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Introducticon

le The national incume cf a country ie influenced largely by the extent to
which its pecple make ugs of electrinel energy. ‘lectric powsr presently
satisfies appreximately 25 per cout of tne werld'v totel eéncrgy demand, but
an increase of 4% to 50 per coatl ir wpeciad by the rerr 2 00.  Doeveloplng
countries consume ~pproximately © per ceno i the total clecirie power pro-
duced in the werld todny, even theough their arcas and populations may reach
‘nearly onc half of the world's tctal., This aelps te explain their rolatively

low national incomes.

2. The increased wse of cloctrical cnergy in human activitics creates optimal
conditions for mechanization and automation in many branchces of production in
the national cconomy. Tt lseo makes possible an accelerated dovelopment of
radio and teleccommunicotion devices desigmned £or the contrel of cquipment used
in providing many tvpcs of sorvices te the public, including improved hoealth
gservices and cultural facilities. In addition, tne oloctronics industry is

agsential teo national dufiencs.

3. A fundamental industrializoticn factor ir all countrice is the development
of the eleetrical and 2lectronics industricse 'This includes the increascd usc
of cleetrica: power to roplece manual lnbour, the sproqad of tolucommunicatien
networks and the develepmernt of broadensting and television networkse  Develop-

ment in this ficld is of leocisive impertance in doveloping countrics,

4, According to the ameunt of olo.ctri~itr preduced, the doveleping countries
mey be divided reughly inte four eroups.  The countries most advanced in this
field are Argentinn, Broazil, Iadin -nd Muxice, The socond group includes Iran,
Iraq, Pakistan, Syrin, Thailiwd ond the United Arcb RKopublic, The third group
includes Chile, Colombia, Ghunn, Indonesit, the Philippines nd Turkey.
Developing countrics with little or no cl:ictrical production s yot include
Algeria, Angola, E1 Salwvador, the wobanon, Malayn, Mali, Nigeria, the Sudan and

Uruguny.

5« The dceveloping countrice provide only to 2 small deproc for their require-—
monts in the clectrical snd clectronics industricse Thoy must therofore sccurc
a considerable part of their suppli:s by imports. To accelerate industrial

development these countrics nceed large production capacitics for the manufacture
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of necessary productior equipment, since they cannot always count on the import

availability of such ituns

6. In the early stages »f iis develonnent the character of electrical and
electronics production iz similar to ilat o1 meshanical engineering., The de-
veloping countries be-in by mass--producin-: articles for either individual or
general use; ns they srain expe ience, vhey begia to munufac.vre machines and
pieces of equipmeni individu:liy or in small series. References on the subject
indicate that the majority of deviloping couniries will retain their present
structural compocition o irduswrial branches even in the future, despite pos-

gible increases in Lhe produstion of 3lecirical and elecironics equipment.

Te Priority is given to the development of m:ss production for several reagons.
First, the articles thus produced avre convenient ror more extended markets.
Secondly, since noi-geries production relies on a l-rge number of technical

staff, the fact tn.t mass production 1lows the industry to function with the
less highly trained perconnel svailable in the developing countries is a great
advantage. Finally, the intecoduction of its own masa production system helps

a developing country to improve its situntion with regard to puyments in foreign
currencies, and thus enales it to import the machinery :nd equipment whose

domestic manufacture is nol reasilble at present.

8. Production in meqy oranches of the electrical and electronics industries
has already veen or is being introduced ‘n the developing countries. The
following 1: a classification of th:se branches from the simplest to the more
ocomplexs

(a) Simple producis ind materisls for electrical installations;

() Broadcastin racelivers;

(c) [lectrical equipment for the home;

(d) Cables and co-ds, sspecialiy those for installations, and simple low-
voltage cables;

(e) Hotors, mainly asynchroaized types with relatively low output capacity;
(f) Batteries «nd accumuirtors;

(g) Television rercivers;

(R) Small transforiers for Aistribation networks;

(1) Flectrical equipment, mainly o»f a simpie direct-connected type for low
voltase and hi<ca voltage, except measuring instruments;

(3) Small generators ( surrently oroduced in only a few countries);

(k) Telecommun.caticn equipment for telephones (at present produced in only
a few countries).
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9. The market demand for electriccl and electronic producis is rapidly in-
creasing. There are other circumstances favourable to the development of these
industries as well - relatively Lov irvestment ccsts, minim:l basic material
requirements and employuent opportunities for 2 iarge number of people with

varied levels of juaiification.

10. In considerins the e¢strhl.shment ol new electricul and e.ectronics produc-
tion in developin: countries, sore of itz gpecific characteristics must be taken
into ascount. Tost sienificnt .re the followin«:

(a) Relutively hira mualiticution atandarde for tachnical and menagerial
personuel;

(b) Specialized tecimologics:l procecsec requiring speciulized equipment
and trained wcrkers;

(o) Requirements for special materials, particularly those of the magnetic,
insulating ana conducting typ~s. Tven thou.l: only smell quantities
of such materials may be required, *“heir quality must still be high;

(d) Sensitivity of these materials to climatic corditions. This will
apply, for instarse, in the tropics during manufacture, storage and
transpori.

1ll. The influence of the above factors depend on the number and kind of items

to be produced. 1In order to achieve the desired economi: effects, it is im-

portant to consider the degree »>f complexity of the articleg to be produced
and the existing conditions in the cuuntry conceued. After such nn analysis,
an outline should ve mide of the mcst convenient production specialization and
concentration ard of the kind and derree »f co-operation to he cought with

ovher countries.

12. The estaoblishment of electrical equipmenv production in a country acceler-
ates its rate of industrialization nnd h.s fevouratle effects »m its aconomy.

On the other hand, the couritry may also face difficultics in the development of
ihis industry, such zs shortage of foreisn currencies for purchaszing new, more
specialized technological equipment, row matericls etc: splitting up of the
production process inio asmail planvs and shopz; unexploited production capacities;
and inefficient productior methods combined with relatively hish production

costs, Because of these problems, th. home products way be both inferior to and
more expensive thaa imported goods, despite high custioms taxes designed to

protect the country's developing industry,
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13. The following measurcs can help climinate thc difficulties involved in
establishing electrical production in a developins countrys

(a) Capital contributions by the state and investment of foreign capital,
includin: United rations aic;

(b) Estaslisiment ol ¢ .ut.rial base, 1ocludiig: steel plants, within the
country;

Technical education eninrtuaities withir the countiry;

(c)
(d) Use of licences aad otler tecinical aids;
(e) Reduction of industry texes;

(

e
f) Technical impr venert of producte, including performance characteris-—
tics as well ag ouality control;

(¢) 1Increase in the efficicncy of the production process;

(h) Develonme:nt oi inter-factory and inter-country co-operation.

14. This paper deals ith the problems mentioned 1. this introduction. Its
aim is to suggest rationalizations for curreat manufacturing methods and to
point out possibilities for efficient co-operation amon,: enterprises and among
countries when new plants are established. 7This co-operation is considered the
most effective means to ensure sound use of ecuipment and qualified personnel

and, therefore, to attain the greatest possible increase in productivity.
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I ELECTRJCAL AND ELECTRONIC PRODUCTS AND THEIR MANUFACTURE

15, This chapter do:ls wita uly o linited solection froa She wrioty nf
eloctrical and 2loctronic products avallable in the world today. Highly
spocinlized preducts or those whrse pomat cturin, processes e very cemplex
are not considered herc.  Vho o aslooticn o0 oroSuets omsis? s moanly of thoou
that hove alrendy boon raafostured inodevelopin s ecwrtrios. Tt alse includes
products that could srodunily be inteolucodl for a nufcture in these countries

whort 1cenl conditions (e 2Coaonilc structurc .nd puclic donand) yernit,

16, Since this p.per decls with the cleetric:] nnd cleoctropics industry as a
whola, individusl products ww not discussced in dets ile  Tnstend, 2 classafi-
ation list s teen 11awn un to proevide wn cvoer-all view of the products in
these ficldse It outlines optimal nng ordinery degrecs of production concon-

tration nnd the specinl mothods ~nd mutericls nocessory for the manufacture
of 2ach group of products mentionod. Thiis classificotion list con be found in

the annex.

The ¢lectrical and clzctronic prcduct recuirencats
of o developing naticnnil cconomy

17. Practically ~11 branches of develeping notionnl :conomics urgently ncod
olectrical ~nd clectronic products 1 their developments 4 large quantity of
tochnical products ig required ty wwany bronches, nd there is therefore o great
need for » well develeped bas: of toshnolo,y vl production within onrch country.
This pplics cspoci 11y in the Finlds  © tronsyort, notollurgy, chemistry,
mining and henlth sorvices.  Svon in the future, these bronches will have to
daepend on high-quality imperts from inaustrinlly sdvanced countrics to antisfy

their requirchents,

18, On the cther hind, thore re mony other branches cof the national ecconomy
thet roquire large quantitics of lower-quo lity clectrienl nnd cluctronic pro-
ducts. Such items can be manaf~etured offestively ceven in developing countrive

which con co—opernte successfully witnh wnch other in this area,

19, A larse group of clectrical preducts is manuficturcd to further the devulope-
ment of power engincering. lnis group consists principilly of nlturnators and
smallor power—gtotion transiormers, distribution traneformers, low-voltage and

nigh~voltage power cablus and cquipment, switchbonrdo and zleetrical installation
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materials required tc provide c¢leetrical

In arens where lars

tionnl neod for mors complox equiptiont such
‘ars, cquipment for mobile TV 3 steas
tecting doevicese ‘

20, Tho mechanictl oncincerine lndustry
products parily 1o couip ots PO LAT LU L
machinery in prcduction.  The oguinnent @

ists moinly of cloctric riichiaes v e

and modiumecize cicetric mou Cor .y

equipment <nd fir teohnelc sicel procoacc

and ntnnexlinge  The items required £ or o th

tion “re motors for drives, low=roltoeo ©

switchboards, conductors mnd cibles.

21,
lighting

Bleetrical ~nl

fittings, <1l:c thernic Jdevices

machincs, v

air-conditicners, recorl players, wroeden

and nccunultter ligits, simaelling and 1o

tric t\‘_VSo

2 development of loent cormmaniontis

The
ment (public

gubscribers! tcelephonsg, toelophone

communicntion dovices, cormunictiion ool

23, Sonme developine countrics posseos

t.1cal and clectrenice pre duciion - anter
and high-—-qu:lity corawaic notericle. Toe
co—cperation with (iner duevelepins ~ountr

the home markets.

In such ¢nsos ~ut

24.

row

it is necegoaxy 1o

materinls wind to inereasc proauctiion

cables, conducturs, carben brusnas nrd ing

cau

include finzl preducts

compuiiention netuworks net includcr)
i Al e s pde
witebbonrde,

25, buttorics;

g regourcaes moke ature

o, loree quantitics of

onergy for the general populations

power stntions are under ounstructlon, there is on a2ddi-

as itnt sencroters and transiorm

moys offeetive oo ~nd pro-

lI‘ln

reguires clocotric.l cngoincering

tiae complotion of

copertly T

1 mechwnical caglne.ring planis cone

nl regissance woelding and small-

kinis -f irivaes, for clectrothermic

g.ch e oweliing, forging:, hardoning

¢ o~onplotien of mechinery in produc-

cntralling: and protecting oquipnent,

.lectronis products in general public demand include bulbs,

, labcur-saving devicus (cege weshing

cnwn oleaners, kitchea cquipment and sowing: machines), refrigerators,

!

stin =nd tolevision reccivers, battery

cel communicntion cquipnent and clec-

m il osigmalling and security equip-

requires the manufacture of
private bronch cxchonges, UHF

wecunulntors otce.

tlhe row moterinls neocssary fur clec-

i~ ls such lend, graphite

N8 COPPLT,
axpoerts and

segsitble becaus: of saturation of

&

icy

down ;rodunlly the oxports of thesc
wnd uxpert of semi-products such os

ulaters. The oxperts should oventually

the =voilnble raw motorials,.

Induction motors, distributicn tronsfermers, accuBulators or accumulator trucks
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are some possibilities. Developin~ countries should concentrate on more

efficient exploitation of nome labeur in the manufacture cf these products,

Speciaul vtechnole;ine ond rtecinclocical eciipment
" - b

25, In addivion te tie pencrcl tecliioues o0 mech:aicnl engineering, there
are other specinalized “eciul 1c 22 wied J0 e v feolare f elcctrical ard
electronics enginecring nroiietre  in2g: tochnoi cies ant *he agquipment they
require often represent the limite of 1ttiineble performance characteristios
and quality with respect tec eloctrical and electronic products.

Windin s

For electrical enginecring ;roducts

26, This technolog: is invelveld in the preliminary steps of the production of
insulating ueterials, conductors, prefubricated slot insulations and their
insertion intc the cletecs  Acoording te the type ~f machine tc be ranufactured,
thers are completely different «inds ol windings, which are i1n turn produced

by the use of a variety or mnateriils and technical equipment, The manufacturing
rrocess for windings nlec dirfore amenyr syienroncus machineg, according to

their individual toees The srous of viadiwe roferred to aveve includes in-
duction metors, DC machinas, teansfrrrmorsz and other olectrical acuipment, The
voltage and sive of the mucnine o te nrodused and the deerec of ite production

concentration arv ~ther {factors Lhat mav call for various changes in the manu-

facturing process ~i the windings e e used,.

27. Basic equipment required for the manuficture cof windings is as followss

!, ) : ~ . . : : .4 Tt e yae . ;
\a) Devices Tor mechanizin tne rreliminary procesces, such as prefabri-
caticn, rna inserti n o1 slot insulations;

(b) Horizortal or verticul coiling michines for transformer windings,
including the equipment neccessary for pressing down the turns during
the coiling;

(¢) Tools for profabricuting o ceils tor rotating machineo;
(d) Wrapping machines {rr ccils tc be ingulaied with tape or strip materialj
(e) Insulation nardenlng presses;

Semi-autoematic winding machines for mamet coilsg

Semi-autcmatic and automatic winding machines for stators and rotors
of rotating machinery.
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28. Rationalization in tiue manufactura of windinge is focused on the following
pointss
(a) Quality of materiuis, partisulariy insulants;
(t) Unifcrmit; of prodicts uad insulaticn systens;
(c) Mechanization »f inter=siop transpcrd rfacilities during manufacture;
(d) Mechani.ation -7 .Jind ag linog;

(e) Pregramm. control ~f ~ciling machines if production concentration
rermits;,

(f) Coilins w.trmaticn Jor clectricn. aquipment and small trancformers;
(g) Hyrionic o aditicne in c.iling shops.
Such contrcls we uld improve product yuality and increasa production efficierty

by 40 t> 7C per cent,

Por elactronics ungoinear.ing products

29, Mains and «ut,ut troasformers, choke coils and other electronic components
of this type are pretmsricated with the use of techne.ogies for windings sinilar
to these us.d for :l:ctrical cagineering purposes. Multiple, somi-automatic

and programme~c ntrolled zoiling machines are useda in these processes, and high=
frequency coils tor receivere are produced with zimilar methnode and equipmont.
Rationalizaticn in this sreup is frcused on tne use of multiple, somi-automatic

and autcmatic coiiing machines,

30, In the produstion of television racuivers, specizl attention must be given
to the manufactire of defl:etion ceils and output transformers for herizontal
scanning. The deflection orile are ucund frem adhogive, enumel-insulated wire
on special winding machines. The ccils are ‘then hoat-treated tr obtain the
deaired shepe and rigiditv.  Pinellv, taey sre asscmbled wita the appropriate
forrite cores. In countris with sevor: climetic conditions, the asscmbled
compenents should be impregmated with cilicon varnish,

31, Horizontal-scanring cutp.t trans.-racrs {or t:liovision rcccivers must be
insulated uinst high oparating veliages; tultloi. winding machines are there-

during and aftor the manufac-

-

fore used in their nonafecture, Qualitly cortrs

turing process ig imporiant,

32, The fellowing equipgnent is required for tne production of these transforuers:
(a) Multiple nutecmats or seni-automats;

(b) Winding machinses for d:flection coils wnd transformars;
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(o) Machinery and tools for pre-forming and heat-treating of deflection
coils and tronsformors;

(d) Checking devices to ensurc quality centrol of the product as a whole,

tho insulati-n bLetwe n turmz =nd the over-wll insalatien,
33, Raticnalization in *his or c.~z = plise prirarily 1o the use of multiple
gomi-automatic and cuiomatic coilinss macnin:s, spocial autematic machines for

deflction coils and cquipment used in the shaping of windings.

For alectricul cnginsering prodictc

4. The technieal lovel of this Lochulegs erowtly influconcus the quality of
slectric machinory, ite rosistivity to sovore climatic conditions and its

dur 1bility and reliability in cperstions  The results obtained by the impreg-
nat on technologrr depend on the inprognition itself, tha drying and the vacuum
treatment, A pructic:l quantity »f articlos tc be procossed, good=quality ime
prematirg varnishos ard adhercnce to tochnical requircments are ossential to
the quality ot *tho finiched product. Improgmation methods must bu selected
acccrding to the typs of winding involved, the type of impregnating matorials

te b3 used and tha foture rperating requirenents of the impresmated winding.

15, Small rotiting machines oand machines with tractional horscpower arc usually
rass--produced r manufactursd in l.rge scvrics. Both types ~f production ars
organized in linee, .nd it 1z *herefore recessary that the drying and impreg-
rL.tion processes b3 organized ~lac in lires so that the process timing will not

L alfectued,

16, Modiumesized machin g are asually nanacactured in sericse. A careful 10-
progration is important in this cos2 bocause mediunesized nachines arc usually
subj:ctad to sovere cperating conditions - in drives in the chomizal and metal-
lurgical industrizc in the tropice utc. The hisher requirements for these

machines can be satisficd simply = vacuum~pressure impregnaticon in a solvent-

*rec atmogphera. liodern niotheds of impre.maticn using colvent=freo (iece vpoXy=

wag ) vornishes are convenient for tomperature clisses B and Foo Tho class H

imp~egmation can be nchieved by the usc of silicone clasteoners.

37. Llarge high—voltar machines arc marufacturcd individually. The previous

impregnation process ised for these machines was vacuum compounding, but modern

tiethods vse modified poxy resing. Iho insulation itself is mads of polyestor
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or epoxy-bonded mica foil or tape, although the fcil is used only for the
straight partz of ccile. ™ insulating systen is hardened in a heat treatment

with the use of aspacial tocls.

38, According t- itheir type, transformers are mznufactured in series, small

i

geries -r indisid.ail,. leoi2gmetion of tris equipment is preceded by fan- or

vacuun~drying ond s ~omple’an by ¢ mere dipping or vacuum treatment,

Y. Baric technclofical ag.ipmeat for the impresmition of products uged in
elactrical ensincorings ineludes dryias ©vens wita conveyors equipped with tunnel-
type fans, line- or ‘urrot=type dipping dev.icis, vacaum=drying chauuors, impreg-—
pating tanks frr vacuw. tre. tiont (and, svartually, for orzssure treatmont as
well) and nardening: presses. Raiticnsliretion in the iuepregnation process .s
goncerned with mechanization and automation, impregnating varnishes with shorter

ouring timcs and automatic qguazlit, cruirni,

Maymatic circuits

Jor electrical onpinesring prod.cts

40. The magn:tlc ~ircuit ts th: ragie part of iransformers, rotating machines

and seme cthor tyros o oo dipmeri.  Starting materials usually consist of

magnotically - ricnted Lw=1 s sheote dolivercd in sheets oroin rolls.  Cere

stampings for anall v tat oy machines ar: mede on sequence ~tumping pressas,

while single-oporation concontroc stumping 00l ure used in tue sirice and small-
serius producti r <! sediume=sizoa macainze.  Core laminations ~f larger machines
(up to cne matre in Aianotor) ar> proearamned 1n circular form and then troated

by a sletting machine "r 2numi 12 pracs Jith suquenice stopplng

41, large mochinss nave 1agnotic cores amad» of segmented laminations.  After

being freed from charr cuges, the bar: stanpings 23 insulatod by lacquor- j
goating macrinus, ihe sho2ts {or transformer cores are usually insulated with |
ceramic maturizle Thoi stomplngc ar: anncaled rafore lteing arscmbled into mage

netic corus. For lirge muchines, the assembly of the magnetic circuit takss

place immediatoly inside the fram., Neowsr methode of tightoning the magnotic

corus use banaages, wbersas ©lder metneds rely on belts,

42. The basic technoleorical cquipment raquired for the production ¢f magnetic
circuats for cluoctrical snyincering products includes scquenco presses, standard

presses for pro-stamping, slctting automats, stopping devices, desherpening
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grinders, tightoning pressos, lacquer—coating machinag, decriling and coiling
equipmont for magnetic stecl delivered in rolle, circular scissors, anncaling

cvens, wasto-triating cquipment for steel sheets and stamping tcels.

43, Rationalization in the manufacture ~f magnetic circuits 1s focused on the
quality of nagnuetic materials anu i1asulations, the intrnduction -f sequence and
concentric stamping tecunigues, stenping devices for gstamring presses and

mechanization ~f ~cre uassenbl; and 1ater-sicp transpert,

For elecironicg en~inzerin, uroducts

4

44, The taechnclog ~f me.metio oircuits for maing and output transformers is
gimilar to that of nammetic circuris .1 electricai equipment, Semi-automats
and autumats are used to asnenvle the cores inside the coilc of mass- or large-
series rroduced articles. e basic technological equipment used 1s similar to
that required for the manufazcture of magnetic circuits for eluctrical engineering

products.

45. Rationalization possibilities in this fisld are concerned with mechanization
of magnetic core assembly, stepping devices for stamping presses and assemtling

devicas for transformers and choke coils.

4€. The magnetic circuits nf loudspeakers are delicate, Permenent magnets
for thes2 circuits arc made either from criented ferrite materials cr from
special magnetic alloys witk i high nickel or cobalt content, The manufacture
f these circuits 1s usually quite different from that cf cther slectronic

productis.

47. Magnctic condu~ting components aure produced by standard mechanical ongineor—
ing metheds -~ stanping, hoat pressing, turning <f cylindrical parts. Magnetic
conductivity may bhe increased by annocaling the circuits in conveyerized ovens;
th: anncalad parts arc thon inculatad with metal.,  For magnctic circults that
will bs subjectcd tc mor: severe enorating conditions, epecial attention must

be given tc the metal insulation of the uir gap 2nd adjoining pirts.

48, Basic tuchnical cquipmont for the manufacture of magnetic circuits for

electronics cnginaering products consists of press:s for flat parts, hoat-
stamping preussaes and automatic machine tools for cylindrical parts, magnotizing

and demagnetizing devices, ind turrct or conveycr metai insalating cquipmont.

49. Rationalizaticn possibilitios include sumi-suteomatic and automatic lines

for stamping and machining magnotic conducting compenents, mechanization and
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automation of matal ingulation and mochanization of final assembly of magnetic

circuits,

hnl
¢

Lactrictl insuliiiis

=

Laminatod insuluating matsricls
A

§0, Thig ,rooup coneia’s o oator w6 1n she2t and roll forin, including varnishod ’
cloth, clct ino bnteons wnd Cwiilnge Witd iircctud olzetric ficlds. Tochnologi-

.

cal process.s @ wiPils. Th. reparaitica ~f honding compononto (rvsins) and

lacquering, 5P.3s.:," il JUPLI

51, Requirqmonts for tho monufact g ~f luminet . insulating materials includo
air-conditicnod eterre rorae for starting natoerials and finished products,
liquid chomic:l tanks, cutting maeckin.s, lacquesing aachines and prosses for
laminated insulnts,

52, Rationu.ization pessibilitice in this aroa Are focuscd on intcer-shop trang-—
port mochanization, mochanisation cf counting snd grouping of stanpingsi auto-
pation ~f licoucring (iwroluding checking by differenticl measurcments), continue—
ous contrcl of wetorial thickness ry uenns cf isctopes, checking the loss angle,
continuous crntrel wnd griphic pletting of rolstur: centent in dricd materials,
prograoncd regdation of temperaturos and prossures, and quality iaprovemont of

ptarting arteriits,

Mica mutori s

53, This ,rcup 1ncludes micanitos, commutator micanit.s, micafolium, mica tape
and nich plitus. Thoe traditional mica splittings aro gradunlly being roplaced
ag starting meteri.ls by micn nete hic. nat is aade of mic pulp which contains
only nbeut & por cont tonding miterinls. The monufacturing precess for mica
mat is simil.r t~ tnat of puper and uses the sans troditicnel tochniques.
Compared with miz splittings, rics 1t hais mony advantages, such as its floxi-
bility and homogencitye In cddition, the manufacturing process raquires loss

space and mukes mere orficient us: ef available obeur,

54, Majcr roquircments for production include mills for grinding the mica pulp

contained in tio aict aplitting wa~ts, simple paper-milling machines for making

micy mat, wnd stacpiag somi-nutomats and teecls for making presscd articles from

dica powder,
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55. Rationalization possibilitios include somi-automized and automizaed conveycer
lincs for grinding micc waistos ~nd producing aica mt, and semi=cutomatic and

automatic prosses for naking mic w=biicd insuliting natori ls,

2 < -~k . Lo A : . 1 - 3 PR
Pere.l.in .1 othe Laol o Dor oncalition purptscs

56 Tho starting roitori.io o tnes. pacducts oro prrocloi gy secititey cevamic
dieloctric materials, (vocuite, _l.ct a-f ioace wwd i lo coramiccs  The manu-
fucturing procuss 1o cliwrncetericet by M curiny bonper wtures which strengthen
the matericls for eoth neceninicnl ad cloctric.l use, The throe mein steps in

the mznufacturing srocese are proessing, julline and forming, nd chating.

57. The bvasic eguipnent roquired includzs machines te propice nd nonozon ze
PrYp ;
the ceramic past:, forming michin.e ond presses and epray aachines for glazing

and curing ovens,

58. Rationzlization Hf the manuincturing precuss is focused on the use of finely
ground raw naterials of uniform quality, nnd nmedern tunncl ovens with high
caloric officiency, and un the mochanizition of intur-shop ind inter-store

transport.

5%« The cast opoxy resing nlse helont to *hig roup ~f insul~tines matorials.

They are us:d for instrunirt nd scnnnin: trancforacrs, nigmet coils nd commu-
tators. The muechanicnl nnd :loetriosl strength of such prelucts 1s onhanced by
cast epoxy resin insulition. Purthermore, ta: denund on triditienal matoerials

is thercby rediaced ~nd the resictivity o 5ne ineultted nroduct to severe

climrtic conditions i irercoerd  Topaper. the foshnic:l equipment required

fer wpoxy casting irn soriczs or large sories is rither cxpensive. Epoxy casting
1e thercfore cconcemical only in thoe cuse of standardized components whose manu-
facturing processces re confined to a co-cperative plant serving the needs of

group of countrioes,

Cable

60, Tho tochnology of cables is couposed of several operations, including
insulating the conducting core, combining tho insulatud conductors by twisting
them together and insulating the coaploted system with mnterials desiimed to
protect it aghingt nmechaniczl ~nd chenidenl domapgc.  These proccdures are calloed
stranding, prossing out the form, =nd insulation, rospectively. In the case of

plastic—insulated cables the same operations are cailed stranding, cxtrusion
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pressing of the plastic, and sheathing, respesctively. The linear motion
requires some ndditional etuipment for pulling, coiling aad decoiling of ready

articles,

61, The bazic manulactiring egu.pment required consists ~f paper-cutting
machines, catling mic.u_nes, stranderc. inru.ating machines, sheathing presses,
extrusicn presses (for plastics, lead ard aluminium) and a.uxiliary equipment

for pulling, cciling nd Jecoiling.

62, Ratirnalizati.on pussioilitier include a broader application of new
materials, piriicularly plastice; equalization of the parameters of the tech-
nological equipment oroduced 1n "ne line; continucus control of the manuface
turing procesges, with in 2ventual automatic correction of individual sections

of the production line; and handling and *rans)ort mechanization.

Chnauctors

63, The group ci conduct r products includes wires for windings insulated
with enamel, cotton, silk, pancr oo fitre giass; installation conductorsj
cords; protected conductops; ind conducters for metor vehicles, ships etce
A variety of technologies are used in the man.facture of these products.

s

64. As in th: cagc t cables, the technoioge of ~enductors invelves many
co~operatin: indistricl »rincacs, as for instance, metallurgy for wire cali-
brating, anncaliag and tin-plutineg. Tna technology . f inguzlaticn for conductors
involves spinniug, wropping and cnamellings Clomicnl procosscs also play a

part in conductor productisn, The mest imnertent are tnose used in rubber
setting and applicati-n, aad 1n tae use of gynthetic ealactomers, plastics,

lacquers, papors, glass, rosine, impresnants and cther materials.

65. The insuiating and protecting layors are applied step Lyv stop to the
metallic cory of the rendicter, The acst sigmificant technology requirements
are given by the infiaite longth ~f ithe articles with tiny croes suctions,

the continucur accuracy «f which ig iuporative,

66, The main articles of tociakedl »qipment raquired for the manufacture of
conductors are controlling Jevices and machinery for wire calibrating, annealing
and tinning, rubber insulaticn, plag.ics iusulation extrusioa, stranding,

enamelling, ropor ‘v rubber fase wrapring and rilber armatire moulding.

67. Rationalizition nossibilitios are tho same as those for the cable manue

facturing process.




Senj-conductors

68. The basic starting matorial for the manufacture of semi-conductors is
semi-crystalline silicon with som. innuritics of iridium, gallium etc,
decause of 1tes more suit bla propert: ey silicon has replaced gormanium in

this procuss,

63« Homogenous silicen monocrystals of high purity and 25 to 50 mm in
diameter arc made from goni-crystulline silicon bty toene purificatien in highe
frequoncy wtomatic cvenee  Spoeinl dovices cutb tho moacerystale into glices
whosa thickness variss from 0.l to L oan, aecording b0 fuburs usee  The platus
are then ground te :n oaccurcte toickness ~n automatic frinderse  The diffusicn
and. gpitaxis? junctions arc mode 1 ras=Titled, tomperaturs=controlled ovonse
Some componunis are cncapsuled to moke them moisturc-proof aftor thoy have

becn provided withh contnct areas, soldered Lacds cte,
P 1

10. More complex components are mado b7 planar-:pitaxial mcthods. The syston
of junctiong, loads e¢ter. is dopesitad according to the nhoto=lithographic
principle by metallic condcasiiicn. Prosrummoe-controllod optical systoms of
high accuracy ~r¢ used lor tiis purposcs  The syetems ars placed in tumperaturc—
contrelled cloctric evens in pretoctive atmosphburese  Checking cperations

vecupy a congideratle part of praduction ciupatity,

7le Traditionni mechanical methods are used as a rule in the manufacture of
¢necapsulations, cooling radiators :tc, Tho production process for solidestate
components requir:s an cxtrenaly pure and dustleac working atmospherc. Tha
working areas ire provided witn = gpecial ¢ir4conaitioning and 2ir-filtering
systome Special measurcs must .lso be taken regording the .ctual working

rdgime.

72« The major equipment roquired for the manufacture of scmi~conductors is ag
followss

(a) Zone purifisation equipmon |

(b) Platu-cutting dovices;

(¢) Plate grinding and pelishing machinas;

(d) Plato shocking and acasuring devices from the viewpoint of electrical
and mechanical puranmciers;

(e) Ovens for diffusion processas;
(f) Chamturs for epituxial proc.ssus;

(g) Checking cquipment for intormediate controls;
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(h) Contacting and soldering devicess

(1) Quick-acting prasscs for cncupsulations;

(j) Machines for cttuiching l:ads and for applying glass or coramic
busnin:s;

(k)

(1) Devices clucking component paranetors;

(m)

(n) Specinl prepromme—cern’ rollod stepping quipment centaining chambers
for the menuf.ctuare o ricrostructurcs by vlaner technologys;

Dic~c cbing pr.ooer for cudling radtiat rsg

Photrerapnic niinlaturizine oyuipnent for structural parts;

(o) Specinl ir-tiltoure ard ~ouditicnors £or ~L1 werking arcas.

73« Raticnulization peoscibilitics cxist in the following :reas:

(a) Mechenization and antomition of zone refininz, vlate cutting and
washing, nnd plutc oriading z2nd polishinge;

(b) Automitior wnd progromss controls durins tac .ntire manufacturing
procuss;

(c) Programming of chumical and thormil rérimes for cpitaxial processes
in ovens and chaabors;

(d) Mochanization of tho pnoto=lithesruphic prrcogs;

(o) Automats and somi-sutoacts for cneapsulaticns and for the adjustment
of finisncd preoducte;

(f) Mcchanized wnd autceactod contrels tor final products and semi-products,
mechanized svaliation of quelity ccoatrel and calculation of average
valuus, of prebabilitics cte.

JVievam conmponents

222251 ulbs, dischur;s l.npe stc,

T4e  Glass 1s thoe sraditi nd maeoril wod 1a the manufacture of those products,
but modern ceramics :re lso boelnaing tooplay o part in the field. The’metal
parts of thucs articler are musutmeturod in traditional mechanical conginoering
processos whinh roquire press2s ad cther autumatic or gomi-cutomatic cquipment
for coiling the prids vte, Abgorted gasos sre :liminatod from tho components

by vacuum anncalines. Systens are assembled by hand, somi-automatically or with

the usc of sperial tools,

75« Highly specinlized procesacs are involved in the production of filaments,
cathodes und scroens for picturc tubes. Thoy include the depositing of omissive
layors by spraying, the covering of filanents with coramic luyors by dipping on

automatic lines, and the sudimentaticn of luminiphores on the screons of picture
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tubes by means of special devices with a programmed motion of glass parts. The
sealing of tubes, degassing and vacuum pumping on multiple automatic machines

having a high rate of productivity are all accomplished simultaneously. A con-
siderable part of the manufazturirg process is concerned with starting, inter—

mediate and final controls,

76. Technological equipnent required for th: manufacture of vacu.um components
includes machinerv for making grids, filaments and cathodes, and pumping and

sealing automats with 0il ond diffusion pumps.

77. Rationalizatioa in this field is concentrated on automation of metal paits
manufacture, mechanization cf soma nssembling processes, and efficient pumping

and sealing automets .1nd checking deviies,

Assembiy technologies in series and large—~series production
rg

For electrical engincerin~ products

78. Installation materials somprise the main group of electrotechnical articles
produced in series and large series. These products include switches up to

25 A, plugs and sockets, installation tubes and Junction boxes, contactors,
autoratic switches and push buttoms. T[he manufacturing process is c<ither fully
automized (automats for fina. assemblies of switches for homes ) or partially ‘
automized (welding of conta.ts, laminating, riveting). Labour mechanizing
devices include noiseless riveters, threcad-cutters and mechanized screwdrivers,
Production equipment, ass~mbling automats and mechanizing units vary according

to groups of preducts and production concentration,

For electronics engineering productg

79. FRlectronics engineering products manufacturad in large series are objects
of general use such as broad-asting receivers, phonograph amplifiers and tele-—
vision receivers. The basic item of production equipment is an assembling
conveyor with a for:~d mo:ion., This mrtion is necessary for all other manu-
facturing processes involved, particularly for insertion of components and for
the prefabrication of mechanical parts of iruditional mechanical character and
electrical parts such as coils and printed plates., Frames for HF coils and
filters are automatically die-cast from plastics with a daily output of approxi-

mately lO4 pieces.

80. The plates of printed circuits are made of plated materials manufactured
by the paper industry. The wiring is either printed or photo~lithographed and
etched in tankz under the mechanical motion of the plates. After drying and

lacquering, the plates arz checkcd by means of control devices and the components
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are thon assembled cithor oy hand or automatically. A goldering machine con=
taining molten solder sCTVes to connect the assembled components with the
printed wiringe goldered plates ~re then rechecked with a special device
designed for this purposSe

Rl, The mzin ~ggunbling conveyer controls the agsombly of mechanical parts and
gtructural compenents and the inscrtion of printed sub-plates and their printed
connexion with one another. A large working arcea should be rescrved for function
checks of cach procussing step and of the finishcd products. Hewever, since
spacc is usually rotner limited, geni—automatic equipment tc perferm these
operations 1is urgantly needed,  The tvpe and quantity of cquipment raquired
depends ¢n product ~emploxity and production concentration.

82, Intcr-shop iransport, particularly of casings, picturc tubes and packaging
materials, roquires considcrablq'pcr0¢ntagc f the total lzbour involvad in
the production procuss. Transports within 2 factory arc thercfore carricd out

by means of conveyors connecting store—roons with workirs arcas.

Special naterials

83, The spocial miteriale requir:d for the manufacture of clectrical and clec—
t¢ronics cngincering preducts are essuntial in the development of these indus—
tries and in priluction roaticnalization. Their quality and varicty determine
the performance characteristics achicved, the kind and lovel of technology usad,
the degrec of producivn mechanization or autemation and the reliability of the

products in cperatione

84. Although cnly relatively small quantities of somc nmaterials are required,
+ho quality required ~f them in still considerable. The group of somi-conductors
provides one ixamples producticn 18 impessikle without small quantitics of a

large varicety of high=-quiality materizlse

85, It 1g practicully impossible for one country to obtain all the required
producticn matorinls from its cwn ToSOUrCoSe The problem of special matcrials
can partly be sulved through international ce-operation and improved tradoc
rclationss An accurnte wgsossment of a country's special material resourcces 18
therefore an impertant consideration when sclecting gpecializaticn, co—operation

and rationalizaticn geals for clectrical and cloctronics producticii.
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86, It is impossiblc in this paper to cnumerate all the spucial materiale
invelved in this ficld. However, the fcllowing outline covers the most
important groups:

Metallic neterinls

Stondard copper nind aluniniwa for conductors

High-purity m2t:ls anu clloys for gemi-ccoaductors, including
germaniwm, .ntinony, indiw, tin, 2luwninium, s2llium and Au=Ga
alloys "

Materials for comutntors and sprinpss, such 2g brunce

Materials for contocts, such- s fungston ind Au-Ni 1llicys

Matorinls .nd lloys for wrcuun purpesces, including kovar,
tantalum nl melvbdenun

Magnetic metorizls oni alloys, such as transformer shects,
dyname shoecte 'l Al1-Ni 21l .ys

Chenicals

For scmi-conductors, o, nitric acid, 2cetic acid, trichlorsilane,
silicon grease, phoetu-sensitive lacquercz

For ceranics and pioczo=cermmics, o.ge forrites, titanium oxide,
aluminiun cxide, zinc sulphate

Luminescont materiils, onterinle for lumincescent scroens,
flucrescent lomps, zine cxile, scintillaticon materinls ote.

Plastics znd mouldire: matlorinls

Dicluctrin {(styrotioz, p ly thylenctercphthalate, polystyrone)
Structur-l {l.rint 1 jap.r, ;lass frbrics ctel)

Papurs and loinin-tes

/

Diclectric (o, e conitinser poper)

Lructur~l (oo Leusincicd piper 2nd glass Fabricas)

Glass materit:ls .ad liss geri-products

Glass mztorinls for bulbe, uitra—viclet glass cte.

Beading liss

Varnigh-s
Insulnting (cege for conductors)
Improgmating (coee for windinges and condonsors)

Cement and —dn:siv.c

Scaling conmpounds for bulks atce.

Silicon vacuun scaling compounds etce
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Scnling compounds

Cerasine, cpuxl:s, polycsters etc.

Technicol ind rire gs<s

Nitroeen, o i oen, heliun, krypton, xenon atc,

Mincrals bl o ther o.torials

Tale, ko ling, 7unrtz, L Nes1h, gTophite cte.
87. It is scmotiiss pussills to Improve the qualitics of technical materials
during actunl production processss. Rofining of gascs and calibration of shaots

for condensers arce exanmples of such improvenentse
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II DEVELOPMENT POSSIBILITIES IN ELECTRICAL AND ELECTRONICS PRODUCTION

88. are tre currently tw forms of dowveloern trne clectrienl ~nl oloCw
tronics producticn o r lov:looines oo wmirics e lnve lves tae introduction of
new producticn proccsses Uor wrticloc u b oLrovi asly mnafctured, while the

other concer 3 the rotionalios

i

Crituri. ¢ r oo oar b at CUrie v Ll 4l

89. Economic ronsidocritiing a TopruTy Logrrton tnoantroducing new
products und pr c.asce ant Clooteienl owno sicotronics o bictnen an doveloping
countrivs. Attontion must Jlse oo omvon t th tocanictl ond labour problems
connccted with speecific types o1 products wnl thoir rocpective predustion

volunus.

90. In dceiding whether to cstablish the manufictur: of 1 new eroup of products
in a develeping aren, censideration nmust be gmiven to the possibility of o long-
term producticn suarantcee for that jroupe  Futur: specizlization for o larger
area may thus bocone posgitbles The requircnente to be met befors such 1 long=-
term guarantc: can be cesured re cheap and casily svailoble speciil basice
materials, 2bility to manufacture lecally the mest impertant componentsg nan

adequate and qualificd teecnnic:l staff wand moldera tochnienl ggquipnent,

91. Thesce factors ~ros w1l of wpproxwwately squnl waportances  An objective
cvaluation eof the preducticn feasibility of variocus articles may be made by
using the following -cquations

ST = S1 : 7 1 whore

represents the over-all long=torm sunrantee on an arsag

is the ra2tic of the wmunt of wwvailabloe cheap materials to the amount
of all required specizl meterinls (mnterials pusrantos);

is the ratic of the nunber of cconemically -.ttainnbls compononts to the
tct=l nunmber ~empenents neslied (eonponents base gusrantoc);

o F
is the rtic of the mamber of quilified personnel in the re to the
number cmployd by proainent prolucers, 1.c. orgznizotions that
praosently have - significesmt influcnce on intornaitioncl markets
(1labour co=cfficiont); nd

is the rati- o f the ostimated valuce of technicul cquipment for tho
proposcd production to the estimated value of o prominent produccr's
identical cquipment {equipment facter).




Page26’

92, Thc rosults cbtained by ostimating Sl' 52. 83 and 84 for sevoral aroas
and by then culeulating she product ST indicat. the mest suitable location for

the manufacturing f.cilitics,.

93, A similar proeoss ony be 1red in encogins guitsble groups of preducts.
I 3 ¥
Possible now ;Toups My bo classificd tocnnicrlly by this acth 1 and the nest

guitable sclostol waen tto rosults hove boun . btaanad,

94. Even whon S, 2 “eDy 7 sufficiont long=torm muarontee oxn ostall o gacured
for 2 givun xrot.  If Sl = «, inlicnting that there is no ~utlock for cven
minimal local producticn .f 3pecinl naaterinls, no long=t.r~ cuarantee of cloctro-
tochnical -ni clectrinics producticn is pessiblie  In this caso, the :run
concernuld fust rely n o stoaly flow of imports to sntisfy its production

requirericnte,

The technicel bosc

95, Th. .xprossi.n "tuchnical baso® dosignatos th: research, dovolopmont,
dosign anl tochnological capacitics required in connoxion with the preliminarias
involved in technolocics and technicnhl services for o new group of products.

Tho factors thit must ts concidercd in cronting the technical basc that will
agsure n relintls ctart and proper contrl and corroction -f products and
production tochnlopizs re compluxity of articles, type o f production scries
and tuchnologivs uscd, scope f co=cporation with producers, 2and liconces and

tochnical uissistancs requireds

96, The cunmpluxity of products .nd the ameunt of production influcnce tho scope
roquirencnt - f tho tochinienl tras, prrticularly in oloctronies ungincuring, but
elso in sloctric:l oneinceringe A soall corics of articles requirss 0 largy
gtaff for reseerch 2ni lovelopmert, wherets - 1nrge s.rics wnt mise production

mainly roquir.e noere intonsive temhncleosicnl resoarch and devel pment,

97, Figurc 1 bolow shows the nucessary technical chpacitics plotted against
egtimatod pre duction serice fur nocmit comploxity of squiptisnt. The oxaople of
a unit comploxity of final olectrenice production is - part of an apparatus
containing onc vicuun tube «r nc transist ry incluling 2l a4herent mochanical
and eluctrical components. Other producte may nave their ginilarly chosen

compluxity units.

98, A later paruraph in this paper deseribes o cage . f Jsluctronics production

roforring to figure 1, The curve 1, rupres:nting roquired tochnical capacity
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as a wholc, has bucn drawn for th: case of a licensed production that includee
spacial technological devieces. Unavoidable medifications of licence design
from the viewpcint of additional labour capacitics (performance modifications,
othar wavelungths, ~ther finishing ctcs) re shown by the curve 3 of the figure.
This curv: reprosents the czpacitics required for tochnelogpical meldifications
(diffurcent storiing aotorinls, ,rotectine of products wgninst harmful climatic

conditicns, tir-conditicning of werking arcas ctce ).

99, In th: caec of % n.w pr lucti n thrt has beun cstablished without purchased
licences, the curves 4, 5 and 6 ~re dded, 4 representing over-zll capacity of
tachnic.l work, 9, development nnd design of the article nnd 6, required tech-

nological work and developnent of technologicnl cquipment,

100, An oxample would be o f2ctory that in the past had had a licensed produc-
tion of ~ group of products using vacuum tubes. This fuctory now aims to
ostablish 4 wore copplex final producticon of 2 seven-transistor singloe-range
broadcasting roceiver.e It is thurofore assumed that the factory obtains
licoence papers wnd imports special technical cquipment. A further assumption
is that ..n cutput of 105 pilcecus yenrly is attained, which means that the curves
1, 2 and 3 will be usede For 105 procus the results indicated are 5,000 hours
by the curve 1 (total hours f technicinan werk), 1,500 hours by the curve 2
(partizl dev.l pment work) nnd 3,500 hours by the curve 3 (modification of
tochnologics wdded to the licene:)s Since 1 suven=transistor sct is involved
thase figurcs arc then multiplicd vy 75 the resulting total needs are 35,000
hours on technicuol caprcity, 10,000 hours on design modifications and 25,000

hours ¢n tuchnelogy modificntion,

101, The law represented in figure 1 is valid for all new production processcs
to be introducels It is 2lwnys necessary, however, to arrange a convenicnt
complexity unite The limits of necessary capacitics may be found from statistical

data concerning typical cascs «f ustablishing now production procoesscse.

102. Svcciil workers! training: must alse be censidered., This will somewhat
roduce the capreity of the tochnieal staff, That neans that only what remains

of that capacity cuan be us.d tor the cestablishment of new productions.

103, From the vicwpeint of preduct c¢ffectivencss, it is importont to allow the
lapso of as little time 2s pussible between the start of rescarch and the

eg8tablishmeri of the new manufacturing process. The fashion life of a design is
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rather short; therefore, it is advisable to begin rescarch with a lurge techniceal
staff in crder that production may be started as scon as possibles A maxinum
pericd of threc years between the start of rosearch ond the cstablishacnt of
production mny be nllowed £ r nost complox articlos; cthorwisce tino dusign nmay

be in danger of becoming: out latol,

104+ There arc alsoe certzin limitations conneetel witn liccnsed production,
particularly with rospect to remote territorics where coamanicati ns with the
licenser are limited cwins to poer foeilitis. E.porionce hos shewn that only

1 limited cenpluoxity of rticles with 2 saxinan f 100 active wlectronic circuits
(intcerat.sd cirecuits includ.ld) is foacibly in sueh coscoe Moo complex articloes

require about the eue cap.city with rospust t. rescarch, developnent, nnd

technolugical stoff e lecs the Licensere  This woull bo o Iaiblur-wisting cone
binmtion, 2nd it is thercfore botter £r -~ doveleping country to lovelop its

vwn technical copacitics graduzlly oy storting with simpler products on tho
basis «f partinl liconces nl then osiabliching its  wm quilificd technical

base for ndditional, more compiex articles which may be introduced later by home

facilitics,

105, For nust cemplex products it muy be ndvisable to & 21l the roscarch and
development in the area of the plant where laboratorics and othor rescarch and
development facilitivs are situatods Tuncticnal samples nnd vrototypes ar

mide with the facilitios  f future scri.e roluction. When the foabrication by =~
trinl serics hos been mastored, the nerasl sorics production storts simply by
changing its dircctin/s staff. Until this time 1% is o nvenient t. hove the

trial fabricativn under the contral dircetion . f the toelmicnl rosearch departmant,

Rationalizoticn 0 current acaulacturing oro cuoses

106, Tochnologicnl inpe -romente i anieritls -ad w.rik1n notholds are the main
points of production rationslization ant include bottor <¥pleitation f producticn
resoureocs, luwer production costs, rnunced producticon crfectivencss and better

product quality.

107« The higher the lovel of preduction, the croster the pessibility of exploiting
progressive toechnologicse  Progressive techn legiies cbvicusly invelve stepping up
the series ~nd productirn cencentraticn. Specializaticn .f shops and plant
cquipment is nocessary in mecting thesc requiremontss The dovelopment of intor—

national co-cporation is alsc usaful,
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108, Thore are two contradicting tondencies in thoe process of production raticne
alizntion, On the .ne hand, there is thoe trend to a2 stuady toechnical advnnce

by exploiting new scicntifi. discoverien; on the other hanl is the tendency

to a stabilization of proluctiorn bised n oceccnomic srounise  The result of this
contradiction is ~ ;~p botween potontinl full production devel prent and the

actual state f croluction Lo SLiqiose

Woan creoeciolos £ vatioanlization procedure

ggycializati n i oy ductyn

109, This Lo ds t - srecializod and individusl kind of preduction which has

its cwn munurncturin, cquipment ~nd troinoed perscenncls  Specialization is
doetermined :ithor ace rdinge to0 ardicle (seite final products, somi-products,
compenents) r accerdin-s to technical procuss (cege costing, welding, coiling)s
Producticn specializotiin and concontration, combined with o p: licy »f co=
operaticn, are hasic conditions £ r the cstablisament rf‘highcr—luvcl productione
The rusult of thess fict rs is o proluctien negglomeration which makes pussible

a qualitative change  f methods, the introduction of officient machinery and

the simplificati n o f production orponization,

Tuchn. Lopgical fousibility

110. This principl. ¢ ncerns the design for the product to be manufactured. If
the dusiym is bochn logienlly fansible, the use of the mest cconomical methods

and modern pre ducti n oroanization will produce 2 functicnal final article. The
design must 111 w for the planne! scope f producticn, local production conditions
and materinl rescurces, nd technical equipment., The Intter must be considered

in torms «f >»muapicent on hand ond i1taems still to boe purchasod.

Degigm stand.rliic:tiion

111, The prineiple f desigm stundardization applies to overything conncctoed
with the marufacture 0 the product - the system of machinery and equipment,
componcn's, storiings materials ~nd product sub-csscmblics. The devalopment
procucds from an individunl to o stonderd solution and to the use of identical
gtandard components in thoe production preliminarics 'nd in the monufacturing
process itsclfe. The methods usow in the application of this principle are
standardizotion, orouplng of tyves wnd wnification of components, scmi-products
and moteritlse Also important wre the machine and oquipment producticn designs

and the applicution of wnifoerm parts,
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112, Desipgn and tcchnology normalization and srouping of types are essontinl,
n't only as cunditions for tne ratiomalication of tne monufacturing process
itself, but ~ls for rmaticnnlization o0 tecianienl prolimiasrics wnd managenont,
Jwe Lattor 15 sspoci:dlly inportznt in devel ping co.ntrics where there is o

shortoe § rolifie !l 1ob ur,

i

LU advanood noth s

1136 Tho application [ this principle reduccs the requiroment for manual labour
tocausc 1t is tsreby replaced by more sfficient mothods of cperation, such as

welding (instend  f owehining), precisin casting and lic cesting,

114. Now producticon methode nust ~liow time for locigms 4o stabilize ond should
raly on the cembinaticon of tochnic:l processos wnd stondnr s insterd of on
individually conceived cperatinee Technological programmes must thorefore be
cutlined for pmeneral typee  f comp nants and precesses, rathor than for individual
parts and oporatiins,

‘s

Heplicenent wnd nodernizaticn of producticon cquipment

115« This includes the roplacoment «f poneralised production dovices by spociale
tzed machinery wnd equipment,  Monunl Libeur requirements are thus reduced and

frenter product volune ond quality are attaincd.

116, In ordor to modernise machinery cffectivily, coch machine in the line must
be analysed, with specinl nttontion being given b0 the least offective machine
because it limits the t 11l cutput.  Production oquipmont must moet the require—

ments o f the propesced monuincturing pr.ocoss.

117, An adequate tool utfit i cspecinlly important Lo succ :ssful productic ie

a8 a4 matter of faet, the o1 lesim is o port of the nonufacturing process, It
is thorefore holpful wher the to L desiyn departmnent applice the hest technoloe
fics 1n the preparation { prooacticn toolse  Central $001ling shops nre an
advantage in moking: uniforn parte of specinl to0ls, and cspeciclly in manuface
turing; complux tolg. Such o central shep cin nlse mezt the requirements of
cther plonts since it may have o quelificd stoff and 2 set of cxpensive special

machine toule and erncckiag cquipmnt,

Jrganization of the proluction preocuess wd transp rt and handling

118, This principle is concorned with the lecati-n of working arcas, which should

oe arranged according to the soquence of individual operations. The article
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being manufzcturad should move steadily along the production line and should

be finished in tho shortest possible time.

119, Mrnufactured components must als: be in continucus motion during the
asgenbly process.  Foresd stepping conveyers for assembly shops arce of special

advantag: i1n lirge=serics and nose pr.duction.

120, Tne followings steps should be token to shorton tetal production times
(a) The supply «f cemponents wnd starting nmatericls should be secured
by rocticnt with ro=cperating crgoanizations,
(b) Optim~l production volumes nl r&eines should be planneds.

() Necussary popers and sots f tocls nnd erquipment should be completa,
(This applivs ulso b non=tuchn.logicnl perationg such as hoisting,

transpert, storre ctcs)

(4) Workers sheuld b senvenicntly located, with persenncl qualifications
cerresponding to production requircnentse

(o) Check=points for startingg, intorme liate and final contrels should oo
establishels

(£) A mainicnance crow should be rospensible for the smouth operation of
all technicul doevices. . : :

(g) The plenning of proeauction . perctions and the neccssary documentary
evidence should be cesteblished.

Bliminaticn o f limiting: foctors in nowly cstablished productivns

121, Twe scrioug limiting foetors ure o gencral labour shertage and a specific
ghertage «f highly gqualitiod persenncls  These problons must be solved in the

course of planning the cotablishment of 1 now productlon

122, Now, technically complex productions require a higher average qualification
lavel of porsonnel, bucnuse the new techn lecies t» he used are alsc more complex.
If development is mercly o quesiion f rativnnlizing oxisting processes, the
requirenments are quite differente  In this case, the producticn preliminaries
require a large, qualifici stafl, but after having been rationnlized, the
production itself provides nore cuployment cpportunitics foer less qualified

workers,

123. Ancther liniting facter mny b a lack of power resources. The power re=-
quirements in the ficld of clectrical engincering nre ~bout the same as those
required in the traditional production processcs of mechanical cnginccerings The
powor required in the clectronics industiry is s. mewhat lower, cxcept where large

electric machinus, transtormers, cquipment, high-veltnge cables and special

tosting processes consume large amounts of powers
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Trangport facilitieg

124, This factor must also be taken into account when a new production is to

be ectablicheds In addition to the triadition:il problsma, there ure scme that
are characterigtic ~f electricul and electreonice producticn. For instance,
large rctating machines und tronsformers, power cableq, cactings and magnetic
steel sheets are very heavy, aud the requirements f-r transorts systoms are
therefore considerable, Using snothor example, the preliminaries regquired for
some special muterinls, particularly insvlating materials, include a special
treatment t¢ protect tho materials woainst atmogpheric effects,  In addition,
some articles (-.¢. kincscopes, tulbs and porcelain compenents) must be handled

with special care during transport.

Development planning

125, A plan far the development of the clecirical and eloctronics industries in
developing countries should includ. studics of the methods of advanced coune
tries with respect to specialization and concantration. Thesce studies would
help developing countrice to formulate a common plan to meot their respective

requirements,

126, The demand for the manufacture of clectrical and clectronics products in
a developing country is determincd by the preduct requirements of other develope
ing branches of the national :conomy and the amount of such products required

for industrial co—cperation snd direct export,

127. The actual stute of slecsrical and ¢lzetronics producticn may be defined
%

in terms cf: (%) one country or group of countrics, (b) a producing unit or

(¢) the type of articles produced by a unit,

128, In asscssing the produciion luvel in on2 country or o group of countries
(a), the main points to ¢ ceongidered arce the geographical leocation of production
units, the climatic conditians ot those locations and the prescnt state of
transport facilitics betweon the production units, the main supplicrs and the
consumers, with respect to distances involved, road conditions and suitability

of transport vchiclos.

129. Many factors require study in determiaing the level of production in ona
unit (%): annual volume cxpressid in unite of value; degree of scrics and
production volume of main asscrtments; over-all total and producing arca; value,

technical level and age of buildings and basic cquipment; number of workors,
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including percentage of women, and their classification according to qualifica~
tions; average shifts; stat: and level of services, particularly of tooling
shops, technical contrels, internal transports, maintenance and storage; and
state and level of production operaticng dirscticn, planning and supporting

avidencs,

130. The factors to be studied in analysing the mein product groups (c) are the
technical luvel of manufactured preducis and the origin of t:chnical information;
maiu materiais required for production wnd theair source (local or import); come
ponents nnd semi-products seourcd thrcough co-operation {inter—country or inter-
national); tocl ounrity weik noints in production and how to climinate thems
production 2xpensic {ncecrding te products), classificd s material, wage and

cvernead; nnd jrofii,

Bva.uation and cxiloit Aion of reserves

131. Regerves i % produstion procuss consist of the amount of available but
uncexoloited p anol, cquipment and matorial supplics. The evaluation and
explortation ¢ zuch reserves cun bring production in a developing country to

full roalization »1 its indactrial petoential.

132, Rescrves nust be ovaluated according tc product groups by comparing the
quantity <1 articl:s preduced in on advanced manufacturing process w''a the
amount produccd in tac dovel-ping country in question, The development of
reserve potenticl may be hindered beecausc ~f uncexploited personncl resocurcoss
poor cheice of product typec, designs ~r starting matorials; low cutput of one
michine or of u yroup of machincs; antimel, caploitation of basic resources;
interior production manascment: nd inoafficient so=~coperaticn with cther coune
trivse It 15 Lmpurtant tc isclat: the Dueters fror cach produict group that

Limit the Acerec (1 develomment nttainable during 2 cortain pericd of time,

133s Impreviacnts in the product_cn process will aeccolsrate industrial develop-

ment. a4 develeping country should cone:ntrate particularly on increasing
product cutput, loworing preduction sxpenses [or current cutput, using cxpensive
squipment mere oftficiently, increcasing product quality and introducing now
products intc th. producticn process, with cmphasis on more offective exploita=

tion of domestic resourcos,

134, It may cften happen that scveral sources of reserves will be required for

one or mor» prrnducts nt the same time. Each rationalization project must therefore
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be planned according to the rosorves available., Many wvariablos must be con-
sidered in pTeparing raticnalization measurss and in s2lecting the rosorves
required for their implomontaticon.  Ssveral Uternative dralts, as well as

computors, are nccessary for sound planning,

P it
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111 POSSIBILITIES FOR SPECIALIZATION AND CO-OPERATION IN
TARIOUS PRODUCTION BRANCHES

135. %The developzent of the electrical and electronics industries in most
developing countries involves the estitlichment of technically and techno-
logicaliy simple productior processes vhose air is to satisty mass require-
ments. All plant: concerred are rather small, vith a low technical or
organizational production level and with partially unexploited production
equipment; expenses are tnerefore hish. In many cases the work of factory

personnel involves only the assembly cf imported parts aad components.

136, The mairn peints of future development in the electrical and electronics
industries of develconing countriers should be, on the one hand, the expansicn
and rationalization of present processes and, on the other, the establish-
ment of nev, technically aud technologically superior productions. These
gouals can be reached only through ‘he realiza*tion of a complex development

project

137. Cne condition for the success of such a project is production special-
ization and concentration on a scale that allows optimal exploitation of
technical capacities, raw materials and basic resources. There are at
present many cases where the degree of production specialization and

concentration exceeds the needs and the capacities of a single country.

General purpose electronic products

138. These articles are mass produced. Complete production cycles for them
should bec estiabliched in all levelopang couwntrvies, ot these products should

not have to be imported from industrially advanced countries.

139, Technicues may gradually e mastered for the manufacture of loud-
apeaker casingse fnr vire btroadcasting, phonograph amplifiers, broadcasting
receivers, music boxes, television receivers and tape recorders. The manu-
facturing procesces for thece products are closely related to the production
of plastic casings and mechanical parts, particularly with respect to stamp-

ing and the applicatvion of protective curface coatings.

140. The factory must purchase many of the components required for final

production. These consist of semi-conductors and vacuum tubes, picture
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tubes, passive components, ferrites, loudspeakere, motors for phonographs
and tape recorders, pick-ups and magnetic heads, deflection aggregates for
picture tubes, phorograph records, aa, netic tipes, and batteries and

accumulators.

141. Come of these articles, hev . ver, ma: .1 fuiure be manufactured
within the developing country, “vch itere inciude standard passive ~rm-
ponents, loudspeaerz (.sseatled from parchasec conponents), motors for

phonographs and tape recordaers, pacaograph recorde ard batteries

142. GSome of these products ar <uitanle {or cc-cerative manifacture by
a group of countriec. These Cing.st o+ senmi-conduct~rs ind vacuum tubes,
picture tubes, ferrite parte, megnetic circiits of loudspeakers, paper
cones for loudspeakers, deflecticr aglregates for picture tubes, phonograph

pick-ups, magnetiz heads, and tapes, and accumilators,

143. ‘i'he special materials used in the manufacture of some of these prod-
ucts (e.g. semi~-conductors and vacuum tuvee, picture tubes, magnetic cire
cuits, magnetic tapes and 1ccumulators) necessi‘ate a centralized production
location. The manufacture of picture tubes, ‘cr instance, is a very deljw
cate operation, because of the bull- and gersiiivity of the components to

-

be transported during the production rrecess. Climatic conditions mugst
also be taten into accouni ia choosirng a centralized production site,

especially with respect to semi-conduct.rs and magnetic tapes

144. Co-operation umong developin, countries in the manufacture of general
purpose electronic products shou d increase with the growth of the market.
Lventually, each country of the grevp will be able to deve'op .ts individial

manufacturing poter:ial.

145. A1l specialized productions of a group of countries require a perfect
technical base. The technizal staff involved 'vill have the additional
task of preparing technical papers to further cptimal application of each
article in all countries of th»> 3roup. Tne papers might deal :ith such
subjects as examples of optimal applicatior of semi-conductors and vacuum
tubes, projects of production types of loudspeakers ' ith standard magnetic

circuits, and optimal wiring of aeflection agfregates.-
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146. Technical capacities could be enhanced by a research and development
centre for each sroup of prcducts. This centre wnuld play an important
role in proectirg ccmple.e manufac‘urins systems for new general purpose
electronic prrnducts in all develcying zounsries. Ir addition, 1t ould
provide the persirnel of nevly e tatlishea piants 1th te-hnical papers
dealing with their resre tive .roup of priduct. The deve opmert ceritres
would alsc help co-crdinata proaucilor co-speration amens the countries
and would te responsitle for patents and licernces in co-operation with

the central patent office >t the srcup A centre for sub-productions

should alsc be estailishad

147. Cne of the moust important tasks of developmert centres would be to
supervice the activities o! the subordinate development departments of
individual factories. Co-operation among such departments ies important
because they are responsitle for the various productior modifications

necessary tc meet the individual needr of each country in the group.

148. Also essential to the developmert c, gereral purpose electronics

production are the appropriate licernces and techniral equipment.

Léf7o«te;nnicag eJ.ipmernt

149, The group of redio-technical procucts inciudes communication receive
ors and systems, ielevision ‘r:nuritters, croadcastin,; receivers, receivers
for communication eervice:, ralar ci 4l tvypes, mcbils and portable radio=-
communication euipment (ir~i 4 - IS S Cob vcb Sl *Liprzent), all equipment for
radic navigation, amplifiers for prbiic addrese systems and cinemas, all
type. of beam communicati n ecuipment and equipment for broadcacting and

television studios,

150, Since mary of these iiems are technically and technologically complex,
importing them from industrially advanced countries cannot be avoided. The
producticn of some articles, nowever, may gradually be established in devel-
oping countries. Among these rroducts are amplifiers for public address
systems and cinemas, single ccmmunicati-n receivers, motile and portable

radio—communication ecu.pment and sizple equipment for beam communications,

151. A specialized production systen for a group of countries may be
established in severa. product categories: amplifiers for public address
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systems and cinemas, communication receivers, UH' mcbile ard portable

radio-communication equipmer.* and cean communicatior ecuipment.,
4 i

15¢. The nore complex ar*icles rust le imported at preseit, althoug

3 r ¥ ’
developing countres rmay 2ventually be arle teo rroduce such items asg
gemi-conductors and vacuuwn *y e, reliatle pass.ive and siructural compo-
nents, microphores, power loudepeakers and loudspeaker cyetems, cuartz
c¢rystals for controlied fre: uencies, Frotessinnal phonosraphs and tape

recorders, and latteries and accumulat-rs .

153. Dome types »f semi-c nductore and vacuws tubes, power loudcpeakers,
quartz crystals and tatteries and accumuiaters mav also ke suitatle for

future productinn ir developin countries

154, The demand ‘or amplifiers D2y increage to such an extent in the neap
future that their marufacture i% tur or more developing countries may
be justified In this evert, tochnizal papere dealin;, with production

methods must be rupplied by the originaling plarnt.

15%. Licencer and tech ic- | eTaipment should be purchased for the manu-
facture of motile and portalle radi -commu:jcation eruipment, beam commue

nication equipment, quart: cryctale, and catteries and accumulators.

15t. For the productiorn . sewi-c.nductors and vacuum tutes, Tuartz
crystals and accumulators and tatteries, tne plant site sele~ted must be
near the source of reguired muteriale, Ir planr.r, the manufacturing
facilities for these articies, i* sh-uld slsc be remen.ered that semi-
conductore and quartz crystals aust Le protected asainst hammful climatic

conditions.

Computerr

157. This group of producis inclides electronic calculators; aialogue
computers; electronic central unit: and irput and output sets for computers,
memories and large capacity menories, data-handling equipment: tape per—

forating machines (card punching system): and electric typewriters,

15¢. The more compiex products must be imported Hcwever, products that
could eventually be manufactured within a deveioping country include
e¢lectronic calculators, analogue computers and electronic central units
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for small ccmputiere. A productior. system estaoclished in one country could
cover the nccds of seversl others. Many of the components necessary for

the nmanufacture of these products will have to Y2 iuported: semi-conductors,
micro-ulecirunic circuits, proecision cendensers, precicion potentiometers,
passive 2lectrcnic cenponents and ferrite components. lLicences should be
cbktaior” v 0 T oop o~ 7 ther octicles o ']l ac Tor input and out-

put sets, mwim~ries and large crpacity merories.

159. A licerce is recommended tor a small computer from a computer series,
while the rore complex types c-uld be temporarily imported. This proce ure

pernitc in> ex ~itatinu Hf comitn propgramaiag eguipnent,

160, Agnin, ithe plr .t 3it2 ceolested, pacticnlarly for the m=nufacture of
senii- oruvctors and rorrite cemnonents, mcst be converniently located with
resr-ct to the rourc> of roquired materianl:, Since favourable climatic
cond. tion: are impor’ant in the manufacture of s:mi--onductors and precision
cond murrs, the plant site nust be ctosen with this in mind. The selection
of loco*ione for fivn~1 producticn is also influenced by local possibilities

for tecirical staff elucation wnd training.

161. Conlitioms mus* Le arr n<:d for futurc independ>nt development
activities ia tac splic-e of computers. The very romplex requirements of
compui.r trzanioues ~-d their application in the national economy will
necesei‘ate (ho ectablishment of a special authority of the government (and
telr ) ge uvp of ~.vtr'e- 4 gulviy rr-ocarch and develop-
ment of ccaputar technique-,

izigcomaunication eguipment

162. ini- group of electronic products includes cubscribers' telepliones,
telephine sutcuats, dispatching equipment, private branch exchanges, local
sutomatic ..lephore sernirals, intcrurbea antomatic telechone centrals,
carricr froce.nc erv’rnent for vp to GO channels as vell as for more than
60 chonnels, irpilse ~roneaiseion equijr.enc, data transzission equipment

and Lalecoxrunicatio  urd n-asuriag cevicec. The manufacture of subscriber!
telepionen, privite trunch exchanses and curcier frequency equipment for
less thar (° ci~nnels c:n gradually be intrcduced in developing countries.
A1l cthe= prolusts ..o~t be imported for the *ime being.
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163. For complete installations of telecommunication equipment local LF
cables and concentric cables for longer distances are algo required. These

items will be discussed in another sectinn of this paper.

164. The organization under government contract to estanlish a tele-
comnunications netucrk in couniry usually refuses any participation of
domestic industries. This Situation could bte eliminated _f the govern-

ment were to siipulate ruch rarticipaticn as part ol the alreement,

165. The estatlishment of specialized plants for a eroup »f countries
will ofter. be practical, Top examiie, the fabricatisn of subscribers’
telephones and of private branch excharn-es may be orgarized ir. two or
more countries. Uniform technical irformation must ce expleited in that

case.

166. Materials and equipment required for the final production of tele-
communication equipment are plastics, electroacoustic transducers, relays,
crossbar selectors, ferrite materials, accumulators, rectifiers and passive

components,

167. The above-mentioned components may e sradually secured in develop-
ing countries on the basis of licences. Tt is practical to organize a
combination of final production and major component manufacture. A
centralized production of co-ordinated compcrents may ve tuken into
consideration in the case nof greater needs. This increaged fatrication
allows them to Le largely automireu {e.q. electroacoustic changers, re-

lays etc )

168. Optimum separation of r .nufacture must allow for lor al material
conditions, chiefly in the case ot plastics, ferrites, accumuiators,

rectifiers.

169. Relays and crossbar switches are rather sensitive articles. Severe
climatic conditions necessitate protective measures in the storage and

transport of relays, croscbar selectsrs and private branch exchanges,

Electrcnic equipment

170. This category includes general purpose electronic measuring sets,
saintenance and repair ecuipment for clectroric devices, laboratory measur-
ing equipment for research and control and nedical equipment,
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171. At present, developing countiries must import complex electronic equip-
mert. Come elustronic products, however, :=re sui‘able for manufacture in
developin; courtries. Amon; trhem a.e simple electronic measuring sets
(voltmeters, oscilioscepes) and maintenance and repalr etuipment for elec-
tronic products. The marufacture of these products sh uld be organized in

a co-operative nroduction sy..em to be shored anon, sever | deveioping

countries,

172. Repair and mainterance eciipment shouid be produced at a location cone-
venient to the plant where the articles to te serviced are manufactured.

For example, television receiver: ard the equipmer' desi~ned for their re-
pair and mainternance should e manufactured (r the same ~eneral area. It

ie recommended that th2 iatter te narufactured ir the leading plant., This
plant issues techiical instructiouc fcr the production of the basic articles
and is equipped with basic technical devices for the manufacture of repair

and maintenance equipment,

173. In the interests of firal product guality, the majority of the compo-
nents required for the producticn cf electrwnic equipment sunould be imported
from developed countries, It might be possibtle to replace such imports with
domestically marufactured articles when the developing country has gained
sufficient statistical experience and has succeeded in producing components

of sood quality,

174. Climatic corditions must be considered irn selecting plant location and
packaging techniquew. The la.tcr are importa.! in protecting the finished

articles agains! moirture,moulds, savere weather and physical shocks,

175. It ie recormended *hat riore complex e ruipment be manufactured on the
basie of purchased licences,

Semi-conductore and vacuum tutes

176, The artic'es in ‘hiu -rup are tiacsistors for receivers, switching
transistors and diodes, power and transmitting transistors, microwave
semi-conductors, rectifier and po.er diodes, power multi-layer and special

seai-conductors, microelectric components, receiver and picture tubes,
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pover and transmitter tubes, microwave tubes and speeial vacuum tubes.
This productinn assortment is needed for firal production use and also

to secure spare parts for import2d and videly used equlipment.

177. The fact that demesti- products must Le Lf a b her ouality than
imports should ve considered ir planning ¢ nev produc-ion process, A
developing couniry should ther=fore plan a ¢ pe of rroducrtion in accord-
ance with its recources Ma‘erialc, equipment and techrical talent,

On this basis, the componerits whose manufacture is r-commended in a
developing country in the first stage of developmen* are transistors and
vacuum tubtes for receivers, sclid-state diodes for rectifiers, power diodes
and picture tubtes, All nther products muct be lgported, although future

domestic production may t~ possible for such compouents as low frequency

amplifiers and carrier freauency systems.

178. Plants schould be established Ly a group of countries because of

production concentration requirements and product cemplexity. Cnly when
i
the output of principal types ~f products exceeds 5.10 pieces per year

might it be feasible to establish manufacturing facilities in other

countries »f the group The country with the most suitable material base
and climate should te selected for the locatiorn of the plants. The
problem of the transport of tulky, shock-sensitive articles should also

be considered in choosing plant sites, If picture tubes are to bLe manu-
factured, 1t 1s necessary to consider the establishment of g glass factory

that would use domestic minersal resources

179. In order t- reach a better unification of all countries’ requireaents,
it is necessary to issue catalogues of products and to indicate common

choices and their modifications.

180. Cautior must be used in considering production of advanced types of
vacuum tubes. They may be quickly .utmoded owing to the rapid advance of
solid-state techniques and increased use of microelectronic circuits. The
succeasful manufacture of new groups of products requires the purchase of

licences for specific processes and special technological equipment.
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Passive components

181, This group of products includes fixed condensers and resistors for
receivers, electrolytic condensers, pctentiometers, power condensers (for
power factor compensation, interference supression, amplifiers, trans-
mitters etc.), soft and hard magnetic fervites, switches, pushbuttons,
variable condensers and spec.al components. A variety o1 technologies

and starting materials is requirsd for the manvtfacture of these products.

182. Passive components are required in developing countries for use in
domestic production vwrogrammes ..nd ae spare parts for imported equipment.
The componernts that mey be marufaziured domestically at present are fixed
condensers and resistors for recaivers, electrolytic condensers (including
-hose for starting windings of single-plase moiors), soft magnetic ferrites,
owitches for electronic equipment, and variable condensers. The other

products in this group musi be imported.

183. Certain products should be manufictured in one plant serving the needs
of a group of countries: rixyed toll-tyne condensers, electrolytic con-
densers, resistors Jor roceivers, maynetically soft ferrites, switches
and variable condensers. Condensers anu resistors for receivers may be
in such great (emard *hat 1t wonlc be feasible to manuiacture a uniform

n

type in several -coun‘ries. 1T
-y

one type exceeds 10' piuces pe1 year. In the interests of unifying

i would be advisable if the demand for

requirements it is neciscary for co-operaiing developing countries to
mate common selcntion >f ‘. .y:- Yoo nedustion systems shculd be
established vwith a view to the growin,: competition from microelectronics

products,

184. The production facilities Ior toll-type and electolytic capacitors
must be located 1in a cuitablc climate. The plant location must also be

convenient to domestic material resources.,

185. licences should be prrchaved for resistors, ferrites, switches and

variable condenrers in order to prumote good product quality and opera~
tional reliability.
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Loudsgeakers and electroacoustical products

186, Included in this category are loudspeakers for receivers, power
loudspeakers for public address systems, loudspeaker sets (high fidelity),
head receivers, transmitter insets and receiver capsules for telecommurii-~

cation equipment, general purpose microphones and microphones for studios,

187. Production in developing countries can sradually be established for
loudspeakers for receivers, head raceivers, general purpose microphones
and transmitter and receiver irsets for telecommunication equiprment, All
other products of this type must be imported at present. Establishment
of new kinds of production must be suitable for the purpose of the final
equipment.

188. The manufacture of thege products can ve concentrated in one plant
for a group of countries, with the exception of loudspeakers for receivers
which can be produced in individual countries. In the manufacture of
loudspeakers, the common plant should use uniform and centrally nroduced
magnets or ready-made magnet1c circuits and paper cones. The plant
producing wagnetic circuits must be situated in a country whose materiagl
resources include the required nickel, cobalt, aluminium and ferrite
materials. The manufactuve of paper cones is complex and requires quality

materials for paper sheets.

189. The materials used in the manufacture of loudspeakers and electro-
acoustic articles are not especially sensitive, except to climatic con-
ditions. TIrotective packaging ic therefore required only for articles

that will be subjected to severe climatesy,

190. licences and specialized technological equipment are necessary if
high product quality ic to be attained, Licences are especially important

for oriented magnets made from alloys and ferrites and for paper cones,

191. Competent production of magnets and standard magnetic circuits in
a country with an adequate material bage may help to increase the export

market of these products. ‘Their improved quality would make it possible

to export them even to industrially advanced countries.
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Batteries and accumulators (storage batteries)

192, This group of prod.cts includes ceils and btatteries for pocket lamps
and receivers: cpecial cel £ ant tatieries (for hezring aids etc.); accu-
mulators for receivers tricye anc motor veric'en; and svationary accu-

mulators.

173. The mater:a! cituatic. ip ‘eveloping countiies is of considerable
importance for this type «f emiiprent. I* ghould be suitable for a profit-
able conversion o rau maver.al: 1ate fircd products for exports evern out-

side the sgroup cf ascoci.ted couniries.

194. 'her materinis Aucn & 1.3, syrolusite, lead and nickel must be im-

1

ported, the marufactare »f celle aad tat*cries fos roachet lamps and receiv-
ers should te eqtepllshicd sTaucicy Lo Ore COLAtry 1n ;rder to mee. the
needs of a sroup of ~ountrier. 4 common plan® may also te established for
the manufacture n: storage latteries for motior vehicles and receivers.

The purchase of licences und specialized technical equipment ie recommend-
ed. Cther products 1ir this ,roup muct be imported, includirg components

for communication ecuiranent.

195. The iccation ot 2 central zed storage vattery plant should be
convenient wi.h respect .o the transport of both raw materials and final
producte. All produc®.on of this equipment qust be secured on the basis
of international stanu.rdization ol sicec and ratings. 1n addition, pro-

tection againgt harmful cilimatic conditiong ¢hould be provided.

wighilng Lourtes

196. Lighting producte inclvae venera. purpose bulbs and gas--filled bulbs
for the home, bulbe for motor vehicles; miniature bulbs for pocket lamps,
icdine lamps for proje.tors, special vulbs, fluorescent lamps and discharge

lamps for puclic tighting n.ad ninenas.

197. Ilodine lampe “or projectors, sreciil bulbe ana diccharge lamps for
public lisghting end cinemas muat e imported. General purpose lamps fer

the home are su.table for domestic production oy individual countries.

198. Gas-filled buil~ fcr the nome, tulbs fo. motor vehicles ard miniature
tulbs for pocket lanmps ~re cuitatle for .nter-country co-operative manufac-
turing projects. The purcazue of _1ce.ces anc sp2cialized technological

equipment is recommanded.
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199. When planning manufacturing facilities to meet the needs of a group
of countries, a centralized automatic glass-buib plant should be con-
sidered. Cuch a pient should be e:tablished near the source of minerals
required for g¢lasc articies and other preducts such as tungsten filaments,

gases, jaceted wires etc

200. Light sourcec and glass Lulls zre delicate and therefore recuire
special handlin. ard prctective packaging during transport. Co-ordinated
production of the rarer types chould be supported Ly information exchanged

among co-operating countriec.

Clectric rotatin, muchirery

201. Classified under thir headin; are turto-al*ernators, hydro-alternators,
motors of more than 1,70, i, & mackives (100 to 1,300 K:), D machines (up
to 1,000 kW), inductinn mctors (ur to 100 W), fractional horsepover motort

and small generatcrs,

202, Giant machines, particularly those for power engineering and large
drives, are tecanologically complex and heavy; they must therefore be
imported. Domestic production is not desiralle because machines of this

size are not in great demand.

203. It is recommended that one country produce AC machines of 100 to
1,000 k¥ and IC nachines of up to 1,000 kil for a group of countries. The
present state of the metallurgical inductry is favourable to the manu-
facture of this type of product. The production of castinegs is usually
more complex because it reqires a larpe cuantity of torsings and magnetic

materials and conductors.

204. The same country wou.d also be suitatle as the site of a teshnical
base for machines ¢l up to 100 kk. This base should provide technical pre-
liminaries for machines of 100 to 1,000 k¥ and dcsign preliminaries for
unified type series machines of up to 100 kW and fractional horsepower ma-

chines. The base schcould also give technical aseictance to other countries,

205. The manufacturing processes of some other products (e.g. induction
motors of up to 1,00C kW, fractional horsepower motcrs and small generators)

are relatively simple and should be introduced gradualiy in all developing

countries,
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206. One country should produce certain semi-products ands components for
use by a group of ccuntries: dynanc cteel in shezts and rolls, cast-iron
and cast-steel compurents, cnst non-ferrouc metals, forsginus, electrolytic

copper and aluminium, ' earings (tLoginnins with imports;, carbor brushes ete.

207. Froductic: in 1 Si1v.gli counisy v recommerded for the fellowing
specialized sut-assemblies ani comnonents: conductors for windings of
electric machines, electric irsuleiimy uaterials, commutators, brush

holders, some mou.ded parts cf plastics and insuiants and complex tooles.

Transiormers

208, These products include transformers for power systems, special trans-
formers (e.;. for rectifierc) zrd dist.iiution and small (eneral purpose
trangformers. .iunt transtomers for porer systems znd special transformers

are technically complex and heavy; they must therefore bLe imported.

209, At least one courtry in an associated group should establish a large
assembly plant vith the technical aand testing equipment required for
maintenance and repair of power transfomers. The cost of such an assembly
plant would undoubtedly be much iess thar tne cost of transporting such

items to the manufacturer for repair.

210. The manufacture of the o~ther products in thie group should be gradually
introduced in each country. Thic particularly concerns distribution trans-
formers of up to 1,700 kVA and small general purpose transformers of various
types. These producte are i c.eazl derand for use 1in supplying electricity
to residential <reas and for dis*-1butiuvn netvorks, plant transformer

stations and other oranches of the national economy,

211, Magnetically criented ¢rid-rilled transforuer sheete wnd transformer
0il should be prcduced by one country in a group  Lemi-products and
components to be manufactured or this basic include conductors for wind-
ings, electrical insuleting uaterials, laminated paper cylinders, insulating

boards, transfomer btushings and sus relays

212, Specialized productiur ol magnetic shecet must be related to basic

metallurgzy. The cuesticr. of transformer 5il versus chemical industry

(natural oil) must 1lso have some bLasic study.
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Electrical eguinment
213. This group of products ircluies [V, .V and LYV electrical equipment;
instrument transformere 1i %7.1: . 1ec.ore and fusess and etarters and
regulators. All IV guit-heear s o wp.sx and the mar-et for 1t is limited;

such products chou.d theref re e iup-r-aa

214. A productinn syster for K “vitcriear mey Le organi-ed 1ir one country
for use by a ;rouf o ~surtries. licerce. wui t e purchased for some of
these items. (: .- rit. ard tyre=feriog ctandarditation are of sreat
importance. Material recurrements, particul.rly ter insulants, are rather
high.

215. A technical tase shculd te ecta. lished .~r IV and ' equipment. It
would handie re.n.ical rprodusty prejlsdiariee and provide aagiciance in
the design of the orranization and methcds >f local factories. Hegarding
LV equipment, special carc must Le taker. in gelecting products, production

specialization and corcantraticn and the level of production manacement,

216, The manufacture of all types of 7V ecuipment shouid te intrcduced
gradually in all developin, countries. These produets include contactors,
switches, disconnecting switches, fuses, starter-, resulators, resietors,
plugs and sockets. Magnetic mut=rials for instrument transfrrmers and
insulatin, oiis, resistor materiais and cagtinge are semi-preducts and

components vhich should te imported,

217. Each country should have its o n specialized prcductior for the manmue
facture of plastic insulaticn, casi rerin insulation, conductors for wiring,
springs and [V porceliaiun (eventually ceramic) insulators. Caeting epoxies
and springs deserve cpecial at*ention bec-use their manufacture requires
relatively complex technclogical ecuipmen.  Ag such equipment isg expensive,

it is advisable that 1t Le shured amon. . 2 untries,

Dirtrivutin, Loards

218. This category of product= 1aclide~ YV distriruting boards for power
systems, HV and LV distritit:,:: boardse for induetry, explosion-proof
distributing boarde and csniiol desrs and equipment for watchmen's offices.

Equipment for watchuen's »ffices and some contrcl dess:e and explosion-proof

distributing boards should be impcrted because of their complexity.
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219. One country in a group should produce HV distributing boards for power
systems and industry. Ir aduition to othex beneli®s, this procedure would

gecure the markete for aprronriute HV sviteagear products.

220. Tach courtrvy shm 1d radrally develrp productiorn of LV distributing
voards fnr irdustry, thus securin;, the marke*s for LV ecuipment. The
demand for these products ig considerable and tre manufacturing process

is relatively simpie.

221 cpecializatiun and co-operaticn are based on the fact that the pro=
duction ¢f distribuszin, ooavrds comsists mainly in the assembly of their
components. ictual production is norfined t5 the manufacture of casings.
The major items required for the astemoly of distributing bozrds are
electrical equiprert  oooper aad S lumLivaws oW barr Leasuring, protecting

and controlling eguipmeni, and conduciors frr wirings.

Slectiric rectifiers

222. Selenium and silicor rectifirrs tom. thiz group of products. The
development of this branch recuires proavctior of complex components,
including semi-conductin, s.iicon dicdes and selenium plates. Ianufacture

of these products in individus! developing courtries is not feasible at
present, althcu/ h maiufa~turs of the —.mpier re tifiers may be established

by one country to c¢ipply a srour of countrics. Lush products would include
selerium and silicon diode ractifiers  lore complex rectifiers, particularly
those with thyristors, .nuat ‘e irpnrted Ir all cases, licences and tech-

rical assistance will te necasaary.

Clectr.tnermic_eguipmont
22). Classified under this neading ar: eleciric resistance ovens, equipment
for mid-frecuency and high-frecrensy heating ard dielectric and microwave
heating. 'ith the except on of resictance cvens, these products are complex

and must be imported.

224. Continuous and stationa)y electric resistance oveus may be manufactured
in one country tc provide for the needs of a group of countries. The mechan-
ical engineerirg inuus'ry recuires thece products chiefly for annealing and
hardening processes. Cimple equipment production may be developed with the
purchase of licences Jor such products as muitipurpose ovens Additional pro-
cesses (e.;. asrdening, annealing, cementing, nitridation e%c.) may then be

introduced.
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225. Some specialization has tc ve made for the manufacture of sub-assemblies
and components, chiefly of resictarce materials for heating elements, refrac-
tory ceramic materials for trick-liring »f oveus, of apparatus for measur-

ing, protection arnd control.

Elec'mic welding maachiies

226. This group cf products includes electric recistance welding machines

and electric arc welding macnires

227. Because these products are technically complex, they should be imported
for the time bein:  Imperts shculd include traditional reesistance welding
machines (for spot welding, seanm velding, butt welding, welding presses etc.),
single-purpose weldi. machines for mass producti i (particularly for pro-
cesses involving thin sheets), rotatirs . gewrrater. ior hard arc welding

and semi-automats and automats for wvelding . 2 002 atmosphere.

giectrical products for the home

228. These products include electrothermic devices, motor-driven electric
appliances and lightiry fittings. ‘.uch i*emc are in sreat demand and should
therefore te produced in 2ll develupin. countries However, a choice of

types must be made for the hi_test possitle production concentration.

229. The following groups of products require special manufa~ture in each
country:

(a) Electrothemic devices. including electric irons, resistance heating
amatures, heating plates, electric cooking ranges, electric grills,
ultraviclet and irfra-red radiztior devices:

(b) Motor-driven electric equipment such as fans, alr-conditioners,
vacuum cleaners, hair-dryerc, massage equipment, electric mills,
mixerg and robots;

(c) Electr.c devices fc1 shaving, hair cutting, and similar purposes;
(d) Electric refrigeratcrs and washing machines;

(e) Electric toys;

(f) Electric tools;

(g) Electrical lighting fittings, including explosion-proof amatures,
amatures for hum:d and wet atmospheres, reflectors and general
purpose amaturec for home ard office.

Licences should be purchased for groups (c) and (f), and these products may

be manufactured in one country to meet the needs of a group of countries.
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23. The production of equipment for the home recuires specialization and
co-operation in the producticn of gsemi-products and components. It is
recommended that one country ir a sroup manufacture Compressors for refrig-
era.ors, resistarce materiuls, speci.l vulks =nd discharze lamps and,
eventually, <lave nnd ~era:ic sem.-prodicts. Cpecialized factories in each
country should produce small .otors, uwitcnes, :alet, cut-outs, plugs,

sockets, cables, cords, lamup-holders ind similar items.

C.bles ard conductore

231. This group of products conciets ol rover and communication cables,

{nsulated power and communica.ivs conductors, and conductors for windings.

232, Articles recommended for Laport are pover cables of up to 22 kV,
specialized power cabl2s (e.r seli-supporting cables, single core cables,
trailing cables), telecomnunication cables (e.£. small tube coaxial cables)

and special cables (¢... sigralling cables).

233. Snecialization of cable and conductor production in developing
countries should be planned in accordonce with availatle facilities and
product demand. This applies sespecially to the manufacture of basic HV

and LV dis.ributinn systems, telecommunication netvorks, and cables and
wires for houring ard industry. Tt would be feasible to fabricate conduc-
tors for windiugs of ceveral standard temperature classes because production
of various electric machines and apparatus is assumed. OCne country of a
group should produce HV power caoles of from 1 to 22 kV and LV power cables
of up to 750V

234. Individual coun:iries should gradually -steblish the production of in-
sulated power and communication conduc*.rs, local communication cables,
cables for housing, and cound or profile, enamel- or fibre-insulested con-

ductors for windings.

235. One country should supply the others in the group with various
specialized semi-products and components: bare copper and aluminium con-
ductors, lead, PVC, PE, many tyncs of rubber, electrotechnical paper, bond~-
ing and impregnating lacouers, oils, glass fibres and fabrics, synthetic
fibres and fril, cotton, silk and similar producis., Opecialized production
should also be =stablished for aiccescories for cables, such as heads, joints

and shoes.,
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lectrical insuiatjng materials
236, Under this heading are clascif1~d lamirated insulants in sheets, lami-
nated wound insulante, inc -uered insulants, sl-t insuiations and mica mate-
rials. The producticr ~f ejectrirsl ir-uiatin: m-.terials is dependent on
the developmenrt cf the chowiec: ! indus‘ry, especially i'ith respect to the
available supply nof high-~uality clhemicais and chemicai raterials. Frod-
ucts of this type, ecsential ir the mar ifacture of electrical insulating
materials, irclude a variety of irpre;ratin, varrieches, papers for laminates,
rubber materials, resirs, plastic i-il, moulding materials, glass fabrics

and mica materials.

237, 1f conditions are favourable, it .s recommended that one country of a
grcup produce a1t least those materials needed for the inculation of machines
and equipment whose manufacture is proposed for gradual introduction in the
area in question, Essential materiale include btasiz types of slot insu-

lations, bars, tubes, iusulatin, cylinders and basic types of mica materials.

238. The amount of material to te imported dcpends on the availability of
chemicals, Upecial development is neceecsary in at least tuo branches; an ex-

ample would be mica insulante, including laminates, varnished materials etc,

Porce;ain and cerami~ fcr electrical insulatiomn

239. These products include | ine inculators for H/ and KHY equipment, HV
and EXV insuiators for aprarctus, LV and coumunicaticn insgulators, fuse

bases and other suteriaic tor inet.liatiorn., and ~ther ceramic roducts,
¥

240, The feasilility ¢! prowuctiorn ic detemmiied chiefly by available
material resources, The import cf line insulators and apparatus inculators
for IV and THV equipment, and ceru.ic and steatite products is recommended

as these articles are rather complex,

241, One country of a sroup shov d produce fuse holdere and installation
materials made of porcelain or ceramics, and LV and communication ineulators.
In addition, the production of less complicated types of HV insulators could
gradually be introduced.
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ingtallation materials

242. Production of these materinis ~iready exists in many developing
countries. It is certain th.t ;rodusticon will roon be introduced in other
countries as well, sinre these materinls are in sreat demand and their
manufacture ic relarive.y sSimple Mass prcduction requires well planned
gpecial manufacturin, facilities and a ~oncentraticn in several groups of
products: switches, plui-sockets, socket-plugs, safety out-outs and push-
buttons: connectimy mater.ale, 1nciuding terminal bcards: tubing materials,

includine wirine tubes; junctiou loxes and inlets:; and fuses,
2 N [ 7

243, The effectiveness of co- peration in thie tranch ic influenced by the
level of standardizatior and rafety rejulations in the countries of & CO-
operative rroup Inificalice in these recpects is important for sucCcss-

ful exporting of installation meteriaie.

Electrical meagurin, and protecting devices

244. These products are complex and their manufacture is complex, They

should therefore be 'mported, even in future.
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v Ot MENDATION

245. Central industrial authorities must be established in developing
oountries in order to promote effective devalopment of the technically
complex manufacturing processes for electrical and electronics products,
These processes are character.zed ty 4 high de, ree of specvialization and
technical etandardizatior, Inlerrational co-operatior is therefore

necessary if this type «f production 1s to be su-cessful.

246, The followins centralized authorities are recomaended:

(a) Commisciors »f technical specialiste fron the country concerned
and others recommended .y 1".{00  These commissions would formulate
a general plan for tne development of the electrical and clectronics
industries in the courtry _oncerned, ucine information reporis
now held ity T 170 e erer oy v wLd be saged n octudies
of exasting conditions and would contain an outline of industrial
branches to Le develuped ir the country. ‘the plan would also
include informat.ior on the state »f licences and technical knowe
how, the extent of international co-operation wthin a s, roup of
ocountrier, the degree of specialization in the country under
study and investment aims f.r production development. In
addition to the plan, a draft is necessary for a scientific
and research base and for the estavlishment of an authority
to systematire standardization and patent policies as well as
other related policies.

(b) A leadin, and projecting office concerned with implementation
of the approved general plan., This oftfice would promote the
gradual estatlishment of a science-development base for the
electrical and electronics industries. It would also prepare
a list of projects approved for investment, including organi-
zational and .~chuological proiccts

(c) A testing system f{or the control of ruality, stardards and
safety regulations

(d) A system of technical schools, including electrotechrical and
electronics schuole. This is important for the development of
an educatiounal system ard for the training of technical personnel
in devoloping countries. Upecialized education in factory schools
is also extremely important and effective. Such a programme should
include the education o1 apprentices,
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Annex

Egoduct classification list

A Electronic products

Product Production concentration

§£chtural components

ferminal piates, cormectors, fuses
Soitcner, transformers, chokes, relays

Pagsive compruente

Jondenser . , rcsiclore
Tover condensers
Potentiom:t re

Incadescent lopre
R -

Geners! parpnse wulba
Miniature tamps
Discharse iamps, flucrescent lamps

ggtteries

General purpcse batteriec
Patteriee tor solid-state receivers

Louispeakers
for pertavle receivers
For public adriress systems, ci.nemas

Sem1-condut s eicent.s

For solid--ctate raceivers

For indusiri.l reciliiers

For amp.ificrs, fransmitters
Vacrum tubes

For receiverc

For rmplificrs, trancmitters

Te}ecommunlcatlnns and broadcastin eguipment

Record playerc

LF amplitiecr:s (5r g rancphones

Simple tube receivers

Portable reccivers

LI amplifiers o1 puilic ~ddress sysiems
Ceneral purposce tope recorders

Antenna torsters ard »17ings

Television recelvers

Service apporstur tor receiver techniques
Portatle awd rcbile JU eruipments
Manual =vi tehooard:

Subecribers' telcphonew

Loudspeaking tel pronec, dispatchings
Private rela; tranch exchaugus

Mass
Large series

Mass
Heries
Large series

Mass
Large series
Large series or mass

Mass
Large series

Large series
Serias

Mass

Series or large series

Series

' 1'ass

Series

Large series
Large series
Masse

Large series
Series

Large series
Series

Large series
Series
Series

Seal. series
Large series
Series
Series
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B. Classification of electricgl engineering products

Product

Eg}gting electric machines

Large machines including alternators
(above 1,000 ki)

Machines of mediun size (100-1,000 kW)
includin; tracticn machines

Small machines up te 100 kW

Fractional horsepover machines, tachc-
generators, speed indicators, selsyns

zmgfomers

Fover station trarsfomers

Network transcmers

Special transformers for rectifiers ete.
Small general purpose transfcrmers

ﬂggtgic apparatus

Extra high-vcltacse apparatus
High volta,e apparatus

Low voltage apparatus
Instrument transformers
Lightning arresters, fuses
Starters, re ul:tors

ic swiltchooards

High-volta, e ard lou.voltage
power staition svvitchboards
High-voltae ana lor-voltage industrial
switchboards
Explosion-procf awitchunards

Bectifiers

Seleniun rcctifiers
Silicon rectifiers, thyristors included

trotherm.cail equipcent

Resistance furiaceg
Mid-frequercy aud high-frequency themmics
Dielectric a'r micro zve themmice

m weldine muchines

Resistance r~1d:in  machinesg
Arc veldins machiies, nand-operated and
gemi-autscatic

nggxmc appliances for the home

Electrothemics
Appliances cortainin; electric motors
Lighting fittiinge

Production concentratiog

Individual

Series
Series, lurge Series

large series, mass

Individual
Series
Series

Large series

Small series

Seriesn

Series, large series
Serisz

Series, mass

Small series

Individual, series
Individual, series
Individual

feries
Series

Individual, small series
Individual, small series
Individual, small series

Small series

Series

Large series

Large series
Series, large series
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Cables and conductore L e
Plastic-sheatned power cables up to 100 kW Series
Coaxial telecommunication catles Series
Local telerommunicati~n cables Series
Insulated condust o Series
Communicatl .. O fiaud vOTE Series
Conduct re f.r ¢ 1linges - Series
Electrical insulatirg utericle
Laminated irs:iiating materials in sheetis Series
wound Lamirc ol inoulante Series
VYarniched iroul tirn, saterisls Series
Clot inguwinty s - Series
Micaioliws: and mica tape Leries
g_gmic insulating Taterials
Suspensini nign-voltase ard extra high-voltage
insulatory Large series, mass
Frecsed ceramt o Mass
Low-veltae ant ¢ mmunication 1nsulators Mags
Electrical instaliation moterials Large ceries, mass
Blectric measurar; and yrotecting instruments Series, mass
L& “
o
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