be tested. The instrument
pointer will not deffect, if the capacitor is in good condition.
If the capacitor rating is large, the pointer will slightly
deflect at the moment of connection and will then return
to the zero position. Capacitor Jeakage is determined with
the help of an ohmmeter (observing polarity, when electro-
Iytic capacitors are checked).

The simple and efficient way of measuring capacilance
is with the aid of direct-reading instruments, viz. farado-
meters and capacjtance meters, as weil as with bridges. If
these instruments are not available, capacitance is meas-
ured by the voltmeter-ammeter method. This is done by
measuring the voltage drop across a capacitor and the
current  passing through it, and using the equation

c U
where [ is the frequency.
Capacitance can be measured by the reference method,

1{ a hox of standard capacitors is available, according to the
diagram represented in Fig. 147.

=AU



224 Chapter Five. Radio Measurements

is more convenient to measure capacitance wi th .alte}--
natilx:gl Scurrent by the comparison method, using the circuit
vn in Fig. 148.
Shoégxall capgacitance values (not over 0.01 pF) can also be
measured by the resonance method.
Measurement of inductance and quality factor. Induct-
ances are measured by the same methods as capacitances.
The bridge method is used for measuring induectances
with accuracies to 1-3 per cent. The measurements are usual-
ly made at 4,000 or 100 c¢/s frequency. This method is

cxe}

N
.

Fig. 147, Ballistic meth-  Fig. 148, Comparison method of capac-
od of capacitance meas~ itance measurement
urement

mostly employed for the measurement of inductances of
coils operating in low frequencies as well as in the long-wave
(more seldom in medium-wave) range.

The voltmeter-ammeter method is used for the measure-
ment of high-value inductances only. By this method the
inductance of low-frequency chokes and transformer wind-
ings at 50; 400 or 1,000 c¢/s frequencies are measured.

In measuring the inductance of steel-core coils operating
with magnetic bias, saturation of the core due to the bias
current through the winding and, consequently, a sharp-
decrease in the coil effective inductance should be taken
inte account. For this reason when measuring the inductance
of these coils by the voltmeter-ammeter method both alter-
nating and direct currents are passed through their windings
(Fig. 149).

In radio engineering various instruments for measuring
inductances and capacitances are used; some of them are
briefly discussed below.
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The high-freq y induct and capaci meter
type E12-1 is designed for measuring small inductances and
capacitances with low loss factor under laboratory and
production-shop conditions. The instrument has the follow-
ing characteristics:

1. Inductances measured are from 0.05 pH to 160 mH
in five subranges; capacitances measured are from 1 to
5,000 pF.

2. The measurement error for induciances does not
exceed 1.5 per cent of the value measured. The measure-
ment error for capacitances does not exceed -5 per cent.

u -
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Fig. 149. Measurement of inductance Fig. {50 Circust resonant
of a coil with magnetic bias cune

3. Inductances are measured 1n a frequency range of
11 ke/s to 1.55 Me/s and 300 to 700 kc/s.

Power to the instrument is supplied from 50 ¢/s mains
at 110; 127; 220 V 10 per cent. The instrument overall
dimensions are 480 X 300 X 300 mm; the weight is 25 kg.

The Q-factor of a circuit is determined from the circuit
resonance characteristic, which is the dependence of the
circuit current on frequency. A circuit resonance charac-
teristic is illustrated in Fig. 150.

The circuit Q-factor is determined from equation:

—_fres
Q= f—1
where f,., is the circuit resonance frequency
f¢ and f, are frequencies corresponding to a
7 Upes level,

15355
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Various special instruments are employed in inductance
and quality factor measurements; one of these is discussed
below.

The low-frequency inductance meter type E7-1A is de-
signed for measuring the inductance and quality factor of
various coils at 50; 100; 400 and 1,000 c/s frequencies. The
instrument characteristics are as follows:

{. Inductance measurement range is from 0.1 to 100 H
in four sub-ranges. The measurement error is =3 per cent
depending on the value measured. The instrument enables
inductance measurements with magnetic bias currents
from 0 to 100 mA supplied from an internal power source,
the coil active resistance being not more than 1,000 Q.

2. The Q-factor of induction coils is measured at 50;
100; 400 and 1,000 c¢/s frequencies within 0.5 to 100 range.
The Q-factor measurement error is =4-10 per cent.

3. Inductance measurements are performed with a.c. volt-
ages of 0.2 to 15 V depending on the inductance value and
frequency.

Power is supplied from the 30 c/s mains at 110; 127 and
220 V 4-10 per cent. Power drain is 280 W. Overall dimen-
sions are 433 X 610 X 349 mm; the weight is 60 kg.

There are special instruments for measuring Q-factor
called Q-meters. Measurement of the Q-factor by means
of these instruments is based on the fact that the voltage
across a tuned circuit is Q times greater than the emf.
Q-meters consist of a high-frequency oscillator, measuring
circuit, high-frequency tube voltmeter for measuring the
voltage across the circuit, and a thermoelectric ammeter
for measuring the current in the circuit feed line.

36. Vacuum Tube Tester

To test the quality and parameters of vacuum tubes, tube
Llesters are used. We shall consider one of these instruments.
Tube tester type JI{-4 is designed for rapid checks of
he degree of fitness of receiving tubes including low-power
scillator, kenotrons and gas-filled stabilizer tubes. The
nstrument makes it possible to check:
_receiving tubes and low-power oscillator for short-cir-
uiting between the electrodes, magnitudes of plate current
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and transconductance; softness of vacuum, and intactness
of electrode leads inside the tube;

kenotrons—for short-circuiting between electrodes and
magnitude of rectified current;

diodes—{or short-circuiting between electrodes and mag-
nitnde of plate current;

gas-filled stabilizers—for short-circuiting between elec-
trodes, stabilization voltage and relative degree of stabili-
zation.

The instrument is operative at —40 to +50°C ambient
temperature and up to 95 per cent relative humidity. Accu-
racy of the instrument is better than =5 per cent of any
scale range.

The instrument is powered from 50 c/s 110; 127 and
220 V mains and from 115 V, 400 and 800 ¢/s mains,
consuming 150 W. The instrument overall dimensions are
480 X 280 X 200 mm, and its weight is 22 kg.



CHAPTER SIX

ALIGNMENT

37. General

The purpose of alignment and tuning is to compensate
for deviations of component parameters which may impede
the normal functioning .of a radio apparatus as a whole,
and to detect possible errors in wiring and assembly and
other defects.

In aligning radio equipment it should be borne in mind
that ageing of electric and radio elements brings about
a deterioration of their parameters, that the equipment may
operate under adverse climatic and mechanical conditions,
and that assembly and wiring defects can also occur. For
this reason an “operational reserve™ in the output parameters
of individual units, and subunits, and of the entire appara-
tus shounld be the aim of alignment and tuning.

Thus, in mass production, an average of one and a half
assembly and wiring faults per one receiver set and up Lo four
faults per TV set are revealed during aligning operations.

Proper and high-quality adjustment necessitales a
thorough study of the apparatus which is to be aligned and
tuned. One should get acquainted with the technical speci-
fications, principal output and intermediate - parameter

\':_\lues, general-view drawings, circuit, functional and other
diagrams.

38. Assembly, Adjustment and Testing of Rectifier

ASSEMBLY

Electron and sem@conductor devices in any kind of radio
equipment can function normally only when the d.c. volt-
ages, applied to their clectrodes, are of stable magnitudes.

As a rule, radio equipment is powered from a.c. mains and
rectifiers are used to convert a.c. voltage to d.c.
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38. Assembly, Adjustment and Testing of Rectifier

ASSEMBLY

Electron and semiconductor devices in any kind of radio
equipment can function normally only when the d.c. volt-
ages, applied to their electrodes, are of stable magnitudes.

As a rule, radio equipment is powered from a.c. mains and
rectifiers are used to convert a.c. voltage to d.c.
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At present, various types of rectifiers, differing in power,
magnitude of current and voltage rectified, ripple factor,
and other basic parameters, are used in radio equipment.
Despite the apparent diversity of designs all rectifiers
can be united into several groups with the basic elements
common for all rectifying circuits. Rectifying. units are
either fitted on the chassis of the radio apparatus, as is in
most radio and TV sets, or constitute a separate unit.

In the assembly and wiring of a rectifier particular
attention should be paid to the reliability of mechanical
and electrical connections. All the circuit components
should be thoroughly checked for their compliance with the
specified requirements. )

The process of assembly and wiring of a rectifier com-
prises a number of operations, such as the assembly of the
body or chassis, jnstallation of parts and soldering of wires
connecting individual elements of the circuit.

Let us consider the wiring of a regulated high-voltage
rectifier (Fig. 152). The rectifier is made on twe chassis
enclosed inside a casing one above the other. The upper
chassis accommodates the regulator tubes type 6II7C and -
two selenium rectifiers: Rect, supplying the load cireuits
. of the high-voltage rectifier and Rect, supplying the screen
- 1d circuits of tube 6I17C. The transformer Tr, is also
‘mounted here. The lower chassis carries the low-voltage
rectifier, the d.c. amplifier of the electronic regulator, and
the filament transformer. The upper and lower chasses
are connected by means of a plug-and-socket connector.
The upper chassis can be pulled out from the rear of the
housing cover; the lower chassis is fitted to the front panel
and is inserted into the housing from the front side.

Selenium rectifying disks are assembled in stacks. In
assembly, particular attention should be paid to proper
fitting of the current-collecting disk to the contact layer.
The studs used for assembly are insulated with the aid
of insulating cardboard coated with bakelite varnish. The
assembled stacks are arranged between metallic frames
(Jaws) which are secured to the basic chassis by screws.

After assembly (prior to installation), selenium stacks
are tested for direct and back current and for insulation
strength. All transformers, chokes, base and partition
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insulators are also tested for the insulation strength prior
to installation. In certain cases (high-voltage rectifiers
rated at 3 to 5 kV) the parts are tested for insulation strength
after mounting on the chassis. The purpose of this test
is to make certain that the insulation has not been damaged
during fitting and fastening.

Switches and potentiometers are fitted to hoth sides.
of the panel with the use of nuts. To leave the panel face
undamaged, the nuts on the inside side are tightened with
a wrench.

Tube sockets for the d.c. amplifier regulator and sta-
bilitron are fastened with the help of spring rings. The
socket is fixed with the aid of a locating lug in the hole.
The locating lug should be positioned as shown in the wiring
diagram.

Indicating instruments are fitted to the front panel by
screws with nuts and washers. The same method of fasten-
ing is adopted for plug connectors and fuses. The indicating
lamp holders are secured with nuts. In assembling ter-
minals, care should be taken to aveid hending of the
insulating sleeves. They are to be accurately tightened by
nlllxts without applying excessive force so as not to damage
them.
~_ The method of wiring a rectifier is as follows. The
““.c. amplifier and regulating tube circuits are connected
,- ith a single-core tinned copper wire in pve insulation
tubing; the transiormers, chokes and rectifier selenium
stacks are connected with wire type JIIIPTC assembled
into bunches. The transition from bunched conductors to
stiff wiring is made on component leads and lugs (tube
sockets, electrolytic or paper capacitors) or on wiring
panels. The wiring panels are made of molded powder
plastic with pressed-in lugs. The use of bunched conductors
enables the wiring of one apparatus to be carried out at
several working stations simultaneously. f

Rectifier wiring is made with the usé of several bunc"
of conductors of intricate configuration. Since the cir
elements are arranged in several planes (transformers
chokes from above the chassis and other elements b: -
the bunched conductors are made with the aid of
dimensional templets. The bunched conductors are °
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up, following which the single wires are fanned out. The
wires ave checked for correct fanning out against the table
of connectious of the bunched conductors and wire ends
marking. The insufation at the ends should be fastened
beforehand and the ends tinned.

After laying out and checking the bunched conductors,
the wire ends are soldered. This sequence of soldering is
less labour-consuming than the alternate soldering with
simultaneous laying out the wires, though the proce-
dure requires greater attention on the part of the oper-
ator.,

Belore soldering, the wire must be mechanically fastened
1o the lug. It is more effective first to secure ali the wires
on ong connecting panel or on the transformer terminal
block and then to solder them. After soldering, the bunched
conductors are fastened to the chassis with metal clips
placing strips of thin insulating cardboard under them.
After fastening the bunches the component wires should
be straightened.

The wire ends are sealed with pve tubing which is slip-
ped onto the wire end only after soldering, otherwise it may
be fused from the soldering iron heat. Fiulament citcuits
and stand-eff elements on the front panel are wired with
QMBI grade wire; wires leading to tube filament leads
{pins) and mains switching-on tumblers should be twisted
in pairs to eliminate a.c. interference.

In cleaning multistrand wire grade MBI care should
be taken not to cut the strands, as this might result in wire
rupture during operation and in reduction of its cvoss-
sectional area. For convenieuce, wires are colour-coded.

ADJUSTMERT AND TESTING

Prior to adjustment of the power supply unit, the opera-
tor should thoroughly study the circuit and wiring diagrams,
know the putpose and arrangement of the apparatus com- .-
ponents on the chassis or base frame, as v.ell_ as the controls
and switches. In addition to the necessary instruments tha
adjuster should have a laboratory autotransformer JATP-4
or JIATP-2 which is required for a continuous variation
of the primary (main) voltage.
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The schematic diagram of primary voltage adjustment
with the aid of a laboratory autotransformer is illustrated
in Fig. 153. The autotransformer has one layer of winding
on a toroidal core. On one of the end faces of the winding

Fig. 153. Primary voltage adjust- Fig. 154. Rectifior output
ment by means of autotrans- voltage with ripple
former JATP

the insulation is tripped off so that a brush could come in
contact with the winding, varying the output voltage in
accordance with the brush position.

MEASURING RIPPLE VOLTAGE
AND LOAD CHARACTERISTIC

All rectifiers irrespective of the number of phases (half-
wave, full-wave. ete.) produce a constant voltage on which
ripples are superimposed as illustrated in Fig. 154, In
this diagram U, is the constant component of the rectified
voltage and E,,, is the amplitude of the ripple component.
The magnitude of alternating voltage at a rectifier output
is called ripple. The ripple frequency F,. depends on the
number of rectifier phases:

Fo=Fam
where F, — frequency of the power supply mains
m—number of phases (which may be 2; 3 or 0).

' The higher tlie ripple frequency, the easier is it filtered.
The ripple magnitude is estimated by ripple factor K which
1s a ratio of the amplitude of the alternating voltage to the
rectified voltage and is expressed in per cent:

K = £mr 5 100%
0
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The permissible ripple énctgr for each rectilier is spevified

i i specifications. .
in xl\nfitx?c:a‘x‘;;‘ !:ﬁ (gp{)?: voltage measurement is mpn\:en:i«el
in Fi 555 As a rule the rectilier i3 connected (@ x“d
24 lf%ains .by means of an autotransformier. The n let
:\'!(;ply voltage at the rectifier input s measxred &y ;i?ze;
meter V,. Another volimeter {V2) is cpnnu(cn at bii_‘x her
output in parallel with the load resistance Sy %

. L

Fig 155 Measurement of npple voltage

a milliammeter or ammeter connected in serjes {dependiny <z
the magnitude of the rectified current}, and a tube voltmetar
Load current measurements are required for plottiny tae
tectifier current-voltage characteristic. The required currezt
value is set with the aid of the vanable load B, wheress
the rectifier voltage value at the rectifer cutpat (azder
Toad) is read out from the voltmeter V', scale.

It is practicable to use rheostats as load R, T:s ore
voltage 18 measured with an ac. veltmeter s rmareg?
sesistance of which is larger as compared tg 32 svg Sooe
capacitor. Such meters ae tube voltmeters 2-3 Saciilaerpes.
A n{be ;‘altmeter type BRC-T can e emploged o8 3h
ripple voltage is aver 0.2V 1f the rect:Sed vistnme sc prss
10300 V the nipple percentage may ks fem 3?35 flvcinn
é‘x‘:‘ case 1°( emaller values of the parmim: :»_31;5::- =
er o0Yput, use 15 Mmade of mgrE seoeieine o ol C o2
or %Scm&mu CL»E“E O 2032 womsive s e

3pple valmars 1 mersr—ra vror oo, L.
Fig. 153 nel?’;..*..w___,.:? i Eoipmm o
should b = ometm s o L ey

being meced T ooy oon

should be s eotmmee i‘“f _f‘-_t: - g
rent valpas & Tl iy a
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The nominal input voltage to the rectifying device U,
is set by the voltmeter with the aid of the autotransformer,
depending on the rating (110; 127 or 220 V). The rectxltxed
voltage is measured by the d.c. voltmeter ¥, first setting
the load resistance Ry at a level which will.ensure that
the rectified direct current is equal to a given value [y,
specified in the instructions. Following that the ripple
voltage U, is measured with the aid of a tube voltmeter
or oscilloscope, and ripple factor
is determined in accordance
with the formula

U, VZIx100,,
—u,

where K,.-—ripple percentage
U,—nominal rectified

: voltage.

1y I Since the tube voltmeter or

oscilloscope are graduated in

r.m.s. values, the above formula

is supplemented with the /2
coefficient. -

The rectifier load characteristic (or volt-ampere charac-
teristic, as it is sometimes termed) shows the dependence
of the rectified voltage across the load resistor on the current
flowing through the load resistance H,; when plotting
this characteristic, Ry, is varied within a range, correspond-
ing to a given range of current variations.

The diagram for plotting load characteristics is the
same as for ripple measurements, the only difference being
that no tube voltmeter or oscilloscope is required. An
example of a load characteristic is given in Fig. 156. As
seen from the drawing, the output voltage drops slightly
with increase in current. This is due to rise of voltage drop
across the windings of the power transformer, kenotrons
and filter chokes. Within a given rangs of current variation
the load characteristic can be used to determine the rectifier
internal resistance, according to equation

K, =

1
1ind
12
1

b

Fig. 136. Typical rectifier
load characteristic
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lectronic and ionic regulated rectifiers. These recti-
ﬁerf ]f:ovide a high degree of voltage stability w'uh_regn\a-
tion factors up to 100 or 200. These values signify that
in case of the mains voltage variation by 20 per cent the out-
put voltage across the rectifier load will change by 0.4 to
0.2 per cent only (100 to 200 times reduction). Nowadays
a great number of regulator circuits are in use.

.\.::‘ Rectifier

reg

Fig. 157, Sunplifed circuit diagraor of clectronic voltage regulator

Regulators are finding ever increasing application in
rectifiers installed in commercial radio sets and various
radio iostruments. Several types of regulated rectifiers
are produced by the Soviet industry.

The principle of an electronic regulator can be readily
understood with the aid of a simplified diagram represented
in Fig. 157. Tube T, is the voltage regulator here. Voltage
drop Up of current I, passing through resistance R, is
applied between the cathode and grid of this tube; the
same current passes through tube T, and stabilivolt 7.
The change in anode current of tube T brings about a change
in the voitage drop Uy, thus varying the internal resistance
of tube 7y. This causes a variation in voltage drop Uy
across the latter tube.

R The voltage across the load U,eg is determined as the
diflerence of the rectified voltage U,., and the voltage
drop across tubs T, i.e. Ureg = Usye ~ Uy This expres-
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sion shows that the regulated output voltage is always
less than that at the rectifier filter output.

The tube T is a d.c. amplifier, tube T'; (gas-filled stabili-
volt) is a voltage standard serving as a reference level
for the regulated output voltage. The stabilivolt maintains
a constant voltage under variations of the current passing
through it from 5 to 30 mA.

The voltage Uj, between the grid and the cathode of the
amplifier tube 7 is equal to the difference between voltages
U, and U,,. Voltage U, on the slider of potentiometer
Ry is equal to ’

Rl
U"‘—:—'Ureg -—fl«i--—-*:‘—‘ﬁ-;"—

then

Upeg 5
UE?.‘:Ui"‘Ure]::"}’g‘f%E’f;;'“Uwf

Variations of the mains voltage or load current will
result in a change of voltage U, and a corresponding change
in voltage Uy, The internal resistance of the tube 7y will
change so that the voltage at the rectifier output will
remain almost invariable.

In case of large load currents, tube 7 is composed of
a number of tubes of the same type (as many as required
for the current) connected in parallel. The output voltage
regulator is adjusted by proper positioning the slider of
potentiometer R, which changes the voltages U, and Up,.
The total value of resistances R; and R, are selected so as to
make the current passing through the circuit much less
than the load current. Capacitor C connected to the grid
of tqbe T, in parallel with resistance R} serves to remove
spurious oscillation in the circuit and to reduce ripples
in output voltage.

In this case the ripple voltage is applied to the grid
of tube 7, and ripples at the regulator output are greatly
reduced. The smoothing action of the regulator is to a great
extent dependent on the amplification factor of tube 7' and
values of C and R;. Therefore pentodes with amplification

factors of 100 and more are usually employed as amplifying
or regulating tubes. yEmpey P
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39. Assembly, Adjustment and Testing
of Low-Frequency Amplifier

The operation of a low-fiequency amplifier is character-
ized by the following principal parameters: amplification
factor; frequency, phase and amplitude characteristics,
permussible value of non-linear distoriion, inherent noise
and hum level; spurious oscillation and input voltage
value (sensitivity of amplifier).

Try

{

The circuit diagram of a low-frequency amplifier (with-
out the rectifier) is represented in Fig. 158. The circuit
has three voltage amplification stages. The left part of
tube 7' functions as a third amplification stage; the right-
hand part of this tube shilts the voltage phase by 180°

The amplification circuit of tube T, is of the so-called
phase-inverting type. Instead of this circuit a transformer
stage with a centre tap on the transformer secondary winding
can be used to produce iwo out-of-phase voltages of equal
amplitudes on the grids of the output stage tubes. In the
?mpliﬁer under consideration thers is a negative feedback
involving the output and inverting stages

To exclude stray couplings, it is necessary to eliminate
parallel and close arrangement of wires of grid eircuits
aof input tubes and anode circuits of output tubes; if neces-

Fig. 158. A low-frequency amplifier cirewt
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sion shows that the regulated output voltage is alw:
less than that at the rectifier filter output.

The tube T, is a d.c. amplifier, tube 7’5 (gas-filled stab’
volt) is a voltage standard serving as a reference le
for the regulated output voltage. The stabilivolt mainta
a constant voltage under variations of the current pass
through it from 5 to 30 mA. -

The voltage U,, between the grid and the cathode of :
amplifier tube 7', is equal to the difference between volta:
U, and U,.. Voltage U, on the slider of potentiome
R; is equal to :

Ry

U:'—-’—'Ureg m

then

Upeg B
UggzUl""Uref=“§‘iL‘:‘i"1‘f’§"”Uref

Variations of the mains voltage or lead current
result in a change of voltage U, and a corresponding cha:
in voltage Uy, The internal resistance of the tube 71
change so that the voltage at the rectilier output \
remain almost invariable.

In case of large load currents, tube 7, iIs composet
a number of tubes of the same type (as many as requj
for the current) connected in parallel. The output volt
regulator is adjusted by proper positioning the slides
potentiometer R, which changes the voltages U; and
The total value of resistances R; and R; are selected so a,
make the current passing through the circuit much
than the load current. Capacitor C connected to the -
of tube T, in parallel with resistance R; serves to ren i
spurious oscillation in the circuit and to reduce rip .
in output voltage. 3

In this case the ripple voltage is applied to the
of tube 7"3 and ripples at the regulator output are gre
reduced. The smoothing action of the regulator istoa g’
extent dependent on the amplification factor of tube 7'5.-
values of C and R;. Therefore pentodes with amplifiea

factors of 100 and more are usually employed as amplif:.
or regulating tubes. :

i
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39, Assembly, Adjustment an§ Testing
of Low-Frequency Amplifier
2 low-frequency amplifier is character-
fel

incipal parame rs: amplification
plitude characterishics,

The operation of
s1ed by the following Pr!
factor; frequencys P ase and am

permissible valae of non-linear Jistortion, interent noise
Pad hum level; spurious oscillation and input voltage
value (sensitivity of amphifier).

Fig 158 A low-frequency amplifier circunt

The circuit diagram of
e e a low-frequency am; Nifier {with-
ot 1b rectifier) is reprgsenled in Fig 158.p'1!h§rc(i‘2$k

ube " g

o part of

hand 4o ol o . the nght
The amplifi by 180°

e cation carcuit of i i
o sl of tube T, i

Slageﬂ:;r:x:egmtrz;ﬁ.plust‘te‘fd of this t%mziut‘ ;h(er:::fcamd
sage uith .o on the transiormer Sding
) lapon secondary winding
i produce two out-of-phase v o
P znodr:rthe gx:\ds of the outgut q\oltages ST
consideration thete is a gza‘t‘ilhesi Igb\he
ve feedback

involving the
out:
To exclude suapm and imverting stages.

parallel and ¢ ¥ couplings, it is nec
ol input tubes ?nsfl arrangemont of wires of git eliminal
anode circuits of ‘""{zutog g;x_d circuit
ubes; il neces
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fier load by the volume control. Following this, output
voltage variations as a function of input frequency are
determined,

To check hum level, disconnect the audio oscillator and
short-circuit the 1.f. amplifier input. Check that the output
voltage is not in oxcess of that specified in the instructions.
The principal reasons for excessive hum level of a 1.f, ampli-
fior are faulty tubes or a defective power supply filter.

The tone control is checked for operation by means of
similar measurements in various positions of the control.
The output voltage values should be within a specified range.
Departure from these valuesisindicative, in the first place,
of faulty load and tone control circuits.

In piece production, when experimental articles are
manufactured, the adjustment of a Lf. amplifier becomes
more complicated, since in addition to the above checks it
is necessary to select operating conditions for the tubes,
the values of resistors and capacitors, eircuit inductivily
and feedback coupling which are to be adjusted finally
and are not to be changed in operation.

40. Radio Receiving Equipment Assembly
and Adjustment

Modern radio receivers employ straight amplification,
" superheterodyne and in certain cases superregenerative
techniques. .

_ In stroight amplification receivers high-fidelity recep-
tion involves a considerable complication of the circuit,
increase in overall dimensions, weight and cost. This is
particularly true of short-wave reception.

) Super.regenemtive receivers feature comparatively
stmple circuits, small size, and sufficiently large amplifica-
tion, but their disadvantages include low selectivity, high
noise lovel and spurious radiation.

. 'lhg superhoterodyne circuit ensures high sensitivity
with simple receiver designs. At the present state of radio
engineering art superheterodyne receivors are the most
extensively used. For this reason this section will deal with
a dgscrzpuon of the processes of assembly, adjustment and
testing of this type of recoivers.
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ASSEMBLY OF SUPERHETERODYNE RECEIVERS

Superheterodyne reception techniquo is based on the
conversion of input signal frequency f, into anolher so-
called intermediate frequency fi on which the major part
of signal amplification is performed. The intermediate fre-
quency is produced in a converter, consisting of a hetero-
dyne and a mixer, and the intermediate freguency is devived
on the tuned circuits of the latter. The major part of ampli-
fication takes place in the intermediate frequency amplifier.

CHEH H e H e e

Oufput
Fig. 160. Block disgram of a superheterodyne Teceiver

The intermediate frequency is constant in most receivers,
hencg the intermediate frequency amplifier can be fixed
tuned.

The intermediate frequency voltage, amplified to a re~
quired level, is subsequently detected, producing a low-fre-
quency voltage which is amplified and applied to a loud-
speaker, cathode-ray tube or other output device depending
on receiver type. The block diagram of a superheterodyne
receiver (Fig. 160) contains input circuit I, high-frequency
ampl'{ﬁer 2, frequency converter 2, intermediate frequency
amplifier 4, dotector 5 and low-frequency amplifier 6.

There are different types and desigus of receivers with
varjous circuits, elements and units. The layout of parts
and assemblies on the chassis or base frame can also vary,
hnweveg the mechanical arrangement {assembly) of parts
and units, i.e. their fitting to the chassis or base frame,
remains unvariable which is to a great extent due to the
unification of parts and units widely adopted by Soviet radio
engineering plants,

: As to design receivers are fabricated on a common chassis
with b}ult-m units. The electric connections {wiring) are
wmade in complisnce with rules discussed earlier,
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Assembly of radio receiver rectifier. A.c. mains operated
receivers employ tube or semiconductor rectifiers. In com-

Fig. 161. Power transiromer
(genoral view)

1—magnetic core; 2——winding
change—over switch; 3—kenotran
tube socket; 4-satety fuse hase

mercial receiving equipment rec-
tifiers are assembied onacommon
chassis, sometimes as separate-
units. The mains transformers
are generally designed for oper-
ation from the 110; 127 and
220 V mains. The transformers
are of diversified design. In some
designs: the panel and block for
commutating the transformer
windings in case of connection
to the 110; 127 and 220 V mains
and the kenotron tube socket are
located on the transformer itself.

The general view of a 75
to 80 W power transformer is

illustrated in Fig. 161. Fig. 162z represents the “semi-

wiring” diagram of this transformer with the winding
g Kenatron H
Sockset ponel EE__ it : ch
4 o LI ~ P
3 >
5 ’ T
Mains 2 —-L ERC:
e
o~ 1 6.31/: T
Screen H d >
= {a} (b}
zZ7v 1ov 220¥

o5 qf 7 o o8
ob 03 & ﬁo !
7 2] \r s 7
g
28 WS

@©

Rectifier wiring diagram

! 2

Fig. 162.

a~—transformer circuit; b—{filter circult; c—block position in the s»\w,
{three top views on panel)

commutation, fuse and kenotron tube socket. The
the winding commutator block is furnished w’
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grooves for the locking lug; therefors the block can bo fitted
into the panel in three different positions corresponding
to the three basic mains voltages.

The diagram of an inductive-capacitive smoothing
filter with all the elements attached directly to tho chassis
is ropresented in Fig. 162b. Tho tuba socket, fuse and block
panel are secured to the transformer casing which after
wiring is fitted to the core together with the lower cover

1o detector
signal oulput

Fig. 163. Cathode-ray tuning indicator
a=clregit dlagram; b~ ndicator screen In the abseace Of tuning: c-—
indicator screen under accurate tuning (darkened sector oarrowed)

and secured by means of studs and nuts The position of the
block in the commutator panel is shown in Fig. 162c.

Sometimes it is necessary to insulate the rectifier “minus”
terminal from the chassis to obtain a constant grid bias.
In such cases the body of respective filter capacitors is
insulated from the chassis by means of a special spacer
or washer made of ap insulating material.

Wiring the cathode-ray tuning indicator. Cathode-ray
tuning indicators are widely used in radio equipment. They
provide a visual means of accurate tuning of the receiver
to the input signal frequency. A detailed description of the
gcfign and principle of operation of this device is given

elow.

The circuit diagram of a tuning indicator is presented
in Fig. 163a. If no voltage from the detector stage is applx_ed/
to the triode grid, a negative voltage will be built up (with
respect to the screen voltage) on the anode and conts N
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electrode. As a result, electrons from the common cathode
will not flow to the screen in the vicinity of the control
electrode and hence a shadow sector will be observed on
the screen (Fig. 163b).

When a negative voltage from the detector is applied
to the circuit input (Fig. 163a) the triode is cut off and its
anode voltage increases resulting in a decrease in negative
voltage on the control electrode with respect to the screen.
In this case electrons from the cathode flow to the screen

Fig. 164. Tuning indicator (“magic eye»)

a—gencral view of indicator and bracket; b—bracket for tube socket;
c~—bracket fastening angle bar; d~—indicator tube wiring

., passing close to the control electrode as well, which brings
" bout a narrowing of the shadow sector (Fig. 163c).
The tuning indicator is located in the apparatus so that
its screen is visible from the cabinet face panel (a hole is
provided for this purpose). The indicator tube socket is
attached to a bracket which can be installed in different
places: on the dial system, cabinet or chassis. The length
of wires running from the tube socket should allow the
tube to be fitted in the bracket. As seen in Fig. 163a, five
wires run to the tube socket. The resistor R, is connected
directly to the third and sixth lugs of the tube socket.
The brackets can be of various design. A bracket for
a typical receiver set is represented in Fig. 164. The tube
socket 2 is attached to bracket 3 with the aid of cap 1.
Hole 5 is for the tube socket. Resistor'8 is soldered directly
to the socket. The bracket is provided with slot 4 which
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accommodates the screw of angle bar 7 fastened from the
inner side of the cabinet. The bracket is screwed to the angle
bar, secured on the cabinet with the aid of screws through
holes 6. Prior to removing the receiver from the cabinet
or prior to replacing the tube, the bracket with the tube
should be dismantled.

Wirlng intermediate [requency amplifier. Commercial
superheterodyne receivers employ from one to three i.f. am-

Fig 165. Cirewit diagram of amplificr stage with a double-
tuned filter

plificr stages. The amplifier tube plate circuits usually
consist of double-tuned i.f. filters. The circuit diagram of
an i.f. amplifier stage is illustrated in Fig. 165. The filter
with inductive coupling hetween tuned circuits is outlined
by a dashed line. The filter consists of two induction coils
L, and L, and capacitors C; and C, connected in parallel
with the coils. The circuits are tuned with the aid of carbon-
¥l cores type CLIP. The decoupling (or blocking) filter
elements Cy and R 1n commercial receivers with one or two
i.f. amplification stages are sometimes excluded.

The stage input is designated by letters o-b and the
output—by letters c-d. Resistor Rx and eapacitor € com-
prise the self-bias cirenit The negative bias voltage 1s due
to anode aud screen grid cuitent passing through the resistor.
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Resistor R is provided to reduce d.c. voltage applied to the
screen grid and capacitor C serves to reduce ripple voltage
from the rectifier and bypass i.f. current.

Commercial receiver sets employ filters consisting of
one, two, three and four circuits. In addition, various
combinations of these filters are employed to produce
a resultant frequency response of the amplifier of a pattern
as close to rectangular as possible.

The filters are assembled on a separate work bench. First
of all the induction coils of the circuits are installed. The
coils are inserted into one half of a shell-type carbonyl core
type CB-1a whose central hole is not threaded. Next the
other (threaded) half of the core is assembled and the leads
are fitted with linoxyn or pve tubing.

The leads are fitted in the slots, The core assembly
(with the coil inside) is squeezed from the butt-ends, its
circumference is coated with polystyrene varnish or glue
and is wrapped with a thin silk fabric. After the polysty-
rene varnish has hardened, the clamping force is removed
and a core is obtained with two firmly fitting halves.

Trimming is achieved with the aid of a CI{P-type core
provided with a slit at one end to accommodate a screw
driver tip. The core assembly is coated with polystyrene
varnish or glue and fitted into a frame in which it is fastened
with glue B®-4. Next a cylindrical calibrated molded
powder plastic spacer is inserted into the frame and then
the second core assembly. The spacer ensures proper spacing
between core assemblies.

After fitting, the coils and capacitors are wired to frame
lugs in compliance with the wiring diagram. The complet-
ed filters are attached to the chassis by means of screws or
g,hps. The lugs or leads of. the coils are passed through holes
mto the chassis underside where they are soldered in accord-
ance with the wiring diagram or model.

Usually commercial and special-purpose receivers are
multistage, particularly, wide-band amplifiers, featuring
a low amplification factor per stage. Spurious feedback
may result from irrational layout of the components and
awkward wiriog. Stray feedback can be the cause of self-

oxcitation of the amplifier or distortion of its frequency
response,
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These troubles may also occur in narrow-band i1
amplifiers with comparatively large amplification factors
and a small pumber of stages. In narrow-band amplifiers
with the intermediate frequeacy-not exceeding 1 Mc/s
stray feedback coupling can heavily distort the frequency
response pattern. Since the tuned circuits of all if. ampi-
fiers are shielded, the principal source of stray feedback
coupling is the electric and magnetic coupling between
wires and radio components.

An important rola in this respect is assigned to the points
{places) of connection of the wires to the chassis {(grounding

7//,//[ /777/////7/'/117//////;///7/

(@) {b)
Fig. 168, Methods of capacitor attachment

o—wrong: %—right

points). Until recently it was a widespread belief that all
grounding leads should be connected in one place on the
chassis, i.e. in one point, and this grounding point is to
be specially selected. But, it was realized that an error
might occur in choosing the grounding points. The best
mothod of wiring consists in grounding each part with the
shortest wire possible. Of much importance is a reliable
contact with the chassis or with common grounding bar.
Good results are obtained by grounding the parts by con-
ductors soldered to special “cuts” in the chassis.

Nesistors and capacitors should be arranged so as to
result in minimum coupling between cloments of the plate
and grid circuits of an amplifier stage. This principle of
wiring and location of parts is of particular importance
when applied to wide-band i.f. amplifiers.

Let us consider the procedure of wiring capacitors and
filters. The method of wiring of a capacitor provided with
Iugs (one of which is to begrounded) is illustrated in Fig. 166.
At frequencies of the order of scares of Mc/s an erroncous
wiring of tho capacitor is fraught with troublesome conse- -
quences, since the inductance of the wiring conductir_:i will
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be in series with the capacitor. 10-cm length of wire has
0.1 pH inductance and at high frequencies it offers a con-
siderable impedance. For the same reason the inductive reac-
tance of the cathode circuit will also increase causing degra-

VTG LEITEL ey
(a)

Fig. 167. Filter wiring
a—wrong; b—right; 1 and 2—output leads; 3—screen

dation of the amplifier tube operation, particularly in wide-
band i.f. amplifiers. Examples of proper and irrational
wiring of filters are illus-

)
trated in Fig. 167,
An illustration of a cir-
cuit of cathode J of tube
4 4 -with part of the wiring is
\ 45 given in Fig, 168. As seen
. in the drawing, the length
! of the cathode lead from

) & v vy .
7 . : the cathode to the chassis
I ——) is considerable. Therefore
) ey [r in the u.h.f. range ceramic
H 1 blocking capacitors -/ are
o) w used and these are directly
5 iq
attached to the chassis &
2, with the aid of lugs 2 thus

Fig. 1u8, Cireuit of tube cathode achiGVi.ng the . reql.limd

with partial  representation of grounding. On still higher

wiring frequencies the blocking

i capacitance is provided in

the tube socket  itself, thus eliminating the effects of the
capacitor lead inductances.

Foant ST . .

_ Various circuit patterns of decoupling filters are used

”;‘ wide-band i.f. amplifiers. Three wiring diagrams for

};l.xui{.aud sereen grid civenits are illustrated in Fig. 169,

ocking filters are also employed in filament cirenits.
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Fig. 169. Wiring ol anode and screen grid circuits of a three-
stage broad-band amphfier with miniature lubes
a="decoypling tircuils in anodes and screen grids; h—with one com-
toon decoupliog fliter for anode and screen grid {decoupling fliters
In parallely; c—sampo, decoupling Ifiters in serles

High-frequency unit assembly, In modern radio equip-
ment h.f, amplifiers with all the constituent parts and con-
verters are assembled in one unit, designated a high-fre-
quency unit. This design has the following advantages:
this unit iy assembled and wired separately from the receiv-
er; it can be tuned and adjusted on a special test bench
jrrespective of the rest of the receiver, which speeds up the
assembly, improving the quality and reducing the cost in
mass production of the equipment.

In the course of final assembly sod wiring, the high-
frequency unit is fitted on the receiver chassis, fastened
and soldered to tho receiver circuit.
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Soviet industry manufactures a series of first-class receiv-
er sets in which the high-frequency elements are assembled
in one unit. An example can be furnished by a combination
set consisting of a TV, radio receiver and a universal record

layer.
P éVi‘he TV set insures high-fidelity reception in any of the
12 available TV bands. Its high-frequency unit is a super-
heterodyne single-channel circuit.

The radio receiver set incorporates five subranges: long-
wave, medium-wave, two short-wave and one u.h.f.-FM
range. All the commutations are achieved by a pushbutton
switch. The chassi§ of the set has a common frame with
a number of functional units mounted on it, viz: the scan-
ning system, TV control panels, pushbutton switch, u.h.f.
units and others.

In the course of wiring of the receiver the h.f. unit
circuits are soldered to the common circuit. The triple-
ganged variable capacitor is mounted above the high-fre-
quency unit on three rubber shock absorbers.

The tuning is done manually from the side of the receiver
through a system of pulleys and cables due to which a smooth
retarded rotation of the capacitor rotor axle and simulta-
neous movement of the indicator along the dial are obtained.
The circuit coils of the long- and medium-wave stages are
wound on plastic formers enclosed in small-size carbonyl
shell-type cores CB-la 12 mm in diameter.

Fine tuning within each range is obtained by means of
a variable capacitor; switching from one subrange to another
Is effected by switching the inductance coils of each circuit.

The band selectors should be reliable in operation; they
should have a small direct capacitance and high dielectric
resistance between adjacent contacts. The band selector
contact resistance is in the range of hundredths of an ohm.

SUPERHETERODYNE RECEIVER ADJUSTMENT

Most modern radio and TV receiver sets are superhet-
crodyne types which enables high selectivity to he obtained
simultaneously with high sensitivity and undistorted sig-
nal. reproduction; in addition, superheterodyne receivers are
easily tuned to a broadcasting station. In series and mass
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product .

dyne re .

ments, covem —em = - .

and tuning of the recciver as a whole.

Galvanic check-up of circufts prior to adfustment and
tuning is performed to detect faults of assembly and wiring
and check the resistance values of individual circuits for
compliance with the calibrating chart data.

In large-scale and mass production the galvanic check-up
of receiver circuits and testing of the voitages are carried
out with the aid of semiautomatic and automatic measuring
instruments, after which the tube operating conditions are
checked for correspondence to the calibrating chart data. The
measarements are taken between tube electr::dcs an ce:lz\in
- S . - i : .

fier output del voltage are checked. Following that the
operating conditions of the tubes in the ovtputl stage, LL
amplifier stages, tuning indicator, i.f. amplifier stages,
converter (also of heterodyne tube, if it is a separate one)
are'cxamined and last of all the operating conditions of the
h.f. amplifier stages are measured.

Adjustment of detector and automatlc gain control
circuit. An amplitude detector (generally a diode-type
in superheterodyne receivers) is provided to scparate a low-
freq y amplitud dulated voltage from high-frequency
amplitude-modulated oscillations at the intermediatefre-
quency amplifier output, Due to the diode detector, distor-
tions are at & minimum and automatic gain control (a.g.c.)
is casily achieved. The principal characteristics of the
detector are the voltage transfer ratio and ton-linear distor-
tion factor.

For the reception of frequency-modulated (FM) signals
the frequency detector and amplitude limiter circuits should
be tuned. The adjustment is achieved with the aid of fre-
quency response meters {(comtaining Irequency-modulated
oscillators and oscilloscopes) and a frequency calibrator.
The oscillator output is connected to the limiter control
gtid, and the oscilloscope input~—to the frequency detector
output (Fig. 170a).
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A pattern illustrated in Fig. 1700 will be displayed on the
oscilloscope screen. Adjusting the limiter and frequenecy
detector circuits, the curve humps are made symmetrical
and the curve made to intersect the zero line at the inter-
mediate frequency. ‘

M FRM
O O
oscillator Oscilloscope
output input
1o}

t ~C} o -
£ ¥ Fmi raquenc .
aplifier Limiter ’get%ctary a];?;plzi;‘;er

¢ ~0 [og o

(@
U

| Kfj -
(b)

Fig. 170. Block-diagram of frequency detector adjustment
{a) and frequency response (b)

_, Adjustment of i.f. amplifier. Prior to adjustment of the
i.f. amplifier check the operating conditions of the i.f.
amplifier and-converter or mixer tubes, if this check has
not already been done. The i.f. amplifier is to be tuned after
adjustment of the LE. amplifier and detector, In tuning
the circuits the.a.g.c. must be turned off since a.g.c. tends
to make the tuning less sensitive. This can be achieved either
by switching off the a.g.c. circuit or by tuning the if.
amplifier eircuits with a voltage drop across the a.g.c. detec-
tor not more than the delay voltage magnitude (1.5 V).
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In the latter case the a.g.c. detector will ba cut off and any
influence of the a.g.c. will be eliminated. If the a.g.c. detec-
tor is connected to an intermediate circuit, the volume con-
trol should be set after tuning the last stage of the i.f. am-
plifier. .

The i.f. amplifier adjustment procedure is as follows:
plug in tho receiver jack with the cable connecting the out-
put transformer secondary with the loudspeaker equivalent
and output meter. Following that put the tono control
into positions corresponding to the steep slope of higher
and lower audio frequencies and the i.f. amplifier band con-
1rol into the“narrow band” position, The band selector switch
should be in the long-wave position.

The next step includes a stage-by-stage adjustment of
the i.f. amplifier filters following which the i.f. amplifier
is to be tuned as a whole,

In conclusion, the amplification factor, passhand, pre-
cision of tuning and attenuation of adjacent channels are
measured.

High-frequency unit adjustment. The high-frequency
unit includes the input circuits, high-frequency amplifier,
frequency converter (or mixer), heterodyne, and the filter
blocking intermediate frequency signals.

Prior to adjustment of the h.f, unit mechanically couple
the multiganged capacitor unit with the receiver vernier-
dial installation. This is necessary to match the position
of the indicator on tho receiver dial with the angle of rota-
tion of the rotors of the multiganged capacitor.

Following that check heterodynos generation in all
subranges with the aid of a tube voltmeter.

The following step of adjustment of a h.f, unit includes
the tuning of the band-elimination and i.f. cut-off filter.

Next tune the input circuits and the h.f. amplifier cir-
cuits, These circuits are tuned by trimmers to maximum
tecejver output valtage.

Subsequently tune the receiver (by the tuning dial)
and a standard-signal generator to the lowest tracking
frequency.

Pass over to the highest tracking frequency and tune
‘h?tCiEUi‘= with the aid of trimmers to maximum output
voltage.
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41, Adjustment of Radio Transmitting Equipment

The transmitter generates high-frequency current which
is pussed to the antenna for radiation into space. The trans-
mission of audio frequency oscillationsis achieved by variat-
ing the high-frequency current in compliance with the
transmitted signal pattern. This variation is known as
modulation. The transmitter range depends on the power
of oscillations radiated. According to radiated power all
transmitters are divided into three groups: low-power trans-
mitters (up to 100 W), medium- (from 100 to 1,000 W) and
high-power (over 1,000 W),

1 b 2 [+ 3 4

i
r

Fig. 171, Transmitter block-diagram

Fig. 171 illustrates the block-diagram of a transmitter
consisting of master oscillator Z, buffer stage 2, multiplier
stage 3, high-frequency amplifier 4, power amplifier 5 and
modulator 6.

_Depending on production scale two methods of trans-
mitter adjustment are employed. According to the frst
method each stage (unit, circuit) of the transmitter is
Lhorgughly adjusted until the required parameters haye been
obtained. By the second method each stage is adjusted
roughly (until operative), the final adjustment being car-
ricd out on the completely assembled transmitter.

The first method (in which all defects of each stage are
(‘ietected) is employed for mass and batch production, the
sccond—for piece and small-scale production, as well as
for the repair and maintenance of transmitters. In mass
and batch production all stages are tuned simultaneously,
in picco production they are tuned one by one. In the succes-
sive method of adjustment the transmitter stages should
be tuned, starting with the input and ending with the
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- y s power
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““In their designation Wransmilbuis ast _._-;l; !.x mtfi
communication {for variouscom tion lines}, brc

i d special-purpose. Communication transmitters are
:;g x:?)st \?idely gs:}dj, and their adjustment 15 dxscmgd in
\his section. The adjustment of special-purpose transmitters
despite tertain specific features is almost the same as for
communication transmitters.

MASTER OSCILLATOR ADJUSTMENT

The master oscillator generates high-frequency oseil-
lations in a definite frequency range. In the process of
transmitter tuning the frequency of the master oscillator
is adjusted whereas the other stages are tuned to resonance
at this frequency. Thus the operation of tho entire trans-
mitter is dependent on the quality of operation of the master
oscillator.

Frequency deviation from its nominal value constitutes
the main index of operation of the master oscillator. The
deviation is a sum of the frequency dial setling error and
{requency variations due to destabilizing factors. The effect
of destabilizing factors on frequency deviation is dependent
on the design of the master oscillator and other transmitter
elements connected with it The effect of fluctuations of the

Relee uni, Tho Gamerier i iven sned Tor tobe Blamont

il unit, Tho en used for tube filament
A flament current regulated circuit usi

is epressnied o Palt circuit using a barretter

172. Current passing throu;
'l;_;:euer changes with variations of 1:lfua sﬁppl}' Vglllta‘gh:
anw«:\;zrre:lﬂ. change results in a change of barretler resist-
ance ‘an a corresponding change of voltage drop U, across

e to which tube filament voltage U, remains cu‘n.stant.
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Frequency deviations of the master oscillator due to
variations in supply voltage and self-heating of the tubes
and other components is checked on each master oscillator.
The permissible values of total frequency deviation from
the nominal value and frequency variations due to each

R

T”f U
g. 172,

Fig.

g

Filament voltage regulation with the use of a
barretter

destabilizing factor separately are listed for each trans-
mitter design in the technical specifications.

] A_ simplified circuit of a master oscillator is illustrated
in Fig. 173. The diagram refers to a continuously tuned

}——P‘

70 next stoge

7o chassis
(groundg)

Fig. 173. Simplified circuit of waster oscillator

oscx!lutor' ‘whose adjustment will be discussed in subsequent
sections. The master oscillator may also be fixed tuned to one
or several precise ﬁx_ed frequencies. In the latter case the
:naster oscillator adjustment procedure will be simplified
0 g larg_e extent and therefore is not worth discussing.
4 on')emn_es freque.ncy stability is increased with the
aid of a variometer with a rotorin the form of an odd-shaped
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short<ircuited turn, Suck a variometer has a small
taning Tangs (Grequency tuning rangy exceeding 2.5 (o

times Is very difficult to obtain) and for this reason the
master osciliator razge is divided into sevemllsubmnggs.

The method of adjustment of the master osclllx.:tot will
bo discussed as applicd Lo the continugusly tuped wide-band
oscillator with one frequency range. Belora delivery to th9
adjustment statian, all units are checked for proper electri-
cal ti The circuits are checked for continuity, the
wiriag—~{or praper tions and the resistances--for
correct values. This is the so-called galvanic test performed
by means of a usual chmmeter or tester successively circuit
by circuit. In mass production the check is carried out on
spocia) semiautomatic test beds which make it possible to
check all circuits and to detect all faults.

Tha master oscillatar adjustment procedure incorporates
the following principle operations which must {ollow in
strict succession.

{, Checking the electric circuits for continuity.

2. Range matching.

3. Thermal ageing.

4. Adjustment of the effect of changes in ambient tem-
perature (thermal compensation).

5. Self-heating test.

6. Checking for external mechanical effects.

7. Checking for effects of supply voltage fluctuations.

%.Dial calibration.

iverse measuring apparatus and equi
iz tha adjustment of ap master osciiia?o;p?:rﬁ';xdﬁeg uties%
beds Jor mechanical checks (eflect of mechanical impacts}
:“fm" chamber, dial calibration stand, supply sources,

The succession of operations

formance aro discussed pbelt:t:r.n and methods of their per-
ing electric elreuifs for conti i
ing &t the oscillator tube 1o the lx\;:;‘;é:y(;;{r: to check-
g;e mu{.cr osgillntgr to its power supply \u\iz‘_ s:v?trc‘ ;t;l;nteﬁ;
ament supply and, after a certain ti i
Check the voitages and currents (o:n zadehy‘ bigh voltage.

113
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Y

ured and calibrating chart data exceeding =5 per cent
are indicative of a fault.

Check for variations in anode current over the tuning
range. Anode current should change smeothly when turning
the tuning control. “Jumps” of anode current indicate spu-
rious generation (generation at a frequency other than spe-
cified) or of a stray power-drain. Absence of current varia-
tions during tuning can be an indication of absence of oscilla-
tions. -

Range matching. This operation implies a selection of
circuit elements (inductance and capacitance values) in

LRl e

Fig. {74. Schematic repro- Fig. 175. Block diagram of instru-
sentation of master oscillator ments sot-up for measurement of
tuned circuit master oscillator frequency

such a way that the master oscillator frequency range should
correspond to the change of the variometer inductance.
To carry out tl}is adjustment, set trimmer C, of the master
oscillator circuit (Fig. 174) in a middle position, since this
trimmer is intended for oscillator frequency adjustment in
operation. Connect the master oscillator to its power supply,
switching on the filament circuit and, after some delay,
the hxgh-.voltuge circuit, Connect a heterodyne wavemeter
to the circuit. Connect an “antenna” (a conductor coiled
into several turns to form a ring) to the wavemeter input.
Suificient coupling is usually achieved by placing the ring
in close proximity to the master oscillator tuned circuit.
Moasuring the maximum and minimum frequency of the
master oscxllato; range by the dial of the heterodyne wave-
meter and turning the escillator tuning control knob until
zero beats are obtained, determine the position of the tuning
control lgnoh,' corresponding to the maximum and minimum
flr_eq}xencles. The range should be matched so that the
kxstanco from the extreme positions of the tuning control
nob to the positions corresponding to the beginning and
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; tioa is perfor=ed
range is the same. This operatin £ 00 oo g
;x;'dsc(;ic?il:g e required capacitance of the cireuil C2P
ig. 174). . The block-
(i"i,)}mz)mw‘ of the amhlentlet:n;ﬁ:: requeacy is
disgram for measuring u‘: el of a standard frequecey
represented in Fig. 475. The ﬂﬁnme signal of master oscil-
source (crystal oscillator 1) an of mizer 3. To obtain
lator 2 are applied 1o the inputs of scessary ta inten-
sudiblo bﬁm - ‘?}f mu:srl:r“lc?:c‘iil::;: x;oﬁpecﬁve to the
tionally detuno 1o =47 The frequency differ-
standard by a certain audio frequency. The “!11 horizontal
oce from the mixer output is applied to the
éeﬂmtion plates of oscilfoscope 4, whereas a fﬁeq‘l{mylf:l‘:l
audio oscillator § is applied to its vertical deflection p! 2 h
1f two voltages of equal frequency are applied to hotl
pars of the oscilloscope deflection plates, the simplest
Lissajous figure (ellipse) will be obsen'ed.un the oscillo-
scope sczeen. Variations of the master oscillator frequency
are read out from the frequency readmgs_ on the audio
generator maintaining the ellipse on the oscilloscope screen
constant, . .
A approximate sequence of operations will be as follows:
place the master oscillator into the thermal chamber and
connect Lo its power supply. Switch on the filament supply
and alter some delay, high-voltage supply. Tune the master
oscillator so that its frequency differs from that of a crystal
oscillator by an audio frequency (say 1,000 ¢/s). Adjusting
tbe audio generator frequency obtain an ellipse on the
oscilloscope screen. In this position the audio generator fre-
quency is equal to the difference 1n frequencies between the
;numr aad crgstal} uscillalfrs. Register the audio generator
requeacy and the initial temperature in the ¢ .
Switch on the thermal chamber hamber

¥ heating, putting the -
matic regulator to a preset temp 8, putliag the auto

erature, Usual -

ber \1': heuted ta 5070°C, . ually the cham
Maintaining the elipse on the osci

ctaat by e the el S) oscilloscope screen con.

enerator tak 7
of the generator hequenc‘y; at e ¢ Irequency readings

qual time intervals (15
x;zm). Measurements are taken until the master n(sf:illta‘Z
tor frequency becomes constant, In most cases jt takes3to4
73 0 achiove a constant frequency, Following that switch
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off the chamber and cool it to the ambient temperature
without taking out the master oscillator.

For adequate frequency stability transmitters the fre-
quency temperature coefficient must generally be in the
range of =5 X 109, If the required frequency temperature
coefficient (FTC) cannot be obtained, it is an indication of
insufficiont thermal compensation. In this case capacitors
of an opposite sign of capacitance temperature coefficient
(CTC) should be selected and some of the capacitors of one
group should be replaced with capacitors of another thermal
group, retaining the total value of the circuit capacitance
invariable so as not to disturb range matching.

[t should be noted that for a positive change of frequency
temperature coefficient the capacitance of the group of capac-
itors of negative CTC should be increased and respectively
the capacitance of the group of capacitors of positive CTG
decreased and vice versa. A successive approximation
method is omployed for thermal compensation matching,
ropeating the procedure several times, until a frequency
tomperature coefficient within required limits is achieved.

Self-heating check. One of the destabilization factors
is frequency variation due to heating of the tube and the
master oscillator clements by the current passing through
them. It is essontial that this frequency change does not
oxceed a permissible value for a given type of master oscilla-
tor.

Depending on the type of master oscillator, check the
effect of self-heating for the first 5 min, 30 min or one hour.
Take frequency readings in accordance with the diagram
of Fig. 175. To this end, connect the master oscillator to the
power supply, switch on the filament heating circuit, then
the high-voltage circuit and measure the audio generator
frequency, using the method described above, first every 1
to 3 min, then, as the changes in oscillator fraquency become
smaller, at larger intervals. Record the audio gencrator
frequencies and the time in a table and plot a graph of oscil-
lator frequency deviation.

Checking for external mechanical eficets. Depending
on the trausmitter operating conditions the master oscilla~
tor is put through mechanical tests (impacts, vibrations,
shaking) to check for frequency stability under these con-
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. Mochanical stresses are imparted to the entire unit
fx‘:”:ficb the master oscillatar is arranged. The unit is
the test bed and the power supply cannected o
fastened on the 1pp T
the oscillator, The filament supply circuit is switched on,
then the high voltage, and frequency readings are taken.
The master oscillator frequency is set and by the
sudio ganerator as in previous measurements. |

1 check-up of frequency stability under vibrations i3
not specified, the unit is tested an the bed with the master
ucillator power supply switched off. Depending on the
transmitter designation and operational requirements, the
test is to continue for { to 3 hes, During various mechanical
tests of the apparatus, the master oscillator control knob
must bo reliably locked in position. After the test, the power
supply is once again switched on and readings of the audio
generator frequency are taken.

ing the effects of supply voltage fluctuations, This
theck is either carried out separately or combined with some
other test. *

Alter switching on the master oscillator and its heating,
the frequency is sot and the frequency of the audio gen-
crator in accordance with the adopted routine stated above
i3 measured. The mains voltage is increased by 10 per cent
and affer 8 5 min delay the audio generator frequency is
chapged until the same ellipse is obtained. The change in the
sudio generator frequency is equal to the change of fre-
queacy of the master osciliator. In the same way frequenc:
change due to a 40 per cent reduction in the mains volta, .
is determined. The five minute delay is required for irge
quency run-out sfter changing the mains voltage Thg‘
check i3 commonly carried out i voltage. This
taittmum, widdle and L in threo dial positions:
tor rasge, and mazimum frequency of the oscilla-

.G.enle:ally !:hs t\.msld 6inemit Af o multtziees magier

e L0+ mange of
R | . !".n;imrt-
wotest w © e 2l evle bega with the
oney 7ave band,  gradually passing to the  longer

Dia) calihration. In m
. 1 . o0st cases the dial is ki i
oupled with the master oscillator fine conl?rol“ftﬁtmslilayl
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calibration consists in marking graduations on the dial
which correspond to a definite frequency of the master oscil-
lator when setting the fine control dial to these graduation
marks. The smaller the scale division value and the greater
the distance between adjacent divisions, the greater is the
resolving power, i.c. the more accurately the required fre-
quency can be set.

'The dials (scales) can be simple (divisions on them are
zenarally engraved) and complox (so-called microphotoscales
wit1 optical devices)., Complex dials are marked with the
use of a photoclectric technique on special photograduating
devices by the zero-beat method, comparing the master
oscillator [requency with a knowa standard frequency that
can bo changed in accordance with the frequency division
spacings on the dial. At the instance of zero-beats the corre-
sponding graduation lino and figuro are impressed (photo-
graphed) on the dial (to a definite reduced scale). The calib-
rated dial is suitable for a given master oscillator only,
i.e. it is individual and non-interchangeable.

ADIUSTMENT OF BUFFER STAGE

_ The buffer stage is usually a voltage amplifier operating
wnt}mut grid currents. This stage does not load the master
oscillator and in addition protects it from the influence of
sx}bse.qu.ont. more powerful stages. The buffer stage tuned
ctreutt incorporates a capacitor and variometer whose change
of inductivity per degree of rotation should be identical
to that of the master oscillator variometer. Thus a simple
and reliable coupling of stages is ensured.

‘ A hufler stage can at the same time function as a multip-
lier stage. In most cases the multiplier separates a second
ha_rmomc of the master oscillator frequency. Consequently
this stage, dupendiug on operating conditions, is called eithor
a buffer-amplifier or a buffer-doubler. In multirange transmit-
ters the _buﬁer stnge can operate in different frequency sub-
ranges either as an amplifier or a doubler. The adjustment
of tha buffer-amplifier is complotely identical to the adjust-
ment of the bufier-doubler, except that the latter is tuned
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Buffer stage adjustments are carried ont '-m?x RERATY
of 2 tube voltmeter, capacitance wmeter, de. cilliamzeter,
deoay foad 23 an equivalent of the followizg stage 223
power supplies.

The adjustment Is carried out as follows, Fint Loz
tbe dumny load azd the voltmeter 1o the o2ipoy tex
uizals. The dumny load generally cousists of a capz-
ater 2ad 2 resistor conmected in parallel. Ioserp the
tabe {ato ity socket mid-pesition,

and se} the trimmer at the
Tenporarily solder 4

1 s ariable capacitar of the required sales
i pasallel with the teimmer, shant ateri2in mumber of turns
ol the tumaiag choke. connect the buller stage azd the
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master oscillator to the power supply and finally switch
on the filament supply and, after some delay, the high-
voltage supply.

Check the voltages and currents for correspondence to
the calibrating chart. The permissible divergence of voltages
and currents measured at a constant mains voltage with
respect to the calibrating chart data must not be over 4-10
per cent. A greater divergence is indicative of a defect.

Put the master oscillator control knob in the extreme
counterclockwise position corresponding to minimum {re-
quency. Adjust the capacitance of the provisional variable
capacitor until a maximum deflection of the veltmeter
pointer is observed (i.e. resonance). Following that put the
control knob in the extreme clockwise position, correspond-
ing to maximum frequency, and once again obtain reso-
nance tuning with the aid of the same capacitor. If in so
doing the capacitance of the capacitor had to be increased,
reduce the number of short-circuited turns of the trimming
choke; if the capacitance of the capacitor had to be reduced,
additionally short-circuit some more turns of the choke.

i The adjustment is carried out by the method of succes-
sive approximations, repeating the operations until resonance
is achieved at both extreme frequencies of the range with
one position of the provisional variable capacitor.

As a final check, slowly turning the control knob from
stop to stop of the range, make certain that a normal
value of the output voltage is maintained over the entire
range. Disconnect the temporary soldered variable capacitor
aqd measure 1ts capacitance together with the connecting
wires by means of the capacitance meter. Select a capacitor
of close_ca_pacitance value of a type specified in the diagram
and fit it in place. Following that once again check the out-

put voltage by the voltmeter over the entire range and adjust
it by the trimmer, if required.

ADJUSTMENT OF VOLTAGE AND AMPLIFICATION

Power is the principal factor governing the number of
stages. All intermediate amplifier stages are intended to
~ provide the required excitation (in terms of voltage

and power) of the output. Adjustment in the first place
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i 3
in matching the stages ie. e
oy R S G
- {requenty © aoge. d

msm;ancgu:: onin;’mlc!?ing each following stage Wl“:l t{\e p;:;
?i%.usp:xlxe is o eosureé the required requency over app

o ‘l‘}esuﬁie:l‘:e inductive section ofa circuit (Fig..:{ll’l)s ::;:—s
iy Nt a; : a!mvm:‘ilal:g'\;: nlf?h: inductance

tlhamagnimeo ovel 3 uct

;‘:eﬁlae;ping factor (Kp) 8 theratio of maximum 10 minimum
inductance. For 8 vari
overlappiog factor can be exs
pressed by

nor
oo ez
Kpear="g .

for the circuit jnductance
LonazzartLed

Kie=ToparF Lor i

\s seen from the last axpression, __'_J_;
reduction in inductance of the trim-
mer ?“.0\‘9 (in other wordg, short- Fig. 177. Schematic rep~
circuiting of some turns) iNCreases  pesentation of an amplt-
circuit overlapping Fer stage tuned circuit

In the process of adjustment of
the amplification stages the vario-
meter tuning limits of each stage are selected so as to
provide 2 simultaneous tuning i at any frequency
of ‘lhe transmitter ranges by turning one control knob
oh;

y.

The proper seting of the variometers is an essential
requirement in the adjustment of 2l the stages. The fre-
quency of the mast the tuning of

er oscillator, and hence,
the rest of the stages are increased when turning the control
knob clockwise. Therefore the variometers are set in such
a way which will ensure their maximum inductance values
with the control knobs in the extreme counterclockwise
position (c_oneSponding to the minimum frequency) and
minimum inductance valges with the knobs turned to the
zl;eme clockwise position. The variometer inductance is
ade up of the totor aud s.ator inductances and their mutual
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inductance factor:
Lnur':'* Lr+ La! 4+ 20

To provide maximum variometer inductance in the ex-
treme counterclockwise position, it is necessary to arrange
the rotor respective to the stator so that the direction of
their windings, and consequently their currents, coincides,
The rotor and the stator are connected either in series or
in parallel. In case of series connection the direction of
windings in passing from the rotor to the stator and vice
versa should remain constant. In case of parallel connection
the rotor and stator windings should run in one direction
from the common point.

In the course of adjustment of the amplifier stages the
resonance tuning of the stages is determined by a minimum
in the anode current of a given stage or by a maximum in the
grid current of a following stage. In most cases, due to the
presence of reactive elements in the grid circuit, the anede
current minimum and the grid current maximum are slight-
ly shifted with respect to each other and do not closely
coincide.

The resonance tuning accuracy of the penultimate stage
is commonly judged by the maximum of grid current of the
output stage, since its primary taskis to provide the required
excitation level. Most often the tuning of intermediate
amplifier stages is indicated by an anode current minimum.
Monitoring transmitter circuit current is achieved either
by installed instruments or with jacks provided for connect-
ing one common instrument to various circuits.

A special test bed equipped with a rectifier, driver and
load is used for the adjustment of an amplifier stage. Both
dummies and standard transmitter elements (adjusted
beforehand) can be used as the test bed equipment. The
approximate procedure of adjustment of the amplifier stage
can be as follows: set the variometer to maximum inductance
al an extreme counterclockwise position of its control knob;
connect the unit to the test hed and check the values of the
feed voltages for conformity with the calibrating chart.
If the adjustment of the preceding stage was carried out with
the use of a dummy load, tune the stage grid circuit to max-
imum grid current (Fig. 178).
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Set the variometer to minimum range frequency and
then to maximum {requency and check the range tuning
limits. In thoso cases, when the variometer does not ensure
tuning to the maximum or minimum frequency it is necessa~
1y, by an appropriate selection of trimming choke induct-
ance, toestablishacircuit overlapping coefficient which will
ensure the required tuning limits. If the variometer tuning
{imits are adequate aud it is only necessary to shift the whole

 —

% oot stzge
=
T 5,

To ohassis fpraund)
Fig. 178 Simgplified circust of an amphifier stage

tuning range this is done by an appropriate selection of the
tuned circuil capacilor or trimming capacitor (if ome is
provided in the circuit).

The adjustment techuique is essentially the same for
an intermediate amplifier stage functioning in several sub-
ranges. The adjustment begins with the shortest-wave sub-
range, successively passing over to the longer-wave sub-
ranges.

42. Microwave Equipment

ASSEMBLY AND WIRING

In the last decades microwave and position indicating
devices have taken up an increasing sharo in the radio tadus-
try autput. The principal microwave equipment comprises
radio stations designed for detecting and locating abjects
(tatgets} in spaco and communication systems.

Radar equipment consists of individual units intercon:
nected with the aid of multiconductor and radio frequaney
cables. The units are composed of individual subunw

[LENTHY
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assemblies which are fitted together at separate working
stations. The assembly of this equipment requires special
skill and practice. The assembly and wiring of some most
specific elements of microwave equipment used in radars
are discussed in the following sections.

Waveguide clements. A waveguide duct is a transmission
line for microwave energy. Waveguides are made in the form
of pipes of circular or rectangular cross section of which
rectangular waveguides made of copper or aluminium alloys

1 t:
4 3
3
m\ Y gt 7Y L84% ( P

AT ]

(5

-

| et hstr sty

; (a)
Fig. 179. Flanged waveguide joints
a—with ground-in {langes; b—choke-type

are more common. A waveguide assembly (often called plumb-
ing) consists of lengths of various waveguide elements joined
by means of flanges. The inner surface of the waveguide is
polished to reduce energy losses.

Microwave currents flow in a very thin layer of the wave- -
guide inner surface (the so-called skin-effect), and to reduce
the resistance the surface is plated with silver or even gold.

The thickness of the plating should exceed 1.5 times the
depth of penetration of microwave currents into the metal.
The anticorrosive and mechanical properties of silver
plating are increased by coating the silver with a thin
layer of rhodium (0.1 to 0.2 u) by means of vacuum evapo-
ration,

To provent leakage of electromagnetic energy and obtain
a good microwave-frequency contact between the waveguides
joined together, either ground-in flanges or choke connections
are employed. The ground-in flange connection is repre-
sented in Fig. 179 and the choke connection whose effect
Is based on the properties of an open quarter-wave and closed
half-wave line is represented in Fig. 179,
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In addition to straight lengths of waveguide, various
waveguide elements are extensively employed, vit: T-junc-
tions o planes /f and & (Fig. 1802 and ¢}, tapered wave-
guides to match waveguides of diffcrent cross sections

Fig. 180. Warcguide elements

H-plase, T-f s b P E-plane, T-june-~
tion, d—E-piane bend, e—~f{-plane bedd; J—wavegulde twist

(Fig. 1805), E- and f-planc bends (Fig. 180d and ¢), wave-

guide twists (Fig. 180f), foxible waveguides, cte.
Waveguides are soldered with silver sofder alloy grade

TICp40, using borax as the flux and heating the joints

n S
1 3 - ]
=, . <
~L $ A |8
X + i
y \ }
: -
s [n y }-2
| 0

Fig. 181, High-freq 1dering of fdo flanges
a-—induttor conneeled ta b-f generator, b—Inductor under the dase

with the aid of an acetylene torch. In series production the
heating of waveguides is pesformed with high-frequency
energy utilizing eddy curreats.
Two methods of high-frequency soldering are Hlustrated .
in Fig. 181. Flango 3 is placed op baso 2 of fixture I
e .
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(Fig. 181a). Lug6 is provided for proper positioning of wave-
guide 5 and for securing it as required. Inductor 7 connected
to a high-frequency oscillator is brought up to soldering
point . If the inductor cannot be positioned close to the
soldering point (on intricate-shawe parts), it is brought up
to the base (Fig. 181b) and heat is transferred to the soldering
point from the heated base. Graphite ring 8 prevents the
waveguide from welding to the fixing Iug. -

Alumipium waveguides can be soldered with the use of
ultrasonic soldering irons, however a more effective method
is soldering such partsin salt baths.

The process of this soldering is as follows. The degreased
parts are pressed together in a special fixture with special
solder spacers placed between them. Following that, the
parts aro immersed into a salt bath the temperature of
which is 20 to 30°C above the solder melting temperature.
To prevent waveguide deformation under thermal shock,
the parts assembled in the fixture should be heated before-
hand for 5 to 10 min at 500°C.

Individual waveguide sections and the complete wave-
guido assembly should be matched between themselves and
with the antenna. This is achieved with the use of tuning
serews or studs in one of the wide walls of the waveguide,
and irises in the form of metallic partitions symmetrically
arranged across the waveguide and reducing the cross section
of the latter. The screws, studs and irises can be considered
as pure reactances shunting the waveguide. The waveguide
scctions supplied to the assembly station should be prelim-
inarjly matched botween themselves and all the matching
eloments firmly and accurately soldered.

Magnetron oscillators. Multicavity magnetron oscil-
latoxs are employed as one of the principal sources of micro-
wave energy in radars,

rModem magnetron oscillators operate in the range of
0.5 to 50 cm waves, at working voltages of 1 to 40 kV and
magnetic fields of 600 to 15,000 gausses. In pulsed opera-
tion the power output of magnetron oscillators on 1 cm
wavelength is up to {00 kW, ona Scm wavelength—500 kW
and on 10 cm wavelength—over 3,000 kW. Tunable magne-

tron oscillators have a frequency range of the order of <=5
cent of the middle frequency, ; of 9 por
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The cylindrical indirectly heated cathode 3 centred in the
anode unit I is secured by two cathode lcads which are
sealed to the glass eanvelope.

Al the catbode butt-cnds protective disks 2 are provided
which produce .an electric field opposing tho movement

Fig. 182 Schematic cross section of a magnetron

. [

Straps § connecting resonators 4 on the butl-ends of the
anode unit {every other cavity is strapped together) serve
1o separate different modes of oscillation and maintain one
oscillation mode and thus contribute to a stable operation
of the magnetron oscillator.

In medium-power magnetron oscillators (above 10 W)
rihs are provided on the anode unit outer cylindrical surface
to facilitate heat dissipation.

The magnetron oscillator is connected to a load +ia
a coupling loop inserted into one cavity. Usually a coaxial
jack or wavegwde fange comprises the microwave energy
output. Microwave energy 13 generated when the magnetron
is placed between the poles of a permanent magnet and the
electrons emitted by the cathode move in crossed electric
and magnetic fields. The permanent magnets produce a strong
magnetic field parallel to the cathode axis.

To increase the magnetic field, the least possible air
gap should be left between the permanent maguet p.ﬂis'



274 Chapter Siz. Alignment

During assembly of the magnetron oscillator it is important
to prevent contact of the magnets with any ferromagnetic
materials as this will reduce field strength by 20 to 30 oer-
steds, ] .

Since the magpets possess a very high attracting force,
it is necessary to hold the tools (say, screw driver or pliers)
firmly enough, otherwise it can be pulled up to the magnet.
To prevent this, the magnets can be enclosed in protective
aluminium jackets. It is impermissible to strike the magnetic
system with any object to say nothing about dropping the
magnets on the floor or the bench.

{n fitting the magnetron block into the oscillator take
care not to damage the magnetron leads. Jolts or vibra-
tions can easily disrupt the glass seals with the metal
leads.

Particular attention. in the assembly and fitting of mag-
netron oscillators should be paid to the joint of the magne-
tron output flange with the plumbing leading the microwave
energy to the antenna. The joint should provide the trans-
mission of microwave energy without losses and leakage and
ensure pressurizing when required.

Magnetron oscillators are fitted to equipment in strict
compliance with the drawings, paying special attention to
mechanijcal fastening of all the assemblies and parts of the
unit. The soldering points of high-voltage wires should be
specially protected. In these points no drops or pointed
solder beadings should be left. The shielded wires and coaxial
cables should be carefully grounded in the points specified
by wiring diagrams.

Tube modulators. Modulators are used for oscillator
operation control (switching on and off) in case of pulse
operation. The madulator controls the wave-form, duration
and repetition rate of the radio-frequency pulses generated
by the magnetron, In radars pulse modulation is employed,
and the transmitter is modulated by a periodic succession
of constant amplitude pulses. The wave-form of the modu-
lating voltage should meet a number of requirements neces-
sary for stable operation of the magnetron in a fundamental
mode of oscillations. .

Two types of tube modulators are usually employed in
radars: employing electron tubgs and gas-filled tubes.
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In electron tube modulators, during the pauses between
pulscs, reservoir capacitor 2 is charged from high-voltage
rectifier £ 1o a voltage required for the modulation of mag-
netron 5 (Fig. 183). Pulses are formed In submodulator 3
employing onoorseveral electron tubes and generally com-
prising a blocking-oscillator or multivibrator circuit,

The wave-form and duration of the modulating pulse
in this type of modulators are determined by the pulses of
the submoduiator which ma-
kes and breaks the reservoir-
capacitor discharge cireuit.
A partial veltage drop occurs
on the internal resistance of
discharge tube # connected in
series with the load, resulting
in a comparatively low effi-
ciency of this type of modula-
tors. During tho pulse the
le.\cr\'c:lir—cx\pncilur is not dis-
charged completely and is

] " Frg 183, Block-
charged_ lo tho required volt- (ngnsxu(l(crExllhl;x‘llrkg::;:u?\fb‘u
age during the pauses modulator

In gas-discharge modula-  j—highevoltare rectificr: s—resere
tors a delay lino is charged (o faiaciter  3—wulnoduistor.
from tho high-voltage rectificr  $—synchroniaing pulke, 7—shaping
during pauses between pulses  PURe S S raenolr e
The discharge tubes can with-
stand a high anode voltage and feature low {nternal
resistance and great cinission currents

1f the power required exceeds the power avaifable from
one fube, several tubes counceted in parallel aro employed.
Spurious oscillations which might take place are sometimes
dealt with by mean< of small, of the order of 25 10 50 ohms,
antispurious resistors mcerted into tho anode and grid
citcuits. In the process of asembly and wiring these resistors
should Le positioned as close to the tube efectrodes as pos-
sible making the connccting wires as shart as practl-
cable,

Tube wod ilators are manufoctured as <eparate usits
Each wit is provided with plug-and-suchel connectors
which interlink the entire winng of the apparatus.
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Magnetic modulators, These have found wide applica-
tion in eadar. Their principal advantage les in a practically
unlimited serviee life, The principal function of such modu-
Lators is (as in tube modulators) the intermitlent connection
of 1 high-voltage and heavy current source Lo the magnetron.
These modulators employ saturation chokes as commutating
dovices,

ADJUSTMENT

The wide development of radiolocation has resulted in
the introdnction of a specific adjustment technique which
must primarily meet the principal operational requirements
of microwave equipment. This is due to the fact that micro-
wave equipment employs capacitances, inductances and
resistances that ace distributed over the length, sueface
and volumie of wmicrowave clements. Microwave voltages
and currents do not have the same sense, as on lower fre-
quency ranges, since their values change atong the transmis-
~sivn line and ure often impossible to measure,

Iu the process of adjustment and tuning a rvadar, the
speeial desipn features of the equipment should be given
due consideration. Radar eyguipment comprises suveral di-
vorsified devices each of which in its turn is subdivided
into units and assemblies. Due to such a design, separate
devices, units and subassomblies can be adjusted and tuned,
provided the conditions are similar to those under which
they operaty in the completed equipment.

Adjustment and tuning procedure for principal speeific
radar devices s dizscussed in some detail below.,

Adjustment and tuning of the antennn and feeder com-
ponents. The autensa and feeder components of rvadars
(Fig. 181) comprise the antenna itself with inhecent com-
punents, teansmission lines, and the transmitter-receiver
bigh-frequency elsments. The wavoguide system consists
of waveguides with straight 8 and bent 6 sections, rotating
joints £, cavitios I and directional couplers £2,

Elestromagnotic energy from the output of magnoetron {4
through the antenna TR switeh with ATR tubes 13, wave-
gni_do bends 57 93 10 and adapter 7 is fed to rotating joint 4
whitch can transmit energy in any antennu bearing position;
following that, the energy through flange joint J awid radin-
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tor {exciter) 2 is applied to antenna reflector (mirror) 7.
The return path of the reflected signals is the same, though
in this case the signals are applied to the receiver input
(mixer) Id.

The principal parameters
of the waveguide system are:
the valtage standing-wave
ratio (VSWR); atfenuation;
dielectric  strength; band
width generally determined
by the permissible VSWR.
The quality of the waveguide
matehing is judged by the
VSWR value which is meas-
ured on a sef-up whose block-
diagram is  illustrated in
Fig. 183. (The drawing rep-
resents matching waveguide
system § with a load.) The
measurements are performed
with the aid of 2 special
measurinz line 2, as well as
test oscillator Z and attenua-
tor 2. The indicating instru-
ment £ of the measuring line 1]
is a micrdammeter either LT” Ol
directly connected inte the ? k!l
measuring line detector cir- [
cuit or after amp)hﬁca:iqn R
of the detector signal (in case S5 Wavesut fembize
of pulse operation). B 185 Waeguds platies

The voltage standing-wave assemid
ratia is determined by the
indicator readings in the voltage node and antinode (moving
the carriage with the probe along the lize) using the formula

-

VSWR =]/ ze

Om.a

Where Ui and Omx ave the indicator reading
voltage antinade and node. -
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Mégnetic modulators. These have found wide applica-
tion in radar. Their principal advantage lies in a practically
unlimited service life. The prineipal function of such modu-
Jaturs is (as in tube modulators) the intermittent connection
of a high-voltage and heavy current source to the magnetron.
These modulators employ saturation chokes as commutating
devices.

ADIUSTMENT

The wide development of radiolocation has resulted in
the introduction of a specific adjustment technique which
must primarily meet the principal operational requirements’
of microwave equipment. This is due to the fact that micro-
wave equipment employs capacitances, inductances and
resistances that are distributed over the length, surface
and volume of microwave elements. Microwave voltages
and currents do not have the same sense, as on lower fre-
quency ranges, since their values change along the fransmis-
=ion line and are often impossible to measure.

In the process of adjustinent and tuning a radar, the
special design features of the equipment should be given
due consideration. Radar equipment comprises several di-
versified devices each of which in its turn is subdivided
into units and assemblies. Due to such a design, separate
devices, units and subassemblies can be adjusted and tuned,
provided the conditions are similar to those under which
they operate in the completed equipment.

Adjustment and tuning procedure for principal specific
radar devices is discussed in some detail below.

Adjustment and tuning of the antenna and feeder com-
ponents. The antenna and fceder components of radars
(Fig. 184) comprise the antenna itself with inherent com-
ponents, transmission lines, and the transmitter-receiver
high-frequency eléments. The waveguide system consists
1_>£. waveguides with straight § and bent 6 sections, rotating
joints 4, cavities 11 and directional couplers /2.

Electromaguetic energy from the output of magnetron 74
(t,hgt;ug{)x the a_x.uge.una TR switch wi@h ATR tubes_la’,.wave-
guide bends 5; 9; 70 and adapter 7 is fed to rotating joint £
which can transmit energy in any antenna bearing position;
following that, the energy through flange joint $ and radia-
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tor (oxciter) 2 is applied to antenna reflector (mirror} 1.
The return path of the reflected signals is the same, though
in this case the signals are applied to the recciver input
(mixer) 13.

The principal parameters
of the waveguide system aie:
the voltage standing-wave
ratio (VSWR); attenuation;
dielectric  strength;  band
width generally determined
by the permissible VSWAR,
The guality of the waveguids
matching is judged Ly the
VSWR value which is meas-
ured on a set-up whose block-
diagram is illustrated in
Fig. 185. {The drawing rep-
resents matching waveguide
system § with a load.}) The
measurements are performed
with the aid of a special
measuring line 3, as well as
‘test oscillator 7 and attenua-
tor 2. The indicating instru-
ment 4 of the measuring line
is a micréammeter either
directly connected into the
measuring line detector cir-
cuit or after amplification
of the detector signal (in case
of pulse operation).

The voltage standing-wave
ratio is determined by the
indicator readings in the voltage node and antinode (moving
the carriage with the probe along the line) using the formula

VSWR =}/ Joes
min

where Omaz and Omg, are the indicator readings in the
voltage antinode and node

Fig 184 Wascguide plumbing
- a radar antenna and feeder
assembly



218 Chapter Six. Alignment

C el e e =l e
|

4

Fig. 185. Block-diagram of waveguide system matching
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Fig. 186. Block-diagram of antenna pattern recording

The final atin in waveguide system matching is to obtain
a voltage standing-wave ratio as close to unity as possible.
On achieving the required values of VSWR, the matching
clements ave fixed in position (e.g. by soldering).

The antenna tuning procedure is aimed at obtaining
a given directivity, amplification factor, input resistance
and band width, To determine the beam pattern, antenna 8
is placed on rotary table 7 and the instruments are counected
as shown in Fig, {86. Antenna 8 under test, together with
the measuring attenuator 6, heterodyne £, mixer 3, ampli-
fier 2 and microammeter I make up the installation receiv-
ing part. The transmitting part (located at a considerable
distance from the receiving part) consists of antenna 9,
fed from heterodyue £3 through attenuator 12. Heterodyne 4,
mixer 3 and measuring attenuator 6 ave connected by means
of a T-junction 7 and a second T-junction 10 is used to con-
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sect antenna 9, attenuator 12 and wavemeter with indica
o e voceiving and‘tmnsgiuin%uil;;egn?g: :;geggxg";:g
in one polarization piane. Upon : Fay
ltr:; 313 tlgmsmmed frequency by the maximum of the rqﬂ;mg
meter readings, set the microammeter needle (wit tda
aid of the measuring attennator) approximately in to mid-
scale; these readings ara to be maintained constant sub-
sequently. Turning the recelving antenna by a preset angle,
et thé microammeter reading with the aid of measuring
attenuator § and record the au;nuato'r rfladmg’ thus point
by point the beam pattern is determined.
y}{djusung and tuning tube-modulalor_mdnrs."l‘hn ad-

justment and tuning of tube-modulator installations con-
sist of a number of successive steps which can bo classified
into threo principal groups: .

preparatory operations, comprising the check-up of the
rectifiers which ‘supply the modulator; check-up of the
safety-ensuring circuits and the ovetload relay for insula-
tion;

adjustment of the pulse system (modulator proper),
which includes the check-up of the modulator tubes for d.c.
operating conditions; check-up of the parameters of the pulses
generated by the submodulator; check-up of the pulse
repetition rate, inter-unit wiring and the parameters of the
modulator output pulse;

adjustment and tuning of the transmitter radio-freguen-
cy part which comprise the check-up of the magnetton fila-
ment voltage, check-up for presence of radio-frequency
oscillations, adjustment of the charging choke inductance
value {for gas tubo modulators only), measuring the magne-
tren operating frequency and output power, parameters of
magnetran current pulses and the amplitude of modulato;
pulses, determining the frequencies spectrum of the radi 3
pulses and inspection of the radio-frequency pulse e iated

A more detailed discussion of the prinl:ip;? ;::oe:pe.[
:g-:‘-:;m{;i‘:wﬁ radar transmitters with fube modula&n’s ci’ss

The modulator is check
witing by the wiring diagra
the check-up. The eheck

ed for proper assamhl
m, with the tubeg remov%daflll)e
-up procedure for the modulator
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rectifiers implies a comparison of their output parameters
for compliance to technical specifications. The check-up
is carried out on special adjusting test beds pIOV}ded with
active dummy loads equivalent to the actual rectifier loads ‘
and with instruments which make it possible to check the
magnitudes of all currents and voltages supplied by the
rectifiers, ) )

The current overload relay is checked as follows (Fig. 187).
Connect the relay winding to a variable voltage source 7.

Fig. 187. Circuit for checking overload relay operation

Connect a tester (TT-1 or ABO-5, used as an ohmmeter 3)
to the relay contacts or (when used as a milliammeter 2)
to the relay winding circuit. Gradually elevate the voltage
until the relay contacts close. At the instance of contact
closing compare the current (read off the milliammeter)
with the specification value. The windings of some relays
are shunted by a variable resistor thus enabling setting the
required relay operation current.

The modulator tubes are checked for the d.c. operating
conditions either on a test bed equipped with the required
voltages or by fitting into the apparatus and connecting to
the regular rectifier. The d.c. operating conditions of the
tubes are checked by means of instruments types ABO-5,
TT-1 and others. Prior to each measurement the instrument
is s:thched over to the corresponding measurement range.
. The successive checking of modulator tubes for operat-
ing conditions is also intended to verify that the assembly
and wiring have been carried out properly and that the

resistances are in compliance with values specified in the
diagram,
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To check submodalater tutes for Syzass -
conditions apply a starting pulse ta the :‘dh._:m:::.:‘l:-_-: impat
from the radar synchronizer. Iiia. masterc;\"xll_mk isprovid-
od in the submodulator, it will suffice ta simply 'c‘a‘ec.
the modulator to corresponding rectifiers. Pasticulsz e
must be exercised in measuring the parameters ci 32
submodulator output pulses, since these determine the dura-
tion and wave-form of the modulating pulse, and hacee 22
duration and wave-form of the transmitter outpz

The pulse repetition rate, i.e. the number of
periodically generated by the submodulator per tize ==z
is checked by the Lissajous figures observed on 3z
scope screen. The oscill horizontal deflectizz
are supplied with voltage from an audio freg
tor type 3T-10 or the like; the vertical defle
supplied with the submodulator output pafse. 5y ttaz=z
the audio oscillator frequency achieve statls mptesemasin
of a single pulse on the oscilloscope scresz.

A stable image of a single pulse will e cir—=l
condition that

Fag=nF;,
where Fo,—audio oscillator frequaccy
Fpr—pulse repetition rate

n—an integer.

It is necessary to determine the miz——co —mreeoe
of the audio oscillator on which 2 si. —
obtained. In this position the azz.- =mr o, o
read the submodulator pulse mpetiit o

The inter-unit wiring is eheek=d smr =e i g =
purpose instruments prior to ermmam e~
and its power supply units ta 122 —mmroe.
inspect the wave-form of pulses
to the magnetron, part of tts +-
d:v?gr should be applied ¢3 «

° magnetron filame-s ;-
ﬁlamept transformer leads z- = -ﬂ:h -
but with the high-voltsms e o AT
od the magnetron y = =

angerous for one’s 1%
rule, i3 automatically +

SEmn

P

+ o
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Fig. 188. Block-diagrams for transmitter frequency measurement

g—wavemeter connected by means of & directional coupler; b—space~
coupled trequency measurement

voltage is applied to the magnetron. In this case the fila-
ment voltage is checked for magnitude or presence by inten-
tionally closing the respective relay or the terminal switch
which reduces the magnetron filament voltage.

Prior to fitting a magnetron into a transmitter it should
be examined and checked for the degree of magnet magne-
tization with the aid of a fluxmeter. The magnetron should
be carefully centred between the magnet poles, and the mag-
netron output flange should be joined to the waveguide sys-
tem. The waveguide output is connected either to the anten-
na or to an antenna equivalent (dummy load). High voltage,
supplied to the modulator, should be slowly increased using
an autotransformer. If a new magnetron is fitted in for the
first time, it should operate for 5 to 10 min under an anode
voltage reduced by half from the normal rating.

Upon application of high voltage make certain that
there is no sparking between the high-voltage contacts in
the modulator as well as whistles and frying which are
indicative of a faulty joint in the waveguide system. Radio~
frequency oscillations are detected by an instrument which
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Fig. 489, Ciscwt disgram of an attachment to stalic olt-
meter for pulso voltage measurements
a-positive pulses; b--pegative pulscs

2 T AT 5

[T aeT
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1

Tig. 190. Block-diagram for h-f pulse envelope inspection

meas 1res the magnetron oscillator average current, or by
a ralio-frequency oscillation indicator (if available in
the 1udar set}.

The frequency of oscillations generated by the magnetron
is generaily measured by means of resonance wavemeters.
The frequency corresponding to the maximum power in the
energy spectrum is the magnetron operating frequency.
In measuring this frequency the antenna and feeder compo-
nents of the radar are used as the load. The wavemeter
is connected to the radar either through a special section
or a directional eoupler. A set-up for measuring the frequen-
¢y of transmitter I with antenna 4 and receiving horn 5
i3 represented in Fig. 188.

The magnetron operating frequency is measured, after
the transmitter thermal conditions have stabilized, adopt-
ing the following procedure. With the aid of attenuators
position the microammeter needle approximately in the
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middle of the scale. Tuning wavemeter 3, connected via
coupler 2, determine the resonance value of the tuning and
take the readings off the wavemeter dials.

The amplitude value of the modulator pulse voltage is
measured by means of a pulse voltmeter which, depending
on the polarity of pulses measured, is connected accordingly
to one of the circuits illustrated in Fig. 189z and b. Current
through kenotron I during a pulse charges capacitor 2
to the amplitude value of voltage measured, and static
voltmeter 3 measures the amplitude of voltage applied.

The envelope of a r.f. pulse can be inspected on the
screen of a slave-sweep oscilloscope (Fig. 190).

Oscilloscope 6 is synchronized from starting pulse 1
of transmitter 2. Detected radio-frequency pulses are applied
to the oscilloscope vertical deflection amplifier. To pre-
vent distortions of the pulse form, the amplifier passband
should be wide enough. The crystal detector is inserted
into the antenna transmitting line by means of a directional
coupler 3 or by means of an attenuator which will ensure
attenuation sufficient for the protection of detector 4.

The r.f. pulse envelope, as well as the magnetron cur-
rent pulse form are characterized by the duration of the
pulse leading front, by the duration of the pulse trailing

front, by the magnitude of pulse overshooting and the slope
of the pulse top.

Pringed in the Unjon of Soviet Socialist Republics






