Power
Electrician - Alternator

Related Theory for Exercise 2.5.143 - 147

Alternator - principle - relation between poles, speed and frequency

Objectives: At the end of this lesson you shall be able to

e explain the working principle of an alternator

e explain the method of production of sine wave voltage by a single loop alternator
e describe the relation between frequency, number of poles and synchronous speed.

Principle of an alternator: An alternator works on the
same principle of electromagnetic induction as a DC
generator. That is, whenever a conductor moves in a
magnetic field so as to cutthe lines of force, an emfwill be
inducedinthat conductor. Alternatively wheneverthereis
relative motion between the field and the conductor, then,
the emf will be induced in the conductor. The amount of
induced emfdepends uponthe rate of change of cutting or
linkage of flux.

In the case of DC generators, we have seen that the
alternating current produced inside the rotating armature
coils has to be rectified to DC for the external circuit
through the help of a commutator. But in the case of
alternators, the alternating current producedinthe armature
coils can be broughtouttothe external circuit with the help
of slip-rings. Alternatively the stationary conductorsin the
stator can produce alternating current when subjected to
the rotating magnetic field in an alternator.

Production of sine wave voltage by single loop
alternator: Fig 2a shows a single loop alternator. As it
rotates inthe magneticfield, the induced voltageinitvaries
in its direction and magnitude as follows.

To plotthe magnitude and direction of the voltage induced
in the wire loop of the AC generator in a graph, the
electrical degrees of displacement of the loop are keptin
the “X' axis as shown in Fig 1 through 30 electrical
degrees. Asshownin Fig 2c, three divisions on the “X' axis
representaquarterturn ofthe loop, and six divisions a half
turn. The magnitude of the induced voltage is keptin the
"Y' axis to a suitable scale.

The partabove the X-axis represents the positive voltage,
and the part below it the negative voltage as shown in
Fig 1.
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The position of the loop at the time of starting is shown in
Fig 2a and indicated in Fig 2c as "O' position. At this
position, as the loop moves parallel to the main flux, the
loop does not cut any lines of force, and hence, there will
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be novoltage induced. This zero voltage isrepresentedin
the graph as the starting point of the curve as shown in
Fig 2c. The magnitude of the induced emf s given by the
formula Eo =BLV Sin 6
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(c) PRODUCTION OF SINE WAVE FORM IN A SINGLE PHASE ALTERNATOR

where
B is the flux density in weber per square metre,
L isthe length of the conductors in metres,

V isthevelocity of the loop rotation in metres per second
and

0 is the angle at which the conductor cuts the line of
force.

Assin6=0

E at O position is equal to zero. As the loop turns in a
clockwise direction at position 30° as shownin Fig 2c, the
loop cuts the lines of force and an emfis induced (E,,) in
the loop whose magnitude will be equal to BLV Sin6 where
6 is equal to 30°.

Applying the above formula, we find the emfinducedinthe
loop at 90° position will be maximum as shown in Fig 2c.



As the loop turns further towards 180° it is found the
number of lines of force which are cut will be reduced to
zerovalue. If the quantity of emfinduced at each position
is marked by a point and a curve is drawn along the points,
the curve will be having a shape as shown in Fig 3b.

poles, the voltage induced in one revolution of the loop
undergoes one cycle. If it has four poles, then one
complete rotation of the coil produces two cycles because,
whenever it crosses a set of north and south poles, it
makes one cycle.

Fig 3
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During the turn of the loop, from 0 to 180°, the slip ring
will be positive and S, will be negative.

1

However, at 180° position, the loop moves parallel to the
lines of force, and hence there is no cutting of flux by the
loop and there is no emfinduced in the loop as shown in
Fig 3b.

Further during the turn of the loop from the position 180°
to 270°, the voltage increases again but the polarity is
reversed as shown in Fig 4b. During the movement of the
loop from 180 to 360°, the slip ring S, will be positive and
S, willbe negative as shownin Fig 4a. However, at270° the
voltage induced will be the maximum and will decrease to
zero at 360°. Fig 5b shows the variation of the induced
voltage inboth magnitude and direction during one complete
revolution of the loop. This is called a cycle.

This type of wave-form is called a sine wave as the
magnitude and direction of the induced emf, strictly
follows the sine law. The number of cycles completed in
one second is called a frequency. In our country, we use
an AC supply having 50 cycles frequency whichis denoted
as 50 Hz.

Relation between frequency, speed and number of
poles of alternator: If the alternator has got only two
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Fig 6 shows the number of cycles which are produced in
each revolution of the coil, with 2 poles, 4 poles and 6
poles. It is clear from this that the number of cycles per
revolution is directly proportional to the number of poles,
"P'divided by two. Therefore the number of cycles produced
per second depends on P/2, and the speed in revolutions
per second.

P
Therefore frequency F = 5 n

where "n'isinr.p.s.

"P'is the number of poles.

Types and construction of alternators

Generally speed is represented inr.p.m.

PN _ PN
2x60 120

Then we have frequency F =

where P is number of poles and N is speed in r.p.m.

Accordingly we can state thatthe frequency of an alternator
is directly proportional to the number of poles and speed.

Objective: At the end of this lesson you shall be able to

e explain the construction, and the various types of alternators.

Classification according to the number of phases:
Another way of classifying the alternators is based on
production of single or 3-phase by the alternator. Accordingly
the types are 1) single-phase alternators 2) three-phase
alternators.

Single-phase alternators: A single-phase alternator is
onethat provides only one voltage. The armature coils are
connected in “series additive'. In other words, the sum of
the emf induced in each coil produces the total output
voltage. Single phase alternators are usually constructed
insmallsizesonly. They are used as atemporary standby
power for construction sites and for permanentinstallation
in remote locations.

Three-phase alternators: This alternator provides two
differentvoltages, namely, phase and line voltages. Ithas
3windings placed at 120° to each other, mostly connected
in a star having three main terminals U,V,W and neutral
"N

These alternators are driven by prime movers such as
diesel engines, steam turbines, water wheels etc.
depending uponthe source available.

Construction of alternators: The main parts ofarevolving
field type alternator are shown in Fig 1.
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Stator: It consists of mainly the armature core formed of
laminations of steel alloy (silicon steel) having slots on its

inner periphery to house the armature conductors. The
armature core inthe formofaringis fitted to a frame which
may be of cast iron or welded steel plate. The armature
coreislaminated to reduce the eddy currentlosses which
occur in the stator core when subjected to the cutting of
the flux produced by the rotating field poles. The laminations
are stamped outin complete rings (for smaller machines)
or in segments (for larger machines), and insulated from
eachotherwith paper or varnish. The stampings also have
holes which make axial and radial ventilating ducts to
provide efficient cooling. A general view of the stator with
the frame is shown in Fig 2.

Fig 2
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Slots provided on the stator core to house the armature
coils are mainly of two types, (i) open and (ii) semi-closed
slots, as shown in Fig 3a and b respectively.

The open slots are more commonly used because the
coils can be form-wound and pre-insulated before placing
in the slots resulting in fast work, less expenditure and
good insulation. This type of slots also facilitates easy
removal and replacement of defective coils. But this type
of slots creates uneven distribution of the flux, thereby
producing ripples in the emfwave. The semi-closed type
slots are better in this respect but do not permit the use
of form-wound coils, thereby complicating the process of
winding. Totally closed slots are rarely used, but when
used, they need bracing of the winding turns.

Rotor: This forms the field system, and is similar to DC
generators. Normally the field system is excited from a
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separate source of low voltage DC supply. The excitation
source is usually a DC shunt or compound generator,
known as an exciter, mounted to the same alternator
shaft. The exiting current is supplied to the rotor with the
help oftwo slip- rings and brushes. The field poles created
by the excitation are alternately north and south.

Fig 3
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Rotating field rotors are of two types, namely (i) salient
pole type as shownin Fig 4 and (ii) smooth cylindrical type
or non-salient pole type, as shown in Fig 5.
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NON-SALIENT POLE TYPE FIELD STRUCTURE

Salient poletype: Thistype of rotor is used only for slow
and medium speed alternators. Thistypeisless expensive,
having more space for the field coils and vast heat
dissipating area. This type is not suitable for high speed
alternators as the salient poles create a lot of noise while
running in addition to the difficulty of obtaining sufficient
mechanical strength.

Fig 4 shows the salient pole type rotor in which the riveted
steellaminations are fitted to the shaft fitting with the help

ofadovetailedjoint. Pole faces are curved to have uniform
distribution of the flux in the air gap leading to production
of sinusoidal wave form of the generated emf. These pole
faces are also provided with slots to carry the damper
winding to prevent hunting.

Salient pole type alternators could be identified by their
larger diameter, short axial length and low or medium
speed of operation.

Smooth cylindrical or non-salient pole type rotor:
Thistypeisusedinvery high speed alternators, driven by
steam turbines. To have good mechanical strength, the
peripheral velocity is lowered by reducing the diameter of
the rotor and alternatively with the increased axial length.
Suchrotors have either two or four poles but run at higher
speeds.

Towithstand such speeds, the rotor is made of solid steel
forging with longitudinal slots cutas shownin Fig 5awhich
shows atwo-pole rotor with six slots. The windingisinthe
form of insulated copper strips, held securely in the slots
by proper wedges, and bound securely by steel bonds.

One partofthe periphery of the rotor in which slots are not
made is used as poles as shown in Fig 5b.

Smooth cylindrical pole type alternators could be identified
by their shorter diameter, longer axial length and high
speed of operation.

Rating of alternators

An electrical machines is usually rated at the load, which
is can carry without over heating and damage to insulation.
i.e the rating of electrical machine is governed by the
temperature rise caused by internal losses of the machine.
The copper loss in the armature (I?R) depends upon the
strength of the armature current and is independent of
power factor.

The output in KW is proportional to power factor for the
alternator of a given kVA. For example output of 1000
kVA alternator on full load will be 200, 500, 800, 1000 kW
at power factor 0.2, 0.5, 0.8 and unity respectively but
copper losses in armature will remain the same regard
less of power factor.

For the above reasons alternators are usually rated in
kVA (kilo Volt Ampere).

Hunting

Hunting is a phenomenon in alternator which is caused
by continuous fluctuation in load. When the load on the
alternator is frequently changing, then the rotor of the
alternator runs unsteadily making a noise of a whistle
due to oscillations, or vibrations set up in the rotor. This
phenomenon is called as hunting of alternators.

Hunting is prevented by the Damper Windings provided in
the field pole core.
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Generation of 3-phase voltage and general test on alternator

Objectives: At the end of this lesson you shall be able to

e explain the method of generating 3-phase voltage wave-forms by a 3-phase alternator

state the phase sequence of 3¢ supply

e state e.m.f. equation of the alternator

state the method of testing an alternator for continuity insulation and earth connection

state the I.E.E. regulations and B.I.S. recommendations pertaining to earthing of the alternator.

Generation of three-phase voltage: Basically, the
principle of a three-phase alternator (generator) is the
same as that of a single phase alternator (generator),
except that there are three equally spaced coils or
windings which produce three output voltages which are
out of phase by 120° with each other.

A simple rotating-loop, three-phase generator with its
output voltage wave-forms is shown in Fig 1c.
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AsshowninFig 1a, three independentloops spaced about
120° apart are made to rotate in a magnetic field with the
assumption thatthe alternator shown is arotating armature
type. As shown in Fig 1a, the three loops are electrically
isolated from each other and the ends of the loops are
connectedtoindividual sliprings. As the loops are rotating
inauniform magnetic field, they produce sine waves. Ina

practical alternator, these loops will be replaced by a
multi-turn winding element and distributed throughout the
rotor slots but spaced apartat 120° electrical degrees from
each other. Further, in practice, there will not be six slip
rings as shown in Fig 1a but will have either four or three
sliprings depending upon whether the three windings are
connected in a star or delta respectively.

We also know, as discussed earlier, that the rotating
magnetic field type alternators are mostly used. In such
cases only two slip rings are required for exciting the field
poles with DC supply. Fig 1b shows a stationary, 3-phase
armature in which individual loops of each winding are
replaced by coils spaced at 120 electrical degrees apart.
However, the rotating parthaving the magnetic polesis not
shown.

Fig 1c showstherotating armature type alternator in which
the 3 coils of the three-phases are connected in starwhich
rotates in a two-pole magnetic field. According to Fig 1c,
the coil 'R'moves underthe influence ofthe "N' pole cutting
the flux at right angles, and produces the maximum
induced voltage at position "O° as shown in the graph as
per Faraday's Laws of Electromagnetic induction. When
the coil 'R"movesin aclockwise direction, the emfinduces
falls to zero at 90 degrees, and then increases to -ve
maximum under the influence of the south pole at 180
degrees. Likewise the emf induced in the "R’ phase will
become zero at 270 degrees and attain +ve maximum at
360 degrees. In the same manner the emf produced by
coils "Y' and "B’ could be plotted on the same graph. A
study of the sine wave-forms produced by the three coils
RYB shows that the voltage of coil 'R'leads voltage of coil
"Y'by 120°, and the voltage of coil "Y' leads voltage of coil
"B’ by 120°.

Phase sequence: The phase sequence is the order in
which the voltages follow one another, i.e. reach their
maximum value. The wave-formin Fig 1c shows that the
voltage of coil R or phase R reaches its positive maximum
valuefirst, earlier than the voltage of coil Y orphase "Y', and
after that the voltage of coil B or phase B reaches its
positive maximum value. Hence the phase sequence is
said to the RYB.

If the rotation of the alternator shownin Fig 1cis changed
from clockwise to anticlockwise direction, the phase
sequence willbe changed as RBY. Itisthe mostimportant
factorfor parallel connection of poly phase generators and
in poly phase windings. Further the direction of rotation of
a 3-phase induction motor depends upon the phase
sequence of the 3-phase supply. Ifthe phase sequence of
the alternatoris changed, allthe 3-phase motors, connected
tothatalternator, willruninthe reverse direction thoughiit
may not affect lighting and heating loads.
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The only difference in the construction of a single phase
alternator and that of a 3-phase alternator lies inthe main
winding. Otherwise both the types of alternators will have
similar construction.

General testing of alternator: Alternaters are to be
periodically checked for their general condition as they will
be in service continuously. This comes under preventive
maintenance, and avoids unnecessary breakdowns or
damage to the machine. The usual checks that are to be
carried out on an altenator are:

e continuity check of the windings

e insulationresistance value between windings

« insulationresistance value of the windings to the body
« checking the earth connection of the machine.

Continuity test: The continuity of the windingsis checked
by the following method as shown in Fig 2.

Fig 2
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A test lamp is connected in series with one end to the
neutral (star point) and the other end to one of the winding
terminals (R Y B). If the test lamp glows equally bright on
allthe terminals RYB then the continuity of the winding is
all right. In the same way, as shown in Fig 3, we can test
the field leads F, and F, for field continuity.

Fig 3
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Testing continuity with the test lamp only indicates the
continuity in between two terminals but will not indicate
any shortbetween the same windings. Amore reliable test
will be to use an ohmmeter to check the individual
resistances of the coils, and compare them to see that
similar coils have the same resistance. The readings,
when recorded, will be useful for future reference also.
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Forinsulation resistance test

Between windings: As shown in Fig 4, one end of the
Megger lead is connected to any one terminal of the RYB
and the otheris connected to F, or F, of the field winding.
If the Megger reads one megohm or more, then the
insulation resistance is accepted as okay.

Fig 4
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Ifthereis short, between the armature and field windings,
the Megger reads zero ohms. If it is weak, it shows less
than one megohm.

Testing insulation resistance between body and
windings: As shown in Fig 5, one lead of the Megger is
connected to one of the leads of the RYB, and the other
lead of the Megger is connected to the body. If the
insulation between the windings and the frame is all right,
the Megger reads more than one megohm.

Fig 5
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The field is tested by connecting one terminal of the
Meggerto F, orF,of the field and the other terminal to the
body as shown in Fig 6. If the insulation between the field
andthe frameis all right, the Meggerreads more than one
megohm. Alower reading than one megohm shows weak
insulation and leakage to the ground.

Fig 6
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Caution

While conducting the insulation resistance test, if the
Megger reads zero, then it should be concluded that the
insulation of the winding has failed completely and needs
thorough checking.

The permissible insulation resistance should
not be less than 1 megohm.
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Emf equation of the alternator

Objective: At the end of this lesson you shall be able to

« explain the emf equation to calculate the induced emf in an alternator.

Equation ofinduced emf: Theemfinducedinan alternator
depends uponthe flux per pole, the number of conductors
and speed. The magnitude of the induced emf could be
derived as stated below

Let Z = No.of conductors or coil sides in series/
phase in an alternator

P = No.ofpoles

f = frequency ofinduced emfin Hz

@ = fluxperpoleinwebers

k. = formfactor=1.11 -ifemfis assumed to

be sinusoidal
N = speed of therotorinr.p.m.

According to Faraday's Law of Electromagnetic Induction
we have the average emfinducedinaconductor isequal
to rate of change of flux linkage

(0[]

dt

change of total flux
time duration in which the flux change takes place

In one revolution of the rotor (ie in 60/N seconds), each
stator conductor is cut by a flux equal to P@ webers.

Hence the change of total flux = dg = P@ and the time
duration in which the flux changes takes place

= dt = 60/N seconds.

Hence the average emf induced in a conductor

dg PO
= — = — volts
d 60 Eq1l
N
20f

Substituting the value for 1T inegn 1

we have the average emf induced in a conductor =
_P@120]
P60

Ifthere are Z conductors in series per phase we have the
average emf per phase = 2@fZ volts.

volts =23 [ volts

Thenr.m.s. value ofemfper phase =average value x form
factor

= VAV X KF
=V, x111
=20fZx1.11
=2.220fZvolts.

Alternatively r.m.s. value of emf per phase = 2.22@ 2T
volts

=4.440fTvolts

where T is the number of coils or turns per phase and Z =
2T.

This would have been the actual value of the induced
voltageifallthe coilsinaphase were (i)full pitched and (ii)
concentrated or bunched in one slot. (In actual practice,
the coils of each phase are distributed in several slots
under all the poles.) This not being so, the actually
available voltage is reduced intheratio of these two factors
which are explained below.

Pitch factor (K or K_.): The voltage generated in a
fractional pitch winding is less than the full pitch winding.
The factor by which the full pitch voltage is multiplied to get
voltage generated in fractional pitch is called pitch factor,
and it is always less than one; and denoted as K, or K.
Normally this value is given in problems directly;
occasionally this value needs to be calculated by a
formula K =K =Cos of2

where o is the electrical angle by which the coil span falls
short of full pitch.

Distribution factor (K ): Itisimperative thatthe conductors
of the same phase need to be distributed in the slots
instead of being concentrated at one slot. Because of this,
the emf generated in different conductors will not be in
phase with each other, and hence, cannot be added
together to get the total induced emf per phase but to be
added vectorially. This has to be taken into account while
determining the induced voltage per phase.

Therefore, the factor by which the generated voltage must
be multiplied to obtain the correct value is called a
distribution factor, denoted by K ,and the value is always
lessthan one. The formulaforfindingthe value of K | is given
below.

_ SinmB/2
m Sin /2

where m is the number of slots per phase per pole

_ 180°
No. of slots per pole
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Characteristic and voltage regulation of the alternator

Objectives: At the end of this lesson you shall be able to

» explain the load characteristic of an alternator and the effect of the P.F. on terminal voltage
e explain the regulation of alternators and solve problems therein.

Load characteristic of an alternator: Astheload onthe
alternator is changed, its terminal voltage is also found to
change. The reason for this change is due to the voltage
drop in the alternator because of

+ armatureresistance R,
* armature leakage reactance X

e armature reaction which, in turn, depends upon the
power factor of the load.

Voltage drop in armature resistance: Resistance of
each phase winding of the alternator causes avoltage drop
inthe alternator, and itis equal to IpRa where Ip isthe phase
current and R_ is the resistance per phase.

Voltage drop in armature leakage reactance: When
the flux is set up in the alternator due to the current flow
in the armature conductors, some amount of flux strays
out rather than crossing the air gap. These fluxes are
known as leakage fluxes. Twotypes of leakage fluxes are
shown in Figs 1a and b.
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Thoughthe leakage fluxes are independent of saturation,
they do depend upon the current and the phase angle
between the current and the terminal voltage "V'. These
leakage fluxesinduce areactance voltage whichisahead
ofthe currentby 90°. Normally the effect of leakage fluxis
termedasinductive reactance X _andasavariable quantity.
Sometimesthevalue X isnamedas synchronousreactance
to indicate that it refers to working conditions.

Voltage drop due to armature reaction: The armature
reaction in an alternator is similar to DC generators. But
the load power factor has considerable effect on the
armature reaction in the alternators.

The effects of armature reaction have to be consideredin
three cases, i.e. when load power factor is

° unity

» zerolagging
» zeroleading.

Atunity P.F. the effect of armature reaction is only cross-
magnetising. Hence there will be some distortion of the
magnetic field.

Butinthe case of zero lagging P.F. the effect of armature
reaction will be de-magnetising. To compensate this
de-magnetising effect, the field excitation current needs to
beincreased.

Onthe other hand, the effect of armature reaction due to
zeroleading P.F. will be magnetising. To compensate the
increased induced emf, and to keep the constant value of
the terminal voltage due to this additional magnetising
effect, the field excitation current has to be decreased.

Rating of alternators: As the power factor for a given
capacity load determines the load current, and the
alternator's capacity is decided on load current, the rating
of the alternator is given in kVA or MVA rather than kW or
MW in which case the power factor also is to be indicated
along with the wattage rating.

Example: A3-phase, star-connected alternator supplies
aload of 5 MW at P.F. 0.85lagging and at a voltage of 11
kV.ltsresistanceis 0.2 ohm per phase and the synchronous
reactance is 0.4 ohm per phase. Calculate the line value
ofthe emfgenerated.

P
- I
Full load current= "L \J3E_ Cosd

X X
J5§ ;L 2280013 ?805 gy
Instarl = |
|Ra drop = 309x0.2=61.8V
Ix drop = 309x0.4=123.6V

Terminal voltage (line)=11000V

11000
Terminal voltage(phase) = T: 6350V

Power factor =0.85
Power factor angle = 6 =Cos 1(.85)
=Cos 31.8°

Sin 6 =0.527.

Drawing the vector, as shownin Fig 2, with the above data,
we have
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Eo =\/(V0039+| R.)? +(VSing+1 X, )2

\/(6350 x 0.85 + 61.8)° + (6350 x 0.527 +123.6)>

6468.787 volts.

Line voltage = +/3Ep = /3 x 6469 = 11204V

Fig 2
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The voltage regulation of an alternator: The voltage
regulation of an alternator is defined as the rise in voltage
whenthe load is reduced from the full rated value to zero,
with the speed and field current remaining constant. Itis
normally expressed as a percentage of the full load
voltage.

— VNL — VFL
% ofvoltage regulation= — ., x 100

FL

whereV, -
V -

FL

no load voltage of the alternator
fullload voltage of the alternator

The percentage regulation varies considerably, depending
on the power factor of the load, and as we have seen for
leading P.F. the terminal voltage increases with load, and
for lagging P.F. the terminal voltage falls with the load.

Example: Whenthe load isremoved froman AC generator,
its terminal voltage rises from 480V at full load to 660V at
no load. Calculate the voltage regulation.

M %« 100
FL

% regulation =

660 — 480
480

x 100 = 37.5%

Parallel operation and synchronisation of three phase alternators - brushless

alternator

Objectives: At the end of this lesson you shall be able to

e state the necessity and conditions for paralleling of alternators
e explain the methods of paralleling two 3 phase alternators
« state the effect of changes in field excitation and speed on the division of load between parallel operation.

Necessity for paralleling of two alternators : Whenever
the power demand of the load circuit is greater than the
power output of a single alternator, the two alternators to
be connected in parallel

Conditions for paralleling (synchronising) of two 3
phase alternators

¢ The phase sequence of both 3 phase alternators must
be same. It can be checked by using phase sequence
meters

e The output voltages of the two 3 phase alternators must
be same.

e The frequency of both the alternators must be same

Dark lamp method : The following describes the method
of synchronizing two alternators using the dark lamp
method.

Fig 1 illustrates a circuit used to parallel two three-phase
alternators. Alternator 2 is connected to the load circuit.
Alternator 1 is to be paralleled with alternator 2 Three
lamps rated at double the output voltage to the load are
connected between alternator 2 and the load circuit as
shown. When both machines are operating, one of two
effects will be observed:

1 The three lamps will light and go out in unison at a
rate which depends on the difference in frequency
between the two alternators.

2 The three lamps will light and go out at a rate which
depends on the difference in frequency between the
two machines, but not in unison. In this case, the
machines are not connected in the proper phase
sequence and are said to be out of phase. To correct
this, it's necessary to interchange any two leads to
alternator 1. The machines are not paralleled until all
lamps light and go out in unison. The lamp method is
shown for greater simplicity of operation.

By making slight adjustments in the speed of alternator 1
the frequency of the machines can be equalized so that
the synchronizing lamps will light and go out at the lowest
possible rate. When the three lamps are out, the
instantaneous electrical polarity of the three leads from 1
is the same as that of 2 At this instant, the voltage of 1 is
equal to and in phase with that of 2 Now the paralleling
switch can be closed at the middle period of the darkness
of the lamps so that both alternators supply power to the
load. The two alternators are in synchronism, according
to the three dark method.

The three dark method has certain disadvantages and is
seldom used. A large voltage may be present across an
incandescent lamp even though it's dark (burned out). As
aresult, it's possible to close the paralleling connection
while there is still a large voltage and phase difference
between the machines. For small capacity machines
operating at low speed, the phase difference may not affect
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the operation of the machines. However, when large
capacity units having low armature reactance operate at
high speed, a considerable amount of damage may result
if there is a large phase difference and an attempt is made
to parallel the units.

Two bright, one dark method (Dark and bright lamp
method) : Another method of synchronizing alternators
is the two bright, one dark method. In this method, any

two connections from the synchronizing lamps are crossed
after the alternators are connected and tested for the
proper conditions for paralleling phase rotation. (The
alternators are tested by the three dark method.) Fig 2
shows the connections for establishing the proper phase
rotation by the three dark method. Fig 2 shows the lamp
connections required to synchronize the alternator by the
two bright, one dark method.
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When the alternators are synchronized, lamps 1 and 2
are bright and lamp 3 is dark. Since two of the lamps are
becoming brighter as one is dimming, it's easier to
determine the moment when the paralleling switch can
be closed. Furthermore, by observing the sequence of
lamp brightness, it's possible to tell whether the speed of
the alternator being synchronized is too slow or too fast
and can be connected it.

At the moment when the two lamps are full bright and
one lamp is full dark, the synchronizing switch can be
closed.

Now the both alternator are synchronized and share the
load according to their ratings.

Effect of changing the field excitation and power
factor

A change in the excitation of an alternator running in parallel
with others effects only its KVA output it does not effect
the KW output. A change in the excitation thus effects
only the power factor of its output.
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Fig 2
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