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Electric generator

This project is about electromagnetic power generation. For electrostatic generators like the Van
de Graff machine,

.S. NRC image of a modern steam turbine.generator (S

In electricity genefation,;a generator.is.a device that converts mechanical engrgy td electrical

energy for uge i external circuit. Sources of mechanical energy includ rbines, gas
turbines, wager s, internal combustion enginesand even hand cranks. The fist
electromagngtic generatar, the Faraday disk, was builtin 1831 by British scientist Michael
Faraday. Geperators provide nearly all of the power for electric power grids.

The reverse fgonversion of electrical energy into mechanical energy is done by an jlectric motor,
and motors @nd generators have many similarities. Many motors can be mechanically driven to
generate elegtricity and frequently n'_l'ake ‘acceptable manual generators.

Terminolog

TN — .. ' ."/ s
. Dynamos generate direct current, us h voltage or current fluctuations, usually

through the use of a commutator

. Alternators generate alternating current, which may be rectified by another (external or
directly incorporated) system.

Mechanically a generator consists of a rotating part and a stationary part

. Rotor: The rotating part of an electrical machine




. Stator: The stationary part of an electrical machine, which surrounds the rotor
Electrically, generators contain two sets of wire windings

. Armature: The power-producing component of an electrical machine. In a generator,
alternator, or dynamo the armature windings generate the electric current. The armature can be
on either the rotor or the stator.

. Field: The magnetic field producing component of an electrical machine. The magnetic
field of the dynamo oF Iternator can be provided by either wire winding lled field coils or

electrically cha Its, plates, and disks that carried charge to a high p@ ectrode. The
charge was @e d using either of two mechanisnis: electrostatic induc
triboelectric puch generators"generated very high voltage and low ¢ . Because of
their inefficie 8 the difficulty of insulating machines that produced very §i

electrostatic
commerciall
power early

icant quantities of electric power. Their only practical appliEationg were to
bes, and later in some atomic particle accelerators.
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radially outward from the
spring contact m, through the 'exte
axle.

d tﬁ [lcu# o rough the sliding
circutt;a enter of the disk through the

The operating principle of electromagnetic generators was discovered in the years of 1831—
1832 by Michael Faraday. The principle, later called Faraday's law, is that an electromotive
force is generated in an electrical conductor which encircles a varying magnetic flux.

He also built the first electromagnetic generator, called the Faraday disk, a type of homopolar
generator, using a copper disc rotating between the poles of a horseshoe magnet. It produced a
small DC voltage.




This design was inefficient, due to self-cancelling counterflows of current in regions that were
not under the influence of the magnetic field. While current was induced directly underneath the
magnet, the current would circulate backwards in regions that were outside the influence of the
magnetic field. This counter flow limited the power output to the pickup wires, and induced
waste heating of the copper disc. Later homopolar generators would solve this problem by using
an array of magnets arranged around the disc perimeter to maintain a steady field effect in one
current-flow direction.

Another disadvantageWwas that the output voltage was very low, due to single current path

through the magnetic fl g i i [ ire in a coil could
8 ' the number of

turns, gener. A A ing the

designs.
1827 with the
electromagngtidieting devices which he calledieleciromagnetic self-rotorsgthelprototype of
the single-pdle ric starter (finished between 1852 and 1854) both the dlefnary and the
revolving pafts electromagnetic.-He.also may have formulated the co#8®et offthe dynamo

in 1861 (befre Sifmensand Wheatstone) but didn't patent it as he thought Hp wasfi't the first to

realize this.

Direct current g

This large bglt-g , nos are no
longer used Bue™® B ' , : .. d for
applications.

The dynamo was the Tir§ u:.‘lj.“ ne% le of.eliTiMy power for industry. The
dynamo uses electromagneticiinduction f n echahicalgetation into direct current

through the use of a commutator. A dynamo wa py Hippolyte Pixii in 1832.




The Woolricljl E
the earliest dle | generator used.in an mdustrlal process It was used by
Elkingtons fdr congimercial electroplating:

L/Iuseum, is
firm of

Charles Whdats , Werner von Siemens and Samuel Alfred Varley. Varl
on 24 Decerfib , While Siemens and Wheatstone both announced t
January 186f, the latter delivering a paper on. his discovery to the Royal Society.

ut a patent
veries on 17

The "dynam@-electric machine" employed self-powering electromagnetic field coilsfather than
permanent miagnets to create the stator field:Wheatstone's design.was similar to Semens', with
the differencg that in the Siemens design the stator electromagnets were in series With the rotor,
but in Wheafstone's design they were in parallel. The use of electromagnets ratherjthan
permanent miagnets greatly increased the power output of a dynamo and enabled Righ power
generation f@r the fir; me This invention led directly: to the first major if®ystrial uges of

electricity. F 70s Siemens used electr ma c dygifadleto pbwer electric
arc furnacesjfo | i a&td oth _I::"'l.ll_
The dynamojma - gvel sta it {girﬁj‘*-‘r icl} provides

the magnetid fie _ L, . dii 'ﬁ- larger machines
the constant =_gjg eld"e J'riif_ .[rr .E'I.p‘ h agg'usually called
Large power generation'@ early universal use of

field coils.
.!' I) I : O
alternating current for power 0 E;grﬁe haadopttonefAC, very large direct-current

dynamos were the only means of powemgeneration aa@distribution. AC has come to dominate
due to the ability of AC to be easily transformed to and from very high voltages to permit low
losses over large distances.




Alternating Current Generator

alternator. H

active cond in opposite
directions.
Large two-pliase , JIE.H.

Gordon, in 1B8#
Stanley, Jr.,

first public demonstration of an "alternator-system" was giver] by William
n employee of Westinghouse Electric in 1886.

Sebastian Zigni de Ferranti established Ferranti, Thompson and Ince in 1882, to m@rket his
Ferranti-Thofnpson Alternator, invented with the help of renowned physicist Lord Kelvin. His
early alternafors produced frequencies between 100 and 300 Hz. Ferranti went on fo design the
Deptford Poyer Station for the Lond_bn Electric Supply Corporation in 1887 using ah alternating
current systdm. On its completion‘in 1891, it was the first truly modern power statiop, supplying

high-voltagefAC po hat.was then "stepped down" for consumer use[each stieet. This
basic syste y around the world.\

A small early 1900s 75 kVAdirect-driven power station AC alternator, with a separate belt-driven
exciter generator.

After 1891, polyphase alternators were introduced to supply currents of multiple differing
phases. Later alternators were designed for varying alternating-current frequencies between
sixteen and about one hundred hertz, for use with arc lighting, incandescent lighting and electric
motors.




Self-excitation

As the requirements for larger scale power generation increased, a new limitation rose: the
magnetic fields available from permanent magnets. Diverting a small amount of the power
generated by the generator to an electromagnetic field coilallowed the generator to produce
substantially more power. This concept was dubbed self-excitation.

The field coils.are.connected.in.series.or.parallel.with.the.armature.winding.\When.the generator
first starts to turn, the i i iron core provides a
magnetic field to getit staried, gene in the armature.®his flows through

the field coils, crgating , current. This
"bootstrap" pr@€es aturationand
the generatdf reg

Very large p@we generators often utilize a separate smaller ge D exite the field
coils of the I@rg¢ e event of a severe widespread power outage whe nd)iIg of power
stations has pc@@fed, the stations may need to perform a:black start to exgitShe flelds of their

largest genefatCcaln order to restore customer power service.

peg of generator i

Specialized

Direct current
Homopolar geg Or

A homopa@lar generator is a DC electrical generator.comprising an electrically canhductive disc
or cylinder r@tating in a plane perpendicular to a uniform static-magnetic field. A potential
difference isfcreated between the center of the disc and the rim (or ends of the cyligder), the
electrical polarity depending on the direction.of rotation and the orientation of the figld.

It is also known as a unipolar generator, acyclic generator, disk dynamo, or Faraday disc. The
voltage is tygically low, on the order of-a few volts in the case of small demonstratign models,
but large resarch geM@rators can produce hundreds.of volts, and someBystems higve multiple
generators i i héy can
produce tre

MHD generato

A magnetohydraeyna 3 ! l.; - F‘. v Ovipg hot gases
through a magnetic e Of rotating efectr i@ jnachifiery. MHD

generators were originally#e e Jutpﬁl asma*MHD generator is a
flame, well able to heat the boile steamt'p plart? The#first practical design was the
AVCO Mk. 25, developed in 1965. The®8sS..governmefmtfunded substantial development,

culminating in a 25 MW demonstration plant in 1987. In the Soviet Union from 1972 until the late
1980s, the MHD plant U 25 was in regular commercial operation on the Moscow power system
with a rating of 25 MW, the largest MHD plant rating in the world at that time. MHD generators
operated as a topping cycle are currently (2007) less efficient than combined cycle gas turbines.

Basic Construction And Working Of A DC Generator.




DC Generator

A dc generator is an electrical machine which converts mechanical energy into direct current
electricity. This energy conversion is based on the principle of production of dynamically
induced emf. This article outlines basic construction and working of a DC generator.

Construction Of A DC Machine:

Note: ADC generator cagzbg g motor witho | changes and vice
versa |S aISO po [C T ) _"v oo Cart v olfe]l ed as a DC
machine. Th - ' etiprial '!'Lﬂ e S 'I-vf_z!:! Eﬂ A ab S| i DC motor.
Hence, let's gal striction-of 2 DC-maehine-ins S ion of adc

generator'.

Terminal

Yoke Box

Field 3,
winding

/ 4 Commutator
Armature \ 7

Armature Brushes

conductors

chine. ADC
parts of a DC machine

The above figure s
machine consists two b
are described below.

1. Yoke: The outer frame of a dc machine is called as yoke. It is made up of cast iron or
steel. It not only provides mechanical strength to the whole assembly but also carries the
magnetic flux produced by the field winding.




2. Poles and pole shoes: Poles are joined to the yoke with the help of bolts or welding.
They carry field winding and pole shoes are fastened to them. Pole shoes serve two purposes;
(i) they support field coils and (ii) spread out the flux in air gap uniformly.

3. Field winding: They are usually made of copper. Field coils are former wound and placed
on each pole and are connected in series. They are wound in such a way that, when energized,
they form alternate North and South poles.

Armature core (rotor)

Armatur : Armature core is the rotor of the machine. It is cylin in $hape with
slots to carnffarmature winding. The armature is built up of thin laminated circular sfeel disks for
reducing eddy current losses. It may be provided with air-ducts for.the axial air flowffor cooling
purposes. Affnature is keyed to the shaft. i

5. Armature winding: It is usually_a former wound copper coil which rests in arfnature slots.
The armaturg conductors are insulated from each other and also from the armaturg core.
Armature wiRding can be wound'by one of the two methods; lap winding or wave wl‘nding.
Double layerjlap or waxe wmdmgs are-generally used. A double layer wigding meafs that each
armature slof| wi

-,
6. Comignuts E.'.I

18 ade through
a commutatgr-bissm "{.E "_ih_ i utatg . r{is to collect
the current genclllild ors. W ereas e - ?-. c -F" f'r mutator
helps in providi ‘q [:: e M tof copper
segments whi c TARul . 3¢ n i'u H eglial to the number
of armature coils. Eaeh AeRkis conné cted to an armatur :-- 3 t gicommutator is keyed

to the shaft. Brushes are™tig -1‘ p&de f m?r geaprite Theyrest on commutator
segments and slide on the segmesn hen utator gei@tes keeping the physical contact
to collect or supply the current.




ed from the
nduced

current will grculate within the path. In a DC generator, field coils produce an electfomagnetic
field and thefarmature conductors are rotated into-the field. Thus, an electromagne:EcaIIy

induced emflis generated in the armature conductors. The direction of induced curi

nt is given
by Fleming’

Need of a Split ri

Commutator

According to Fleming’s right hand rule, the direction of induced current changes whenever the
direction of motion of the conductor changes. Let’s consider an armature rotating clockwise and




a conductor at the left is moving upward. When the armature completes a half rotation, the
direction of motion of that particular conductor will be reversed to downward. Hence, the
direction of current in every armature conductor will be alternating. If you look at the above
figure, you will know how the direction of the induced current is alternating in an armature
conductor. But with a split ring commutator, connections of the armature conductors also gets
reversed when the current reversal occurs. And therefore, we get unidirectional current at the
terminals.

Types Of ADC

DC generat
excited.

(i) Separate xternal DC

source.

(i) S
generator it
emf causes
thereby incrég
types -

g by the
’s. The generated

. ;Eand

asinglemf generation. Self excited dc generators can further belividel into three

(a) Series[:/ound - field winding in series with armature winding
(b) Shunt wound - field'winding in parallel with armature . winding
(c) Comp@und wound - combination of series and shunt winding

Alternating gurrent Generator

Induction géne

Some AC m@to e ra;ors tur[il!gi Emec - : r ectfic current.

Induction gelierdiFr s o Ji:l 'I#. sypchronous

speed, giving Negativigs|ip. A J iSlly. cibe ysed as a
generator, without'a tey od : Nerat eftil'in applications
such as minihydro powe 'rz i igN-presSsure gas streams to
lower pressure, because they BR.re i‘t‘éﬁjﬂ mple controls.

To operate, an induction generator must'bemexeitee a leading voltage; this is usually done
by connection to an electrical grid, or sometimes they are self-excited by using phase correcting
capacitors.

AC Generator (Alternator) - Construction And Working

How Does An AC Generator Work?




The working principle of an alternator or AC generator is similar to the basic working principle of
a DC generator.

A D
M
/‘ I Load
. =
slip rings biiahicy ‘ . ‘
—> Direction of induced current
case 1 case 2
n
|
LB I. _J

pcording to
the Faraday’g lawjof electromagnetic.induction, whenever a conductor moveq in a fhagnetic
i ductor,

Now, see thg above figure. Let the conductor coil ABCD is placed in @ magnetic field. The
direction of fhagnetic flux will be form N pole to'S pole. The coil is connected to slipjrings, and
the load is c@nnected through brushes resting on the slip rings.

along A-B-

As the coil igrg mGsiti nif ilfwill be as in
‘ F Ty AN """ : Fing to

rrent

3 phase supply

output input




Salient pole type alternator

Main parts of the alternator, obviously, consists of stator and rotor. But, the unlike other
machines, in most of the alternators, field exciters are rotating and the armature coil is
stationary.

Stator: unlike | agCh ; V e‘:\%{for magnetic
flux. Instead, t F;!-s Wino 'F'#? ore iSgpade up of
lamination o e 'L‘JTE.'I (81 RS,

- At hi

maly be as high

- age output can-be-directly taken out fromthe stationa atdre.
Whereas, fof a rofary armature, there will be large brush contact drop at highfr volfages, also
the sparkingfat th¢ brush surface will occur. ]

erred safely.

sed by the

Rotor: THere are two types of rotor used in an'/AC generator / alternator:
(i) Salient an@ (ii) Cylindrical type« 4 = &

1. Saliept pole type: Salient pole type rotor is used in low and medium speed adlternators.
Construction This type of
rotor consistE Magnetic
wheel. Thes

featuring this

The DC suppy is given t i i nd brushes arrangement.

Connecting an alternator in grid is called as synchronization of alternator

Linear electric generator

In the simplest form of linear electric generator, a sliding magnet moves back and forth through
a solenoid - a spool of copper wire. An alternating current is induced in the loops of wire by




Faraday's law of induction each time the magnet slides through. This type of generator is used
in the Faraday flashlight. Larger linear electricity generators are used in wave power schemes.

Variable speed constant frequency generators

Many renewable energy efforts attempt to harvest natural sources of mechanical energy (wind,
tides, etc.) to produce electricity.

, the doubly

S in variable
%ergy

ain use

Common usg@ casgs
Vehicular génergors

Roadway védhi

operating, afjd recharge their batteries. Until about'the 1960s motor vehicles tendefl to use DC
generators With electromechanical regulators. Following the historical trend above @nd for many
of the same feasons, these have.now been replaced by alternators with built-in recjifier circuits.

Motor vehic\IIs require electrical energy to power their-instrumentation, keep the engine itself

Bicycles

Bicycles reqflire g common

alternators.
Sailboats

Sailing boats may use
small propeller, wind turbine OFs i A efl to er generator to supply
currents at typical wind or cruising's

Genset

An engine-generator is the combination of an electrical generator and an engine(prime mover)
mounted together to form a single piece of self-contained equipment. The engines used are
usually piston engines, but gas turbines can also be used. And there are even hybrid diesel-gas
units, called dual-fuel units. Many different versions of engine-generators are available - ranging




from very small portable petrol powered sets to large turbine installations. The primary
advantage of engine-generators is the ability to independently supply electricity, allowing the
units to serve as backup power solutions.

Human powered electrical generators

A generator can also be driven by human muscle power (for instance, in field radio station
equipment).

Protesters at Ogg sliire i--;':;ﬁhu b | al 2 10 a3 MOI0L e ON ay diode to
charge batteri€ L .rﬂ 1:4 *!‘Eh]-ﬁﬁ

Human poweére
project of sofne s
bicycle traingr, X i c tteries, and
in some case@s 4
a steady 75 Waii

produce appfoxi
undeterminefl pe

A hlete" can
ately 298 Watts (0.4 -horsepower) for a similar-period. At f which an

pd of rest and recovery will be required. At 298 Watts the

generated from&e=®8rtable radio receivers with a crank are made to reduc purchase
requirements, see clockwork radio. During the mid 20th'century, pedal powered radios were

used througfjout the Australian outback; to provide schooling (School'of the Air), mgdical and
other needs In remote stations and towns.

Mechanicallmeasurement

Designed toneasure shaft speed, a tachogenerator is a device which produces arj output
voltage propprtional tg.that speed. Tachogenerators are frequently used.to power tachometers
to measure the spagieiof .1,,_ tric motors, engines; and the eqU| entt igFRower. speed. With
precise cons folig grge erators can bebuilt Itages for

certain ranges o l:‘.l:?po

Equivalent clrc

Equivalent circuit of generator and load.
G = generator

VG=generator open-circuit voltage




RG=generator internal resistance
VL=generator on-load voltage
RL=load resistance

An equivalent circuit of a generator and load is shown in the adjacent diagram. The generator is
represented by an abstract generator consisting of an ideal voltage source and an internal
resistance. The generator's and parameters can be determined by measuring the winding
resistance (correcteg.-t operating temperature), and measuring the open&gircuit and loaded

than this.







