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INTRODUCTION

In tue wake of the Independence ¡*ar and still suffering 
from the.deep-rooted affects of colonialism, Angola 
has found itself overwhelmed oy economic and social up
heavals. In tne industrial sector, these problems have 
oeen reflected in the total shut-down of factories, loss 
of machineries and documentation, destruction of existing 
equipment and the lack of managerial and tecnnical 
personnel - including skilled workers. This personnel 
vacuum - more unique tnan rare - is the result of years of 
tne "Portuguese only" policy which made skilled work within 
reach only of the Portuguese population in Luanda and other 
major cities in Angola. Perhaps the skilled personnel problem 
has been and will be for a long time yet the major problem 
to be solved in the reconstruction of Angola. Ahile machinery, 
equipment and even services can easily be got from donors or
brought from foreign companies, the training of local personnel 
who will be managing the country's resources will take more 
time. In fact tnis was tne first ooservation made shortly 
after arrival in Luanda. In light of this existing local 
phenomenon, the main objectives of tne project had to
be reviewed and urgency was given to personnel training*

Originally, the main objectives were laid down in this order:
- to help the local Government to establish a section for electrical 
maintenance and repair witnin the Service Centre for Repair and Maintenance;

- to help the Centre to provide assistance to factories serviced by this Centre

- to train personnel.
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.¿ork was to be started according to the scheme outlined 
above. Instead, we deemed it more logical, after consulta
tions ivitn tiie Team Leader and tne Counterpart, to screen, 
recruit ana train personnel - since this was definitely 
tne more urgent need of the Centre. It was extremely 
difficult to find prospective trainees with, adequate 
oackground (average literacy level: pth grade elementary).
This problem was compounded by the fact that the minimum 
indispensaDle didactic material for personnel training 
was practically inexistent. Inspite of these difficulties, 
a group of 14 workers was selected and a 4ô-week course 
was organised. Taking into consideration observations 
made at some existing professional schools in Luanda and 
in 'iiGunza»and analyses made together witn the Counterpart 
on the actual needs of the Centre, we decided to base the 
course almost exclusively on practical training (70>* of 
the time) and the course was launched using materials 
salvaged here and there, viz. old burnt out motors, contactors, 
solenoid starters, timers, etc. Two simulation panels and 
two manual winding machines were made - utilizing whatever 
was available in the Centre for this purpose, like electrical 
machines and equipment still in working condition. These 
simulation panels were to be utilized for breakdown simu
lations, observation of electrical schemes and winding
exercises.
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a CT I v U I E d  AL-ijJ OUTPUT 

Training

The following Training Programme was formulated:

1. Introduction to ISaintenance
2. Understanding of Electrical Circuits
3. Electrical Machines Control
4. Methodology in .Vinding .jesign
5. Methodology in Localizing breakdowns
6. breakdown Simulations
7. Conversion of tecnnical features of motors
8. Conversion of technical features of electrical controls
9. Apparatus Control Testing
10. Electrical ¡Machine Testing

Haturally, a short propaedeutical course in basic subjects 
like mathematics, Electrotechnics and Electrical Measure
ments preceded the above-outl ned course.

The success of nine months of training is spelled out in 
the achievement of above pre-set objectives:
- the trainees have learned how to design simple electrical 

schemes of installations and winding schemes of mono-phase 
and tri-phase electrical motors;

- the trainees have learned how to interpret electrical 
schemes.

- four trainees have specialised in repairing electrical 
panels and in tne localization of breakdowns;
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- four trainees have learned basic apparatus control
testing and electrical machine testing; 

of the above- two / trainees received elementary lessons on conversion 
of technical features of motors and controls;

- four trainees have specialised in re-winding;
- two trainees attained sufficient general knowledge with 

aifficilty while t..o trainees v/ho showed an aptitude 
mechanics were transferred to another section.

All of the above trainees were given cross-training so that 
they could have basic knowledge of each other's specialization.

One of the most salient features of this "ad hoc" course 
was the imsaiate application of notions acquired in 
lectures/demonstrations as well as in "workshop" simulations 
in the normal operation of the Centre.

This training experience gave rise to the preparation of
a handbook namely, Course for specialised Electricians

C * 1in Jevelooing Countries. The two-track approach adopted 
(theory and practice) emphasizes the planning of workshop 
activities of trainees and the absolute necessity for the 
U.N. Expert to have immediately available - in loco - equip
ment and consumable material necessary for personnel training.

(.) See AlilffiX I
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Establishment of the Centre for maintenance and ueoairs

regarding the installation of the Centre, a well-defined
plan nas been formulated bearing in mind the actual conditions
and needs of the country, The lay-ou1s*oi tnis project has been
approved by the management of EMIW and this plan gave rise
to a detailed list of machines, instruments and consumable
materials (about 25»000 dollars worth), The relative purchase
order was sent to UR IDO in Vienna during the first decade of
December 1981. To-date we have received varnish for motors,
namely: 300 litres varnish (oven drying type)

30 " " (air drying type)
100 " thinner
200 " cnemical varnish remover from ournt-out motors

In the meantime, we started to gather used materials locally
and this way we were able to salvage: 1 megaohmetre, 1 multi-
metre, a revolution indicator and some workbenches. 3ut to get
our plans going, we had to have basic instruments and consumable
materials to work with, with the agreement of R/R LSr. G. Asplund,
these were purchased and air-shipped directly from Rome (value:
Ü.S.„2,300). The snipment arrived witnin a month after purchase
order was made, and it consisted of:
instruments; 2 Universal Testers (multimètres)

1 Portable Amperometre (clip-on)A.C. 300A 
1 Portable Earth Resistance Tester 
1 Manual ¿peed Counter

consumable materials :
lo Electrical outlets Ill-Phase with base for fuses 20A 
16 Plugs for above outlets 
50 Puses for above bases 20A

(.) See AiüïEC II



- o -

5 Eases 11-Phase for fuses, i«iO type 
41 Puses for above bases 25a
 ̂ h h n n 2

a11 purchase documentation will duly oe sent to Uu'IiiC.

In any case, this embryonic electrical section (while waiting 
for the rest of the material in Vienna) has begun to operaxe 
satisfactorily and has been able to give some tecnnical 
assistance to the Centre itself :
- installment of an earthing system (accident prevention)
- partial revision of machine and equipment controls 

(whenever possible considering the scarcity of materials)
- rewinding of motors

Consequently, the number of breakdowns at the Centre itself 
has significantly gone down. It must be emphasized, however, 
that the complete revision of electrical installations of 
the Centre will be viable only when the materials ordered 
will nave arrived.

Assistance to factories operating in the Industrial Area 
of Luanda
Technical service has been given to the following:
1. a /ILA - Electric Caole factory in Viana
2. CO.vaL - Paint factory in Luanda
3. lAnfUL - fluorescent Lamp frame factory in suanda 
4» f.5-PaL - furniture factory in ^uanda
5. ¿«ia- - Industrial fakery in ^uanda



- 7 -

6. - Paint factory in Luanda
7. -jI.aUTü - oecreteria do xhtado
8. M. V-njLi»TE - furniture factory
9. xi.r. do Ax.GwLa - Ondulated Carton factory

10. C.2.E.L. - iiew Milk Processing Plant in Luanda

Technical assistance given to the above-mentioned firms 
consisted of localization of breakdowns and relevant repair. 
Moreover, advice was given to these firms on ordinary maintenance 
leaving behind guidlines and lists of basic spare parts, 
assistance given to C.E.E.L.(Milk Factory) was a little different. 
In addition to the monitoring of tne performance tests» 
t this factory is a E*A*0. project, result )
a complete preventive maintenance programme has been drawn up.
This programme could very well be used as a benchmark for 
computerized maintenance in tne future (tne Use of a micro
computer in this case)•

Assistance given to other firms was resolved in short visits 
because breakdowns were quite simple and evident (e.g. short 
circuits and burned fuses) but which could not be localised 
and taicen care of by the factories themselves. 3ut even in 
these cases, advice was given on the organization of maintenance 
hopefully to make them understand that some basic "scheduling" 
could be done by tnemselves. ..¿any simple breakdowns could 
be avoided if regular inspection of "strategic" parts were done.



in many of tlie firms visited, the following situations 
were observed!
- the majority of the breackdowns are localized in electrical

parts of the machinery ( 60 — 70 )
- tampering of contactors, relay, fuses etc.* in electrical 

panels of the machines.Consequentely a lot of electrical 
motors, without protection, burn-out.

- lack of cleaning of contactors and relay causes bad control 
of the machines with consequence of breackdowns and produ
ction stoppages

- electrical installations were insufficient and obsolete
- insufficient earthing system
- miscalculated transformer room with resulting black-outs
- missing documentation on existing equipment, machines, etc.
- no warehousing system for spare parts
- inadequate scholastic preparation of personnel
- inadequate understanding of the role of maintenance
- non-observance of work accident prevention measurer 
The above spells out the complexity of the problems to be 
solved* Any attempt to improve the situation should take 
into consideration the utmost importance of the human ele
ment: Both scholastic and technical preparation should be 
upgraded* The training course given to electricians at the 
Centre should at least partly be extended to factory per
sonnel by means of elementary guidelines ( leave-behinds) 
to be followed by seminars in the future.' This again leads 
to the conclusion that basic training of personnel comes 
first and that any and all didactic materials should be 
ready in situ by the time the trainer arrives.
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Training:

Training Programme as described under a CTIVIliad has Deen 
implemented. Trainees can now answer service calls witn 
sufficient autonomy. Experience gained in this area nas 
been reflected in a handoook: Course for specialised Elec
tricians in sevelosing Countries . This handbook could very 
well be utilised as a oenchmark for other projects in similar 
situations.

Estaolishment of maintenance and .ceoair Centre

..hen the rest of the materials arrive, the Centre will oe aole
to:

- produce daily 3 motors, average power 3~4 kw
- produce weekly one motor, 10“15 kw
- re-structure daily one control panel witn aoout 

6 contactors.

assistance to factories in tne manga Area and Outskirts

...ien the rest of the materials arrive,
- the mobile team will oe aole to control and certify the 

earthing system of one firm on a daily basis;
- tne ms bile team will be able to re-structure tne earthing 

system of a small/nedium factory on a weekly basis;
- technical department will be aole to draft elementary 

programming of maintenance of Electrical farts of small 
factories m d  reoare relative List of spare farts needed. 
Tnis could De done on a monthly oasis.
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- the mobile team will able to give tecimical assistance 
upon request of factories in and around Luanda, This 
assistance will consist of localization of breakdowns 
and relevant repairs, briefing on basic norms on preven
tive maintenance.

F IndlhCo

The launching of the project itself was delayed due to the 
lack of materials. The inadequate scholastic preparation 
of local personnel had to be compensated with propaedeutical 
courses. The lack of "a sense of care" for things in general, 
whicn was a tremendous obstacle, was surmounted - thanks to 
the willingness and tne ductility of tne trainees.

лЕС ulfiLIEhihil I OiiS

1. emphasize in existing courses for Electricians in local 
Professional Schools the following topics:
- Test and jesign of Earthing bystem
- design and Construction of Electrical Control Panels .

2. Organization of a series of seminars on a national 
level involving decision-makers in the field of maintenance 
as part of an awareness campaign on the role of preventive 
maintenance in cost-effective operations.

3. Organization of trainees for the formation of Experts 
capable oi designing electrical installations.
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4. Introduction of a ¡¿icro-Computer
witnin tne Centre for Keeping under constant control
breakdown and repair situations of factories assisted by 
the Centre.

5. Rüstructuring oftne existing distribution system of electrical 
energy in small and medium industries to avoid breakdowns 
and production stoppages caused by frequent black-outs.





COURô  EQR uFECI^LIdED SLECT'RIClAiiS 

Iii DEVELOPIiG COUNTRIES

LiTxvJDUCTIOH

Tills manual which deals with both theory and practice is 
the logical result of a singular experience, i.e. the in
stallation of a Service Centre for maintenance and repair 
of electrical material and training of personnel that would 
for service teams to factories assisted by said Centre.
Didactic and installation material was practically inexis— 
tent at the Centre, a condition that significantly delayed 
the launching of the project. It was therefore necessary 
to construct two consoles for exercises and simulation, 
and two manual winders. Also, to better familiarize perso
nnel in the localization of breakdowns in control circuits, 
a series of breakdowns simulations was inserted in this 
training programme, ouch simulations were done using both 
assembled circuits on the training consoles and the control 
circuits of machines installed at the Centre. Prom the very 
start, personnel was involved in didactic activities, in 
installation workshops within the Centre and, last but not 
least, in education toward an awareness of the philosophy 
and practice of maintenance ... an attitude thafconsoli- 
dstsd" in the actual servicing of factories that needed 
assistance.
This manual will constantly reflect the two-pronged appro
ach used! theory and practice effectively supported by the 
possibility of utilizing within the Centre theoretical 
notions and practical knowledge learned on daily basis.
The singularity of this approach is precisely in the appli
cation of notions acquired in lectures/demonstrations as 
well as in "workshop" simulations in the normal operation 
of the Centre. In this context personnel training is part 
and parcel of the total activities of the Centre.
One of major problems encountered since the very beginning 
of this experience was the lack of material to work with. 
Although a problem. ;ommon to all developing countries, this 
problem was compounded in Angola due to recent historical 
events. It was extremely difficult — if not at times impos
sible - just to go ahead with the simplest tasks for lack
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of material ( from testers all the way down to screws! )
It is therefore imperative that any programme/project 
aimed at being developed in similar conditions be started 
with all the basic materials all ready on hand. This easy 
availability will not only help the expert and the counter
part to efficiently work together with no time wastage but 
will also help insure the project cost-effective.
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draining Programme

Tile entire course will require 24 weeks articulated in 
thjjee 8-week stages, Tlie first stage is purely propaedeu
tical while the second and the third stages are geared for 
specialization:
— Specialization in electro-mechanical constuction (winder?))
— Specialization in electrical installation (machine com,* Is) 
Each stage will terminate with a series of " examinations*
to ascertain degree of learning of trainees,

Princinsi Tooicss

Propaedeutical:
- Mathematics
- Electro-technics
- Electrical measures

Specialization in winding
-  Electro-mechanical construction
- Maintenance
-  Work security measures
- Perforation and cutting-out of metal sheets 

Specialization in electrical installations
-  Electrical installations
-  Maintenance
- Work security measures
-  Perforation and cutting-out of metal sheets

Each tonic will be articulated in three Phases?
- Theory
- Graphic and numeral excercises
- Laboratory and workshop

The coure? will require six hours daily
- 2 hours for theory
- 2 hours for excercises
- 2 hours for workshop
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PRIUCIPkL TOPICS О? PIRaT ¿1A££ - PRQPiUlJigUllCAL

I.IJathematics
- the four operations
- prime numbers
- rational numbers
- fractions, proper and improper fractions
— mi л л тттптп common multiple
— mmrimnm СОШШОП divisor
— decimal system
- square root, exponents
- multiples and sub-multiples of unit
- basic trigonometrical expressions
— theory of Pitagora
— orincipal geometric figures

Ifrunerical excercises
— addition an<a subtraction of whole and decimal numbers
— multiplication of whole and decimal numbers
- division of whole and decimal numbers
— calculation of series of prime numbers up to 1,000
— multiplication of a number by a sum
—  multiplication and division of fractions
- calculation of the c.num. of two or more numbers
- addition and subtraction of fractions
- calculation of copper conductor section from the diameter
— calculation of copper conductor diameter from section

didactic material ( class of 16 trainees )
- 1 blackboard,64 notebooks,16chairdesks, chalk etc.
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II» Electro-technicst
- what is electricity?
- electrical circuits
- elements of electrical cicuits
- conductor and insulating materials
- tension and current
- units of tension and current
- conductor resistence
- temperature influence
- Ohm's law
- serial and parallel connections
- energy and power
- thermal effect
- chemical effect
- electro-static effect
- magnetic effect
- electro-dynamic action between currents
- A»C. circuits, reactor, condensator, impedance
- three-phases circuits
- delta-star connections
- A»C. power
- reactive power
- magnetic circuits

Numerical excercises ( 2 hrs. each )
- a circuit is struck by constant current of 8 A 

for 4 hrs» Calculate the quantity of electricity 
flow»

- a completely discharged accumulator has furnished 
a constant current of 2A by 20h»Calculate its 
capacity in 4h

- indicate the difference between f.e.m», tension 
and d.d.p», visualizing such difference by drawing 
a circuit that includes both generetor and utilizer

- a copper conductor is 350 metre long and has a dia
mètre d *3mm. Calculate the resistence
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— a platinum wire having the resistence of 30 XL at 
20 C is heated up to 250 °C.
Calculate its resistence at this elevated temperature

— a 12Y battery having an internal resistence of 0*14 Xl 
is connected with a resistence of 6.8 iL 
Calculate the current and the d.d.p. at the termi
nals of the resistence.

— calculate the resistence of a series of 3 resistences 
having the following values: R^ = Sil» 6Í2, R^-* 2.5-^

— calculate the resistence of 3 resistances the values 
of which are the same as those of the preceding exc.

— three resistences which values are R^s 3ü, R g ” 2 Ü  
R^ - 7 -2- are connected parallel-wise and serial-wise 
to other two resistences which values are R^- 6 SL 
R2 * 3-611 .
ii/hat is the total resistence?

—  calculate the resistence of a water-heater that has 
to heat 100 litres of water from 25cC to 80*0 in
4 hours by a tension of 220V.

— three condenses• 6, 10 and 15uF are connected in serie» 
.What is the total capacity?

— the same conderses mentioned above are placed parallel—  
wise» what is the total capacity?

— an inductance of 0.032H, with a resistence of 16 SL 
connected in serie, is fed with a tension of 110V 
50Hz. >Vhat is the current and phase displacement?

— calculate the power and the inductive reactance of 
a coil with an ohmic resistence of 300 ¿2. which when 
fed with 220V, 50Hz absorbs 0.5A?

— calculate the current in a condenser of 15uJ? fed 
with tension 80V, 50kHz.

Lab. excercises ( 6 hours each ) 4-mentber groups
1 Assemblage of a oolete circuit: generetor, switches, 

instruments for measurement and utilizers.
L/iaterials: — three 1.5v batteriesp- conductors with 1mm terminals

— set of terminals
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- one key-switch
- 3 "mignon" bulb, sockets
- 3 bulbs from 1.5v and 0.5w

Equipment: - vertical panel
- standard set electrical equipment
- 2 universal electric testers

2. oerial and parallel connection of resistences
Materials: - set of electronic type of resistors

- set of terminals, about 4m of wire
- tin

Equipment: - vertical panel
- one pistol-type solderer
- two universal testers

3» Eyamination of Ohm's law
Materials: —  3 batteries ( 1.5 V )p- conductors with 1 mm section

- variable resistor
- one key-switch

Equipment: - vertical panel
- 2 universal testers

4. Examination of thermal effect of current
Materials: — 6 batteries ( 1.5 V )

- 1 "mignon” bulb socket
- 1 bulb 1.5v 2w 2- 4 metres conductor 1mm
- set of terminals

Equipment: - vertical panel
- 2 universal testers
- 1 termometre

5. Examination of magnetic effect of electrical current
Materials: - 2 tubes of presspah ( insulation )

of different diametres ( 20mm - 40mm )
- 40 m copper wire 0.25mm
- 6 batteries 1,5 V
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SCHEDULE
First stage - Propaedeutical

THmft Mon Tue «ed Timr Fri Sat

8 - 9 Mat Mat Mat Mat Mat Mat

9 - 1 0 El. Tech. Meas El.Tech. Meas El.Tech. Meas

10 -  12
Num.Ex.

Mat

Num. Ex. 

El.Tech.

Num. Ex. 

Meas

NuraEx.

Mat

Num. Ex. 

El.Tech.

Num. Ex. 

Meas

14 -  16
wrkshp.

El.Tech.

wrkshp.

Meas

wrkshp.

El.Tech.

wrkshp.

Meas

wrk.shp.

El.Tech.

wrk.shp.

Meas

Mathematics :
- 6 x 8 - 48 hrs of Theory
- 4 x 8 = 32 hrs of Numerical excercises

Electro-technics:
- 3 x 8 = 24 hrs of Theory
- 4 x 8 =32 hrs of Numerical excercises
-  6 x 8 = 48 hrs of laboratory

Electrical measures:
- 3 x 8 = 24 hrs of Theory
- 4 x 8 5 32 hrs of Numerical excercises
- 6 x 8 = 48 hrs of Laboratory

Personnel:
- 1 Instructor
- 2 Assistents
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Equipment: — vertical panel
- standard equipment for electricians
- 2 testers

6, ETarrlnation of electro-mechanical action, between 
currents
The same materials and eauicment of above experiment

7. E-rami nation of an A»C» circuit
Materials: - 2 condensers ( 150uF )

- variable rbeo state ( 0 - 1000 SL )
- 2 inductances ( 0.L5H )

p- conductors ( 1mm )
- set of terminals 

Equipment: - vertical panel
- monophase VARIAC ( 0 - 120 V )
- 2 ampermetres
- 2 voltmètres
- 2 monophase switches

8 . E-rami nation of Delta-dtar connections
Materials: - 3 bulb sockets

- 3 bulbs 125 V 60 wp- conductors l*5mm
- set of terminals
- varius materials of insulation 

• - vertical panel
- three-phase VArtlAG ( 0 - 124 V )
- 3 ampermetres
- 3 voltmètres

Equipment



Ill, Electrical measures:
- units of measurement - multiples and submultiples
- errors in measurement , precision classes measurement 

of voltage and current
- description and insertion in a circuit of votmetres 

and ampermetres
- measurement of resistence, ohmmetre
- Wheatstone bridge
- measurement of insulation resistence
- description of megaOhmmetre
« measurement of earth, rsistence
- description of earthsresistence-metre 
» measurement of power in D,C.
- measurement of impedence
- measurement of power in A.C. monophase
- measurement of power in A»C, three phase
- measurement of electrical, energy

Numerical ezcercises:
numerical ezcercises will be drawn from data processing 
yielded from laboratory activities, For every 6 hours 
measurement ezcercises, 4 hours will be set aside for 
data processing.

Laborarory ezcercisesa 3-member groups
1. Rating of a voltmètre with a stardard instrument 

Equipment and materials:
- vertical panel
- monophase variac
- voltmètre A.C» 150 v class 0,2
- voltmètre A.C 150 V class 1.5
- conductors with terminals
- design materials ( graph-paper, 

pencils, erasers, l,e. basic set 
for drawing )

- poket electronic calculator
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2, Measurement of current and voltage with a tester 
Equipment and materials:

- vertical panel
- 6 batteries Cl»5 V )
- 2 variable rheostates (0 — 1001L)
- some resisters electronic type
- 2 testers
- 1 monophase VARIAC
- conductors with, terminals

3*. Measurement of resistence and -power in E.C. 
Equipment and materials:

- vertical panel
- ampermetre D*C* 10 A
- voltmexre D.C. 30 V
- resistence 5 , 20 w
- 8 batteries C 1»5 V >
- conductors with terminals
- basic set for design

4. Measurement of resistence with .Vheatstone bridge 
Equipment and materials:

- vertical panel
- 3 cases of resistors ( dec. type )
- 1 resistence
- 1 accumulator 12 V
- 1 key switch.
- 1 galvanometre
- conductors and terminals

5. Measurement of insulation resistence of an 
electrical machine
Equipment and materials:

- stardard equipment for electricians
- mega-ohmetre
- set of screw holts and nuts



6. Measurement of earth, resistance 
Equipment and materials:

— standard equipment for electricians
— complete equipment for earth, measu

rement C with, all the accessories 
commercially available )

— metric band ( 20 m  )

Measurement of power active» reactive and apparent
Equipment and materials:

— vertical panel
— wattmetre 300/5
— ampermetre 10 A
— voltmètre 300 V
— monphase VARIAC
— Impedance
— conductors,, terminals, design mat*

8* Measurement of active power in threephase system 
Equipment and materials:

— vertical panel
— 2 wattmetres 30Q/5
— 3 ampermetres 10 A
— 2 voltmètres 300 V
— threephase VAftlAC
— threephase impedance
— conductors, terminals, design mat.
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SCHEDULE
Second stage - Special, in electrical installations

Time Mon Tue Wed Thnr Pri Sat

8 - 1 0 E le c tr .

In sta ll-

E le c tr . 

In s ta ll.

E le c tr .

M a in t.

E lectr.

M aint.

W ork

A cc id

P rev

P e rfo r .

C u t-u p
S hee t

10 - 12
G ra p h ic
E x e rc is e s

in s ta ll .

G ra p h ic
E x e rc is e s

In s ta ll -

G raphic
Exerc ises

In s t a l l -

W orkshop

E le c t r .

M aint

W orkshop

W .A .P .

E x e r c .

n

14 - 16
W o rk

S hop

In s ta ll -

W ork

Shop

in s ta ll .

W ork 

S hop  

I n s t a l l .

Work shop

E le c tr . 
M a in t .

W orkshop

W .A .P .

E x e rc -

II

Elctrical installations
- 4 x 8 = 32 hrs of
- 6 x 8 = 48 hrs of Work Shop
- 6 x 8 = 48 hrs of Graphic exc.

Electrical Maintenanee
- 4 x 8=3 2  hrs of Theory
- 6 x 8 =48 hrs of W.Shop and Graph, exc.

Work accident Prevencion
- 2 x 8 = 16 hrs of Theory
- 4 x 8 = 32 hrs of Work shop

Perforation/Cutting-sheets
- 6 x 8 = 48 hrs of Graphic exc. and tf.shop

Personnel*
- 1 Instructor
- 2 Assistents
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I. ElecxricqX installation
- graphic symbols
- property of materials
- metallic alloys
- conducting materials
- handling and preparation of materials
- identification of conductors
- capacity of conductors
- terminals
- soldering
- basic installations in L.V*
- standard on L.V. installations
- incandescent bulbs
- fluorescent bulbs
- mercury dscharge lamps
- L*V* switches» commutators etc*
- installation of signal devices

Graphic and numerical excercices: 
will be drawn from data processing and on the design 
of electrical schemes. For every 8 hours electrical 
instaliations work shop excercice, 8 hours will be set 
aside for drawing and data processing*

i/ork shop excercises: 2-member groups
1. ¿ingle control light installation 

Equipment and materials:
- vertical oanel
- standard equipment for electricians
- bulbs C 60 w 125 V )
- damp sockets
- bipolar switch
- metric band
- rigid wire conductor ( 1*5 mm )
- insulating tape
- clip-on ampermetre



2. xnstailation of a single control electric li,rirt 
of two parallel bulbs
Equipment and materials:

- vertical panel
- standard equipment for electricians
- bulbs C 60 w 125 V )
- lamp sockets
- bipolar switch.es
- metric band o- rigid wire conductor ( 1.5 mm )
- insulating tape
- clip-on ampermetre

3. Tristanation of double control electrical light 
Equipment and materials:

- vertical panel
- standard equipment for electricians
- bulbs ( 60 w 125 V )
- lamp sockets
- 2 switches commutator
- metric band
- rigid wire conductor ( 1.5 mm )
- insulating tape
- tester and clip-on ampermetre

4. Installation of single warning alarm 
Equipment and materials:

- vertical
- equipment for electricians
- trasformer 15 VA 125/24 V
- various tyoes of signal alarm

p- rigid wire conductor 1.5 mm
- insulating tape
- push botton
- tester
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5. Installation a-f electrical light with relay commutator 
Equipment and materials:

- vertical panel
- solderer
- bulbs ( Ô0 w 125 V )
- sockets
- relay commutator
- Dush buttons 2- rigid wire 1.5 nm
- tin, soldering paste, sundry consumable 

materials
- tester

6. Installation of electrical light with relay commutator 
fnom three remote controls
Equipment and materials:

same of above experiment
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II. Electrical maintenance ( applicable to all specials. )
— general concepts of maintenance
— ideal operating conditions of electr. installations
— organized maintenance
— personnel organization and preparation
— periodic inspection of electr. installations
— considerations on maintenance planning
— accident prevention norms
— preventive maintenance of electrical motors
— preventive maintenance of electrical equipment
— norms of localization of electrical "breakdowns
—  localization of breakdowns in machines
— localization of breakdowns in distribution systems
— defective electrical panels
— test of electrical materials
— norms for hand-over of new spare partes

4-member groups
Practice on work shop and graphic excercices ( 16 hrs each )
1. .Design of preventive ma-iTitpnange plan of tri-Phase 

electrical motor
Equipment and materials:

— basic set for designers, graphs paper 
etc.

2. Design of preventive maintenance plan of tri-phase 
electrical transformer
Equipment and materials:

—  the same of above excercise

3. Design of preventive maintenance Plan of motor 
control ( tri-ohase L.V. )
Equipment and materials: 

- see above
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III* Work accident prevention C applicable to all specials.)
- incorrect use of utensils
- use of difective utensils
- use of electrical utensils without adequate 

protection
- correct use of electrical utensils
- norms of accident prevention
- norms of electrical accident prevention
- first aid - first aid kit
- artificial respiration

Work shop excerciees ( practice ) 8 hours each
1* Inspection of workers outfits ( coveralls, shoes, ebfcc )
2. Inspection placement/attitude of utensils
3. Excereiaes on first aid basic like: medical 

tampans on simulated wounds, tourniquet, etc.
4. Excerciaes on reviving patient soffering electric 

shock, handling of patient until professional 
hospital aid arrives etc. ( simulated )
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17o Perforation and, cntting-out of Metal sheets 16 hrs eaah. 
C applicable to a n  special-i?.q-hi,Qn^ ) 1—member groups

1* Piling excercxses and design, of piece to filed 
Equipment «afi materials:

— piece of steel ( 100 z 100 x 20 mm )
— bench with vice 
• set of files
— list C carpenter's )
— mitre square ( 90® )
—  calibre
— tecnical compass ( for thickness, 

diametre, etc* }
—  basic set for drawing

2. Threading and drawing of piece to be threaded 
Equipment and materials:

—  piece of steel ( 5 0 x 5 0 x 1 2 a m )
—  fitting bench
— vertical drill
—  set of twist drills
—  set of bolts for threading
—  calibre
— basic set for drawing

;. Sheet •perforation and drawing of a panel 
Equipment and materials:

—  fitting bench
—  vertical drill
—  set of twist drills
—  set of bolts for threading
—  calibre
—  list
—  basic set far drawing
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SCHEDULE
•Second stage — Special, in winding motors

T im e M o n l u e W ed ’ÏÏhrgr» F r i S a t

0
 

H1co C o n s tr . C onstr. E le c tr . E le c tr . W ork

A c c id .

P re v .

P e rfo r .

E l. M ech. E l. M ech. M a in t. M aint
C u ttin g

Graphic G ra ph ic G ra ph ic E x e rc is e W .A .P . it

E x e rc is e E x e rc is e E x e rc is e E x e rc is e
1 0 - 1 2

E l. M ech. El. M ech. El. M ech. E le c tr.
n il

C o n s tr . C o n s tr . C o nstr. Momt

Work W ork Work Work W .A .P .

14  -  1 6
S h op S h o p Shop S hop E x e rc is e tl
E l. Mech E l.  M ech. E l.M e ch  . Elec • ||
C o n str. C o n s tr . C o n s tr . M aint.

Electro-mechanical constructions 
- 4 x 8  =32 lira of theory
- 6 x 8 =48 hrs of work shop 
- 6 x 8  = 48 hrs of graphic excercises

Electrical maintenance
-  4 x 8 =32 hrs of theory
- 6 x 8 : 4 8  hrs cf Itf* shop and graph, exc.

Work accident prevention
- 2 x 8 = 16 hrs of theory
- 4 x 8 =32 hrs of work shop

Perforation/ cutting-sheets
- 6 x 8=48 hrs of graphic exc. and «V.shop

Personnels
- 1 Instructor
- 2 Assistants
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K.IIiCIPAL TOPICS OF oECO&P ¿TAGS 
dPEClALl442I0H IS WliiDlilG AHD REWHDIHG LiOTQRS

I . Elect-rn-mechaiLical con struction s
— electrical units of measure
— conducting and insulating materials
— magnetic circuits of electrical machines
— elementary calculation for winding of transformer
— B „ it n h monophase motor
— № » n u n  triphase motor
— fundamentals of winding of D*C. motors
—  relationship between velocity and frequency
— measuring and testing equipment used by winders
— overview of mechanical parts of an electrical motor
— winding of a monophase transformer ( scheme }
— winding of a triphase transformer ( scheme )
— winding of a monophase motor ( scheme )
— winding of a triphase motor ( scheme )
—  winding of a H.C, motor C scheme )
— insulating varnishes and other insulating materials

Graphic and numerical excercises 
The 48 hours set aside for this course will he dedica
ted to the graphic elaboration of winding schemes to 
be carried out in the work. shop.

Work shop excercises; 12 hours each 2-member groups
1. Winding of an electro-magnet coil 

Equipment and materials;
- vertical panel
- marmfll winder
- enameled copoer wire
- various insulating materials ( paper, 

pressphan,sterling tube, insulating tape )
- glue, thinner, varnish, sand paper
- tester and calibre
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II# Electrical maintenance ( applicable eo all specials# )
— general concents of maintenance
— ideal operating conditions of electr. installations
— organized maintenance
— personnel organisation ana preparation
— periodic inspection of electr# installations
—  considerations on maintenance planning
— accident provencion norms
—  preventive maintenance of electrical notorc
—  preventive maintenance of electrical equipment
— norms of localisation of electrical breakdowns
— localization of tore all dorms in macliincs
— localisation of breakdowns in distribution systems
— defective electrical panels
— test of electrical materials
— norms for hand-over of new spare partes

4-member groups
Practice on work shop and graphic encercices ( 16 hrs each ) 
1# Design of preventive mrintenant  of tri—Phase

electrical motor 
Equipment and materials!

- basic set for designers, graphs paper 
etc#

2# Design of Preventive maintenance plan of tri—^hase 
electrical transformer 
Equipment and materials!

-  the sano of above escereice

3# Design of preventivo maintenance clan of motor 
control ( tri-ohase L#V# )
Equipment and materials!

- see abovo
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2. .Vinding of a monophase transformer 
Equipment and materials:

- winding bench
- manual winder
- enameled copper wire
- various insulating materials
- pistol type solderer
- soldering tin
- drying oven
- laminated magnetic core ( 200 — 500 VA )
- tester* clip-on ampermetre

3* ff-inding of a threenhase transformer 
Equipment and materials:

- the same of above excercise and
- a laminated triphase magnetic core 

C 600 - 1200 VA )

4. Unloaded test of a monophase transformer 
Equipment and materials:

- vertical panel
- monophase Y4RIAC
- ampermetre
- voltmetre
- wattmetre
- monophase transformer ( 200 - 500 VA }
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III. ..orl: accidc.it -prevention C applicable to all specials.)
- incorrect use of utensils
- use of difective utensils
- uco of electrical utensils vatliout adequate 

protection
- correct use of electrical utensils
• norvns of accident prevention
- norms of electrical accident prevention
- first aid — first aid ¿it
- artificial respiration

»iork shop encercisos C practice ) 3 hours each
1. Inspection of workers outfits ( coveralls* shoes* etc ) 
2* Inspection placenent/attitude of utensils
3. Excercioes on first aid basic like: medical 

tampons on simulated wounds* tourniquet* etc.
• Szcerciseb on reviving patient saffering electric 

shock, handling of patient until professional 
hospital aid arrives etc. C simulated )

4
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IV. Per for dfcion and CUttilL-'T-OUt of cetal sheets 16 iirs each 
( applicable to all specializations ) 1-member groups

1* TMling ercsrcisnn design of piece to filed 
Equipment and materials s

- piece of steel ( ICO n ICO z 20 na )
- bench cith vice
- sot of files
- list ( carpenter's )
• mitre square { 30° )
- calibre
- tecnical compass ( for thickness* 

diametre* etc* )
- basic set for drawing

2m Threading and drngrln^ of piece to be threaded 
Equipment and materials t

•  piece of steel ( 5 0  2 5 0 x 1 2 m m )
- fitting bench
- vertical drill
• set of twist drills
• set of bolts for threading
• calibre
- basic sot for drawing

3» Sheet perforation and drawing of a panel 
Equipment and materials*

• fitting bench
• vertical drill
• 3et of twist drills
• set of bolts for threading
- calibre
• li3t
- basic sot for drawing
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SCHEDULE
Third stage - Specialization in electrical installations

Tm e M o n l u e W ed T h u r
TTi--- >
J iT X S a t

cnlCO E lecTr. Electr. E le c tr . E le c t r . E le c tr. E le c tr.

In s ta ll . In s ta ll In s ta ll In s ta ll In s ta ll In s ta l l

9 - 1 0 S ch e m e s Schem es S ch e m e s Schem es S che m e s S ch e m e s

10  -  12
W orkshop W orkshop W orkshop W orkshop W orksho p W orkshop

14  -  16
Work W ork W ork W ork W ork Work

Shop Shop Shop Shop S hop S hop

Electrical installations
— 6 x 8  — 48 hrs of theory
- 6 x 8 = 48 hrs of design of schemes 
-24 x 8 = 192 hrs of work shop

Personnels
- 1 Instructor
- 2 Assistents
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Pr.InCIPAL TOPIC OF THIRD HIaGE 
SP7.GT ALT̂ AiglOii ID ELECTRICAL IHETillATiüHS

I. Electrical installations
- contactors
- contactors with, relay protection
- push-buttons
- guidelines for a control installation project
— power scheme
- control scheme
— performance scheme
— thermal protection of motors
— magnetic—thermal protection of motors
— motor controls
- different types of controls: delta-star starter, 

reversible, with two three velocities, etc. - as 
per list of oractical excercises

— motor control D.C.

Design of schemes anrf numerical excercises 
The 48 hours set aside for this course will be dedicate 
to design of electrical schemes following the technical 
norms of the installations to be carried out in the 192 
hours of work shop

Work shop excercises: 21 hours each 2-member groups 
1. Istallation of 3-ooint warning system with acnstic 

and light silanal3 
Equipment and materials:

- vertical panel
- set of tools for electricians
- panel with 3 push-buttons and 3-light 

signals
- 3 acustic signals
- 3 double push-buttons
- 1 50 VA 220/24 V transformer
- tester
- rigid copper wire 1mm , ( red, green,yelow )
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2. Tnat&nat.ion of warning system with liinianus numbers 
on. indicator panel
Equipment, and materials:

- vertical panel
- set Qf utensils for electricians
- panel with. 3 luminous numbers with. 

respective resetting push-buttons
- 3 push-buttons
- 1 50 VA 220/24 V transformer
- tester 2- rigid copper wire 1 mm in various 

colours
- sundry consumable materials

3. lat.i on of -power supoly system 
Equipment and .'Materials:

- vertical panel
- set of tools
- solderer
- 3 metallic shunt boxes
- 3 four-holed C with neutral )

industrial outlet ( 16A )
-  1 switch tri-oolar C 50 A ) 2-  tri-phase cable ( with neutral ) 6mm , 

2,5 mm2
- sundry consumable material

4* Installation of control of a tri—Phase motor 
Equipment and materials:

- vertical panel
- set o.f tools
- fuse base C tri-phase )
- thermal relay
- double push-buttons set
-  warning lights C green and red )
- box for terminals 2- tri-phase flexible cable 2.5 mm
- rigid cable 1 mm2 of different
- tri-phase motor and sundry material
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5. Teleinvert er with push-button controlled 
inversion and, signal light 
Equipment and materials:

— vertical panel
— tools
— terminal box, base for triphase fuses
— 2 contactors 15 A
— 1 termal relay
— 2 signal lamps
— set of 3 push-buttons2 2— flexible cable 4 mm , rigid cable 1 cun
— terminals
— sundry material
— 1 motor tri-phase
— tester and clip-on ampermetre

6* Teleinvert cj with thermal relay with, indirect 
reversing gaar and automatic limit stop 
Equipment and materials:

— vertical panel
— set of tools, solderer
— 1 relay inverter, 2 contactors 15 A
— 1 thermal relay, 2 limit switches
— 1 triphase fusebase with fuses 25 A
— Z signal light C green, red )
— 3 push-buttons
— 1 fusebase with fuse 2 A
— 1 tri-phase motor
— tester and clip-on ampermetre

7. Teleinverter with thermal relay for maximum current 
direct reversing gear and relay timer 
Equipment and materials:

— vertical panel, set of tools
— 2 contactors 25 A or alternatively 

a contactor with reversing gear and 
mechanical stop

— thermal relay, timer relay



— triphase fuse—base with fuses 25 A
— fuse-base with, fuse 2 A
— green, and red lamps
— set of three push-buttons

2 2— flexible cable 4 mm , rigid cable 1 mm
— testing motor, tes-ter, clip-on amp*
— sundry material

8* Automatic delta-atar starter 
Equipment and materials:

— Vertical panel, set of tools
—  3 contactors 25 A
— 1 thermal relay , 1  timer relay
— triphase fuse-base with fuses 25 A
—  2 lamps C green and red )

2 2— flexible wire 4 mm , rigid wire 1 mm
— 2 push-buttons, fuse-base with fuse 2 A
— testing motor, tester, clip—on amp.
— sundry material

9, Automatic delta-star starter with reversing device 
Equipment and materials:

— vertical panel, set of tools
—  4 contactors 25 A
—  1 thermal relay, 1 timer relay
— 1 triphase fuse-base with fuses 25 A
— 2 lights, 3 push-buttons, 1 fuse-base 2A

2 2— flexible cable 4 mm , rigid cable 1 mm
— testing motor
—  tester
— clip-on ampermetre
— set of terminals
— various consumable materials



oCnE.JuIiE
Third stage — Specialisation, in winding motors

-  4 3  -

Time Mon Tue Wed 'I’t llW Pri Eat

8 - 9 El.
M ech.
C o n s tru c t

• n tl II It

9 - IQ Schem es n n n H II

1 0 - 1 2
W orkshop

I t 1» n II 19

Workshop

14 - 16 t l n It II It

Electro-mechanical constructions
- 6 i 8 = 48 hrs of theory
- 6 x 8=48 hrs of design of schemes 
—24 x 8 = 192 hrs of wort shop

Personnels
- 1 Instructor
- 2 Assistents
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PRINCIPAL TOPIC 02 THIRD STAGE 
SPECIALIZATION Ili .'/INDING AiiD REWINDING MOTOBS

I* Elect-ro-mechanicai constructions
- two speed winding
- phase connections
- delta-star connections
- conversion of technical features of a triphase 

transformer
-  conversion of technical features of a three-phase 

motor
- twa strata winding
- reverse winding
- universal motor ( some aspects )
- useful charts
- transformer tests
- D.C. motor tests
- A»C. motor tests

Design of schemes and numerical excercises 
The 48 hours set aside for this topic will he distri- 
hnited as follows:
— calculations of cable sections and of the number of 

turns of electric coils.
— design of electrical winding schemes for motors 

to be winded or rewinded according to excercises 
difined below.

Work shop excercises: 24 hours each 2-member groups 
1, Reg»ia-p maintenanna and disassembly of an electrical 

motor
Equipement and materials:

— work-bench with vice
— grease, oil detergent
— set of electrical and mechanical tools
— packing/jointing material
— various consumable materials
— bench for tests and measurements with 

voltmetres, ampermetres, variac etc.
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2. Statoric winding of an induction motor with the 
following characteristics:

slots K -"12
poles 2p - 2  ̂ Imbricated type )
phases a = 3
coils B -* K 
and materials:

- workbench.
- Tnrnigi or electric winder
- enameled copper wire
- various insulating material
- air-drying varnish
- solaerer
- motor stator with 12 slots 1 HP
- various consumable material

3. Statoric winding of an inductionmotor with the 
following characteristics:
Number of slots 1L »12
Humber of poles 2p = 2 ( type )
number of ohases a -* 3Vnumber of coils B - 77 
Equipment and materials:

- same as in number 2

Number of 
Number of 
Number of 
Number of 
Equipment

( Concentric type )

4-, Statoric winding of an inHiiotin motor with the 
following characteristics:
Number of slots K *  24 
Number of poles 2p * 4 
Number of phases q 28 3 
Equipment and materials:

—  same as in number 2 with 24-slots 
motor 1.5 HP

5. Statoric winding of a monoohase motor with the 
following characteristics:
.'finding starter with condenser 
Number of slots K**24 
Number of poles 2p - 4



Number of phases a =1 
Equipment and materials:

- the same as in number 2 with 
a 24 slots motor, a condenser, a 
centrifugal or thermic switch.

6* Inductor winding of a IUC» motor with 4 principal 
and 4 auxiliaries poles 
Equipment and materials:

- the same as in number 2 with
test bench equipped with instruments 
h.C. and IUC* motor stator 2 HP

7* Inducted winding of a motor« having as inductor
the one described in number 6 above 
Equipment and materials:

- the same as in number 2 with
test bench equipped with instruments 
B.C. and motor rotary 2 HP

8. No-load test of a three-phase motor as in number 2 
Equipment and materials:

- test bench with tri-phase variac,
- 3 ampermetre 10 A
- 2 woltmetre 300 V
- 2 wattmetre 10 A 300 V c 0*3
- 1 stroboscope 2- cables with terminals 4 mm
- set for drawing
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mechanics - 6 electrical installers)

mlHaiLd aWD £*UXPM2i'iT

2 classrooms - approx. 5m x 7m
2 teacher's desxs -
2 2 blackboards - approx 1x3m
16 student desks witn incorporated chairs 
2 laboratory premises - approx 6x6 vo
Jiaactic material (graph paper, pens, noteoooks, pencils,

colored chalk, rulers, squares, etc.)
1 principal electric panel
4 section electric panels
2 closets for .Hardware and instruments
2 closets for electrical material and motors
2 vertical panels for 4 groups of tralnnes 
1 portable voltage supply
1 coil winding machine (electric)
2 coil winding machine (manual)
8 soldering guns
3 ¿older bath, electric
1 oven for drying motors 100x1,00m
2 micrometres
lo sets for electricians including:
lo combination oliers witn pipe grip, side cutters, and

2 joint cutters; polished nead ana ?'/C insulated handle 
160mm long;

lo diagonal cutting pliers - suitaole for cutting hard wire, 
rvC insulated 160mm long;

lo flat-nosed oliers witn serrsteu jaw, n/C insulated 
160mm long

lo round-nosed oliers - non-cutting type, PvC insulated 
loOmn long

/
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List of .Materials, equipment, etc. page 2

16 wire-striooing oliers, standard model with aajustaole 
screw for different size 150mm length for dill. sizes 
150mm length

lo long chain-nosed pliers witn serrated jaws, bent 45 degrees 
of approx 75mm length

16 crimping set complete with pliers and assortment of 
"cinping-on" terminals of various shapes

2 eyelet closing pliers, set comprising of hand-type
pliers with eyelet formers for brass eyelet of 2,3*4,5, 
0,7,8 mm dia. complete witn 15uO brass eyelet

2 pioe cutter witn one fast cutting wheel and two 
rollers to cut from 10 to 50mm dia.

16 adjustable spanners - standard model witn. 15 degree angle, 
span u., to ___________

6 ooen-ended spanners, metri double-ended type chromo 
vanadium set, 12 spanners from 6-32mm

16 Unman»s mallet , box wood witn wooden handle, 
approx dia. 75nua

4 Gun-type Fitters 
6 multimetres
8 amperometres (clip-on type A.C.)
9 Portable voltmetres
6 Current Transformers 5/30/100/200 
2 Phase indicators 
4 Portable Power Metres
2 Portable Power Metres with low tanks
4 Portaole ,/heatstone bridge
4 Temperature Testers
2 Portable Lartn resistance Testers
2 " Insulation Testers
1 naterton snort circuit tester
2 portable electric drills
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16 
32 
32 
16 
100 

300m 
3o0m 
5 jOm 
50 
450 
2

0 ull JO l>irt -.1 ufi it. n  l n n lA J j

motor Control cv;itch (3x15a )
Contactors three-phase (coil 24V) 15a 

ii H H H n 25A

Thermal relays 0-30A
Terminal strips

2Tlexibla caole 4x4 nn
2" " 1x4 mm

2 2Cable Terminals from 1.0 mm to 10 mm
three-phase fuse oases (20A-30A)
fuses for above ba,ses (10-20-30 a )
rolls of enameled wire for wigging d = 0.15
II II II ti tl it II II 0.20
n It II n 11 » II II 0.25
II II II n II it II II 0.30
II II II n II ii II II 0.40
II II II it II ii II II 0.50
II II II ii II ti II II 0.60
II II II ii II ii II II 0.30
II II II ii It n II ft 1.00
II II II IV II ii II II 1.20

laminated paper (3341000x1000mm) 
copper sheet (lxlOOOxlOOOmm)

ulot insulation material 
2 xg. nesin Core colder
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Consumable Material - page 2

1 kg. soldering pot
100 pieces cotton tape
50 pcs. cotton tape
Assortment of insulation sleeving set
50 litres of varnish oven-drying type for electric motor 
50 litres of varnish air-drying type for electric motor 
60 Plugs 3anana type 
60 Crocodile Clips 
60 Connectors ¿hoe Type 

8 transformers 50 YA 125/24 Y 
24 push-buttons C set of two buttons )
24 push-buttons C set of three buttons )
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| \ I  PHASE

\_J I I  PHASE  
A Store
CWM Coil Winding Machine 
RW  Rewinding Bench 
V Varnishing 
GS Guillotine Shear 
DU: Double Wrouting Machine 
CS Cutting Shear 
F: Oven
S Dismounting Bench 
CR.Coil Remouving Apparatus 
T Tank Por Remouving Burnt 
M: Bench
C'Centraf Bench 
BLS: Bench Lever Shear 
D.Measuring Bench 
VSU:Voltage Supply Unit.
PTU: Portable Jest Unit.
PVU: Portable Voltage Unit. 
BM.Balancing Machine 
H: Plata form For Apparatus 
TS: Plata form For Tmsformers 
P:Pillar Drilling Machine 
E:Double Ended Grinding Machine

•:with tools to execute cur ves, bending bars, to 
bore holes e tc ...

»<N «M# I 1 * *« i d f  V, r«a*
E.M.I.N.IUANt»A ANUOLA1 6 éi

I
/tore. 
V- .

«•Ml*

1100 ELECTRICAL: SECT ION

“ L A Y  OUT "EM P O T  07





í

aGÌ’IVIIIììò
b; .7ork shop exercises
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WGiJî.X-i'j A C T  XX.-i.-iik}
b)Co:itrol яnri measurement of electrical panels

L



AòTXV X T A
c ) Repair oí' eiectricai machinery

. « A  mê-#-



i/C.ui.XuG' A \ J  i! -L V X I

d.) Repair of electrical panels

A



i

i<Ü;Ui.Xxiu aC^X*Xxí.̂j«S
e) Installation of electrical motors

J




