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I.Introduction

II.Production

a) Historical development of electro-technical
manufacture in deveionine countries

1. Stage 1: Assemply anu completion
¢.g. Switchbourd piant

2. Stage 2: Switch-over from assembly and
completion to the manufacture of standard
materini,

3. Btagewise cxpansion of manufacturing ectivities -
to include more complicuted and technically
sophioticated electrical products.

Limitation of =aaufacturing activities.

Speclal conatructions of eiectrical equipment
for the chemical industry

(explosion -proof cquipment, rectifiers, ete.)

) Problem in ornmection with menufacturing activities

1. Licence matters (collaboration), sanctions
and procedures

2. Availabls production machinery

raw materialn, sewi-finished products,-
sub-supprics (quality)
quality ccntrol of incoming and ocutgoing products




o) Specifications and Standards
1.m-BSS-ASA-IEC tho

Preparation of norms and specifications
with reference to 12cal oonditions.

2. Required design alterations resulting from
availability of local manufactured standard
parts like profiles, sheets, nuts and bolts.

3, Oonsideration of special conditions in chemical
plants (explosionproof equipment ete.)

Manufacturing problems connected therewith.

Igg;gct-?lang;g‘

a) Sise and t{pe of project =
Risks involved

M-

) Qualification of project plapning nersonnel

o) Co-operation and co-ordination between looal
rsonnel and specialists delegated from
ustrialised countries

mbloma connected herewith,

fearvice anu Maintenance

) Selection and_trainins of maintensnoe RORRCARA)
®) Spare-parts stocking

o) Qperating and maintenapce ipatruotions
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fhe subject of my talk .ie jgentical with the preceeding
three reporis, however, with the difference that 1
refer to the electricul equipment. Since the contents
of the varioug reports Lave not Leen conpared or
coordinated in detall, 1 beg to be excaccd if there

are repotitions ir some pointe.

The questions connectied with this sudbject nre »so
puserous when one cousiders the diversce problems

of different chemical incdustries and plants thot
they cannot be extenuively deult with. The topic of
this talk as such cannot be meant as & detailed
explunation as to how #n elcctrical plant for 8
certain chemicul industry should be laid out and
designed since such elcctirical planta derend on

the individual requirements. I will refer wsainly
to'ceuerul manufacturing problene, the gueation

as %o Lhow an electrical prouuct is veing uped
shouid rnot be dovainant. Certain natters of special
interest to the chemlcal industiry will however be
referrcd 10, i.e.; explosion protection, rectifiers

for electrolytic plants, eic.
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Uy experiences ure rcotricted to India, apply surely
also to Pakistan und to ccrtain extent to the other
Asian developing covutrics. Tiece expericnces do not
necessarily have to hoid true in the case of
developing countries in uther continente since the
induntrial progrecse differs froil courtiry to country.
Sone developing countrice nave nothing else in
common other than perhaps only the name developing
countries.

The sain objective of this talk is to deal cspecially
with the following pointe:

1. how to proceed if one is going to start the manufacture
of electrlcut products with the view of gradually
increasing the local production activities.

2. which conditions 1o develoring countries have to

Lulfill if they wre to purticipuate in sub-supplies of
eleotrical equinuent and later tuke over the
operation, scrvice and amaintenance.

%. comments in regaré to and guestions connected with the
sanufacture, meintenarce, operution, etc. of electrical
equipnent like swiichkbcards, switchgear and uotoxs
in developing countrics. |

Picet of all, I would like %0 refer to the historical
development of wanufacturing activities in the electro-

technical ficld in these countries.
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the local industry, which in some developing countries
exists already since a relatively long time, took up
usually the production of simple producte. 1 refer

to the many examples, where initially factories for
the production of normal A.C. motors, distridution amd
power transformers, cables and wires have been
established. Normally, not exactly the latest. technique
was introduced. However, this was often even not
necessary at that time since the local technical stesdeamd .
was not yet as high as needed today. Manufucture Was
1imited to low and high sension equipnent up to abous
S0 kV and the technique of those countries wae

mp'tu to which long-standing econonmical relatipns
were sxistent. A systematic planaing of the electrieal
industry started in many case2 only after obtaining
independence., 0 course, not all developing countries
were dependent. Usﬁally, the Governments planncd the

induatrialisation - on account of foreign exshange
shortage - in stages, strees being laid ascording
to the individual priorities.

With the proceeding of Siemens in India o an CxeMple,
T would like to detail the development of the stagewioe
menufacturing activities. Othey companies weat ahead -

o8 more or less similar lines.
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Initially, we started a workshop with a design office
for switch-board plante. The equipment that was to be
built in were mostly still imported, only limited
products of simple nature being locally available. In
the bc;innihg consiruction drawings, layouts and

circuit diagrams of simple switch-boards were produced
in India. The mechauical part of tac switch-board plants
(steel and sheet-metul construcions) was manufactured
from local materiai.

Our Indian designers and workers were made acquainted

with and trained in this switch-board-plant technigque and
with the equipment. We manufactured L.T. and H.?, Plants
wp to 33 kV. The intelligence and the quick grasping power
of our Indian staff accounted quite quickly for a |
oconsiderable number of ekilled men with whom technically
complicated production could be taken up.

A training centre for apprentices for the professiomal..
catégories of electricians, mechanice and fitters, tool
and die-nmakers added to the qualified staff of skilled

workers.

Parallel to the building-up of the switch-board plant

factory, & repair shop was established for transformers, .

electricul motors, switch-gear and measuring ingtruments. In
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this workshop, we faced continuous protlens with regard
to spare-part procuscaent and wilh regard to the
available muterial for repair purposes (enauelled wire,
insulation material, etc.). On the other hand this
repairshop offered cxcellent opporturities for the

training of our workers.

At this stage, we awitched over from assembly to the
manufacture of simple switch-geur and standard naterial
1ike clanp terminals, fusee, fuse buses, tus-bar holders,
isolators end packet switches. For such simple equipment,
no import licences - not even for components - were
granted. e followed up with th; manufacture of normal
and cpeciai electrical motors in the range of 11 to

350 kW with only miniwmal imports from W. Germany/Jepen
(ball bearings). Por motors in the range of up to 11 XV
and for transformers in the range of up to 33 kV and

1500 MVA as well ae lour cables and wires, we entcred into
collaboration agreements with reputed local coupanies,
whose slightly out-duteb designs needed only to be ‘
sodernized. With the increasing skilledness of our staff,
more complicated techniqucs were introduced, however,
also with a view to be able %o mcet the ever-ricing

and urnavoidable demands on quality.
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The switch-gear progrumae was expanded with the inclusion
of etarting equipment, w«ic corntactorr, lozd and circult
breskcse of the low and wedium volsuge ranZc - rnot uny nmore
@8 ouly asgenbly bul us part i the »manulacturiky programme.
A momt impoctant prerecriisite wae the estullichaent of a

tool roon of higlest sturdurgd.

The ratio of local meuufuacture including sub-supplies from

other local companies uu compared to iamporis developed as

foliows:
a) Switch-gear
18t year - local manufacture 20 - 40 %, imports 60 - 8O0 %
2nd year - » app. 50 %5, " app. 50 %
3rd year - » app. 15=905, * app.10-25¢
b) Koto trunsforucrs
18t yeur - locul manuiacture &5 = 90 %, imports 10 - 15 §
2nd year - " app. 95 %, " app. 5 %.

With the excepiion of motors, for which in most caseg only
ball bearings und shaft steel remained to ve imported, an
average of 10 to 15 7% needed to be inported for other
electrical producte liie cwitehi-gear, cte, (Thie ig not
unuguul sincc we here in CGermar; eleo do depend very

often on imports, even if for oth:r reasors.) Lostly

special naterial and components of high precision or of




& sophistical?d teshaigue or ever rimpler couponents

on accourt of o w00 Lo produciion rucber - for which
tuking up mLnudibo VAT obh one's ovn would not be economical,
e.g., tuly ¢coutecis, ure cwaaters tor medium voitage

cireult broerera ftlo, - somained to be imported.

The question arises whelbhey the manufssturing possibilities
for electro-tech..i>.1 gords 4in dcveloping countries are
fundementally limitcd. The answer is yes, the reasons

Leing us followss

I) limitations impoe2d on research and devolopment °
there is o luck of sufficient tcchnical tradition and
ripancial z2cans {Sicuens spends about & <% of the

turnover for coping with research and development).

Qualificd techinical scientists - very of ten trained in
13&ustziuliaed countiics - remain idle on account of
.a locl of employment posr.bilities by wey of research
ard development inctituteo or are employed im totally

nonsultcd fieide.

11)Phe expendizuvres for research and development stand at
the present amocmenti in no proper relation to the
stusl production figures. To quote only one examples

& single big Gerian factory produces iu one year




twice as many motors s the iotazl Indian market does

require., This fact applies even to olier products,

I11) To .achieve the qualily as we have it hcre in Burcpe
is very difficult in most cases. Import permits for
sophistiicated coavorente, high precision nuchkinery
and testing equipment are very difficult, often
not at all to be obtuined, Theceare but primary
prerequisites for quulity production. The qualification
i1tself of .he people does not present any great protlem,

They are intelligent and full of enthusiasm.

I am coming now to & few guestions in connection with the

cquipmént.

The power supply equipmert for the chemical industry does
not differ fundumentally from such equipment for other
industries with the exception of explosion proof

equipment.

Of course, many chemical processes require an uninterrupted
power supply. But this fact does nqt call for special
equipnient - required are only more stundard nateriuls such
as double bus~tur 8ystemg, higher capacity ratings-to

reduce wocar and tear-or cuergency supply sets to meet

sudden breakdowna.
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o 1imit the danger of (ignition) explosion nazards, the
electrical eguipuent is instalivd - wnerever possibie -
beyond the iimits of explogion-endungered areus. rhis
applies normally to L.T. end .7, Switchboard plante,
capacitors, mcasuring cquipment and control g~ar.
However, motors, for cxample, which hove to be installed
within endangered arczas, ure noraally remote~controiled
by push-button-stutions. The probleas of explosionproof=-
designe refer thexfore mainly to this two categories of

equipment, namely uotors and remote controletations.

In this connection mention muet also be made of the
requirement of special electrical equipment like
rectifiers for electrolytic plants for the production

of chlorine, aluminium, ete., a8 well as big synchronous
and induction motors employed as drives for compressors

in air separation plants (i.e. fertiliser factories).

ehese two products are two extremes when considered with
regard to the probdlem of sanufacture and gervice in

developing countries,

Phe developuent of rectifiers has paseed quitt'gﬁiakzv
througb various stagest
DO-Generators, rotating converters, mercury urc rectifiers,

mechanical rectifiers.
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To-day the silicon rectifier cdominates the scene becausge
of its superior guality, ihis scai-conductor technique
offers the advuntage that there are no rotuting elements and

parts which are subject to weur and tear.

On eccount of parallel or geriasn connectiona of the
Silicon-diodes, rectificrplanty of any required voltage

and very high current rating can be built to-day. The
requirement of high current ratings in electrolytio plants up
to about 200.000 Amp. calls for high production figures of
diodes which huve hormally a rating of 200 Amp,

Such production figures nake a local agsenbly or part
Banufacture quite attractrive, A conplete produetién
including the silicon tablets would bhe quite difficals.
The production of the required ultra-pure silicon and
the manufacture of the silicon tablets ig even to~day
problematic in industrialised countries,

The loecal assenbly and production of complete rectifier
units with a iair number of imported components has dbeen
Successfully done quite often. The deaign of such rectifier
vnits has of courge to take into considerution the prodlems

in eonnection with suen kigh current ratings (2ddy currents).

coming back to the notors used ag Comprescor driven,




- 11 =

the dovelopuent pointe clearly to very big units.

N
10.000 kW arc no rarity tor a synchronous notor for
a compresoor drive and induction motors with above
20.000 X ure presently being bullv. Besider the
know advantages, cyncironcus motors for coupressor
drives are often selected to improve the power factor
of the plant.

The tendency towards tha use of ever higher capocitics
of the individual drive-compressor units results in

e low production figure on account of no or very little
growth of the process units. Low production figures and
production prodlems of the large machinery does not

make the manufucture awttractive, cxcept of coureifl
technical experience in compuratle fields, like for *
instance in the manufacture of turbo generators,
turdines, etc., is available in a country and the ieilﬁl
justifies the heavy expenditure involved.

¢he foregoing explanation of the proceeding in principle
for building up manufaturing activities organically does
pot apply only to the ubove mentioned cxauple of @ big
undertaking of world renown. Lvery well nanaged local
industry proceedec in a similar nunner, mostly urnder

licence with a collabourutor. The unly'difrerence is
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that it 1o eusier for a Lig undertazing with world-wide
expericnce, aince they have the tochuical kncu=now
the skilled personnel and susfieient financial neans at

their disponal.

The nunufacturing techiique to be employed for the name
product is at wost timen difTerent in a developing
country as compared with that in an industrialised
country, the rcason being normaliy that much lower
manufacturing numbersg are involved in developing

cpuntries.

2he use of highly sophisticated production machinery and
equipment would on the one hand entail most complicuted tools
and dien which Possibly cannot be locally manufactured,

oh the other the Capuciiy of theee expensive machinery

could by far rot be economically utilised,

A few words to licerce problems:

Poreign companies starting manufacturing activities in a
developing country require hormally the sunction of the

local Government. This sanctioun is usually dependant ong

a) the hecessity and urgeney of the production.

b) eubnmission of detailed inforumation Oh outlay and
continued requirenent or capital/toreign exchange as
well as detailed iaformation on the overull financial
structure,
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c) a stage-wise manufactucing plan and explunation agc to what
extent und over which period the local munuliacture can be
intensified (i.c. to become irdependant of or to reducc
the requirenment of foreign excnange).

d) the amount oi royultice
e) a limited empioyment of foreign techniciang.

£) probadlc export commitiments,

rurther conditions are mostly of secondary imporiance. Such
demunds are certainiy logical and necasaéry for de#eloptag
countries. But they involve u considernble rick for compunies
without expérience in developing countries. The procedure

of obtaining sanction to sturt a nenufacture in lpng-winded.
Oollaboration agroements between the businees purtners need
likowise to bé sanctioned by the Government. Since developing
countries rarely can afford a totally liberal economy = although
it has boen realiged that this would enhance chances of &
quicker and more eucceasful industrialisation, the foreign
exchange cupacity does not perait it - these conditions can

hardly be eltered, as dcsirable as it may beo.

The import requirement of components and aiterial tqr .
running production is again dependant on goveranent

sanctiones from case to cage. lLven theece formulities are

long-drawn-out and the submisaion o? proof of the plunte
future requirements very difficult. In addition, the
time required for order placcment, delivery periods and

shipping and last but not licust cugtons formalitics and
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prodlems have to be taken into consideration., A factual

and tinmely coordination of these formalitice and conditione
is not exactly easy and borders soueiimes upon magical
achievenent. The very often endangered timely materiul
supplics necessitate abnornaliy high stecks and as ouci
abnormally high cost., In this context, the local

Governnent could and should introduce inproved, i.e.

BOTe relaxed stipulations,

Bost developing countriesc éispomalready of a certain
manufacture of production machinery. rhcac‘mhmery
éo not correspond in every cam with the most modern technical
standards. One does not ulways achieve thc required precision
and very often they ure not suited for use with complicated
and sophisticated dies, for which reason alco (and not

only on account of low production numbers) the original
manufacturing technique has to be ultered very often.
Instead of one work process, two, three, four ané mom

work proceeses Lave to be employed. Kaw materiels like
lttol.Alheet metal and profiles, copper and sluminium shects
and profiles are often not standardised, are possidly
supplied in inch or metric dimensions, a uniform quality

is not always guaranteed and tinmely supply doubtful and
endangered.,

These circumstancec nccecoitate as a rulc a mox inteusive

quality control of goods on arrival (incoming inepection),
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during the manufacture and in the test ficlds. The

quota of rejections is on this account wuch higher as

is customary here. In our Indian factories, in order

to ensure good and stadle quality, we had to establish

material ladoratories to an extent not usual hen: in our

countries. aApart from the quality control and procurement

problems, it is to be k2pt in nind that the original

design of the electro-technical products ies based on

high quality materials which are not always available as far

as quality, dimensions and tolerances are concerned,

Extremely aggravating is very often the necessity to fall

back upon substitute puterials, e.g. when copper had to

be replaced by aluminium for busbars, conductors, coutaes
parts, etc.

Initially I -antionad that the kind cf protection to he

obsorved does 1ut1ntnoc the manufacture. Some developing
are at the outeet of their

couniries - capccitlly if they are
industrialisation - do not yet bave their own standards,
aside, one

he ltmwh ’

rules d regulations. Leaving the east-countries
can claseify the techniques - and accordingly ¢
rnlto & regulations - as Enslish, Aherican and Continental,

to a&uplify the matter.




Consequentliy, if a chenical plant is erected, the technique ~
or siindarte - of Llike supplier country, or again, if a
coasulting coupiny is entrusted witn the progect -

the gtundard of thoir regpective country - will be

appl.;.cd '

Variour types of protections for electrical equipment have
been developed in various couniries and are successfully
used. Although not recognised by every country, IEC,
entrusted to work oui recommendations on an international
basis under consideration of rules existertin the
respeclive countries, have selected and published -

out of & certalnly large palette of existing rules -

the rollowing types vl protection:

1. Flamepproof ennlousures

2, Sand-filled upraratus

3. Increasegusaul=ty apparatus

4. Oil-filled aw-paratus

5. Presgurised apperuius

6. Hermeti-aily- ., spratetus
7. Intrinsically-safe apparutus

Countries whi~i de not huve their own standards yet,

certuinly should follow TiC-Recommendations if theee have

slready ‘een uwecepled world-wide,
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T0 take up the production of explosion proof equiprnent
presupposes - in my opinion - clearly laid down and
binding standards, whichever might be selected out of the

available choice.

The numerous protection types, the important question of
economics, the lower production figures, the sophisticated
techniques will normally make it impossidble to nanufacture
snd cover the whole range of explosiunproof equipment.

A way out is to manufacture equipment of the highest
protection type, thus covering the lower degrecs of
protection, resulting in lsrger economical production
figures, as, for example, practised in India. There,

only equipment of the "flume-proof enclosure® prottctioﬂ
type is being manufactured. The importance with regard %0
the safety condition calls - in addition to the routime
testing to be undertaken by the manufacturer - for
independat, and recognised toeting laboratories, where
prototypes of the equipment are thoroughly tested and certifse
for the purpose they have been specitied,

The succersful production of explosion proof ¢quipnent
is very much a question of skilledness of labour and

precision machinery and should not exactly be taken up
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at the start or begiuning of manulucturing activities.
Experience with the nunuracture of normal equipment should

precede cuclh an attenpt.

What cun be gaid about design nodiricationss

a) Some desings sinmply cannot be wodiried. These are
those, where even a sliglht change would endanger the
electrical or mechanical function., I would like to
mention for example circuit breakers with high
rupturing capacities - high currert rating - and
generally all equipment which serve the protection of
& considerable and important pa-t of a plant, the
break-down of which would entail heavy danuges or

even endanger the perconal security of human beings.

b) Bome desings have to te changed if local manufacture is
absolutely iaperative. Fundazenially, imports are not
permitied uny more where a way out is offered by means
of design nmodification or if substitute products and
materiais are cvailuble on the local murket which are
technically ucceptable. This applies even where
production machirery for the aanufucture of purts and

components of ithe originul design 18 not sujitabdle.

On principle, no modification should te pernitted which
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would endanger the saity of peration, technical reliability
and quality. The conpulsion % modify the original decign
arises quite often - as alreudy mentioned - on account of
d1f{ferent weasuring systems, meaning metric and inch
systems in cases ot sheets, profiles, acrews, bolts, nuts,
springs, etc., of various muterinls. This compulsion arises
howsver even on account of single components which - in
view of the huge production numbers in Europe - are

very often standardisec works-internally, but cannot be
sanufactured in developing countries econouically enough
due to the low manufacturing numbers.

Concluding, I sm now coming to the question of saintenance
end service.

Considering the many variations of electrical equipment

for chemical plants (tranaformers, low-tension and high=
tension switch-board plants, large induction and synchronous
ﬂtt;ru. for conpressors und pumps, epeed changing drives,
pectifiers for electrolytic plauts, etc.,) it is compre~
hensiblc that the queetiocn of service, naintenance and
safety of operution can only be generally dealt with.

In ’mition. the different stundards, -rules and regulations,
safety stipulations, dirferontr conceptions regerding types
of protection huv: to be taken inio account. VDI Reculations

are not acknowledged everywhere, 13 Recommendations
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are not gencrally binding.

Normelly, service, muintennuce and repair work could

be executed by every quulified cleetro-teclinical
workshop, e.g. renewal oi contaci-parts  in switch

and control bourds, chunging of carbun brushes and

brush holders,turning of sliprings and counutators,
changing ol clamp terminals, bearings and packings etc.
Important parts should be replaced only by originul parts.
8pecial rules on the purt of the suthorities do not
normally exist in this regard. In caee of explosion

proof equipment, inspection of the authorities is at most
times nccessary before the seme can be put into operation

again.

The extent of the plant-owned meintenance of electrical

equipment depends on two factors:

8) the size and the technical sophistication of the plaut

b) the availability of u reliable workshop at site, the
machinery and cecquipment as well as personnel of
which guarantee a trouble~free service.

To be kept in mind is nloo the requirement very often for
& non-interrupted opcrution or the necessity of only a

very short intcriuption.
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If there is & possibility of concluding e service contruct
with the supplier firm, thioc should be done by all neans
(i.e. for HT breakers, regulator and control cguipment,

neasuring irstruments, ete.)

The qualified personnel of the plant-owned maintenance
departnent should be mude ucquainted already during

" the building and erection-phase with all detalls. They
should take active part during thie phase, ut which time

the moat likely sources of possible breakdowns should
be pointed out to thea.

lention must be nmade thut after erection and assemdly,

the reponeibility for the whole plant and the operation of
the same goes over to the owner of the plant, which fact
must not be overlooked.

0f course there are certain rules and regulations to be
abserved 1in nearly every country for the operation, for

design modificatione and for repair work of clectro-technical

plants. Over and above this, it 18 in one's own intercst
to train the maintenance personnel periodically and to
instruct them to carry out the scrvice etipulatioﬁs of
the supplier firm at the prescribed -Antervuls, to check

and supervise the equipment gnd to uaintain records. The




supplier firn should at the suie time make propouals

regurding tiie complebte Turnishinge for the aalnterance ehep,

1. e. regarding the reguired mucnirery and testio cquipment,
according 1o loczl zeeds andé furnis comp.ste srare-parts

liste of prrts most prone to brear-downs and weuar and g
tear, since in most cases procureuc:t at siort notice aut the

time of the breaksdown is sinply not jpossible. apart fron

parts subject to wear and tear, certain especiully

important ¢quipment and parts of the plunt (like special

motors, relays, etc.) chould be avu.lable on ready stock

to pfavent long interruptions in the production.,
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