G @ | TOGETHER

!{’\N i D/? L&y

=S~ vears | for a sustainable future
OCCASION

This publication has been made available to the public on the occasion of the 50" anniversary of the
United Nations Industrial Development Organisation.

’-.
Sy
B QNIDQI
s 77

vears | for a sustainable future

DISCLAIMER

This document has been produced without formal United Nations editing. The designations
employed and the presentation of the material in this document do not imply the expression of any
opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development
Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or
degree of development. Designations such as “developed”, “industrialized” and “developing” are
intended for statistical convenience and do not necessarily express a judgment about the stage
reached by a particular country or area in the development process. Mention of firm names or
commercial products does not constitute an endorsement by UNIDO.

FAIR USE POLICY
Any part of this publication may be quoted and referenced for educational and research purposes
without additional permission from UNIDO. However, those who make use of quoting and
referencing this publication are requested to follow the Fair Use Policy of giving due credit to
UNIDO.
CONTACT

Please contact publications@unido.org for further information concerning UNIDO publications.

For more information about UNIDO, please visit us at www.unido.org

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria

Tel: (+43-1) 26026-0 * www.unido.org * unido@unido.org


mailto:publications@unido.org
http://www.unido.org/

RESTRICTED DP/1D/SER.A/1306
0 23 January 1990
ORIGINAL: ENGLISH

HIGH-LEVEL CONSULTANCIES AND TRAINING
DP/SYR/86/009

SYRIAN ARAB REPUBLIC

Technical report: Designing and testing of electrical switch gear apparatus*

Prepared for the Government of the Syrian Arab Republic
by the United Nations Industrial Development Organizaticn,
acting as executing agency for the Unlted Nations Development Programme

Backstopping officer: G. Anestis
Section for Integrated Industrial Projects

Based on the work of H, Sibilski,
expert on designing and testing of switch gear apparatus

United Nations Industrial Development Organization
Vienna

. rvf

* Mention of company names and commercial products does not imply the
endorsement of UNIDO. This document has not been edited.

V.90 80616




ABSTRA cT

The mission has been under-taken under tc the Projeot:

"High level consultancics and training"

DP/ SYR/ 8&/ 009

The aim of this mission was to help the Syrian Government
in strenghtening existing facilities used for Jesigning,

manufaoture and quolity control of eleotrioal low voltage
switohgear.

The mission duration was one month.
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INTRODUCTION AND RECOMKENDAT ION

A. Introduction

The Government of Syria gives high priorities in the Sixth
Five-Year Development Flan to consultancy services and training
programme for the power electrio switchgear sector, with spe-
oial attention on the establishment of new production ¢t switch-
gear low voltage apparatus and testing laboratory.

The national industry in Syria strongly supports the programme
of power electric apparatus, establishment of quality oontrol
laboratories and training ot the postgraduated engineers.

The national Llectrio Power Company is aware, basing on expe~
riences, of the necessity that the present existing old appa-
ratus, and even to greater extent, thosc 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 / lack of spare
parls /. To unify these apparatus and to reduce import the
Government wants to produce .home equipment for electric power
substation.

No national specialised industry exists. At the existing elec~
trotechnical industry /eleotrical motor, electronic and catle
industries are required facilities / machines and free surfaces/
where establisning of new production lines for the power elec~
trio apparatus would be possible. This is due to undercapaoity
utilization of these faotories — some times below 10 % only.
The need of introducting UNIDO projeot was jdentified with the
aim of assisting the oountry in elaborating the existing pro-

blems and edvising the best solution.




1.

2.

3.

4,

B. Reoommendation

Following the outcome of the preparatory assistanoce
agssignment it was proposed to organize a course, whioh
will give theoretioal back-—ground on designing, testing,

manufacturing of eleotrioal switch gear apparatus.

Three sections should be established &t one of the visited
faotories supposed to be the manufacturer of the low vol-
tage switch gear apparatus it ie: for impregnation of ooils,
for manufaoturing springs and for reeling and annealing of

electromagnetioal oores.

Next visit should be devoted to: training in the area of
switohgear, oonsultations about the central laboratory
and elaboration of & concept of & new project which will
oover:

~ development of the switoh-gear

-~ establishment of the quality control laboratories

- egtablishment of the oentral laboratory.

The duration of this visit shonld be two months starting

from September.

Last visit should focuse on t-aining and oonsultations

a3 above and in elaboration of the proposed projeot dooument,
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I, ObJECTIVE OF THE ACTIVITY AND DUTIES

A, Objec tives

The objective of this mi->sion was to rscognizz the existing
facilities /maohines, technology, materials/ and formulate
requirements for the switoh gear and quality oontrol labora-
tories destined to verifioation of the power low voltage dis-

tribution system oomponents to be manufaotured.

B, Duties

According to the Job Desoription, the duties were as follows:

1, Pinding / trouble shooting / indentifiocation of key problems
with regard to the existing design /manufacture / testing
faoilities in term of applied teohnologies, produotivity,

quality oontrol repeair and maintenance procedures.

2. Review of technical studies, technical examination assess-
ment of existing faoilities and produots with the review
of improving their performance characteristies, through
the modification of existing technologies or introduotion
of appropriate produotion facilities.

3, Preparation of work programme for the improvement of the
looal design /produotion, quality control of switohgear
and other power system oomponents including infrastruo-
tural requirements, hardware, manpower, training, training
needs and finanoial oconsequenoces for the introduotion of

production / assembly iines and related testing faoilities/.

L, Blaboration of & Technioal Report on mission desoribing the
oourse and results of the respeotive field assignments in-
oluding f£indings conclusions and recommendations for fol~-

lowing:aotivities.
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II. DESCRIPTICN OF ACTIVITY

A, Visits to different centers

Programme of visit and subsequent activities was in general
form determined with Mr I, Khankan during the first meeting
at General Establishment of Engineering Industries. It was
deoided that, for the sake of required information it will be
highly desirable to visit the main state electrotechnioal fac-
tories, supposed to manufacture the power eleotrio switohgear.
The Industrial Testing and Research Centre adviser for Eleo~
trotechnical Industry Electrio Power Company, the main user

of power switohgear has been appointed partner to the author,
able to give information about the required data of electrioal
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.




BElectronic factory — 3YRONICS.

This factory was designed for manufacture of about 60 thou-
sand of T.V. yearly, ilow the existing facilities are not fully
utilized, and a great production area, about thousand of m2

is emply, able to develop production of the low voltage switch-
gear egquipment.

The visited mechanical department is furnished with a set

of pressing machine from S0 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 efficien;y for reeling,

at the sume time, up to ten coils. At the winding seotion
there was also a highly efficient autoclave with epoxy resin,
used for impregnation and drying. This specialized autoclave
is forseen but anly 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 /about 10 % / used, also

able to help in manufacturing 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 realized. Therefore, at some of the
departments a new product, like considered switchgear appara-
tus, oan be produced with possibility to manufacture all of re-
quired elements.

The meohanical department is equipped with tens of pressing
machines from 60 t to 300 t and mors than ten injeoting
machines from 80 g up tc several kg. able to produce plastio

elements from some om> to 195 n°

different thiokness.

Some of required moulds and tools were also made there, for
which milling, drilling, grinding and outting machines of dif-
ferent. size and application were used.

In a separate section, of meochanioal department tens of lathes
able to work out materiuls from 10 cm up to 1 m diameter.

This speoialized equipment oan produoce at once mechanical ele-~
menta, for the considered in the projectj switohgear, with

the only exoception that coils for electromagnets should be pro-
duced in oo - operation with the Eleotronic or Eleotrio Motor
Companies. These twb factories are equipped in set of different
winding machines,

In this factory, as it was also at the visited SYRONICS faotory
there is a great free manufeoturing arca, which ocan be used

for production of low voltage switohgear.,

Factory for repair of digtribution transformer and low voltage

gwitches.

This factory has the necessary equipment for oil regeneration,
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for impregnation and drying of medium voltage distritution
trensformers after repair, a laboratory to perform high
voltage test / impulsegenerator and power frequenoy voltage
test 1,2 pgy/ 50 ps - 400 kV and 50 Hz ~ 200 kV / and no-load
tests. A great quantity of low voltage switohes are repaired
nalibrated and tested., This work is made without acces to new
spare -parts; required elements are taken from switohes, which
cannot be repaired, or on the expenoce of some others,

To improve working oconéitions 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. This will
facilitate working oonditions and inorease efficlency.

The aim of visit was to apply the no - load laboratory for
eventual testing of low voltage circuit-breakers, switohes,
contactors and othexr apparatus, Acoording to the reoeived informe-
tion the maximum available ourrent is of about 2500 A at about
800 V received from the generator. This power source cannot

be used for short-ciroult tests; the generator was not spe~
oially designed, After application of low voltage transformer
with the ratio 800 V / 110 V/220 V/ 400 V tests of low voltage
contaotors~-verifioation of the rated normal ocurrent at 220 V
and 400 V, heating tests of oontactors, disoonneotors, swit-
ches and cirocuit-breakers ocen be made,

For switohing tests a set of reaotors and resistors for ourrent
regulation also making switoch is required and for 4.0 voltage
a rectifire for 400 V, should be added. These additienal
equipment need some space whioh in this laboratory is not
sufficient, Also Power Energetic Company, owner of this la-
boratcry, is not interested in extention of the existing
facilities,




Cerumic Company

For manufacturing fuses a oco—-operation with the ceramic Company
will bte important. bnclosures and sockets are tracitionaly made
from hard poroelain. The visited faotory is well equipped with
four tunnel furnaces from whioch one / six year applied / 1is only
used. Two others, after twenty years of applioation; were oonsu-
med and will be substituted by new ones. With the same maohine
having uecessary tools and required materials this faotory

is able to produce the required quaniity of ceramio elements

for the electrotechnic industry.

The hard porcelain ocan be used for fuse enclosures up to ebout
100 A, but for higher rated ourrents a stronger porcelai=, like

oxide poroelain / A1203 / should be applied.

Mechanical Workshop

Since about two years the mechanioal workshop is equipped with
different machines and partly / about 15 % / utilized.

Tens of lathes and soms milling machines / vertical and hori-
zc-*al /, rather not new, but in good condition and some grin-
ding and drilling machines oan be used to produce different tools

required for production of switohgear,

Technical University

The Electrical Department of the Teohnical University 1s one

of the largest in Syria, not only from the point of viev of
quantity of students but also beoause of the existing faollities.
The High voltage laboratory has 2 MV impulse generator, 1,2 MV

power frequency voltage test source and above 1 MV d.c. high

voltage generator and set of meters used for measuring partial
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discharges, voltage waveshape of 1lightning and switching

over voltages. For climatical tests a set of eguipment and fa-

oilities arev available for students. Artifiocial / standard /

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

of high and low voltage eleotrical apparatus, insulators re-

lays and rneters,

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

central luboratory was discussed.

A great support received the idea to organize this laboratory

at the Teohnical University, from many points of view :

- The University serves from very beginning as an advisory
Centre for Power Snergetio Company and Industry.

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

~ This laboratory can be used for education also.

- After some short circuit test it is neocessary to verify
insulation materials applied in tested apparatus, and the
required testing eguipment is at the University.

- The University is far enough from the city centre that inter-
ferenoes of high magnetical fields on electronic equipment

like this used in medical centres is negligible.

Industrial Testing and Research Centre / ITRC /

The ITRC is an industrial researoh and service institution
having siy main departrments oovering: applied industrial
research, testing and analysing different products on re-
qu2st of industry.

From the point of view of the authors mission only Eleotriocal,
Industrial ileasurements, Chemical and lechanical departments

were the most important,
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The Electrioal dep. is able to make standard measurements

like current,voltage, resistances with electromagnetic meters
and some elecnnnqé midle olass oscillographs.

In the Industrial measurements dep. a set of different eleotro-
nic and meochanio balanoce weights were presented able to measure
from miligrams up to 30 kilograms which can be calibrated by

a set of standard weights. To dJdetermine volume, diameter,
length, industrial acustio,6 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 oconvential
measurements but also to realize aﬁ own research programme,
7ith the speotograph, a different diagnosties of materials

and gas can be mede.

At the Mechaniocal dep. particuler three machines used for de-
termination of bending cstretohing and pressing forces of diffe-~
rent materials drav; attention. With the available faoilities
and measuring equibment a qualifying test of some of insula-
ting materials, mechanioal tests, shook and vibration tests of
light apparatus and different ohemical analyses oan be made.
Unfortunately the Researoh Centre is not able in make the
required quality oontrol tests of switohgear and, therefore

an additional'set of testers and other meters listed in
specifiocation 3 are required.

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

a Central Laboratory should be established,
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I11. DEVELOPMENT PRCGRAMME

A, Assesment of needs and methods of development

_of switchgear apparatus

Engquire made in Industry and Power Energetic Company as-
certained the need of unified electrioal apparatus with

the availability of spare parts, The visited factories can
initiate produotion basing on existing facilities,

The authors activity focused on determining the required
switohgear and above all to select these which should be

at first produced., Taking into acocount the needs, possibili-
ties and human potential attention will be oonocentrated

in developing production of apparatus required in great
quantity: by industry, and these for domestio installations.
These groups of apparatus listed in specification 1 should
be developed in two steps: first for lower rated Jdata

/ group A - specifiocation 1/ and later up to required rated
data/ group B /.

The two step programme ocan be oonsidered as :

- programme minimum - for lower rated da.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 practical solution of existing

problems should be as folliow:

1, to develop production of these gpparatus listed
in speoification 1 basing on design made with help
of UNIDO technioal advisor and drawings reoceived with,
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help of UNIDO from specialized manufaotures.

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

agsembly line, provided with equipment listed in specifica-

tion 3

3. apparatus listed in specifioation 2 can be succesively
produced, after some time, depending on financial support

or in parallel to these listed in speoification 1.

B, Assesment of needs for quality oontrol laboratories

For development of produotion of the switohgear listed

in specifioation 1. the routine test laboratory must be

arranged and equipped with apparatus listed in specifioca-

tion 3.

In Faotories as well as at the University was stressed the

neoessity of tests of the existing equipment, that from

different companies and the new switchgear whioh will be

developed and produced. For this purpose a Central testing

station should be arrangedand delivered with about 100 kA

at 400 V and about 125 kA at 220 V of short oircuit symmet-

rical current. A direot current circuit requires an inter—

rupting capacity of 50 kA at 250 V.,

Teking into acoount finanoial diffioulties the laboratory

should be develoﬁed but in two steps ¢

- Pirst-technical projeoct should be made with the neoessary
justification of necessity for this laboratory and with
eoonomical analysis

- seoond-projeot of this laboratory should be introduoed
into the State plan to gel finanoial support.

The Technioal projeot of this laboratory will be realized

with help of author.




C, Equipment / Facilities

To realize this project three groups of faocilities

must be furnished :

1. the first group refers to the quality oontrol
laboratory, whioh should be equipped with testers
and measuring apparatus listed in specification 3

2, the seoond group refers to the equipment whioh

should bve implanted ih one of the visited faotories:

-~ autoclave for impregnation with electroinsulating
laokers and epoxy resin / specifioation 3/ with

vacuum pump and vaocuum meter

- furnace for annealing and a stand for reeling

electromagnetic ocores / specifioation 3 /
~ a stand for production of specialized springs

and furnace / specifioation 3/

3. the third group refers to the Central Laboratory -
required equipment will be seleoted after its designing.
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D, Training

Training for postgraduted engineers and students of last

year should be organized before development of production

of the switohgear,but because of the lack of time will be
organigzed parallelly.

The main reason for fraining is that this branoh of industrial
activity as yetls not developed and also that more

attention should be paid to power switohgear its designing

and testing.

Programme of the training was discused at the University
/ see Annex /.
Manusoript of these leotures will be delivered by the author

before lectures and will be distributed among students.




- 18 -

e HMode of i‘roject izplementation

The final distritution of tasks and further activities for
implementation of this project was agreed with Syrian coun-
terpart General Zstablishment of Engineering Industries and

the idea was the following:

A. Development of produotiou of the switchgear cover be orga-
nized in frame of a new project. Conoept of this projeot
/ freme—work / will be elaborated at the time of next visit

and should contein:

— Manufaoturing of the required moulds, tools ané auxi-

liary equipment -~

- Bstablishment of assembly lines with the required

gspecialized tools

-~ Establishment of a section for manufaoturing springs

specifio, 3/

- Bstablishment of a seotion for impregnation -

— Establishment of a stand for reeling and annealing

of electromagnetic cores =~

- Delivering required raw materials, semifaoture available

on market or imported -

- Design of apparatus not covered by drawings received
from specialized manufactures will be made by experts
under the project.

I'or designing forms and tools, a seocond technical
edvisor / mechanical engineer - gpecialist in designing

tools and moulds / should be appointed.

0
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I, As far as quality control laboratory is concerned =

Testers, measuring equipment listed in specification 3

will be delivered .

C., Training will be organized and realized by the author-

programme for training was discused,

D, Technicel project of the oentral laboratory will be

made and ils futher realization will depend on financial

resources available.




F, Draft Project Docunent

As a result of the mission, a Draft Projeot Document has been
elaborated.
This Draft Projeot Document was discused in & final meeting
held in General Establishments of Engineering Industries
in presence of the General Direotor of GEEI lir. M, ilounaged
and kKr. 1. Khankan.
Amendments were introduced reflecting this discusion.
This Project is supposed to start after aproval by :
Kinistry of Industry, ininistry of Planing and Higher
Authorities and will aproximately cost @
Government about 10 Mil., of SP and UNDP of about 1 Mil
of US dollers.

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




specification g,

dated dated
desceription current current flemarks

/N /5/
aroup A\ Group B

Plugs 10
suckets 10
Lawp Switciles 10
Jdlicro switcue . up 1v
Fuses up 44U QU
Panel switch 40 100 with therwmnal, wmagneticul
/type plug in / triping
contuctors 40 LUV
No -~ fuse 40 2000 with thermal, magnetical
breakers triping
Current transformer 100 1000 cluss 0,5; 1, 3 load 15 VA
Discounector 100 600




- specificution 2,

The apparatus witich should be produced depending on financlal support,

whiichh is aut ol the scope ol this project,

Note:

X - Hated symuwetrical short circuit breuking current,

vescrlaugtion itated ltated ac™ LT Curreut emarks
current voltuge oCC sLu seasitivity| 'femares

o /a/ /V/ de/ac JKA/ /xn/ /WA/
R i O : thermal, mog
Cirvuit=-breaxers 2000 250/350 G 40 Lriping
sartt leakage '
circuit-breaker 15-50 240 3 - 10=30 thermal, mug to
i triping &
- !
Paciked switches 5-20 220 - -
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Speoifioation 3

Equipment

A. Required for the quality oontrol laboratory

- Pegters for oalibration: ocontaotors, panel-switohes,

no fuse breakers.

- Bridge compensator for error measurements of ourrent
trensformers up to 1000 A with low voltage regulator

and load boxes.
- High voltage testes 1 A, 1-3 kV.

- Tester for bimetals and magnetic trips with

ourrent supply.

~ 0scillographe.

B, Required for production :

- Autoclaves /two / with vacuum pump and vaocuum

motor -~ about 0,7 m3.

- Furnace with controlled temperature for manufac=-

turing springs 1500 °C 0,3 .

~ Purnace with controlled temperature for annealing

eleotromagnetic cores — about 0,7 m3 and 1000 °c.

-~ Strainers for seleotion of sand granules from

0,12 mo to 0,5 mm diameter.

Some of the most difficult tools - used for manufacturing enclosures for

contactors and no fuse breakers/for one size only.

Note: This specifiocation will be compleled by the author-
basing on catalogues. ‘




Training

1. Study tour to specialized factories manfaoturing
switcohgear 4 o/ m
2, Fellowship - training

2.1. Enginmering of switochgear apparatus 4 /m

low voltege and medium voltage
2,2, Engineering of moulds and tools 4 o/m

2.3, Testing laboratories 3 nfm

Institution proposed to grant study tours and
fellowship - trainings = Buropean testing

stations and factories,




Annex

Programme of training - for postgraduate engineers

and the last year students.

1.

2e

3.

4,

Designing of switching apparatus.

Electrical aro extinotion methods

Bleotrodyramioal foroes

Contaots - solution and caloulation

Aro theory and post - src ourrent reoovery withstand.
Gasodynamios

Electromagnets - solution and oalculation

Magnetical and thermal triping devioces

Testing methods

Fuses - designing

Methods of arc extinotion

Methods of adjusfment of the required charaoteristies
t=t/ 1/ and I =2/ 1/

Designing selection and requirements

Current transformers
Designing, caloulation of errors for different
loads and eleotromagnetic cores

Solutions -~ electrodynamioal forces

Lightning arresters
Theory - solutions, Designing of spark gaps.

Final oharaoteristio. Applications.






