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INTRODUCTION

In tae waxe of the Independence w»ar and still suffering

from the .deep-rooted affects of colonialism, angola

nzs found itself overwhelmed by economic and social up-
nezvals. In tne industrial sector, these problems have

veen reflected in the total shut-down of factories, loss

of machineries and documentation, destruction of existing
equipment and tite lack of managerial and tec:inical
personnel - including skilled workers. This personnel

vacuum - Zore unique tnaa rsre - is the result of years of

tne "Portuguese only" policy waica made skilled work within
reach only of the ‘ortuguese pooulation in iLuanda and other
major cities ian angola. Perhens the skilled persomnel problem
has been and will be for a long time yet tahe major problem

to be solved ia the reconstruction of Angola. while mscainery,
equioment 2nd even services can easily be got from donors or
brougat from foreign companies, the training of loc2l personnel
who will be managing the country's resources will take more
time. In fact tnis w=s tiae first ooservation made shortly
after arrival in Luanda. Ia light of this existing local
vhenomenon, the cain objectives of tne project hed to

be reviewed and urgency was given to persoanel training.

Originally, the main objectives were laid down in tnis order:

- to nelp the local Government to establish a section for electrical

maintenance and repair witain the Service Cermtre for Repair and Maintenance;

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

- to train personnel.
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work was 10 be started according t0 tne scheme ouclined
above. Instead, we deemed it aore logical, after coansultz-
tions witu the Team Leader and tae Counterpart, to screen,
recruit ané train personnel - since this was definitely
tie more urgent need of the Centre. It was extreamely
difficult to find prospective irainees witi adeguate
oackground (average literacy level: 5th grade elementary).
This proolem was compounded by the fzct that the ainimum
inaispensable didazctic material for personnel training

was practically ineristent. Iaspite of these ditficulties,
a group of 14 workers was selected and a 43-week course
was organised. Taking into considerztion observations

made at some existing professional schools in Luanda and
in 'JGunzasand analyses made together witn the Counterpart
on the actual needs of the Cenire, we decided to base the
course almost exclusively ou praciical training (70;. of
the time) and the course was launched using materials
salvaged here and there, viz. 0ld burnt out motors, contactors,
solenoid starters, timers, etc. Iwo simulation panels and
two manual winding machines were made - utilizing whatever
was available in tne Centre for this ourpose, like electrical
maenines and equipment still in working condition. These
simulation panels were to be utilized for breakdown simm-
lations, observation of electrical schemes and winding

exercises.




fraining

The following Training FProgramme was formulz ted:

1.
2.
3.
4.
5
6.
Te
8.
9.

Iatroduct.on to Lizintenance

Understanding of zZlectriczl Circuits

Zlectrical iachines Control

metnodology in Jinding wesign

liethodology in iLocalizing Breakdowns

Breakdown Simulations

Conversion of tecanical features of motors

Conversion of technical features of electrical controls

Apparatus Control Tect.ng

10. Electrical ilachine lezting

Naturally, a short propaedeutical course in basic subjects

like iizthematics, Electrotechnics and Electrical iieasure-

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

the trainees have learned how to interoret electrical
scheames.

four trainees have specizlised in revairiag electrical

panels aad in tne localization of breakdowns;




-~ four trainees have learned basic apparatus coatrol
testiing and electrical machine testings;
of the above .
- two / trainees received elementary lessons on coaversioa
of tecuniczl features of motors and contrals; N
- four trainees have svecialised in re-winding;
- two trainees attained sufficient general xknowledge with

difficulty while t.0 trainees who showed an aptitude

mechanics were transferred to another sectiun.

All of the above trainees were given cross-training so that

they could have basic kanowledge of each other's specizlization.

One of the most salient features of this "ad hoe" courcse
was the ip2diate 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 svecialised Electricians

in Jeveloning Countrie;:)The two=-track approach adopted

(theory and oractice) emdhasizes the planning of workshoo
activities of trainees and the absolute necessity for the ~
U.¥. Expert to have immediately available - in loco - equip-

ment and consumable material necessary for personnel trainiag.

(o) See ANNEX I
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sstablisnment of tae Cenire for wsintensnce znd iepzirs

<egarcing tae installation of the CUentre, a well-defined

2lan nas been Iormul:sted bearing ia zind the actual conditlons
and needs 9of the couniry. Iae lay-oué'gr t01ls project nzs pbeen
approved by the mz=nagexzent of EMIN and this »lan gave rise

to a detailed list of machines, instrumenis and consumzble
materials (sbout 25,000 dollars worth). ‘he relztive purchase
order was sent to UsIDO in vVienna during the first decade of
December 1981. To-date we have received varnisa for motors,

namely: 300 litres varnish (coven drying type)

30 » " (air drying tyve)
100 " taninner
20 " caemical varnish remover from ournt-out motors

In the meantime, we started to gzather used materials locally

and tais way we were able to salvage: 1 megaonmeire, 1 multi-
metre, 2 revolutivn indicator and some workbenches. 3ut to get
our plans going, we had to have basic instruments and consumable
materials to work with. Wwith the agreement of R/R Lr. Ge. astlund,
these were purchased and air-shipped directly from wome (value:
Ue3ew2,300)., The saipment arrived witnin a month after purchase
order was made, and it consisted of:

instruments: 2 Universal Testers (multimetres)
1 Portable Asperometre (clip-on)i.C. 300A
1l rortable fartn iesistance Tester
1l ilanual Speed Counter

consume=ble m:iterials:
lo LElectrical outlets III-rhase with base for fuses 20A
16 Plugs for awobove outlets

50 ruses for above bases 204

(o) See ANEX I




5 onases II-rhase for fuses, uhC type

41 ruses for above bases 25a
9 " " n ] 2 :,‘

all purchzse documentaztion will culy oe seat to UulIdC.

In any caese, this embryonic electrical seciion (wnile waiting
for the rest of the material iu vienna) has begun to operaie
satisfzctorily and nas been able to give some tecanical

assistance t0 the Centre itself:

- installment of an earthing system (accideant prevention)
- pertial revision of macaine and equipment controls
(whenever possible considering the scarcity of materials)

- rewiading of wmotors

Consequently, the aumber of breakdowns at the Centre itself
has significaantly gone down. It must be emphasized, however,
that the coamplete revisioa of electrical installations of
tize Centre will be viable only when the materials ordered

will fbave arrived.

assistznce to sactories uperating in ihe Industrial area

of Luanda

Techniczl sService has beeu given to the following:
ie AVILA ~ Electric Caonle ractory ia Viana

2. Cuusau - raint Factory ia suanda

3¢ lawrUL - Jluoresceat Lamp Jrame factory in Luanda
4. Fadal - Fuarniture rfactory in luanda

5¢ Zura. = Industrial JzKery in Luanda




0. Juovunadle - Paint ractory in Luenda

Te. uluallU - secreteria do wstado

8. ile V.LBalE - Furaniture Factory

9e¢ aefe GO AuGula - Undulated Carton Factory

10. C.EsE.L. -~ iHew llilk Processing Plant in Luanda

Tecinical assistaace given tu the above-mentioned firms

consisted of localization of breakdowns and relevant repair.
lioreover, zdvice was given to these firms on crdinary mzintenance
leaving behind guidlines and lists of basic spare parts.
aSsistance given to C.E.E.L.(ililx Pactory) was a little different.
In adaition to the monitoring of tae performznce testsy

¢ this factory is a Fe.de0. Droject result )

a coaplete vreveative maintenance vrogramme has been drawn upe.
This programme could very well be used as a beachmark for
computerized maintenance in tne future (tae use of a micro-

coamputer in tnis case).

Assistance given to otiher firms wzs resolved in short visits
because bresakdowns were guite simple and evident (e.g. short
circuits 2nd burned fuses) but whica could not be localised

and takean care of by the fzctories tanemselves. Sut even in
these cases, advice was given oa the organization oI mzintenance
hovefully to make thea understand that some basic "scheduling”
could be done by itanemselves. .aly simple breakdowns could

be avoiced if reguler insosection of "strategic" parts were done.
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in many 0f the firms visited, the following situations

were observed:

- the majority of the breackdowns are localized in elecirical
varts of the machinery ( 80 - 70 % )

- tampering of contactors, relay, fuses etc. in electrical
vanels of the machines.Consequentely az lot of electrical
motors, without proteection, burn-—out.

- lack of cleaning of contactors and relay causes bad control
of the machines with consequence of breackdowns and vrodu~
¢tion stoopages

- 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 prevaretion of personnel

- inadequate understanding of the role of maintenance

- non=ohservance o0f work accident prevention measures

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: 3oth 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 ( lsave-behinds)

to be followed by seminars in tle future. This again leads

to the conclusion that basic training of personnel comes

first and that any and all didactic materials should he
ready in situ by the time the trainer arrives.
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Iraining

Traiaing Programme as descrioced under A~CrIVITILS has opeen
implemented. Irainees ¢can now answer service calls witn
sufficient autonomy. zZxperience gained in this area nsas

been reflected ia a handbook: Course for .uvecialised Zlee-—-

tricians in _eveloosing couutries . lunis handbook could very

well be utilized as a oeachazrk for other projects in siailzr

situztions.

sstablisnment of wcinteaance ang .enalr cCentre

snen the rest of the materials arrive, the Centre will pbe aole

- prcduce daily 3 aotors, average povier 374 Kw
- vroduce weeLly one aotor, 1lO0~15 xw
- re=structure daily one control nanel witnh aoout

o coantactors.

assistance_to_szctories ia tae Luands area =ag cutsxirts

i.en the rest of tne waterials arrive,

~ the mooile team will ve aolie to cuatrol znd certify tne
earvalng system of one firm oan « cailiy bzsis;

- the a.bile team will be avle 10 re-structure the earthing
sycten of a small/zecdium izctory on a weexkly vasis;

- tecanical depcrtment will be zole to draft elezentary
srogramming of maintenznce of Electrical rfarts or suall
Tactories .ona .revare relative List of woare 22ris needed.

Tnls could pe done on a nontnly ozsis.
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- the mobile team will able to give technicel zssistance
upon reguest of fuctories ia @nd around luanda. lhis
essistance will consist of loczlization of brezkdowns
and relevant repairs, briefing on basic norms on preven-

tive maintenznce.

FLuDLdGd

The launching of tne project itself was delayed due to the
lack of materials. The inadequate scholastic preparation

of local personnel had to be coampensated with »ropaedeutical
courses. The lack of "a sense of care" for things in general,
whicn was a tremendous obstacle, was surmounted - tnanks to

the willingness and tane ductility of tne irainees.

| €7}

ABCUMLENIAT TUN

l. cmphesize in existing courses for clectricians in local
frofessional sScnools the following topics:
- Test and wesign of Zarthing sSystem

- uesign and Construction of Zlectrical Control Panels .

2o Organization of a series of seminars on a national
level iavolviag decision-makers in the field of mzintenance
as part of an awareness campaizn on the role of preventive

maintenance in cost-:.ffective overations.

3. Organization of trainees for the formation of Experts

carzable o: designing electrical installations.




4. Introcuction of a ixicro-Coamputer
witnin tae cenire for keeping under constant control
breaikdown znd revair situztions of fzctories assisted by
the Centre.

5. Rustructuring of the existing aistribution system of electrical

energy in small and zedium industries to avoid breakdowns

and production stoppages caused by resquent black-outs.
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ANNEX 1

COUHSE FOR SFECIALISED ZLUCIRICIANS
IN DEVELOPING COUNTRIZES

IulacwUCTION

This manual which deals with both thecry 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 persconmel that would
for service teams to factories assisted by said Centre.

Didactic and installation material was practically inexisw-
tent at the Centre, a condition that significantly delayed
the launching of the project. It was therefore necessary

to0 construct two consoles for exercises and simulation,

and two manual winders. Also, to better familiarize verso-
nnel in the loaegliza&tion of breakdowns in control circuits,
a series of brezkdowns simulations was inserted in this
training programme. Such simulations were done using both
assembled circuits on the training consoles and the contr2>l
circuits of machines installed at the Centre. From the very
start, personnel was involved in didactic activities, in
installation workshops within the Centre and, last mmnt not
least, in education toward an awareness of the ohilosovohy
and practice of maintenance ... an attitudée that®consoli-
ds*2d™ in the actual servicing of factories that needed
assistance.

This manual will constantly reflect the two-nronged aporo-
ach used: theory and practice effectively suovorted by the
possibility of utilizing within the Centre theoretical
notions and practiczal knowledge learned on daily basis.

The singularity of this approach is orecisely in the aopli-
cation of notions accuired in lectures/demonstrations as
well as in "vorkshop" simulations in the normal oneration
of the Centre. In this coniext personnel training is part
and parcel of the total activities of the Centre.

One of major »roblems encountered since the very beginning
of this experience was the lack of material to work with.
Altiaough a oroblem. :ommon to all developing countries, this
oroblem was compounded in Angola due to recent historical
events. It was extremely difficult = if not at times impos-
sible - just to go ahead with §he simplest tasks ;or lack




of material ( from testers all the way down to screws! )

It is therefore imperative that any vrogramme/vnroject

aimed at being develoved in similar conditions be started
with all the basic materials all ready on hand. This easy
availability will not o.:ly help the expert and the counter-
part to efficiently work together with no time wastage but
will also help muire the praject cost-effective.




Training Programme

The entire course will require 24 weeks articulated in

thiee 8-week stages. Tue first stage is ourely oropaedeu-
tical while the second and the third stages are geared for
specialization:

- Specialization in electro-mechanical constuction (winders))
- Specialization in electrical installation (machine coni..ls)
Each stage will terminate with a series of ® examinations®™

to0 ascertain degree of learning of trainees.

Principal Tovics:

Propaedeutical:
‘- lkiathematics
- Electro-technics
- Electrical measures

Specialization in windiug

- Eleciro-mechanical construction

- Maintenance

- Work security measures

- Perforation and cutting-cut 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 ohases:

- Theory
= Graphic and numeral excercises
- Laboratory and workshop

The cource will require six hours daily

- 2 hours for theory
- 2 hours for excercises
~ 2 hours for workshop
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PRINCIZAL TOPICS OF FIasl STAGE — PROPASOEUTICAL

I.lathematics

- the four orerations

- prime numbers

- rational numbers

- fractions, prover and imorover fractions
- minimm common multionle

- maximum common divisor

— decimal system

- squere root, exponents

- miltinles and sub=-mltiples of unit
-~ basic trigonometrical expressions
— theory of Pitagora

- principal geometric figures

Numerical excercises

- addition and subtraction of whole and decimal numbers
- maltiplication of whole and decimgl numbers

- division of whole and decimal numbers

- calculation of series of prime numbers up to 1,000

- myltiplication of a nmumber by a sum

- miltiplication and division of fractioms

-~ calculation of the c.me.m. 0f two Or moOre numbers

- addition and subtraction of fractions

- caleculation of copper conductor section from the diameter
- calculation of copper conductor diameter from section

Oidactie meterial ( class of 16 trainees )
- 1 blackboard,64 notebooks,léchairdesks, chalk etc.




II. Electro-technics:
-~ what is electricity?
- electriczl circuits
- elements of electrical cicuits
- conductor and insulating materials

- tension and current

= units of tension and current

- conductor resistence

- temperature infliuence

-~ Chm’s law

= serial and parallel connectiors

- energy and vower

- tnermal effect

- chenical 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
flowe.

-~ a completely discharged accumulator has furnisred
a constant current of 2A by 20h.Calculate its
cavacity in aAh

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

-~ a conper conductor is 350 metre long and has a dia-
metre 4 =3mm, Calculate the resistence




- a platinum wire having the resistence of 30 &L at
20 C is heated up to 250 °C.
Calculate its resistence a2t tiais elevated temverature

— 2 12V battery having an internal resistence of 0.1l4 (L
is connected with a resistence of 6.8 il
Calculate the current and the d.d.p. at the terzi-
nals of the resistence.

- calculate the resistence of a series of 3 resistences
having the following values: R, =50, R,= 64, Ry= 2.5 5L

- calculate the resistence of 3 resistences the values
of which are the same acs those of the preceding exc.

- three resistences which values are R,= 34Q, R, = 2
R3=ﬂ7£l are connected parallel-wise znd serizl-wise
t0 other two resistences wnich values are Rl=-6.£L
% 3e6 3L &
what is the totzl resistence?

- calculate the resistence of a water-hneater that has
to heat 100 litres of water from 25°C to 80°C in
4 hours by a tension of 220V.

- three conderses: 6, 10 and 15uF are connected in serie,
Wwhat is the total capacity?

- the same conderses mentioned above are vlaced paralldl-
wise, what is the total capacity?

- an inductance of 0,032H, with a resistence of 16 £l

' connected in serie, is fed with a tension of 110V
50Hz. what is the current and phase displacement?

- calculate the vower and tae inductive reactance of
a coil with an ohric resistence of 300 L which when
fed with 220V, 50Hz avsorus 0.5A%?

- calculate the current in a condenser of 1l5uFf fed
with tension 80V, 50kHz.

Lab., excercises ( 6 hours each ) 4=-pember groups
1 Assemblage of a ~onlete circuit: generetor, switches,
instrumants for measurement and utilizers.
Yaterials: - three l.5v batteries
- conductors with lmm2 terminals
- set of terminals




- one kKey-switch
- 3 "mignon" bulb sockets
- 3 bulbs from l.5v and C.5w

Zguivment: - vertical panel
-~ standard set electrical ecquipment
- 2 universal electric testers

2. werial and varallel connection of resistences
Materials: - set of electronic tyve of resistors
- set of terminals, about 4m of wire

- tin

squipment: - vertical panel
- one pistol-type solderer
- two universazal testers

3. Examination of Ohm’s law

liaterials: -~ 3 batteries ( 1.5 V )
2

- conductors with 1 mm® section
- variable resistor
- one key-switch

uipment: - vertical panel

- 2 universal testers

o]
Na)

4., Examination of thermal effect of current

Laterials: = 6 batteries ( 1.5 V )

— 1 "mignon" bulb socket

- 1 bulb 1l.5v 2w

- 4 metres conductor lmm2

- set of terminals
Zquipment: - vertical panel

- 2 universal testers

- 1 teraometre

5. Zxamination of magnetic effect of electrical current
llaterials: - 2 tubes of pressvah ( insulation )
of different diametres ( 20mm - 40mm )

- 40 m coonper wire O.z25mm
- 6 batteries 1,5 V




SCHLDULE
First stage - Provaedeutical
Time Mon Tue Wed Thux Pri Sat
8 -9, Mat | Mat | Mat | Mat Mat | Mat
g - 10|/El.Tech] Meas |El.Tech., Meas |El.Tech.; Meas
Num. Ex.Num. Ex.|Num, Ex.|Num.E x.|Num.Ex.{Num.Ex
10 - 12
Mat |ElTech.| Mecs | Mat |ElTech.| Meas
wrkshp. |wrk.shp. |wrk.shp. lwrk.shp. jwrk.shp. lwrk.shp.
14 - 16
ElTech. | Meas |El.Tech.| Meas |El.Tech.| Meas
Mathemztics:
- 6 x 8248 hrs of Theory

-4 x8=32 hrs

of

Zlectro=technics:
- 3 x §=24 hrs of

- 4 x 8=32 hrs
- 6 x & =48 hrs

af
of

Electrical measures:

- 3 x 8224 hrs of
- 4 x 8 =32 hrs of
- 6 x 8 =48 hrs of

Personnel:
- 1 Instructor
- 2 Assistents

americal excercises

Theory

Bumerical excercises
Laboratory

Theory

Jumerical excercises
Laboratory




Equipment: = verticzl oanel
- standard equipment for electricians
- 2 testers

6. Lxamination of electro-mechanicel action between

currents
The same materials and equipment of above experiment

7. Examination of an A.C. circuit

Yaterials: - 2 condensers ( 150uf )
~ variable rheostate ( O - 1000 .Q )
- 2 inductances ( 0.L5H )
- conductors ( lmm® )
- set of terminals

Equipment: - vertical panel
- monophase VARIAC (0~-120V )
- 2 ampermetres
- 2 voltmetres

-~ 2 monovhase switches

8. Examination of Jelta-Star connections
liaterials: - 3 bulb sockets
- 3 bulbs 125 V €0 w
- conductors l.5mm2
- set of terminals
- varius materials of insulation
Equipment: - vertical panel
- three-phase VAXIAC ( O - 124 V )
- 3 ampermetres

- 3 voltmetres




I1I1. Electrical measures:

- units of measurement - multiples and submultiples

- errors in measurement, precision classes measuremnemt
of voltzge and current

- description and insertion in z circuit of votmetres
and ampermetres

- measurement of resistence, ohmmetre

- Wheatstone bridge

- measurement
- description
~ megsurement
- deseription
- measurement
- measurement
- measurement.
- measurement
- megsurexent

of
of
of
of
of
of
of
of
of

insulation resistence
megalOhmmetre

earth rsistence
earth-resistence-metre
power in D.C.

impedence

power in A.C. monophase
power in A.C. threephase
electrical energy

Numerical excercises:

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

Laborarory excercisess 3-member groups
l. iating of a voltmetre with a stardard instrument

Equipment and materials:

vertical panel

monophase variac

voltmetre A.C. 150 ¥ class 0.2
voltoetre A.C 150 V class 1.5
conductors with terminals
design materials ( graoh-vaper,
pencils, erasers, l.e. basic set
for drawing )

Doket electronie calculator




2., leasurement of current and voltaze with 3 tester
Zgquipment and materials:

- vertical »anel

- 6 batteries (1.5 V )

- 2 varizble rheostates (0 - 100.2)
- some resisters elecitronic tyve

- 2 testers

= 1 monophase VARIAC

- conductors with terminals

3. Measurement of resistence and power in D.C.
Equipment and materials:

- vertical vanel

- ampermetre De.Ce. 10 &4

- voltmetre D.Ce 30 V

- resistence 5 , 20 w

- 8 batteries ( 1.5 V ,

- conductors with terminals
- basic set for design

4. Measurement of resistence with Wheatstone bridge
Equipment and materials:
- vertical panel

- 3 cases of resistors ( dec. tyve )
= 1 resistence

- 1 accumulator 12 V

- 1 key switch

- 1 galvanomeire

= conductors and terminals

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

- stardard equinment for electricians
- mega-ohmetire
- set of serew bolts and nuts




6. Measurement of earth resistence
Equipment and materials:

- gtaadard ecuioment for electricians
- complete equipment for earth measu-
rement ( with all the aceessories

commercially available )
- metric band ( 20 m )

7. lieasurement of power active, reactive and sovnarent

Equipment and materiazls:
- verticel panel

- wattmetre 300/5

- aarermetre 10 A

- voltmetre 300 V

- monphase VARIAC

- Impedance

- conductors, terminals, design mat.

8. ilezsurement of active power in threephase system
Equipment and materials:
- vertical panel
- 2 wattmetres 300/5
- 3 gmpermetres 10 A
- 2 voltmetres 300 V
- threephase VARIAC
- threephase impedance
- conductors, terminels, design mat.




SCHEDULE
Second stage = Special. in electrical installations

Time Mon Tue Wed Thur | Fri Sat
8 Electr. Electr, Eiectr. Electr. Work Perfor._
-0 Ins tail Install Accid - Cut-up
(o S Maint Maint. Prev Sheet
Grophic | Graphic | Graphic |Workshop |Workshop
10 = 12 Exercises| Exercises|Exercises )
Install. Install. {install. |Electr. W.A.P.
Maint Exerc:.
Work Work Work Work shop (Workshop
14 - 16 Shop Shop Shop Ele;tr. W. A P "
Maint. Exerc.
Install. install. Instal’.

Elctrical installations
-4 x8=32 brs of
- 6 x 8=48 hrs of work Shop
- 6 x 8=48 hrs of Graphic exc.

Electrical Maintenance
- 4 x 8 =32 hrs of Theory
- 6 x 8 =48 hrs of W.Shop and Graph. exc.

work accident Prevencion
- 2 x 8=16 hrs af Theory
- 4 x 8 =32 hrs of vork shop

Perforation/Cutting-sheets
- 6 x 8=48 hrs af Graphic exec. and W.shop

Personnel:
- 1 Instructor
- 2 Assistents
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PoIHCI-AL TuliCS OF 3.CUML SiaAGn
SP2CIalleaTICd Ia ELLSCTuICAL JUSTALLATIONS

I. Zlectrical installation
- graphic symbols
- sroverity of materials
- metallic alloys
- conducting materials
- handling and preparation of materials
- identification of conductors
- cavacity 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 ngumerical excercices:

will be drawn from data processing and on the design
of electrical schemes. For every 8 hours electrical
installations work shop excercice, 8 hours will be set
aside for drawing and data processing.

fork shop excercises: 2-member groups
l. Single control light installation

guipment and materials:
- vertical vpanel
- standard equioment for electricians
- bulbs ( 60w 125 V )
- lamp sockets
- pipolar switch
- metric band
- rigid wire conductor ( 1.5 nm? )
- insulating tape

S
E

- clip=on ampermeire




———

- 27 =

2. iaStallation of a sinsle control electric liznt

of two vnarallel hulbs

Zquioment and

materials:
vertical vpanel

- vtandard ecuipment for electiricians

Julbs ( 60 w 125 V )

lamp sockets

binolar switches

metric band

rigid wire conductor ( 1.5 rm? )
insulating tape

¢lip-on ampermetre

3. Installation of double control electrical light

Equipment and

materials:

vertical vpanel

standard equipment for electricians
bulbs ( 60 w 125 V )

lamp sockets

2 switches commutator

metric band

rigid wire conductor { 1.5 mm® )
insulating tape

+ester and clip-on amvermetre

4., Installation of single warning alarm

Equipment and

materials:

vertical

equipment for electricians
trasformer 15 VA 125/24 V
various types of signal alarm
rigid wire conductor 1.5 mm?
insulating tape

push botton

tester




————

5. Installation of electrical light with relay commutator

Louipzent and

materials:

vertical panel
sclderer
bulbs ( 60w 125 V )
sockets

relay commutator
oush buttons

rigid wire 1.5 mm?
tin, soldering vaste, sundry consumable
materials

tester

6. Installation of electrical light with relay commutator

from three remote controls

Equipment and

materialss

same of above experiment




II. Electrical maintenance ( apolicable to all specialz. )
- general concepts of maintenarnce
— ideal overating 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
- oreventive maintenance of electrical equipment
- norms of laocalization of electrical breakdowns
- localization of breakdowns in machines
- localization of bhreakdowns in distribution systems
- defective electirical panels
- test of electriczl materials
- norms for hand-over of new spare partes

4-pember groups
Practice on work shop and graphic excercices ( 16 hrs each )

1. Design of preventive maintenance plan of iri-bDhase
electrical motor
Equipment and materials:
- basic set for designers, graphs paper
etce.

2. Design of preventive maintenance plaa of tri-phase
electrical transformer
Equipment and materials:
- the same of abhove excercise

3. Design of vpreventive maintenance vlan of motor
control ( tri-ohase L.V. )

Equipment and materials:
- see above




I1I. vork accident prevention ( applicable to all specialz.)
- incorrect use of utensils
- use of difective uteasils
- 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

dork shop excercismes ( practice ) 8 hours each
1. Insvectian of workers outfits ( coveralls, shoes, dtec )
2. Inspectian placement/attitude of utensils
3. Excercises on first aid besic like: medical
tampons on simulated wounds, tourniguet, etc.
4. Excercises on reviving vatient saffering electric
shock, handling of patient until professienal
hospital aid arrives etc. ( simalated )




IV, Persor stion and cutting-out of metal sheets 16 hrs each
( applicable ta all specializations ) l-member groups

l. Filing excercises and design of viece to filed
Eqguipment and materials:
- piece of steel ( 100 x 100 x 20 mm )
- hench with vice
- gset of files
- list ( carpenter’s )
- mitre square ( 90°% )
- calibre
- tecnical compass ( for thickness,
diametre, ot2. )}
- basic set for drawing

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

~ piece aof steel ( 50 x 50 x 12 mm )
- fitting bench

- vertical drill

- get of twist drills

- set of bolts for threading

~ calibre

-~ basic set for drawing

3. Sheet perforation and drawing of a panel
Equipment and materialss
- fitting hench
- vertical drill
- set of twist drills
- get of bolts for threading
- calibre
- 1ist
-~ basic set for drawing




SCHEDULE
Second stage - Special. in winding motors

Time Mon Tue Wed Thux Fri Sat
Constr. Constr. Eiectr. Electr. Work Perfor,
8 - 10 s
ccid. :
. . Cutting
El. Mech. | El. Mech. | Maint. Maint Prev.

Graphic | Graphic | Graphic ! Exercise | W.A.P. "
Exercise | Exercise | Exercise E xercise

10 = 12
El.Mech. | El. Mech. | El. Mech. | Electr.

Constr. [Constr. Constr. Maint

Work Work Work Work W.A.P.
Shop Shop Shop Shop Excrcise

El.Mech | El.Mech. ! El.Mech .| Elec -
Constr, lConsfr. Constr. Maint,

14 - 16

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

Blectrical mmintenance
- 4 x 8 =32 hrs of theary
-~ 6 x 8=48 hrs of W, shop and graphe. exce.

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

Perforation/eutting-sheets
- 6 x 8§ =48 hra of graphic exc. and W.shop

Personnel:
= 1 Instructor
- 2 Assistents
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PINCIPAL TOPICS OF SECONHD STAGE
SPECIALIZATION IN WINDIUG AND REWIUDING LOTORS

I. Electro—-mechanical constructions
- electrical units of measure
- conducting and insulating materials
- magnetic circuits of eleztrical machines
- elementary calculation for winding of trensformer
- . o u » w monophase motor
- w » " " » triphase motor
- fundamentals of winding of D.C. motors
- relationshin 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 triprase transformer ( scheme )
a
a

- winding of a monovhase motor ( scheme )

- winding of a triphase motor ( scheme )

- winding of a2 D.Ce. motor ( scheme )

~ insulating warnishes and other insulating materials

Graphic and numerical excercises

The 48 hours set aside for this course will be dedica-
ted to the graphic elaboration of winding schemes +o
be carried out in the work shop.

Work shop excercises: 12 hours each 2-member groups
l. Winding of an electro-magnet coil
Equipment and materials:
= vertical panel
= manual winder
- enameled copver wire
- varicus insulating materials ( paper,
pressphan,sterling tube, insulating tape )

- glue, thinner, varnish, sand paver
- tester and calibre




II. Zleciricol =aintcacnee ( applicable 5@ 21l coecialze )
= ceaneral coacants of daintcnance
- ideal overating conditions of clectr. instcilatloas
- crzanized maiatenance
- persoanel orgznization a2nd drezaration
- periodie incpection of electr. iastallations
-~ considgrations on maintcanznce plaaning
- accident proveacioa norms
- vreventive maintenance of electrical notcrs
- proventive zaintenance of clectrical equinnent
- norms of localization of electrical brealkdowns
= loczlization of breakdowns in nachines
= locali.ation of urcakdowns in distribution systens
= Cefoctive electrical danels
= teot of electrical materials
= 20rms for hond-over 9f new soore narics
4-member groups
Practice on work chod zad ~raphic excercices ( 16 hrs each )
1. Jesi~n of sreventive oointenance dlan of tri=nhase
electrical zotor
Zouipnment gnd —aterialss
- baslc set for designers, grashs paper
ctce

2. Design of preveative maiatenonce nlon of 4ri-nhase

clectrical trancformeoy
Equipmeat and zaterialss

- the sano of above cxcercice

3s Degi of "reveative malate ce nlan of moto

control S tri="hase LeVe )

Zquinment and materialas
- Jee zboveo




|
W
in
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Z2e dinding of = monophage transformer
Zguipment and materials:
- winding bench
- manual winder

- enameled co»per wire

- various insulsting materials

- pistol tyvoe solderer

- soldering tin

- drying oven

~ laminated magnetic core ( 200 — 500 VA )
- tester, clip-on ampermetre

3, #inding of a threevhase transformer
Equipment and materials:
- the same of above excercise and
- a laminated triphase magnetic core
( 600 = 1200 VA )

4. Unloaded test of a2 monophase transformer

Equipment and materials:
- vertical pav.el
- monophase VARIAC
- ampermetre
~ voltmetre
- wattmetre
- monophase transformer ( 200 - 500 VA )




III. .orl ncciceat nrevention ( z:7liczole to =211 sneciclz.)
- incorrcct usc of utensils
- use of difesciive utensils
- usc of electrical utensils without adequate
nretection
- correct use of clectirical utensils
= n07r7s 0f 2ccident preveation
= norms of elcctrical accideat prevention
e 2irst aid = first aid xit
- artificial resviration

work chop exccrcises ( practice ) 8 hours eack
1. Iansooction of werkers outfits ( coveralls, shoes, aic )
2. Iasvcection placement/attitude of utensils
3. Excercises on firct aid bosie like: medical
tampons on simulated wounds, tourniguet, etc.
4. Excercises on reviving »atient soffering electric
shock, handline of patieant until srofessiaensl
hospitzl aid errives etc. ( simulated )




IV. Perfor ation and cuttinz—oug of metal sheglis 16 hrs each
( appliechle %o 211 svoecizlizations ) l-member groups

Zquipment and moterialss:

- piece of steel ( 100 x 160 x 20 o )

- dench with vice

- 3ot of files

- 1ist ( carpenter’s )

-~ mitre square ( 90° )

- calibre

- tecniczl compass ( for thickness,
diametre, ctce )

-~ basic set for drawiag

2e Ihreading ond drowing of dicee to he threaded
Equipnent and materialss

- plece of steel ( 50 = 50 x 12 mm )
= £itting bench

= vertical cdrill

= set of twist drills

= set of bolis for threading

- calibre

= basic sot for drawing

3¢ Sheet porforation and drawin~ of a2 vanel
Equipment and materialss

= fitting vench

~ vertical drilli

« 3¢t of twist drdills
= got of bolts for threading
= calibre

- 1list

~ basic set for drawing
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SCHEDULE
Third stage - Svecialization in electrical installations

Tme Mon Tue Wed Thux Fri Sat
8 - g |EBlectr. Electr. Electr. | Electr. Electr. Electr.
install. install Install Install lnstall Install

T S e SN [ S IS [ e T I T

9 = 10|Schemes|Schemes |Schemes [Schemes |Schemes [Schemes

10 - 12
Workshop!Workshop |Workshop |Workshop |Workshop (Workshop
Wark Work Work Work Work Work
14 - 16
Shop Shop Shop Shop Shop Shop

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

Personnel:
-« 1 Instructor
- 2 Assistents




PrINCIPAL TOPIC OF THIRD STAGE
SPZCIALISATION Ik ELECTHICAL IWSTALLATICAS

I. BElectrical installations
- ¢contactors

- contactors with relay v»rotection

- push-muttons

- guidelines for a control installation project

- power Scheme

- control scheme

- performance scheme

= thermal protection of motors

- magnetic—thermal orotection of motors

- motor controls

- different types of controls: delia-star starter, )
reversible, with {$wo three velocities, etc. - as
per list of oractical excercises

- motar control D.C.

Design of schemes and numerical excercises

The 48 hours set aside far 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 <Z-member groups
l. Istallation of 3-0oint warning systom with aeustic
and light signals
Equipment and materials:
- vertical panel
- set of tools for electricians
- panel with 3 puah-buttons and 3-light
signals
- 3 acustic signals
= 3 douhle nush-buttons
-1 50 VA 220/24 V¥ transformer
- tester
- rigid copper wire lmmz, ( red, green,yelow )




2. Installation of warning system with luminous numters
on_indicastor panel
Equipment and materials:
- vertiecal panel
- set aof utensils for electricians
- panel with 3 luminous mumbers with
respective resetting push-buttons
- 3 push-buttons
- 1 SO VA 220/24 V transformer
- tester
- rigid copper wire 1 mm° in various

colours
- sundry consumasble materials

3. Installation of power supoly system
Equipment and —aterials:
- vertical panel
- set of toals
- Solderer
- 3 metallic shunt boxes
- 3 four—-holed ( with neutral )
industrial outlet ( 16A )
- 1 switeh fri-polar ( 50 A )
— tri-phase cable ( with neutral ) 6mm?,
2,5 mn®
- sundry consumable material

4. Installation of control of a tri-nhase motor
Equipment and materials:
- vertical panel
- set of toola
- fuse base ( tri-phase )
- thermal relay
- double push-buttons set
- warning lights ( green and red )
- hox for terminals
- tri-phase flexible cable 2.5 mm
- rigid cable 1 mm? of different

- tri-phase motor and sundry material

2
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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 triohase fuses
- 2 contactors 15 A
- 1 termal relay
- 2 signal lamps
- set of 3 push-buttons
- flexihle cable 4 mm°, rigid cable 1 mm®
- terminals
- sundry material
= 1 motor itri-ohase
- tester and clip-on ampermetre

6. Teleinvert .r with thermal relay with indirect
reversing gear and autoratic limit stop
Equipment and materials:
- vertical n»anel
- set of tools, solderer
- 1 relay inverter, 2 contactors 15 A
-~ 1 thermal relay, 2 limit switches
-~ 1 triphase fusebase with fuses 25 A
- 2 signal light ( green, red )
- 3 push=butitons
- 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 &

- fuse~-base with fuse 2 A

- green and red lemps

- set of three push-buttons

- flexibl ceble 4 mmz, rigid cable 1 mm2
- testing motor, tester, clip-on amp,.

= sundry xaterial

8. Antomatic delta-atar starter
Equipment and materialss:

- Vertical panel, set of toals
= 3 contactors 25 A
- 1 thermal relay, 1 timer relay
- triphase fuse-base with fuses 25 A
— 2 lamps ( green and red )
- flexible wire 4 mz, rigid wire 1 m2
- 2 push-buttons, fuse-base with fuse 2 A
-~ testing motor, tester, clip-an amp.
- sundry material

9, Automstic delta-star starter with reversing deviee
Equipment and materials:
- vertical panel, set of tools
- 4 cantactors 25 A
-~ 1 thermal relay, 1 timer relay
-~ 1 triphase fuse-tase with fuses 25 A
- 2 lights, 3 push-buttons, 1 fuse-base 2A
- flexible cable 4 mm2, rigid cable 1 mm2
-~ testing motor
- tester
- ¢lip-on ampermetre
- set of terminals
- various consumable materials




SCEZIULE
ird stage - Specializztion in winding mctors

E

Time Mon Tue Wed Thur Fri Sat
- Construct]
9 — 1Q|Schemes n n n " "
Workshop
" n n n "
10 - 12
Workshop
14 - 16 " " " " i

Zlectro-mechanical constructions
- 6 x 8§=48 hrs of theory
- 6 x 8§=48 hrs of design of schemes
-24 x 8=192 hrs of work shopo

Personnel:
- 1 Instructor
- 2 Assistents




I.

PRINCIPAL TOPIC OF THIRD STAGE
SPECIALIZATION IN WJINDING AD nEYINDING MOTORS

Zlectro-mechanical constructions

- two speed winding

- phase connections

- delta-star connections

- canversion 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.Ce motor tests

- A.C. motor tests

Design of schemes and numerical excercises

The 48 hours set aside for this topic will be distri-

buited 2s follaws:

- 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
difired helowe.

Work shop excercises: 24 hours each 2=member groups
1. Regular maintenance 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, amvermetres, variac etec.




2. statoric winding of zn induction motor with the

followinz cheracteristics:
fumber of slots K 12
Jumber of poles 2p = 2
Number af vhases q =3
Number of coils 3B =K
Equipment and materials:

- workbench

- mnual or electric winder

- enameled coover wire

- various insulating material

- air-drying varnish

( Imbricated type )

- solderer
- motor stator with 12 slots 1 HP
- various consumable meterial

3. Statoric winding of an inductionmotor with the
following characteristies:
Number of slots K =12
Jumber of vpoles 2p =2
number of vhases q = 3
number of coils B :%

Equipment and materials:

- same as in number 2

( Imbricated type )

4, Statoric winding of an inductin motor with the
following characteristics:
iumber of slots K =24
Number of poles 2p = 4
Number of phases q = 3
Equipment and materials:

-~ Same as in number 2 with 24-slots
motor 1.5 HP

( Concentric tyve )

5. Statoric winding of a monoohase motor with the
following characteristics:
Jinding starter with condenser
Number of slots K=24
Number of ooles 2p = 4




Number of phases ¢=1
Zquioment 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 D.C, motor with 4 orincipal
and 4 auxiliaries poles
Equioment and materials:
- the same as in number 2 with
test bench equipped with instruments
D.C. and D.C. motor stator 2 HP

7. Inducted winding of a D.C. motor, heving as inductor
the one described in number 6 zhove

Equipment and materials:
-~ the same as in mumber 2 with
test beneh equipped with instruments
D.C. and motar rotary 2 HP

8+ No-load test of a three-~phase motor as in number 2
Equipment and materials:
- test bench with tri-ohase variac,
-~ 3 ampermetre 10 A
~ 2 voltmetre 300 V
~ 2 wattmetre 10 A 300V e 0.3
- 1 strobosecope
~ cables with terminals 4 mm®
- set for drawing
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LIST OF dnifnlabd, LwbIZomil ady ioadUnlidG IooTiUMENTS

Fun A 5Ia=<ONTH ClUnod rur 16 BLsCI.ICIAdS (3 electro-

mechznics - 8 electrical inctallers)

FabiIobs allD 2(UIPMSNT

2 classrooms - approx. 5Sa x Tm
2 teacher’'s desks -
2 blackbvards -~ avprox 1x3im
1o student desks wito inccrporated chairs
2 laboratory premises - approx 6xo -m

Jidaectic material (graph paper, pens, noteoooks, pencils,
colored cualk, rulers, squares, e3C.)

principal electric panel

section electric panels

closets for nardware aad instruments

closets for electrical material and motors

vertical panels far 4 groups of trainnes

portable voltage surply

coil winding machine (electric)

coil winding machine (manual)

soldering guns

oolder bata, electric
oven for drying motors LO0x100m
micrometres

H NN W oo DD R

b sets for electricians including:
combination pliers wita oipe grip, side cutters, und
2 joint cutters; polished aead znd ?YC insulzted hazndle

(]
(o]

160mm long;

lo diagonal cutting pliers - suitaole for cutting bard wire,
+¥C insulated 160mm loag;

lo flat-nosed oliers wita serrstea jaw, 1 vC insuiated

160ma long
lo round-nocsed vliers - non-cutting tyoe, PvC insulated

loOma long

o/c
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List of iloterisls, equioment, etc. page 2
16 wire~-strisoings sliers, cstaana2rd model witi adjustaole

screw Ior aiifereat size 150ma length for diif. sizes
150aa length

lo long chnain-nosed vliers wiitn serrzted jaws, bent 45 degrees
of approx 75mm length

1o crimoping set coaplete witih pliers amnd asscriment of

Peimping-on® terminals of various sih.pes

2 eyelet closing pliers, set comorising of hand-type
pliers with eyelat iformers for brass eyelet of 2,3,4,5,
©s7,8 am dia. complete witn 1500 brass eyelet

2 pive cutter witn one fust cutting wheel and two
rollers to cut from 10 1o S50mm dqis.

16 adjustable spanners - standard model witn 15 degree angle,

Span u, to

3 oven-ended spanners, metri double-ended type chromo

vanadium set, 12 spanners ireom 6-32mm

16 Tinman's mallet , box wood witn wooden handle,

approx dia. 75mm

>

Gun-type Fitters

[mltimetres

amperometres (clip-on type A.C.)
Portable voltmetres

Current Transformers 5/30/100/200
rhase indicators

Portanle Power lUetres

[ACTEEEE © T \S T o ANV O RN 0 ¢ BN @ 0]

Portable Power lietres witih low tanks

.

rortavle sheatstone JSridge

Temperatiure lesters

N S

Portable Zartn nesistznce Testers

[x®)

" Insul -tion Testers

Mterton Saort circuit tester |
portable eleciric drills
|
|

N




Culiobuinidus wnlosalal

16 liotor Control sSwiten (3x15a)

32 contactors three-phase (coil 24V) 15a

3 2 " 1] 1] [1] n 25 A
16 Tnermal relays 0=30A

100 Perminal strips

300m rlexibla caole 4x4 mm2

3ulm " " 1x4 mm2

2 2

500m Cable Teraminzls from 1.0 ma~ to 10 mm
50 three-phase fuse ozses (204-304)

450 fuses for above bases (10-20-30 a)

2 rolls of enameled wire ior winding d = 0.15
" " " " " " " " 0.20
. now mooow non0.25
n " n " " " " w9, 30
0 " " " " " " "o 0.40
" " n " " " " " 0.50
" mooowo noooow " 0.5V
" " " " " " " noeo0,30
" " " " " " " nr 1,00
" " " " " " " non 1,20
5 n° laminated paper (3x1000x1000ma)

2 n° copper shecet (1x1000x1000mm)

olot insulation mz=terial

2 ¥g. aesin core solder




Consumcble kzterizl - page 2

1 kg. soldaering pot

100 pizces cotton tape

50 ncs. cotton tape

Assortment of insulation sleeving set

50 litres of varnish oven-drying tyve for electric motor
50 litres of varnish air-drying type for electric motor
60 Plugs 3anana type

60 Crocodile Clips

60 Connectors sShoe Tyve
8 transformers 50 VA 125/24 V

24 push-buttons ( set of two buttons )
24 push-buttons ( set of three buttons )
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APPARATUS

1RASFORMER"

MOTCRS

ANREX - 1

I PHASE
=

| IIPHASE

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:Jank For Remouving Burnt
M:Bench

C'Central Bench

BLS: Bench Lever Shear
D:Measuring Bench
VSU:Voltage Supply Unit.
PTU:Portable Tesf Unit.
FVU: Portable Voltage Unit.
BM:Balancing Mact.ine

H: Plataform For Arparatus

I S:Plataform FFor Trasformers
P:Pillar Drilling Machine
E:Double Ended Grinding Machine

.with tools to execute curves,bending bars, to

bore holes etfc.. .

Pete Feams ‘»,"-T,-utv "TI "~ E,M.,.N-

.v:::: 13; o /\4.“,: [‘, ot ..'/u/ﬂ LUANTIA  ANGOLS
» Savitie

N ELECTRICAL-SECTION |swsmsieroe

1100 tone=s: Do ®-
LAY OUT EMP 01-07
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a) Theory and numerical excerclses
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b) Jork shop excercises
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WOHL G aCTIVIZIES

a) Coatrol and measurement of electrical machinery
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c) nevair oif electrical machinery
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d) Repair of electrical panels
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e) Installaticn of electrical motors
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