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3TAGE II DAY 1
THZ BAZAK DOWN OF MATTER

If we take a drop of water and divide it into two,divide ome of the resultant
two drops into two again and repeat this process thousands of times ve would
still have a minute particle which still retains the chemical characteristic

of water, Howvewver sub = division of this minute particle will eventually result
in a particle sc small that any sub = division will cause it to lose it's
chemical characteristic of water. This last droplet of WATER is termed a
MCLECULE.

If it was possibls to visually examine this water molecule it would be seen to
exist of theee particles closely bomded together. The two smaller of these
vould be identified as ATOMS of Hydrogem and the third larger one would be an
ATOM of Oxygen.

WHEN ONE ATOM OF OXYGEN COMBINES WITH TAC ATOMS OF HYDROGEN THE RESULT IS 4
MOLECULZ QF WATER.

o]
4"/
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Other materials are made up of differing types and numbers of atoms e.g.

A cellnlose molscule (vood) consists carbon,hydrogen and oxyger atomse
The human body consists of a total of 15 atoms in it's atructure.

Thereis a total of approximately 100 different atoms,which are also known as
elements, and all materials are made up of different combinations of atoms tc
form molecules of the materialse

A closer examinaticn of the Hydrogem atom would show it to look like the
following illustratiche - o

ORBITING
PATH .

It can be observed to be like a sun with one planet spinning round it at an
unbelievable speed. The sun represents “he NUCLZIUS of the ATOM and carries a
PROTON which is POSITIVELY charged whilst the planet is an electron which is
NEGATIVELY charged.

In normal conditicms,in any atom,the POSITIVE charge of the PROTONS in the
NUCLIUS exactly equals the NEGATIVE charge of the SLEZCTRONS in orbit around
the NUCLIUS hemce it is said to be ZLICTRICALLY BALANCED.

THE SLACTRIC CTURRENT

111 atoms are bound together by powerful forees of attraction exslsting between
the mucleus and it's elactrons. If,however, a material has several electrons
some of “he cuter ones are bound less pewerfully “o the nucleus and in certain
materials such as ccoper and zinc these outer alectrons are so weaixly tound
that “hey 2asily break away from itneir nucleus and wander among -he otuaer atoms
at random. TAISZ MATIRIALLS AS XUOWN AS GOCD SCHDUCTORS,.



DAY 1

Such weakly bound electrons are tarmed FIEZ ILSCTIONS and it is their random
movement which causés an electric current.to [low.

free 2iecirens.
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The unit of electric current is the AMPTRE in homour of the physicist of that
name '

In some materials the electrons are very strongly bonded together and to their
nucleus and therefore there are no free electrons,these materials are therefore
poor conductors and are known as INSULATORS

GENERATING A CURIENT FLCW

It can be shown that UNLIXKE charges ATTRACT each other and LIKE charges RIPEL
each other i.e.a negative and positive charge will be attracted to each other
but two negative charges will repel each other as will two positive charges.

If we take a lenth of copper wire,which has.an abundance of free electrons,
and apply a negative charge to one end and a positive charge to the other,
thers are many ways in which hhis can be attained,2.g. a battery, the
negatively charged elsctrons will be repelled by the negative charge %o one
end and attracted by the positive charge at the other end. In this way an
alactric current will be made to flow,
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I% can be 3gen from She foregoing 4ex™ “hat in order to maks slactrons lovw
1.9, produce an 2l2ctric currvent,in ewxtarmal sourse of 2nargy must be arolied

a R o :
-37.9 ar2 2ix xnown sources of 2lsctrical smergy whizh a-e capabls of gener -
aving an ela2ctric ourrent and ar: as followa. ' )



DAY 1
(1) _HEAT

If heat is applied to a junction of two dissimilar metals an slsctric
charge will result,s.g.3 thermowcoupla.

(2) FRISTION

If two different materials are rubbed together elactrous can be transferred
from one into the other so giving a positive charge to one matevial and a
negative charge to the other,l.s. static elsctricity.

(3) LIGHT

A special type of photo=gensitive material has the property of developing an
elactric charge when exposed to light e.g. photowelsctric cells as used in
steam generatorse.

(4) PRESSUR

/

Certain crystals are capable of creating electric charges when subjectad
to pressure 2.g. crystal microphones and in telsphone mouth and ear pleses ‘

(5) CHEMICALLY .

Some metals,when immersed in certain chemlicals,can become el2ctrically
charged, This is described in detail under "BAITERI™,

(6) _MAGNETTISM
This is explained fully in the following text.

_Although 2ach of the "above energy sources have different applications they all
have one thing in common,they MOTIVATZ THEZ FREZ ELECTRONS IN AN ZLECTRIC
-.CIRCUIT AND THEREBY CREATE AN ELZCTRIC CURRENT.

Referrig to “he method of creating elactriciiy by frichion it was explained
that by rubbing certain materials together e.g. a hard rubber rod and fur or
silk and glass,a tramsfer of elsctrons takes placs and the fur or the silk
will lose electrons to the rubber red or the glasse In other words we now have
an excess of electrons which are negatively charged on one material which
will be gegatively charged and a deficismncy of electroms on the other material
which will therefore be positively charged. There is therefore a difference

in the charge between these two materials which has an emergy potential or,

in other words,THZRE IS A POTSNTIAL DIFFERENCS BETWEEN THE TWO POINTS,

Zach of the above six sources have the same ability to transfer elzactroas
and therefore creats a POTINTTIAL OIFFURENCE acroas their terminalse

The POTENTIAL DIFFERENCE (p.d.) across a source of elactricity is measured in
VOLTS in honour of the physicist Toltair and the potential differenca is also
termad the VOLTAGE,

BECAUOSE THE VOLTAGEZ IS THZ FORCT WHICH MOTIVATES ZLICTRONS IN THE CIRCUIT IT
IS SOMETIMES TYRMID THE ZLZCTRO MOTIVE FOICE (2.M.F.) OF THE SCURCE.
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5 DAY 1
THY BATTERY

A battery is two or more electric cells comnectad together.

An elactric cell is a container in which two plates of dissimilar metals,witn
seperation between them,are immersed im a liquid,usually scid,which is known
as the elactrolyte, The chemical re-action betwsen the two plates and the
elactrolyts results in a basic source of elactricity, Refer to Fig 1.

The action of the elactrolyts chemically transfsrs elsctrons from cme plate to
the other lsaving ome plate with a deficiemcy of elactrons and the other with
an excess of elactrona.

This pe - action therefore converts chemical emergy into elactrical emergy in
the form of elsctric charges on the plates i.e. there is a potential difference
between the two plates.

With nothing connectad to the plates,usually Sermed ZLECTRODES,there would be
a limit to the number of elactrons which could be tranaferred due to the pedo
already generatad,normally l.5 volts.

Connecting a conductor between the two elsctrodes will initiats a flow of -~ '[
electrons through the wire from the negative electrode to the positive electrode
Sincs this now leaves the negative electrode slightly deficient of electrons

the slectrolyts will resums transferring electrons from the positive elactrode

to the negative electrode.is long as the electrons transfer from the negative
electrode to the positive via the conductor the electrolyts will transfer

them hack on to the negative electrode.

Anilst this action continues the negative electrode will gradually dissolve .
into the acid until there is insufficient left of it to iLransfer elactronms,

the cell will then become dead and unable to provide a charge.lt cannot be
recharged,the plata must be remewed,hence this type of cell is termed s

PRIMARY CELL.

Almost any metals,acids or salts can be used in a primary cell and there are
many types. Those used in the replacement battery of the Bardi lamp comsists of
a carbon rod for the positive electrode which is located in the centre ol a
zinc case which is the negative slsctrode. The elesctrolyte is ammonium

chloride in a pasta form which is packed between the rod and cass, See Fig.2

Three such cells are comnected together in series to form a 4.5 volt battery.

SECONDARY CILLS

A battery o secondary cells can supply large amounts of power for a short tize
or small amounts of power for long periods and cam be recharged.They are usually
the lead = acid 4ype i.2. the plates are lead and lead peroxide and the
elactrolyte is sulphuric acid.

During discharge the acid becomag weakar and the plates undergo a chemical

change and change into lead sulphats and the p.d. between the plates becomes
legs, The battery is them recharged by coanecting the two terminals to a suitabla
elsetrical D.C.supply.

It should be noted that the battery does not manufacture 2lactrons for the
circuit,the batterv,or any socurce for that matter,merely proviies the 2nergy
in %12 form of an Z.M.F. ( 2lactro-motive force) to move the free alachiroans
ronnd the circuite
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Before the discovery of electrons and their behavicur in the sleciric sircuit
physists of the day believed that tae elechric current flowed from points of
high potential,positive, to pointa of low potential,negative,which is the
oppoeite to the electron flow,. '

As most text books on electrical matters still perpetuate this original

CONVENTIONAL CU2RENT FLOW THEZORY it will be used throughout the following
text.
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ELECTRISAL CIRCUTTS

(1) TYE_CLOSED CIRCUIT
A eircuit 1s said to be closed when an electrical applisnce(load) is

connected to a source of 3lectirical supply and current flows in fthe sircuite

(2) THE OPIN CIRCUIT

A cireuit Ls said to ve open when the sircult beween tre appllance or leag
is opened by a switch or by a broken wires

(1) TET_SHORT CIRCULT

A ciprcuit is said to be shorted when the circult between the apvpliamcs or
load and the source is by=passed i.e.bared wires in contact or by bared
wires touching earthed metalwork.

Fusk Switgh
Sl LT
(1)
Clased Cireuit
Yaltmeter V Agpliance

Sagurce

(2)
Jpen Clreuts
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Hi RELATTONSHIP BUTWEIN THE VOLTAGE AND CURRS

et —

It has already been poirted out that if there is an excesa of electirons at one
point in a circuit and a deficiency at another a voltage or potential difference
exists between the two points.This was referred to as the Z.M.F. and is

measured in VOLIS.

It was also shown that if a closed circuit is made betﬁeeu the two peinta where
a potential difference exists a current will flow and will be measured in AMPERES

or AMPS.

For sxample,on a diesel elsctric locomotive when the Driver opens the power
cont roller the main generator generaizs 3 voltage or Z.M.F. which canses a
current to flow thrcugh the traction motora and the value of this current is
shown on the ammeter,

Experimentally 1% can be shown that the potsntial difference acrass the ends of
most conducting materials is directly proportional to the current {lowing in
the circuit.

The experimental circuit and the resultant graph are shown Y{elow where
= voltage of the source

I = Current flowing in the circuit

Bv = variable resistance of the circuit.

Altering the value of the variabls resistor in steps will result in changes of
V and I.

A SwW
I v
v ! G) Resisistance
e Volts
1 | \
Amps I
v

From this relationship we can derive the equasion R = 5
This relationship is known as OHMS LiAW and in honour of the phycisist <ho first
discovered this relationship,the unit of measurement of resistance is the OHX
symbolised by ..

8y transposition we can also obtain the equasioms V = IR or I = 7/R.

These three equasions can be easily remembered by the following iriangle.
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The following are examples of resigtance of components on a locomotive and are
only quoted to give an idea of magnitude.

Operating coil of a 110 volt relaYecececoccocacoeo200 = 400
Trachion motor armature windingseeeecceccccccsocscle03L
Traction movor field COils.oooooeeooooooecoouenooogeclz&z
Traction generator armature Windingeccocoocosocsce0.00312 A,

RESISTORS IN SERIES

In the following eircuit two resistors are shown commected in SZRIES so that
the current must flow through each resistor in turs when the circuit is switched

Oofle
[T"“-'hnm—“J\/VV‘ VAVAVAY. :
! Riz2. R2=2.0

24V |

It can be shown that the total resistance of R% of such a coRection is RS, + R2

i.e Bt = Rl + R2 : :
For example if we substitute the values shown in the illustration we can
calculate the following

" Rt

Bt = Rl + R <%
=2+ 2.n
Rt = 4 o

If the battery voltage 18 24 volts then the current flowing in the circuit can
be found by applying Ohms Law

I=V/Rt
I = 24/4= 6 Anps.

RESISTORS IN PARALLEL
In the following circuit the same two resistors are connected in parallel so

that the current divides equally to flow through the two reslstors when the
switeh is closed 1.e. half the current flows through R1 the other half through RZe

] 3 Xl 1l

24V : R1:2 R2=

It can be shown that the total resistance of such a circuit is

1 -1 +1
R% 21 22 Thus substituting as before
1 1
i irult %— = 1 therefcres where I = T/Rt
I = 24/1= 24 Amps.
Trom Bhe abova it can be seen that if two resistors of squal walue ar: comnseied
in SEALES hha totel valye of resistance is double tha value of on2 resistor owus
if two of 3qnual value are connected in PARALLEL the ftotal resistance is a 1212
of z:e valus of on2 resistor. A stallar relationsihip exists with any mugber of

RESISTORa OF EQUAL VaLUE.
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TYPICAL ARRANGEMENTS OF SZRTES AND PARALLEL JONNICTED JIRCUTTS

VAT

GZNZRATOR

n

Sapies/Parallel connacted traction motors
0IL
RESISTANCE ‘ PRESSURE
SWITCH
BATTERY |

——ee g |

(umnpressurised)
RZD LIGHT

ical control of the Bngine Sto o
Typical examples of resistances comnected im SIRIZS on diesel electric locos.
are e
(a) Control of current to the main gemerator field (Load Regulator)
(b) Control of curremt to the auxilisry gemsrasor field(Load Regulator)
(¢) Dim/bright fanlt ligh% control

Typical 2xamnleg of resistances connected in parallel on locomotives areiw
{a) Tracticn motors connmected across the Main Cenerator.
(%) iuxiliary machines,compresscrs atc.ccnnected acrcss the Awdliary Generator.

N RN

(c) Resistances connec*ed across the traction motor field for weak fislding.
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PONZR

Power is regarded as the"rate of doing work". This involves two factorse
(1) The effort or the force required.
(2) The quantity moved in a given time.

In considering electrical power we take into account:=
(1) The force which is the volt

(2) The quantity moved per unit time which is the Amperse.
Therefore ELICTRIC POWER = VOLTS x AMPERES

The unit of eleetrical power is the WAT ™ hence
1 WATT = . VOLT x 1 AMPERE

and 1 XILCWATT = ] VOLT x ] AMPERE
1000

The HORSEPOWER is the British unit for the measurement of large units of power
and 1 HORSEPOWER = 746 WATTS.

It can therefore be ssen from the foregoing that the current reading on the
ammeter of a locomotive is not a true reading of the power,The following is
an example of how the horsepower of the locomotive is arrived at if the
generator voltage is 800 volts.
Power = V x I Watts = 16000C0
Horsepower = 1600000 Watts / 746

= 2145 H.P.

i.e. approvwimatsly the rating of an English Electric Class 40 locomotive.
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MAGNETISM

Magnetism is an invisible force and can omly be seen in terms of the effacts it
produces.

The zone which is affected by magnetism is known as the magnetic field and
it's shape can be plotted by placing a bar magnet below a sheet of transparent
material and sprinkling cast irom dust over the sheet which will result in
f1eld patterns being formed as shown belovw,

HOW THE IRQW FILINGS ARRANGE
THEMSELVES, -

TRACING OUT A
MAGNETIC FIELD BY T
MEANS OF IRQN FILINGS il

Observations of the patterns shows three important facfors:e

(1) The direction of the lines of force,as they are termed,is from the North
to the South ocutside the magnet and from South to North inside ite

(2) The lines of force never cross each other.

(3) The nearer to the magnet the closer are the lines of force to each other,i.e
The field is strongest near the magnet.

Unlike poles attract each other,like poles repel each other.

SLUX LIIEC NIVIR CPCES
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On diesel locomotives permsnent magnets are not extensively used for the
following reasons:=

(a) They cannct be switched off.

(o) The magnetic strength cannot be altered.

(¢c) The magnetic polarity cannot be reversed.

The Magnet 2ld About A ent C Conductor.

If an electrical current is passed tarcugh a straight conductor a magnetic field
wvill be set up round the conductor in concentric lines of force as shown below,

If this field is plotted by means of compasses it will show that the diredtion of
the field is related to the direction of the current,.

Mgare (a) shows the current flowing away from the viewer into the paper,rather
akin to a dart's flight feathers, and it can be seen that the magnetic field

is clockwise in it's direction. If the current in the conductor is reversed as
in (b)i.e. flowing from the paper towards the viewer,like the point of a dart,
the field will be anti-clockwise in it's directiom.

The relaticnship betweer the direction of the field and current can also be
likened to the action of the corkscrew, If the corkscrew is turned clock =
vigse it will go into the cork,away from the operator. If it is turned anti =
clockwise it will withdraw from the cork tovards the operator,

CCNTUCTOR

(a). B)

Tf the conductor is now takem over the top of a rod, rcund the rod and back
underneath as shown in the illustration below the directicn of the magnetic
field and the current will be as shownn

DIRSCTION OF
TS CURRENT

~—, DIRECTT N OF
- TEE FIZLD
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If she conductor is now continually coiled round the rod and them cut in two
along i$'s length the direction of the current will be as illustrated in the

next figure. If the rule to determine the directionm of the magnetic field

is now applied i.e.current into the paper magmetic field clockiwise, curremnt cut
of the paper magnetic field amnti - clockwise. It can be observed that the patteran
of the total field gemerated is the same as that of the bar magnete

ELECTRO = MAGNETIC COIL

299999/
5) i) @\\

The magnetic stremgth of such a coil will depend on the value of the current
and the number of the turms on the coil,

By inserting a switch between the supply and the coil the magnetic fleld can
be controlled

Similarly by inserting a variable.resistor in the circuit the magnetic field
stpength can be varied

= If the direction of the current is reversed then the magnetic field oolarity
will be reversed,

The electro - magnetic coil is extensively used on diesel electric locomotives.
for operating SOLENOID VALVIS e.g,Engine Fun Solenoid (E.R.S.) Ingine Speedsr
Valve (E.S.V.) and alse ZLECTRO= PNEUMATIC VALVES (E.P.). These valves have
electro - magnetic coils which actuate air valves which,inturn, operate heavy
duty type contactors and reversers.

4 stronger magnetic field is obtaired if an irem core is placed insida the coil
inwhich case the devise is known as an ELZCTRO <« MAGYNET,

flectro - magnets are used on Zocomotives for the cveration of alectrical
cortactors and relays and field and armature windings of motora and gemeratorse
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GENZRATICN OF SLECTRICITY

Cneration of a voltagse

It has been seen in the precedirg pages that an electric current in a cenductor
or a coil can produce a magnetic field.This process is also reversible.

Lo show this effsct a length of wire,s simple bar magnet and g galvenometer
can be used, A galvanmometer is a very semsitive meter for meauuring very
minuts values of current and voltage.

If the magnet is moved across the wire,near tobut not touching,the needle of
the galvanometer will be deflected amd will then return to zero whem the:
movement of the magnet ceasesyi.e. an EZ.M.F. has been INDUCED in the wire.fig 1

If the movement of the magnet is reversed the direction of deflection of the
peedle is also reversed. It can alsc be shown that the degree of deflection
of the needle is proportional to the strength of the magnet and the speed at
which the magnet passes the wire.

Movement of the wire past the magnet has the same effect (see Figs 1 & 2)

FIG 1,
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To obtain a more continuous supply of electriciﬁy a continucus movement of
the wire or the magnet is required and this is best obtained by caumsing the
wire to travel in a circle through the magnetic field. (see Flg.3)
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This method of producing lectricity i.e.rotating a wire or a number of wires
round a magnet is the principle of the electric generator.

If the wire is wound into several loop to form a coil then the Z.M.Fs.
generated in 2ach loop will be additive hence the deflection on the zalvanometer
will be much greater.(see Fig.)

FIG 4,

The result of all these observations shows tbat t-

THE VOLTAGE CR Z.M.F. GINERATED IS PROPCRTIONAL TC THE STRANGTY OF THI MAGNET
AITD TYS SPRED OF THIS MOVIMENT AND THE NUMBER OF TURNS OF THI COIL.
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THE DIRECTICN OF THE INDUCED Z.M.F,

The ‘ollowing illustration shows a sonductor teing moved downward %o cut the
lines of force of a magnetic field. This movement can be thought as to distord
the field such that the lines of foree ars now bent in an antl = clockwise
direction and the current induced in the comductor is flowing cu% of the paper.

Conversely if the conductor is moved upwards to cut the lines of force the field
will be bent upwards hence the lines of force will be clockwise and the
current induced will be flowing intc the page.Note the corkscrew rule,

~ If the single conductor is now formed into a loop it can be observed from the

_illustration that when the loop 1s.rotating the two conductors are cutting
“the magmetic fleld in the opposite direction and their respective E.M.Fs,
wvill be cumulative.
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€ now remains to collect the induced curwren= ‘rom the coil and this i3
ttained by the use of slip rings as siown in the follewing illus®zation.

ki

The Zlemen*ary Censrator,

Pole Pleces
[ .. - 3

N irmature Loop

Lead

Elementary Cenerator Operation.

Assume that the armature loop is being rotated clockwise and “he value of
the is measured first at position "A"., In this position the Cenductors
are ftravelling parallel to the lines of force and do not cu® %hem hence n
EM.F. is generated.

As the rotating loop tegims to cut the field at 2 angle the value of the
B.M.F. will gradually incrsase until, a% 90° rotation the lcop is cutting
the field at rignt angles and the E.M.F. will %e 2t a maximam - Positien
"311‘

o

whilst the white conducter cuts upﬁag:&s. The induced E.M.F.$ ars therefere

in series and the resultant E.MF xross the brushes (e Terminal Yoltage,
Ls ths sum of the tweo E.M.E.s.

Coserre that from O - 3C° the black conducter euts down throueh the field
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C Pesition D Position
180° 370°
FPI1G. 3, FIG. 4,

-+ \
v a0 120° 9709 3g0°

coil pgaesitien [a_ 8 -

FIG. 5,

The electric current will vary in the same menner as the E.M.F. and the directiom
and the -direction of the current and the polarity of the E.M.F., will depend
on the direction of the field and the direction of rotation.

As the loop continrues to rotate from 90° to 120° it's angularity with
. respect to the field will increase hence the value of the E.M.F., and the
current will decrease to zero at 130% (Fig.3 position”C")

When the loop rotates teyond 180° it will be observed that Lhe black zonducter
now cuts the lines npwards and the white conducter downwards. io a result the

nolarity of the I,M.F. and tce direction of the current reverses,

Trom 180° to 360° “herefore the waveform will be ovposite to the ome gzmerated
from 0° to 130° and the waveform for the complate revolution will be an
ALTERNATING Z.M.P, which will cauge an ALTIZNATING CURRETT TO flcw in the lonode

Refer Fig, 5.
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CQ"ERSICON COF A.C, 'O D,C, BY COMMUTATICN,

In order to nonvert cthe generated A,C., voltage to D.C, the negative portion of
the waveform must be reversed to become a positive pulse, Some form of switch
nust vherefore be used across the generator putput in such a way that iv wild
raverge the comnesiionsg to che load every time the ~olarity of the induced EM.F,
changes, :

The switch takes .he torm of ome "SPLIT" 3lip - ring.the ends of the coil being
then commected to each gsegment of the aplit slip-ring or.as it is normally
termed.the commutator, The segments are insulated from each other so that there
i3 no electrical commeciion between them, the shaft,or any other part of :he

armature,

The entire component¢ is known as the commutator and it 3 action in converiing
A.C, to D.C, is known as COMMULATICN,

The i1Jumtrations velow show vhe difference between slip-rings ana a commutator,

Lommutator
-
. R i it S
N (. N .
==
. . "
Slip Rings (I%
A B

Load

) Baad ==
@ Je8L3TK

O
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COMMUTATICH .,

In pesition "A", the loop is perremdicular to the magnetic field, no B.4.F. is
generated in conductors of the loop, hence no current flow, Notics that the
brushes are in contact with both segments of the commitator, short circuiting
the loop, the short circuit does not creata any preblem since no current is
flowing, The moment the lcopP moves slightly teyond position "A" (O degrees),
bowever, the short circuit no longer 'exists, The black brush is in contact with
the black segment while the whites brush is in contact with the white segment,

43 the loop rotates clockwise from pesition "A® to position "B" the induced

EM.F. starts bullding up from zerv to maximum at positicm "B", A3 the loop
continues rotating clockwise from position "B"™ to "C" the inducad 3.M.F. decrsases,
until at position "C" (1800) it i3 zero cnce again.

In position "C" notice the black brush is slipping off the black segment onto the
white segment, while at the same time the whits brush is slipping off the white
gsegment onto the black segmemnt. In this way the black brush is always in ccatact
with the conductor of the loop moving downwards, and the white brush is always in
contact with the conductor moving upwards, As the loop continues rotating from
position "C" (1809) through position "DF (2700) and back to positiom "A" (360°0r
0°), the black brush is comnected to the whits wirs which is moving down, and the 4
white brush is connected to the black wire which is moving up, As'a res;:lt, thg
same polarity voltage wave form is generataed across the brushes from 180 to 360
degrees as was generated from O to 180 degrees. Notice that the current flows
in the same direction through the ammetar even though it reverses in directicn
gvery half cycle in the loop itself, The voltage' output then, has the same
polarity at all times,

- Converting A.C. to D.C. by Use of the Commutator

position

-_F{ﬂ _——— " 9?‘3 18 22¢° 38

o
A — \ Ay Coil Pasition A, 8 c o A
2 12700 () - |
pcsition N S .
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DMPROVING TUYE D,C, QUITPUT,

Tt can be seen that the D.C. output of an elementary D.C. gemerator is very uneven,
a pulsacing voltage varying veriodically trom zero to a maximum, Al though chiis
rulsating voltage ia D.C, it i3 not constant enough to operate D.C. equipmens:

and appliances efriciently,hence.the generator must be improved so that i¢ will
minimige the pulse,

This is accomplished,in part,by adding more coils to the armature as illustrated
in the following diagram, It can be observed chat there is now two coils ros
nositioned at right angles to each other and that each coil has i:'s o rair of
gegments i,e, there ig now four segments,

In the position shown the brushes are in contact with the segmenis of the white
coil in which a maximum voltage is being generated.since it is moving at right
angles to the field, 4s the armature rotates clockwise the output or the whi:e
coil starts dropping off and after revolving 45° <che brushes slide off on to :he
black coil's segments in whose coil the E.M.F. is increasing, Note then that the
EM.F, of the white coil does not fall off to zerc as it does in a single coil

generator,

The EM,F,increases in the black coil as it progresses in to the field reaching
a peak at 900 whereupon it gstarts to decrease out will not fall to zero. At 1
1350 commutation takes place once again and the white segments will once more

be in contact with the brushes,

The output voltage waveform for the entire revolution is shomn superimposed on
the waveform of a single coil in fig.(b), Note that the output never drops below,
point Y, The rise and fall in voltage is therefore now limited bDetween Y and

the maximum, [his small variation in the output voltage of a D.C. generator

ia termed '"generator ripple'.

It is apparent that che output of the two coil geanerator is much closer to
constant D.C. than cthat of the single coil generator. It sherefore follows that
the addition of more coils will smooth the ocutput or reduce cthe ripple further,

" Graeter efficiency in terms of power output can be obtained by replacing che
permanent magnets by electro-magneta, This gives an increase in the field strengch.
Increasing .he number of pairs of poles also errectis an increase in ~ower output
and typical traccion generacvors have five pairs of poles.
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Reduction of Generator Ripple

Two-Coil Armature

Generator Terminal ‘ > Gt
Voltage !

Coil Voltages
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FPOINCTPLES CF A D,C., MCTOR N

FORCE ACUING CN A CCNDUCICR

.2 armature of the electric motor moves because there is a rorce ac.ing on it.
= ) . L

“hig forze ig the force of magnetism ang it is produced whemever a ~onducucr
carrying current is nl3ced in a magnetic rield, :

A . . os . ) ;
§1g (a) bejow shows a conductor 1ying in a magnetic field,As no curren: is flowing
in u.ne ~onductor the magnetic tield exerts no force ecn the conduc.or,

=0 N =Oz=s

Consider the same sonductor in f£ig.(b) below.:ihis sime carrying current into the
vage as indicated by the X symbol, In this case.in addition o the N = S magnetic
field there is ncw .he magnevic field produced round the conducior to the -urrent
tlowing in it. It will be noted that the black and white arrows above the con
conductor are aiding each other which indicaces that the resultant field is
_stronger at this point whereas below ihe conductor the rields are in orposition
thus indicating that che resultant field is weaker,

v Y m-/.ﬁe—-b
FIC (b)

: N S

a
l

‘he resulting etfect of the two fields are shown in tig (¢) velow, Here he 1'nes
of forne are shown o De more dense above the conductor and 1ams dense bdelow, I:
follows :herefore shai .he resultant torce on the conductor is downwards,

N

\

FIG.(¢)

/}
\
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Pagtora Aftecting The Amount Of The Forcs,

The rorce exerted on a current carrying conductor in a magnetic field depends on

the following conditiongi=
(a) The strengih of he magnetic rield
(6) The magnisude of the current,

(¢) The length of vhe conductor in the rield,

Reversal of Application Of The Force

If the direction of the curren: in the conductor remains unaltered Fig 1 & 2

but che FIELD POLARITY REVERSED is in Fig 2. uien Jhe resultant interaction of

che polar rields and that about the conductor is also reversed,a stronger rield
being produced above che:-conductor and a weaker one below,hence ihe conductor is
rorced by the suronger field towaras the weaker one i.e, in the dowward direction,

F

FIG.1 _ES

N5

£

Similarly if she field polarity remains unaltered as in fig 1 & 3 but the direction
of the current i§ reversed as in Fig., 3 ,the resultant field interaction with

that about the conductor is again reversed accomanied by the reversal of the

force as showmn.

. =\
FIC 3, S & N
- F

If, however the rield polarity AND the direction of the current in ihe conductor
mere both changed, asiin Fig 4. cthen the direction of the rorce on the condustor
%111l remain unchanged, Com pare Fig 4 with Fig,1..

| | F
=]
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THE STMPLE ELEC.RIC MCTOR

Next congider a conductor wound asg alesp reund a drum shaped,cast iron tormer
(the armature) as shown in ‘he illustration below,

Armature

Here .is. two 3ides or e loop 'a' and 'L are shown placed in twe ciametrically
opposite slots under the centres of the N & S role pieces, If the current eniers
at side 'a' it must leave from side ‘b' as shown,

Consider the above assembly as shown diagrammatically below. Here the current is
depicted entering side 'a' left and leaving side 'b' right. The magnetic fields

produced by the conductor is shown by the white arrows and the polar field being
depicted by the olack arrows,Diagram (1)

Using tne same analysis of .he resultant tie’ds as nreviously used i: ~an be
observea that the inver-action of ihe two t*elds wi'l -~rodure a sironger trield
aoove tie conductor at 'a' and a sironger trield DBelow the conduc.or at 'BY,and
a field pattern will te produced as in (2) above,

It can also be seen from (2) above chat the magnetic rorces exerteu on each leg
of tne conduc:ior will ce :iransmitted to vhe 3ides of the sTots in which they are
placed and so transm’s a turning moment to the arma.ure shaft, From thie
reasoning a %imp’'e expression for torque can be derived,

Troque is whe product or the applied forse and the perpendicular distance trom
#hich it acis, In whis case, the force(F) acting on ore conuucior a% a aistance
(R) i.e, the raaius, or

TQRWUE = TORCE x JADITUS

This ts “he "MCTOR" principle ss used in sl2ctrical machines.
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Refering to the output of the generator in the previous text it was shown that
{f a uni=directional or D.C.sucply was required comutation was necessary i1e2e
the direction of the output E.M.F. was reversed under each alternative magnstic

pole by means of a commutator.

A commutator is also required on a D.C. motor to reverse the applied BeM.Fo 0
aach coill of the armature as they pass sach alternate pol® so as to maintain
a constant direction of force on each coil.

Referring to the next sketch,as the loop moves from the influence of one pele
to the other the direction of the current flow is reversed by the action of
the commubtator which rotates with the loop and this ensures that the loop
continues to rotate in the one directiome

If this direction of rotation has to be reversed,then from the earlier text
either the direction of the current in the loop has to be reversed or the
polarity of the poles has to be reversed,but never both of theme

As with a generator +the efficiency of the D.C. motor is increased by increase
ing the number of conductors on each coil,the number of coils,the number of
pairs of poles which are also termed FLELIS,

Commutator
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The fields can be connected in several ways s.g. series,parallsl or geries/
paralell., On a Class 47 locomotive the series connection is used.

SERIES PARALLEL STHIES /FARALLEL
or COMZBHUND

deries : -
field >4

QEerrR, =M 1T YR TR
STUDINTS NOTES

.
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TaTD 3D GIIDRLTED I L JICTOR (BACK T ulJT)

[P SIS SRS SR ) NERS

The princinles of electro-magnetic induction state that when a conductor
noves through a magnetic field an e.m.f, i3 induced in the conductor, the
direction of “he induced e.m.f. depending oz the direction of the megmetic
field =nd %ihe movement of the conductor.

1 Dele motor 728 2 ¥ = S field system, 2n 2rmature, commutotor and brush
gear, i.e. it i3 basically similar in construction o 2 JeCe generator.
The diffarence between the two machines is that the zrmature of the
generator is rotated by som e prime mover to croduce electirical energy
at the terminals, whereas ithe motor recsives electrical enerzy 2t the
terminals to produce torsue and rotation of its aranture.

Reczuse they zre sizilsr machines it is easily aporeciated that as tie
armzture of a motor rotates its conductors are moving through 'a magnetic
field, hence an e.a.f. [HUST be induced in them.

Comparing the diagram velow with that on page i% can ve seen that the
e.d.5's inducad in the conductors are acting in opposition to the a3nlied
e.mefe The induced e.m.f's are knowm as the 3ACK Z.i.re of a nolar,

M ey

o g oy

LILDURT 3EING RACT D22 IDISCLOTTUISE 3T otilaoR LCUTIONY,

e o

TRUCTICH CF TISUCID 3.t

SECUVIIE D

Troa the seneral equation for o jener~tor the back e.na.f. of 2 motor

LR AETS

when it is rofnting is:e

3ack e.a.f. (1) = llagnetic Fluz : =/



I3

&~ e
The torm'bzog 2.0.2s 1S uSed ©
armasare of o actor waen the

Tig DACH Celels 1ilzz 211 zenerciad e.n.le. lorendsd on tie rote of retaticon rav/
4
g o

° Ia 3%
m=in and the sitringta of fthe nmasnetic fielid comgsequantly, the back z.zels 15
negliginle ot low cevs/min but becemes projoriicnzl sreater o% the higsher Stecd.

Lon =otor of 2

-

The practical effect of the back e.d.f. genernted by the tract
locemobive can te observed on the ammeter wthen st~riing 2 trad

Initiszlly, when the controller is o-enzd, the a2mmeter moves ra-idly to =z vary
hizh value while the motors 2re 2% rsst, s scon =8 the irein moves i.e, sle
21

troction motor armatures revoelve, 2 tack e.0.f¢ 1. gener~ted oy the zotors.

Thig causes a resistance to tie currsnt floving from the ll2in Tensr-tcor Zerce
the current vilue on the ~mmeter desrenses aud therefors the fmxioum sneed
which cen be at%tzined by the motor, therefore the venicle, Till ke lizsted,
Thig is som times known 2s the "3nlancing Speed”.

Becring in mind that the v-lue of the tack e.n.f. Teing 7enernted by the zowors
is depeadznt on the srmeture steed and the field strength. In ors er to reduca
the volues of the back e.z.f to increase the speed the field sfrsn:ti aust e
reduced.

Thiz is atuwlwea o divertinz 2 vortion of the fisld current inte large resistors
boaks which 2re connected izn varallsl to the field coilse The following schemztic

diagrom shows ome stage of weax field but on most locomotives 3 stnges -re tzizn.

BLEC.RICAL CONNECIICN CF FIELD DIVERSICK CF A
SERIES [RACIICN ZOTCR

Traction Traction Yotor Field Divert
Motor Field Contactor
I

16 s
égén E

T~

Field

LT+

(shg%§e1§e§orvard) Divert
il
7 ; E§§
Y
Reverser

(shown in reverse)



36 ‘DAY 3 .
At 2 vredetermined 3need, 37 medeh. on a2 Cl.47 FDRI is -

S : r 7 N «4/ ORI i3 enermised by a
the load regulator when it 128 wound to i%s minimm resistznce valZe if:ftf? on
gener-tor field is at marimum excitzation and canmot therefors increase its
output to the traction motors.

FIZLD DT7EAITCH

men S WDWR switch closes a proportion of the current passes throusgh T resistcer
There is therefore less current now passing throuzh #I field soilg hence—the )
field strength is reduced resulting in a reduction of 3ack e.n.f. This

tren allows an increase in the gensrator current through the armature a2od results
in an increase of speed.

Tiais operztion is repeated at speeds of 45 and 61 mepohe on Class 47 loconmotives,

WCTCR CCIi=CTRICH

On Cl.47 the traction motors can be comnected in the parallel nede or series
parallel mede as shown in the following sketches

@ oirairEr xolE
Armeter reading = 75004

(A
L&
422y 1 Ma
| |
Pl
I |

dazimun stirting current from main gen - 75C0:.

15 Is

Sasuning the resistance of each motor is the same the current {tzlten oy eack actor
= 12504 llain Gensrator volizge across each motor = 4227
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SERTSS/ PARALLEL MOUZ Ammeter Reading = 3750 A

844V

et —— —— —

Baximun sterting cwrrent from Mein Gen = 37504  isswming the resistance of sach
peir of metors 1d equal to the current takem by each meotor

= _ng;g,._ = 1250 A

Main generntor voltoge across each motor = 422V It can therefore be seen that
whether the nmotors are connected in parallel or serisseparallel the volizge across
and the current taken by each motor is the same in hoth cases.

STUDENTE NOJES
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COrT.iCTCRS

Coptactors are switches which handle heavy currents and ogperzte as a resuli of
the zetion of other switches oz relays. Taey fall into o main classes.

(1) Zlectro-i-agnetic (Z.:.) Types.
(2) Zlectro=freumatic (2.7.) Types.
Refer to page 12for illusiration.

The Registance of Electrical Contnets.

Since the prime furction of conirol equirment is carried out by contact, either
aaking or breaking, it is essential that a good electrical contact is mode,

A geod electrical contact will be one where there is little opposition or resistance
offered to the flow of current i.e. the "conbtact resistance" will be very low, and
so,very little of the applied voltage will be lost or "dropped" acress the contact

- .

faces,

The main foctors affecting the resistance of electrical contacts are}a
(1) Material

Copper, silver and =2lloys of copger znd silver.

(2) Surface irec Gontact (larze so as %o minimige resistance.)

(3) Torce amplied *o Conkack.

-(4) Condition of surfaces (free of dixt znd pitting).

-

E

ceretion of Power Cortacts.

-
-

ower contacts are very robust and usually shaped so that “here are %o distinct
areas, each having a different duty to serform. (Refer to figure 1).

(2) 2he Tin or Toe. -

This arez is the first to meke and the last tc break or vert and so zny arc
forzmed by the current on being switched off takss place on this area and is
Cirectad then into the orc-chute., Secause of the contimizl arcing in this
area 1t is susceptable to bturming and pitting.

(b) 2ne Teel.

R o . : . o
-a%s area ig She contact prozer end is the fins a when the contacs
ares it is zormally

eeagds S aea
WTTeNY TL0Ve

=S : gntacy are
ccvlon is completed. 3ecause no arcing occurs in this
very clean and therefore offers ng resistazmce o <h

2

ot : .
ST Secuence UNeld OnenInT and

. : R o
ing ceotion oz o Tdoams 2CTLOn,

iz oxder to contact the toe ond neel in their wre
b i

cloging, thess types of cortazcts moy have 2 roll

PORIA E=

~ - 1
Plehoyvt deeoaccee
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The 20llinz Mction.

Corsider the action of these contacts vhen opening, There is first a "rolling!
action during which the tips remain closed but the heel portions separzta.
Then, as the gop at the neel increases the point of contact moves forwrards
until the tips part. If power current is being broken when the contacts part,
an arc will form and be blown out beyond the tips by the magretic blowout
arrangements described later.

On closing the reverse action takes place, the tips touch fixrst, the bvottom
contazct rolls onto the full contact and the tips part as full confact is

I‘ea.ChEd.
\ 10E ARZA
.’ \ )

TACT 1 ENO CF "ROLL" 3 TIPS PART ANOD
I AL o AAC FORMS

The Wipinz sction.

The first action on opening is 2 sliding forward of the bottom contact, called
the "wipe", this is followed by a slight kmuckling action during which the
contact rolls slightly and then parts. The principle is similar fo that of the
first type, the wiping action terds to bed in the bottom coatact as it closes
and offsetsany tendancy to bad contact caused by the arc-roughezed tips. i.e.
there is a self-cleaning action.

g 4
I CONTACTS CLOSED 2 CONTACTS wire 1 TIPS PART
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ing or 3realcingz the O

The possibility of "welding' of contacts has %o be considered, esgecially in czses
where a high current flows immediately or closing the circuit, as this leads

readily to such severe local heating of the initial points of contact that welding
of the gurfaces may occur. also when there is "contact bounce", i.e. im closing

a circuit, the mechanical energy of the moviang parts is arrested by the fimed
contact, zrd in some czses the impact is so severe that the moving contact bounces
orce or twice before establishing contimuous contact. This generates electrical arcs
having a very high temperature.

Are Digpersion.

This aims at minimising the destructive effects of the arc when it occurs. .lthough
there =re several methods of dispersing large eleciriczl arcs the zmagmetic blow-=ocut
tyve is the one most utilised on diesel-electrical locomotives end therefore will ve
the only one to be described in this text.

iagnetic Blow=Out Contactor.

This is usually a coil consisting of a few turms of copper stTip connected in series!
with the vowsr contacts, znd is mounted on a magnetic core with side cheeks S0 shape
that the magretic field created by cumert flowing in the blow-out coil is troduced
adjacent to %the ovening power coatacts. The arc, which is a flow of current, is thus
situated irn 2 magmetic field, and so experiences a "motoring" force which blows the

arc. outwards into the fire-proof "arc-chute'. The arc thus becomes an every-length-

: ening loop stretching tetween the fixed and moving contacts, and as the arc lengthens

© it i3 cooled in passing through the "arcechute" and "splitters' until it is exfingushed.

The magnetic blow=out field may also be provided by a permanent magnet.

Tigure 3 btelow, shows ta: contacts parting. The drawing has been shown uithout
.the "arc-chute! tut it is most important to remember that it should be in place at
the time when the arc is drawn otherwise corwrect extinction will not take place.
Tyrical conmtactors, fitted with magmetic blow-out, are shown on page 12.

Symbel

Mal@

Contacts

The arc is
progressively
extended till it
weakens and breaks.

1 {
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’

_alternating Current (A.C

A.Ce power is Dbeing used to an ever increasinz extent on Diesel dlectric
Locomotives. un Clags 47 locomotives (except 47.401=47.420) the power for
train neating is supplied fram an A.C. Generator and then rectified to D.C.
Furthermore on same non=Z.T.He. locomotives, alternators are used %o provide
power for the excitation of the main generator field and wheel slip detectiocn
circuits, which again is rectifisd to D.C.

The main advantages of an altermator over a D.C. machine is theix
they do not require commutators and the brushes do not handle largze voltages
and currents, in fact some may have no brusihes whatever.

The Alternator:

o1l electrical generators whether a.C. or D.C. depend for their operation on
the acticn of a coil cutting a magnetic field or a magnetic field cutting
through a coil. 4s long as there is relative motion between tlie coil and the

magnetic fisld.

In order that relative motion may take place between a coil’and a magnetic rizld,
all generators are madse up of o parts, a Rotor and a Stator.

It was shown that in a D.C. generator the revolving part or ROTOR was always

the amature but in an A.Ce. generator this is not usually true. There are Wwo
types of alternator, the revolving - armature type and the revolving field type.
The revolving - armature iype is similar in the construction to the D.C.genreator
in that the armature .or lotor rotates through a stationary magnetic field, but in
the D.C. generator the E.l.F. generated in the armature windings is convertesd
into D.C. by means of the commutator, whereas in the altermator, the generaied
A.Ce is rought to the load unchanged, by means of slip rings.

The revolving = armature altermator nowever, is only found in alternmators of
small power rating and is not generally used.

The revolving = field type of alternator has a stationary armature winding and

a rotating field winding. The advantage of having a stationary armature winding
or 3tator is that the generated voltage can be comnected directly to the load.
Fixsd connecticns are auch more easily insulated than would de siip rings at wvery
high voltages, so high voltage altermators are usually of tke rotating field tyre,
since the voliage applied to the rotating field is a low D.C. voltage, i.s. ths
iotor. The problem of arc - over at tie slip rings is not encountered.

AC Output

”” i t

Field
Field excitation

P
ROTAZTIG ‘ !; i }" RCTALING
AC Qutour \RMAJURE reld PIELD
cle

excitation
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Tyves of qlternators:

ke two main types of alternators are the nigh speed turbine altermator

in which the 0%or is smell in diameter and hag the windings firmly embedded
in its face to withbstaud high centrifugal forces., The ssccend ftype is the
Sakliil rUlLdE alternator and its name is derived rfrom the neaning of tae word
salient, i.e. Jutting out. 1The salient pole alternator; vecause of its
fabricated structure is a slow speed machine and is ugually driven oy engines,
electric motors or even water power.

The Z.T.d. alternator on %the Class 47 is the salient pole type.

Iraerratic

‘: = }
Jdegardless of tae type of dotor, its windings are separately excited with
& DeCo supply, and the statiomary armature or stator completes the windings
which are cut by the magnetic fislde.

Single rhase slternator:

4 single paase altermator nas all the armature conductors connected in series
as one winding across which an output voltage is generated. I1If you understand
the principle of the single -ghase, you will easily understand mulii-phase
operatione

Lke schematic diagram below illustrates a tWo=pole, gsingle-phase alternator. Tk
stator winding is in two distinet coils, bota being wound in the same direction
round the stator frame. The rotor consiats of two poles of oprpogite poraity.

a3 the rotor turns, its poles induce a.C. voltages ip the stator windings. The
two coils of the stator winding are connected to each other in suca a way that
the A.C. voltages induced in them are in phase, or !'series-—aiding'.

SINGLE THASE
ALIEENAICR
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Two—pnase altermator:

Myulti-phase alternators have wo or more single-phase windings symmetrically spaced
around ths stator. In a two-phase altermator there are two single-phase windings
physically spaced so that the A.C. voliage induced in cne iz 90 degrses out of
phase with the voltage induced in the other. 7The windings are electrically
separate from each other. The only way to get a 90 degree phasze diiTerence is to
space %“he tWwo windings so that when one is being cut by macimum flux, the other

is being cut oy no flux at all. ‘

{he diagram odelow illustrates a two=pole, twWwowphase alternator. <he stator
consists of two-single-phase windings completely separated from one another.
sZach winding is made up of two parts which ars so comnected that their voltages
add. The rotor is identical to that used in the single-phage alternator.

In (a), the roto poles are opposite the wiadings of phase A. Jherefore, the
voltage induced in phase A is maximum and %oe voltage induced in phase B is zero.
a3 the rotor continuss rotating, it moves away {rom the & windings and approacaes
the B windings. 4s & result, the voliage induced in phase 4 decreases from its
maxioum value, and the voltage induced in phase B increases fron zero.

In (b), the rotor poles are opgosite the windings of phase B, liow the voltage
induced in phase 3 is mazimum, whereas the voliage induced in phase A has dropped
to zero. liotice that a 90=-degree rotation of the rotor corresponds to one~quarter
of 2 cycls, or 90 degrees.

“he vaveforn picture sihows the voltages induced in phase 4 and phase B for ons cycle.
The two voltages are 90 degrees out of paase as shovn iz (o),

-
P oaam=”

Three=rhase alternator:

“ne three-~phase aluernator, as the neme implisg, aus three single-ghise windings

80 spaced that the voltage induced in any cne is phase~displaced oy 120 degrees
from tae other #wo. a 3chematic diagram of a three-nhase stator showing all tue
coils vecomes camplex, and it is difficult %o see what i3 actually lzppening,

90 the simplified schematic illustrated Lelow shows thne winding of each single=phase
lumped together ag one winding, “he rotor is itted for simplicity. <he voltage
waveforas gemerated across each phaase are drawn om & grapl, phose-displaced

120 degrees from eaca other. )

ithe three-phase alterrastor siown in tais schematic is esseniially tioTee single=nnase
a}tematorslzzp.ose Zenerated vplta_ges ars out of phaze by 120 degrees. <he %oree
pLages are independent or sach ciher,
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Instead of naving six leads caming out of the three~phase aliermator, thrse
lesds, one from eacli . lase, are connected together to form what is called afstast
connectione. 1he point of conmection is called the neutral, and the voltege irm
this point to any cane of the line leads will be the paase voltage.

4 three=pnase stator can also be connected so that the phases are connected
end-to~end; it is then callad 'delta conmected!. Zoth tha 'star! and the 'delta!
connections are used for alternators.

STAR
CCNNEC.ICN

ihe freq_uency/ of the 4.C. generated Dy an altermator depends on the number of

poles, and on the speed of the rotor. dhen a rotor has rotated through a
gufficiently wide angle for two opposit zoles = 5 North and a South - to have .
Passed one stator winding, the voltage induced in the winding will have passed
through a coaplste cycle of 360 electrical deegrses. Sc¢ a single-~pnase, two-dole
alternator rotating at 3,000 revolutions per minute will generate | SO=cCycle-per-
second voltage.

“he more poles there are in the rotating field, the lower the speed of rotaticn will
need to be for a given frequency. an eight=-pole altermator, {or exomple, will only
have <o rotate at 750 r.T.le t0 generate a 50 Ce.pes. output,

{he relationship beiween generated ILrequency (E), expressed in cycles yer second,
the speed of the rotor (il), expressec im revolutions per wminute, and the number
of poles (P) is given by the formulas NE

F = i20 HERTS

UQTE:s Une cycle per seccnd is termed as 1 HERTZ in honmour of a physicist of that name.
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TRLISTCRM IR

TR e C Rl oCTICT

"Transformer sction” consists of two elactro=masnetic princigles
wnich nave already been =xamined.

SIRST PRINCIPLY

Jlhen a current flows in a conductor a magnetic field is gzreraiad
around the conductor and if the conducter is coiled round an iron core the mzZ.gnesic
field is mucha stronger

SuCCHD PRINCIPLE

Wnen a magnetic rield cuts the turns ef a coil an eemel. i3
-erated in the coil

4 transformer consists of two coils a primary and a secondza
which are wound on a common iron ccre bub electrically insulated rom each ot:ne

verr
~y
~

pusie.
CORE Py

STMPLE PRIMARY SBECCNDARY
“RANSFORMER , -

inen an aliernating e.m.f. is applied to the primery ccil ex als ernqtmO magnetic
field is generated around the ccil and in the iron core, (Sirst srinciple

This alternating magnetic field cuts the tums ol tae seccudary
coils and therefore induces an aliermating e.m.f. in that coil (second prinmciple)
Tranarformers are normally very efficient devices and the additicn of tne iron ccre
can increase the efficiency to 98 or 99%. Assuming that all the magnetic lines of
Torce generated oy the primury cuts all, the tumns cf the secondary the voliage
induced in tne seccndary will depend on the ratio of the nurber ¢ turns in tae
saccnaary to tne aumber.cf turms in the prinary.

Tor example 1f t.asre are 1000 turns in <
in sae primery Ihe voliage induced in the secondary will Te
apolied tc the »rimary 1000/1Uu = 10). Jince the cutput of
tnan orimary input this is termed a ''step up” transfcrmer.

scendery and only 1CU
S ThnS VClizu&

Times
ne secondary 1is

If, on tae other acnd, ithe secondary aad less tums tnan ths
syimary, the seccndary output would be less than ie sricery input and would be
tarmed z "st2p dewn'" transicrmer. +These two Uypes are shewm in the Icilowing
illustirzaticn.

licte, a iruniformer does not jenerate slsciric Toser it simgiy
Trznslers scwer Srem cne coil to znether and, if necessary irunsicrms 5ag Zewer o
cne level to anotaer.
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1800
turns
1
turns 1
t 19 -
240 V AC Eg = m” x 290 = 2400 Volts
! =
Primary

Secondary

]
Eg s% x240 = 24 Valts
1Q

APPLICATICH CF TRANS CRUELRS

It has already been shovm that the resistance of 2 conductor is ‘
preportional to its lengta i.e. tue largzer the conductor the greater its Iresistanca.

I+ has also been shown that a voltage drcp acress a r;sistance is
equal to the preduct of the curren®t in the resistor and iis resistance 1l.e. v = LR.

It can therefore be seen th.t if we transmit 2lectrical sower over
long distwnces at a large current value there will be a large voltage irco between
tne transmitiing and receiving peints and thererore power icsses.

This can be overcome by transmitting power aaving a very high veliagze
and a low current thus the IR losses or voltage drops are greatly reduced.

To transmit a.c. power at a aign voliage, low current level the
generated voltage of ctCO vclts is stepped up by 2 taransformer %o 66000 velts (6oKv)
and distributed over long transmissicn lines then steoped down 3% iifZerent peints tc
6600 volss (6.6Kv) for local distridbution and finally stepped uo o to £40 volis and
2:0 volts a.2. fcr local power and use. .urther "specialised' supzlies such as 250CC
(25%v) for railway traction can alsc be taken from the 6okv lin:s.

[Ru STCHII IR MAPrING

\ o, >

A4 further advantcie of 2 trunsfomer is that 1t can ve 'tepoed”

. : 5 . s
srevide varicus voltzge igvels.

t
(@]

240V

150v

- i)

Secondary

éj 100 v

’

Drimary
24 0v

(o



48 DAY 4

MMe following illustrution sacws o typical gpower supply trani;gmer
CS etc in whlcn <aca secendary winding suppliss a qiffersnt voltage. uls
ent 2liminates :a2 nsed for three sepurate transiormers.

Cn tae transtormer illustraticn siacwn, tne middle connsciicns are
ntra tass and tad Vo u%e cetween tue centre tzps and eltner ccanection
13 cne oo :‘ o:‘ the vcltage acress that wirding. Taps can te tawen frem ol .er taan tae

centre .0s1tion waicnh will result in the veoltages betwesn the tap and the outer

connection ceing dirferent.

Red
(Y3 "hgh"
E Red-Yellow Yoitage
' Wirdl
Black E Red "¢
¢
Yellow
PRIMARY é: Yellow-Blue S.<volt
3) Ye'low Winding
Black - Green
© Green-Yello wl -volt
©___ Green o) Winding

SECONDARY
WINDINGS

AUTO R ANS FORMERS

.he autotiransformer differs from oivher tranaformers in that it
has only one winding instead of iwo,Part of this winding is used for bogh the
primary ancé the secondary while the rest of she winding a2ts as either the
rrimary or the secondary exclusively depending on whether the transformer
is used .o step she voltage up or down,

It ~an be seen from :he illustracion that.since here ig only one ~eil
aucotransformers will require less wire and are therefore less expenaive
than two, coil transformeza,However they do not isolate the secondary and the
primary circuits and therefcre have a limited use,

:
|

; 3

2 |

| S : {

! S, = |
Teiinary ‘ Jeconlary
/ =) } ? T

o & | ’

!%3 Seecndary Primary !

! i | i

. | ’, ! ;

- { ~ i t ’

o — - c N ")
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The application of both types of transformers is shown in the illustration
below which shows the power ciruit of an 4o.C.Locomotive, It can be
observed that the power from the over=head line is first taken to an

autoetransformer which is a variable tap to step up or step down the

voltage., The taps are then connected to the primary windinz and the
voltage stepred down by the secondary windings of the power packs,
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DIODES & RSCTIFICATICH

Cn pages one and two it was explained thas materials naving a large number
& feealectrons were grouped as good conductors of electricity Dut materials
nith a very small number or no electrons were grouped together as poor
conductors or insulators.

Certain materials however can be manufactured tc fomm a third group xnowmn
as seni-conductors or DIODES,

Principle of a diode

A diode is a device which will pass current easily inaedirection, called
the "forward" direction, i.e. presents no resistance to current flow, out
will not pass current in the opposite direction termed the "reverse
direction, i.e. presents a very high resistance to the flow of current,

The follow%n§ illustration No. 1 shows a diode connected in the forward
a

direction and the reverse direction (b) dependent on the polarity of
the supply. .
FIG 1
DIODE Current Flow
N N
< P
POSITIVE //// \\\ NEGATIVE
N\
ANODE CATHQDE

(a) FORWARD BIASED DIODE

%Q_QL No Current Flow
+ >‘ -
NEGATIVE / \ POSITIVE
N

ANOOE CATHODE

(b) REVERSE BIASED DIODE

Note that the anods must always be positively dizsed for current to flow
snd that the arzow head of the dicde symbol indicates the direction of
conventional current flow which is opposite to the slectrom flow.
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t 13 neot intended %o explain the complicated physics of a dicde in this
text, suffice to say that a diode in an electrical system acts in the
same mpanner as a non=return or check valve in an air system. .

Antlication of a Dinde.

A typical application of a dicde on locomotives is "ts use as a "blocking"
device in the battery charging system :3 showm in figure 2.

i

DIiQDE

* ) ' -
BATTERY

|

. ]

GENERATOR : {
| (

o FIG,2
BLOCKING DIGDE (Battery Charging)

Wnen the generator turns fast enough to generate a voltage greater than
that of the vattery the diodes permit battery - charging current to flow.
If the generator slows or stops the battery voltage will exceed that of
the generator and the batlery would discharge through the generator.
However the two dicdes wlock the flow of discharge current,

The purpose of two diodes in parallel is to prevent damage to the diodes
under high current conditions, e.g. when the batteries are in a lower state
of charge,

Another everyday use of diodes is in the rectification of A.C. power
to D.C.

Hzlf /ave Reckification,

L3

4s already been explained, an A.C. voltage wave is continually cycling Ironm
positive to negative fto posiiive etc. and can te graphically showmn as in

~ \

figure 3 (a).

< sany oA
WliSlosos oo
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AC Laad

Generator

(a)

AC § Laad v
Generator

(b)

HALF=WAVE RECTIFIER FI1G.3

If 2 diode is connected into the system, figure 3 (b) it will cnly pass
current when the anode is positive in respect to the cathode hence the

.. waveform generated is a pulsating D.C. voltage similar to that generated
by generator fitted with a commutator as shown on page 19. This is known
as a half wave rectifier.

1t can be seen that each negative pulse is missing and therefore the power
outzut is much less that the original A.C. waverorm,
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STTDZITE NOTES
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FULL WAVE IECTIFICAIION

Instead of chocping whe negative cycle ocut.the efriciency of the ouiput =an be
improved uy "rectifying" the negative wave inte a noziiive wave.i,e,

Full Vave Rentification,

There are several ways in which diodes can be sonnected to ovtain full wave r
rectification vut :he most cowrmon mechod is as shown in the rollowing illustraiion,

It can be observed .hat auring che first cycle when che voltage at terminal A of
the coil gces positive the anode of No1,diode will be positive and it will there=
fore pass current to .he load then back to terminal B of the coil via diode 2,
Note terminal B of the coil will now ue negative,

During the second cycle terminal B of the coil will be positive hence the anode

of diode Wo,3 will be positive with rapect to the cathode hence it will pass surren?t
%o che load in the same direction as before. After passing through ihe load the
current will them rass through diode No,4, to Serminal A of the coil,

It can be observed tha: during both cycles the direction of vke current through
the load is the same,

The practical use of the bridge rectvifier is shown on page,

It is suggested tha: the trainee lines in between she single and double arrows
with two different coloured pencils,

Firgt Cycle
Second Cycle

S

——
A I — P '
/ %szz;’:x“ / \
STET 4 W

+’/\, /\ . \ ~

VN
- 4 ’77/ \ | (
Waveiorm o / 2 Diode 3 .+.‘ |
S i e JAYAYA
/} + :§>_,4 SN k' v :
8 I —? 0 —_— -! Outuut Wavefarm
| 4 . ﬁ -/
/ ! ’ |
| L — ;
—_— — —
Fi1G. 4

BRIDGE RECT!FIER (FuL. wAVE RECTIFICATION)
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