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ABSTRACT 

The mission has been uuder~taken under to the Projeot: 

"High level consultancies and training" 

DP/ SYB/ Sf/ 009 

The aim of this mission was to help the Syrian Government 

in strenghtening existing faoilitieu used for ~eaigning, 

manufaoture anc1 quolity control of eleotrioal low voltage 

switchgear. 

The mission duration was one month. 
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INTRODUCTION AND RECOMMErrDATION 

A. Introduction 

The Government of Syria gives high ?riorities in the Sixth 

Five-Year Development Flan to consultancy services and training 

programme for the power electrio switchgear ~eotor, with sp~

oial attention on the establishment of new production c·f switch

gear low voltage apparatus and testing laboratory. 

The national industry in Syria strongly suppoTts the programme 

of power electric apparatus, es·tablishment of qual1 ty oontrol 

laboratories and training of the postgracl~ated engineers. 

The national ~lectrio Power Company is aware, basing on expe

riences, of the necessity that the present existing old appa

ratus, and even to greater extent, those to be developed must 

be tested to determine their quality and reliability. 

The present applied switchgear imported from different countries, 

different design, makes troubles in maintenance I lack of spare 

par1s I. To anify these apparatus and to reduoe import the 

Government wants to produce.home equipment for electric power 

substation. 

No national specialised industry exists. At the existing elec-

troteclmical industry I electrical motor, eleotronic and cat.le 

1naustries are required faoili ties I machines anil free &urfaces/ 

where establisning of new production lines for the power elec

trio apparatus would be possible. This is due to undercapaoity 

utilization of th!se factories - some times below 10 ~ only. 

The need of 1ntroducting UNIDO project WbS identified with the 

aim of assisting the oountry in elaborating the existing pro

blems and ad?isiI18 the best solution. 

II I I 11 I 
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B. Recommendation 

1. Following the o~tcome of the preparatory assistance 

assignment it was proposed to organize a course, which 

will give theoretical back-ground on designing, testing, 

manutaoturing of electrical switch gear apparatus. 

2. Three sections should be est:1blished at one of the visited 

factories supposed to be the manufacturer of the low vol

tB8e switch gear apparatus it ie: for impregnation of coils, 

for manufacturing sp~ings and for reeling and annealing of 

electromagnetioal cores. 

J. Next visit should be devoted to: training in the area of 

switohgear, oonsultations about the central laboratory 

and elaboration of a concept of a new project which will 

cover: 

- development of the switch-gear 

eatablishmP.nt of the quality control laboratories 

establishment of the oentral laboratory. 

The duration of this visit should be two months starting 

from September. 

4. Last visit should focuae on t-aining and consultations 

a3 above and in elaboration of the proposed project uocument. 
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I. ObJECTIVE OF THE ACTIVITY .AND DUTIBS 

A., Objectives 

The objective of this mi . .:>sion was to reoogniz.a the existing 

fac111 t.ies I machines, technology, materials/ anc1 f orm1.1late 

requirements for the switoh gear ana quality oontrol labora

tories destined to verifioation of the power low voltage dis

trib1.1tion system oomponents to be manllfaoturec1, 

B, Duties 

A.ocording to the Job Desoription, the duties were as follows: 

1. Finding I trouble shooting I indenti:tioation of key problems 

with regard to the existing design I manufacture I testing 

facilities in term of applied teohnologies, produotivity, 

quality control repair and maintenance proceaures. 

2. Review of teohnioal studies, teobn1cal examination assess

ment of existing taoilitiea and produots with the review 

of improving their performance charaoteristies, through 

the modifioation of existin.8 technologies or introduotion 

of appropriate production facilities. 

), Preparation of work programme for the improvement of the 

looal design /produotion, quality control of switohgear 

ancJ other power system oomponents including intrastruo

tural requirements, hardware, manpowe~, training, training 

needs and financial oonsequenoes for the introduotion of 

production I assembly lines a~ related testi.118 taoilitiea/. 

4. Elaboration of a Technical Report on mission describing the 

course and results of the respective field aP.signments in

oluding findings oonolusions and reoomm~ndationa tor fol-
' ' 

,lowing ,aotivities. 

I I I I I I 
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II. DESCRIPTICN OF A~IVITY 

A. Visits to different centers 

Programme of visit and subsequent activities was in general 

form determined with Mr I. Khan.ken during the first meeting 

at General Establishment of Engineering Industries. It was 

decided that, for the sake of required information it will be 

highly desirable to visit the main state electroteclmioal fac

tories, supposed to manufacture the power eleotrio switchgear. 

The Industrial Testing and Research Centre aclviser for Elec

troteohnioal Industry Electric Power Compal'J3, the main user 

of power switchgear has been appointed partner to the author, 

able to give information about the required data of electrical 

apparatus already applied, and these which should be in the 

power system, also able to determine a substation in the net

work which can supply testing laboratory. 

I I 11 II 11 
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.C:lectronic factory - 5ffiONICS. 

This factory was designed for manufacture of a.Lout 60 thou

sand of T.V. yearly ... 1low the existing facilities are not fully 
2 

utilized, and a great production area, about thousand of m 

is emp].y, able to develop production of the low voltage switch-

gear equipment. 

The visited mechanical department is furnished with a set 

of pressing machine from 50 t to about 200 t and injecting 

machines from 100 g to about 4 kg. 

In separate room there is about ten winding machines of dif

ferent size, and others of high efficienty for reeling, 

at the surne time, up to ten coils. At the winding section 

there was also a highly efficient autoclave with epoxy resin, 

used for impregnation and drying. This specialized autoclave 

is f orseen but ~nly for small coils like those used for gene-

ration of high voltage in T.V. 

In an other section of mechanical department a set of electric 

welding machnes were only partly I aboat 10 -1' / used, also 

able to help in manafacturing of electrical switchgear apparatus. 
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BARBADA Combine 

This multiplex combine was forseen to produce a greal quantity 

of houshold devices but the initially assumed manufacturing 

programme can not be reali~ed. Therefore, at some of the 

departments a new product, like considered switchgear appara

tus, can be produced with possibility to manufacture all ot re

quired elements. 

The mechanical department is equipped with tens ot pressing 

machines from 60 t to JOO t and mor6 than ten injecting 

machines from 80 g up tc several kg. able to proc1uce plastic 

elements from some om2 to 11 5 m2 different thickness. 

Some of required moulds and tools were also made there, for 

which milling, drilling, grinding and cutting machines of dif

ferent. size and application were used. 

In a separate section, of mechanical department tens of lathes 

able to work out materials from 10 cm up to 1 m diameter. 

This specialized equipment can produce at once mechanical ele

ments, for the considered in the projectr switchgear, wit'1 

the o.~ly exception that coils for electromagnets should be pro

duced in.co - operation with the Eleotronio or Eleotrio Moto~ 

Companies. These two factories are equipped in set of different 

winding machines. 

In t"his factory, as it was also at the visited SYRONICS tao tory 

there is a great free manufacturing area, which oan be used 

for production of low voltage switchgear. 

Factol)' for repair of distribution transformer and low voltage 

switches. 

This factory has the necessary equipment for oil regeneration, 
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for impregnation and drying of medium voltage distribution 

transformers after repair, a laboratory to perform high 

voltage test I impulsegenerator and power frequenoy voltage 

test 1 ,2 pS/' 50 p.s - 400 kV and 50 Hz - 200 kV I and no-loa(! 

tests. A great i:iuant i ty of low voltage switches are repaired 

~alibrated and tested. This work is made without acoes to uew 

spare-parts; required elements are taken from switohes, whioh 

oannot be repaired, or on the expence of some others. 

To improve working conditions of this section the author pro

posed to arrange disassembly and assembly lines at the end 

of which will be a stand for calibration or testing. Thia will 

facilitate working conditions and increase efficiency. 

The aim of visit was to apply the no - load laboratory for 

eventual testing of low voltage circuit-breakers, switches, 

oontactors and othel' apparatus. According to the received informa

tion the maximum available current is of about 2500 A at about 

800 V received from the generator. This power source cannot 

be used for short-circuit tests; the gene~ator was not spe

cially designed. After application of low voltage transformer 

\9ith the ratio 800 VI 110 V/220 V/ 400 V tests of low voltage 

contaotors-verification of the rated normal ourrent at 220 V 

and 400 v, heating tests of oontactore, disoonneotors, swit-

ches and circuit-breakers oan be made. 

For switching tests a set of reactors and resistors for current 

regulation also making switch is required and for d.c voltage 

a rectifire for 400 v, should be added. These additional 

equipment need some space whioh in this laboratory is not 

sufficient. Aleo Power Energetic Company, owner of this la

boratr,ry, is not interested in extent ion of the existing 

facilities. 
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Cerc..mic C ompal):l 

For manufacturing fuses a co-operation with the ceramic Company 

will be important. bnclosures and sookets are tra~itionaly made 

from hard poroelain. The visited factory is well equipped with 

four tunnel furnaces from which one I six year applied I is only 

used. Two other3, after twenty years of application, were consu

med and will be substituted by new ones. Wi.th the same maohine 

having necessary tools and required materials this faotory 

is able to produce the required quantity of oeramio elements 

for the electroteohnic industry. 

The hard porcelain can be used for fuse enclosures up to ebout 

100 A, but for higher ~ated currents a stronger porcela~r., like 

oxide porcelain I Al2o3 I should be applied. 

Mech~ical Workshop 

Since about two years the mechanical workshop is equipped with 

different machines and partly I about 15 'h I utilized. 

Tens of lathes and soms milling machines I vertical and bori-

Z~'" ":nl I , rather not new, but in good cond 1 tion and some grin

ding and drilling machines oan be used to produce different tools 

required for production of switoh8ear. 

Technical University 

The Electrical Department of the Technical University is one 

of the largest in Syria, not only from the point of viev of 

quantity of students but also because of the existing faoilities. 

The High voltage laboratory has 2 MV impulse generator, 1,2 MV 

power frequency voltage test snurce and above 1 MV d.o. high 

voltage generator and set of meters used for m~asuring partial 
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discharges, voltage waveshape of lightning and switching 

over voltages. For climatical tests a set of equipment and fa

oili ties ara available for students. Artifioial I standard I 

rain, fog, salt fog can be simulated and used for testing 

of high and low voltage eleotrioal apparatus, insulators re

lays and meters. 

At the time of visit the programme of establishing A low voltage 

oentral laboratory was discussed. 

A great support reoeived the idea to organize this laboratory 

at the Teohnioal University, from many points of view : 

-The University se.,.1es from very beginning as an advisory 

Centre for Power Energetic Company and Industry. 

It is easy to get skilled staff-engineers and technicians. 

- This laboratory oan be used for education also. 

- After some r;hort circuit test it is necessary to verify 

insulation materials applied in tested apparatus, and the 

required testing equipment is at the University. 

- The University is far enough from the city centre that inter

ferences of high magnetical fields on electronic equipment 

like this used in medical centres is negligible. 

Industrial Testing and Research Centre I ITRC I 

The ITRC is an industrial researoh and service institution 

having sir. main departh.ents covering: applied industrial 

research, testing and analysing different products on re

qu3st of industry. 

Froc the point of view of the authors mission only Eleotrioal, 

Industrial Measurements, Chemical and Meoha.11ioal departments 

were the most important. 

I I II I I I 1 Ill I I ' 
' I ' 
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The Electrical dep. is able to make standard measurements 

like current, voltage, resistances with electr~~agnetic meters 

and some electronic mid le olass oscillographs. 

In the Industrial measurements dep. a set of different eleotro

nio and mechanic balance weights were presented able to measure 

from miligrams up to )0 kilograms which can be calibrated by 

a set of standard weights. To determine volume, diameter, 

length, industrial acustic. interferences, and temperature 

a set of standard equipment of different size and accuracy 

was also presented. 

The Chemical dep. is able to carry-out not only oonvential 

measurements but also to realize an own research programme. 

~ith the speotograph, a different diagnosties of materials 

and gas can be made. 

At the Mechanical dep. particulaT three machines used for de

termination of bending etretohing and pressing forces of diffe

rent materials draw attention. With the available facilities 

and measuring equipment a qualifying test of some of insula

ting materials,meohanioal tests, shook and vibration tests of 

light apparatus and different ohemioal analyses can be made. 

Unf ortwiately the Researoh Centre is not able to make the 

required quality oontrol tests of swito~ear and, therefore 

an additional set of testers and other meter3 listed in 

specification 3 are required. 

Also short-oirouit tests oan not be made in ITRC and, therefore, 

a Central Laboratory should be established. 

I II I 
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III. DEVELOPMENT PRC.:iRAllMK 

A. Assesment of needs and methods of development 

of switc}l8ear apparatus 

Enquire made in Industry and Power Energetic Company as

certained the need of unified eleotrioal apparatus with 

the availability of spare parts. The visited factories oan 

inttiate produotion basing on existing :taoilities. 

The authors activity focused on determining the required 

switohgear and above all to select these which should be 

at first produced. Taking into aooount the needs, possibili

ties and human potential attention will be oonoentrated 

in developing production of apparatus required in great 

quantity: by industry, and these for domestic installations. 

These groups of apparatus listed in specification 1 should 

be developed in two steps: first for lower rated data 

I group A - speoifioation 1 I and later up to required rated 

data I group B I. 

The two step programme can be considered as : 

- programme minimum - for lower rated d~.a 

- programme maximum - up to required rated data. 

Depending on financial support one of these programmes 

can be realized. 

Taking into account the required period of realization 

of this projeot the possible praotioal solution of existing 

problems should be as follow: 

1. to develop produotion of these apparatus listed 

in speoifioation 1 basing on design made with help 

of UNIDO teohnioal advisor and drawinsa rec,ived with, 

I 111 I 
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help of UNIDO from specialized manufactures. 

2. to develop routine test laboratories, at end of eaoh 

assembly line> prowided with equipment listed in specifica-

tion J 

3. apparatus listed in specification 2 can be aucoesively 

prod~ced, after some time, depending on financial support 

or in parallel to these listed in specification 1. 

B. Assesment of needs for quality control laboratories 

For development of produotion of the switchgear listed 

in specification 1. the routine test laboratory must be 

arranged and equipped with apparatus listed in speoifioa-

tion J. 
In Factories as well as at the University was stressec1 the 

necessity of tests of the existing equipment, that frcm 

different companies and the new swit~hgear which will be 

developed and produced. For this purpose a Central testing 

station should be arranged.and delivered with about 100 kA 

at 400 V and about 125 kA at 220 V of short circuit symmet

rical current. A direct current circuit requires an inter

rupting capacity of 50 kA at 250 V. 

TakiD.8 into aooount financial difficulties the laborator)' 

should be developed but in two steps : 

- first-technical project should be made with the necessary 

justification of necessity for this laboratory and with 

economical analysis 

- seoond-projeot of this laboratory should be introduced 

into the State plan to gel finanoial support. 

The Technical project of this laboratory will be realized 

with help of author. 
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c. Hguipment I Facilities 

To realize this project three groups of taoilities 

must be furnished : 

1. the tirst group refers to the quality oontrol 

laboratory, whioh should be equipped with testers 

and measuring apparatus listed in speoifioation 3 

2. the seoond group refers to the equipment whioh 

should be implanted ih one of the visited faotoriea: 

- autoclave for impregnation with electroinsulating 

laokers and epaxy resin I speoifioation 3 I with 

vacuwn pump and vaouum meter 

- furnace for annealing and a stand for reeling 

electromagnetic oores I speoifioation ) I 

- a stand for ?roduotion of specialized spri.nss 

and furnace I speoifioation J I 

). the third group refers to the Central Laboratory -

require~ equipment will be selected after its designing. 

11 I 11 11 

I I I I 
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D, Training 

Training for postgraduted engineers and students of last 

year should be organized before development of production 

~ the switohgear,but because of the laok of time will be 

organized parallell7, 

The main reason for fraining is that this branoh of industrial 

aotivity as yeti~ not developed and also that more 

attention should be paid to power switohgear its designing 

and testing, 

Programme of the trainill8 was disoused at the University 

I see Annex I . 
Manusoript of these lectures will be delivered by the author 

before lectures and will be distributed among students. 
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:;. Mode of i'roject i:::pler.ientation 

The finul distriLution of tc.sks o.nd further activities for 

im;Jlemen-1;ation of this project was agreed ;vith Syrian cotL'l

tcrpart General Sstablishtnent of Rlltiineering Industri~s and 

the idea was the following: 

A. Development of productiou o:f the switchgear cover be orga

nized in fra~e of a new project. Concept of this project 

I frame-work I will be elaborated at the time of next visit 

and should contain: 

- Manufacturing of the required moulds, tools an~ auxi

liary equipment -

Establishment of assembly lines with the required 

specialized tools 

- Establishment of a section for manufacturing springs 

specific. 3 I 

- Establishment of a section for impregnation -

- bstablish~ent of a stand for reeling and annealing 

ot electromagnetic cores 

- Delivering required raw oateriala, aemifaoture available 

on market or imported -

- Design of apparatus not covered by drawings received 

from specialized ma.'lufaoturee will be made by experts 

under the project. 

J'or designine forms and tools, a seoond teohnioal 

advisor I mechanical engineer - specialist in aesigning 

tools and moulae I should be appointed. 

I I I I I ii 
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b. As far as quality control laboratory is oonoerned -

Testers, measuring equipment listed in specifioation J 

will be delivered. 

c. Training will be organized and realized by the author

programme for training was discused. 

D. Technical project of the oentral laboratory will be 

made and ils futher realization will depend on financial 

resources available. 
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1''. Draft Project D ocwnent 

As a result of the mission, a Draft Projeot Document has been 

elaborated. 

This Draft Project Document was d iscused in a final meeting 

held in General Establislunents of Engineering Industries 

in presence of the General Director of GEE! Mr. M. Mounaged 

and Mr. I. Khankan. 

Amendments were introduced reflecting this disou.sion. 

This Project is supposed to start after aproval by : 

fiinistry of Industry, ;,:inistey of _Planing and Higher 

Authorities and will aproximately cost : 

Government about 10 Mil. of SP and UIIDP of about 1 Mil 

of US dollars. 

The duration of the project should be of about three years. 

I I I I I I I 
I 1 I II I I 
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Speoifioation 3 

Equipment 

A. Required tor the quality oontrol laboratory 

- Testers f~r oalibration: oontaotors, panel-switches, 

no fuse breakers. 

- Bridge compensator for error measurements of current 

transformers up to 1000 A with low voltage regulator 

and load boxes. 

- High voltage testes 1 A, 1-J kV. 

- Tester for bimetals and magnetic trips with 

current supply. 

- Osoillograph. 

B. Required for production : 

- Autoclaves /two I with vacuum pump and vacuum 

motor - about 0,7 m3• 

- Furnace with controlled temperature for manufac

turing springs 1500 °c O,j m3• 

- Furnace with controlled temperature for annealing 

electromagnetic cores - about 0,7 m3 and 1000 °c. 

- Strainers for selection of sand granules from 

0,12 mm to o,5 mm diameter. 

Some of the most difficult tools - used for manufacturing encl~1sures for 

contactors and no fuse breakers/for on~ size only. 

Note: This specif ioation will be completed by the author
bas ing on catalogues. 
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Training 

1. Study tour to specialized factories manfaoturing 

switchgear 

2. Fellowship - training 

2.1. Bnginsering of switchgear apparatus 

low voltage·and medium voltage 

2.2. Engineering of moulds and t~ols 

2.3. Testing laboratories 

Institution proposed to grant study tours and 

fellowship - trainj_ngs - European testing 

stations and factories. 

I I 

4 m/m 

4 m/m 

4. m/m 

J ~m 
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Annex 

Programme of training - ~or postgraduate engineers 

and the last year students. 

1. Designing of switching apparatus. 

Electrical aro extinction ~ethods 

Eleotrodyramioal foroes 

Contacts - solution ancJ oalculaU.on 

Aro theory and post - aro current reoovery withstand. 

Gasodynamios 

Electromagnets - solution ana oalculation 

Magnetical and thermal triping devices 

Testing methods 

2. Fuses - designing 

Methods of aro extinotion 

Methods of adjustment of the required charaoteristies 

t = f I I I and 1 0 = f I I I 
Designing selection and requirements 

J. Current transformers 

Designing, caloulation of errors for different 

loads and eleotromagnetio cores 

Solutions - eleotrodynamioal forces 

4. Lightning arresters 

Theory - solutioi~s, Designi?l8 of spark gaps. 

1' ine.l oharaoteristio. Applications. 




