Course: Special Electrical Machines (BEE(061)

Unit 1
Induction machines



Electric Motors (A major power consumesar in mdustrias)

L |

«  Electromechamical device that converts electnical enersy fo
mechanical enerey.

Botors in mdustry: T0% of elecineal load.



General Classification of Motor
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Why Induction Motor ?

(Mgror Advantazes)

Fugead structure

Low mamtance

Bettar reliability

Ablity to operate 1n dirty and explosive environment
Higher efficiency

Arailable m wide power range



Uses of Induction Motor

* Indusmal Applicabions:
=  Steel and cement palls
= Paper and testiils pulls et

*  Dharnesiet uses.
» Pumps
- Fans
=  {xher home apphances

» Fxed and vartable zpead applicanions



Constructional Details
Major parts:

# Stator (stationary part)
Three phaze armature winding 15 embedded.

# Rotor (rotating part) ."' J""‘
Types: - Squirrel cage N es E’-;.'"E' .'-I
- Wound rotor h | T I
= 1
RS
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roaz spciuomal view of Induchion motor






Operating Principle of Induction Motor

= Rotating Magnetic Field

Input supply to scator

e 2BSDES

1n =ach phaze

Raanitamt Pl

flur.l:-f Repressnnation of coxsimr rosmimg
constant masminada T

= g,

- (Zzn be proved nethematically

+ Spesd of rotating fiy DOV 2




How rotating torque 1s produced ?

* Induced e.m.f in rotor conductor (theory of
electromagnetic induction).

 Flow of rotor current doe to 1tz closed circust

= Presence of current carrving rotor conductor 1n
magnetic field produced force.



* Dhrection of force 13 governed
by Faraday Left Hand Rule.

 Hence, induction motor 13 self starting.

» Speed of rotation 1s shghtly less than
synchronous speed.



YVanous Steps m motor operation
| 3 g AC Suaply |
lr I
Hoome Mamnetar
Figld
Irm:g:limg' Wiia

Rosnr Conductors
(R

B
Zpextiomal Forcs
an RiCs By Foraday T Low

|

MhEvor Seaxd
Exmpane




Review of Induction motor



Torque of mducmon mowr
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Stator S3de

Statar volizzs Comirod
Statar Fraquency Coetrod {1 costrod)
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Hotor Sida

.- Fugtor cmomt resistance yanation
. EMF ingaction it nator Gnouit
C2aczd= commertion method



Speed Control by Stator voltaze Control



Speed Control by Stator Frequency Control
(1.e. V/f control)



Operating region of Induction Motor
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A Copstant toroms resion

- hiotor speed = mcreased by imcreazme the dmor
meintzinine constant fim {accordine to the lnear Vif relationship)

» Irthi comirel mathod, ancs the oot forgue 1= propestonz] to the
ship frecquency, the ouiput torgos f2n be prodhuced eooalihy 28 2oy
speed for the same skip frequency. How'
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Linear Induction Motor (LIM)

Linear induction motor (LIK)
|15 8 mafor which gnes
3 inear or frenslzional moion

How and Wiy



Construction of LIM

Comsmootiomal Teabaras of Lmear Inductar motor



Ciperation of LIM

Thres-phaze AT supply

!
Fmﬂﬂmﬂ]mgﬂmupn{hﬂﬁ

l

Flux Inka=e to mémr conductor {secondany)

!

Current will fiow in :econdany

L

Linear Farce ar thmast (F) will be produced

» For fxed zecondary, primarny will mone in the direction of tavellin: vane



Tyvpes of LIM

- —

Simgle-sided limear inducton motor (8]  Douwble-sided fnear mduction mator (DL
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pramary 12 placed on both the s3des of the secondary




= 5 T P i—

ne ol






Two Phase AC SERVOMOTORS
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« To comirnd the machine 1t 1= operated with fxed voliaze for the reference phesa and
vanzils volizss for the comirel phass

azzumead) for varions comtred phase voltages



= In lowe-pomer comimed applicatans {balow 2 few waits), 2 speciz] robar
constructar is usad to reduce the ip=rha of the rotor A thin 0 of ponmasnetse
panduriing matenal 1z osed a2 the rofor [drog-cup rotor

=

Drag-rup rofor constudbon

= A stabopary man core af the mmddle of the condctins cop complaias:
the masnetic Oronk



ANALYSIS: TRANSFER FUNCTION AND BLOCK DIAGRAM
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N Bopmess o o b Lhenys b Lamos Fhaas Yol aps.

Conzidar a stap change in the cortol phass volage Vs




S18p respons: In 2 two-ph2se senve systEm
{2) Step chm=e m \2

(B) Respomze m spead

(c) Response in positon
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induction machine as generator
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Self exited induction generator
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«  (Capacitive reactove pewer, O =, reacinee power naadad by 3-pless
Indorton semeratar — (2, reactve power neaded by the load

« The reactive coment of 2 capecitor depends upon the voltase aross its

termneals g, Capachor voitags _









Self exited induction generator

« Tha gdelta- compected capeciiors 2crpe: tha Eererator fanmmal: provide
the pesnetiFins OoTent pecesany to exote the 1solated senerator

« Cpemims freguenoy depends primerily opea rotor speed it 12 afacied
by ke Joad, winle the valtase is mamiv decded by capacitor reactance
(Y 2t the pperating frequency:






Voltage Buildup in SEIG
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Unit 2



Stepper motor

 Def. A motar in which the rotor turns in discrete movements is
called o stepper motor.

= The angle thronsh which the motor shaf rotates for each command palse 1=
called rhe step angie G.

= Itis observed, the smaller the step angle, the greater the mimber of steps per
revalution and hizher the resolution or accoracy of pozrmoning obtamed.



= The rezplution 1= grven by the number of sieps needed to Ccomplete ons
revolution of the rotor shaft The higher the rezolution, the sraater the
accuracy of positionins of objacts by the motor.

Fezgluton = MNo. of stepzrevolution = 38075

When the pulse rate i high the shift rotation seems continuowus and
pparation at a high rate s called slewing.
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VARIABLE-RELUCTANCE STEPPER MOTOR

A Single-Stack Stepper Motor

Bacic circult for a four-phase, 4/2 pole stepper motor

Reluctance torgue i genersted becauss of the tendency of the ferromagnetic
rotor to alkn teelf along the direction of the resultant magnetic fisld.

« Sequence: A, B, C, D etc for 90 degree rotation in codowise direction.



Lol

Operating mod
a5 of stapper motor for 90 step.



Sequence: &, A+ B, B, B+ C, and so forth

Operating modes of stepper motor for 45 step.



Mcrozteppins: The method of eradualle shiftime of excitation from one phase to another
(e:z. From A to B with an intermediate step A-E) 1= knoom a3 microsteppine.

Lower values of step ansle can be obtained by uzing 3 steppine motor with more
number of poles on stator and teeth on rotor






Multistack Stepper Motor

sdentica]l zingle stack variable reluctance motor The rotor is mountsd on the
smele shafi. The stator and rotor of the Nukli Stack Variable motor have the
same number of poles and bence the zams pole pitch

All the stator poles are alisned in a Aloln-Stack motor. But the rotor polss
are displaced by 1'm of the pole pitch angle from =ach other The =tator
windinz: of each stack forms one phase 3z the stsior pole windmmpz are
exciied simubtanecuszhv. Thus, the number of phase: and the mamber of stacks
are zamsa.



Cross secuon of a three-stack, vanable-reluctance stepper motor parallsl to the shaft.

Thare are 12 ztator and rotor poles mn each stack The pole prich for the 12
pals rotor 1s 50, and the ztep ansle or the rotor pole teeth are displaced by
10 desress from each other






Lat Mr be the number of rotor teeth and m be the number of stacks or phases,

Hence, Tooth pitch Is represented by the equation shown below.

As there are 12 poles in the stator and rotor, thus the valus of Nr = 12 Now,
putting the value of Nrin the equation (1) we get

The value of m= 3. Therafore, the step angle will be calcuwlated
by putting the vaklue of m In the equation (2).



When the phase winding A Is excited the rotor teeth of stack A are aligrned
with the stator teeth as shown In the figure below.



When phase A = de-energlzed, and phase B s excited, rotor teeth of the
stack B are aligned with the stator teeth. The rotor movement i sbhout 10
degrees in the anticlockwlise direction.

v

Simillarly, now phase B Is de-energived, and phase C s excited. The

rotor moves another step of 1/3 of the pole pitch In the anticlockwlse
direction.

=  However, during this whole process (& — B — C—4A | the rotor hes moved one
rotor tooth pitch.



Permanent magnet stepper motor







Half St2p mode exciation

Rotor rotation throwgh 45° with both windings excited together In PMSM



Hybrid Stepper Motor

o 0 R









Characteristics of Stepper Motor

A) Torgque-Dizsplacement Charactsrisnc












B Torgus pulse rate characien=nc

With Increasze m :feppine rate the rotor gtz les: fime In drmvme the load
from one position to the next. the drming worgus 1= therefore decreased



= Pull-in torgue: it shows the maxdmum steppdng rate for the various values
of the load torgue at which the motor can start, synchronlze, stop or
reverss.

Pull-out torgue characteristics: It shows the maximum stepping rate of
the motor where It can run for the varlous values of load torgue. But It
cannot start, stop or reverse at this rate.

=  The area between curves 1 and 2 represants the varlous torque values,
the range of stepping rata, which the motors follow without kosing the
synchronism when it has already been started and synchronized. This ks
kmown 3z Slew Range.



DRIVE CIRCUITS
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= & phase winding is exclted by applying a control signal to the base of
the transistor (& sufficiently high base current s passed through the
base of the transistor)

The dc suppdy voitage Ve = chosen so that It produces the rated
current | in the winding.

The maxirium voltage across the transistor oocurs at the
bnstant of switch off, and Is



B) Bipolar Drive Circuit

G phese of 2 ipolar drve crutt



Bipolar drive circuft suttable for a permanent magnet or hybrid-type
steppar motor.

The transictors are switchead In palrs according to the current podsrity
required for the phase winding

The four diodes D1 to DI connected in antiparalbel with the switching
tranzistors provide the paths for the freewheeling currents

Mote that when current flows through D3 and D4 to the do supphy,
saome of the energy storad In the phase winding Inductance at turnoff
[of the transistors) Is returned to the supply. This improves the owverall
systemn efficiency, and Iz a3 significant sdvantage of the bipolar drive
chrcutt over the unipolar drive cincult

Blpolar drive clrcults reguire more switching devices and are therefore
more expensive than unipolar drive cincults.

Moie that the freewheeling currents In the bipolar drive cireult decay more
rapidly than in the unlpolar drive circult, because the do supply cpposes
therm. Consequently, no additionzl freewheseling resistance Is necessary in

the bipolar drive chrouit.



Control of Step Motors

&) Open-loop control

e
1
=
gl
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Open-locp controd of a step rmotor

« The command to the pulce generator sets the number of steps for rotation and
directlon of rotation

=  The Transiator s 3 simple logical deylce and distributes the position pulse train
to the different phases

« The amplifier block smplifies this signal and drives current In the corresponding
winding.



= The direction of rotation can aleo be reversed by sending & directlon pulse train

to the transiator. After recelving 3 directional pulze the step motor reverses the
direction of rotation.

= The major disadvantage of the open loop scheme & that In case of & milssed
pulse, there 1= no way to detect It and correct the switching seguence. A
milssed pulse may be due to mslfunconing of the driver circelt or the pulse

generator. This may give rise to erratic behaviour of the rotor.



B} Closed-loop controd

Feedback cantrod of a step motor

The dosed loop arrangement has the advantage aver open loop controd, since It does
not gllow any pulse to be missed and & pulse Is send to the driving clrcult after
making sure that the motor has rotated In the proper direction by the earlier pulse
gant. bn order to Implement this, we need a2 feedback mechanism that will detect the
rotation in every step and send the information back to the controller. The

Incrermental encoder here B & dightel transducer used for measuring the angular
dispdacement,



Torque/Force equation of Stepper Motor
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Unit 3



Switched Reluctance Motors
















Principle of operation

For COW rotation sequence of excitation (s ABC.



Torque Developed Expression
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Mot l-Aux switchad reluctance motors

in these moiors, the flux path is aligned with the motor axis, and they
are used for cases where the motor k2ngth is of high mportance and

the motors with a small fength and high forgue are preferred for
applications such as air conditioning fans and elecinc wehicles




Axial ficld SEM: The magnetic field

path is along the wxial direction,

Wliole muMor Faror The shurl rmtenete dux pailb



Linear-swifched reluctance molors

Linear-switched reluctance motors (LSEMs) are similar o

conventional SRMs in their siructure except that their rotor and
siator are cut open taking 3 linear form

One of the applications of these motors is in electric frains and subways

: Two zided LSEM with winding
Cme side LESELI B R



Operating modes

3lso known as
Al Single pulse mods *  High spaad mods

Current rise is within Bmilts during the smali time nterval of each phase excitation.
it depends winding inductance and motional counter emf generated In stator winding



1. input voltage Ve |5 applled bafore L Increases.

2. Current Is bulldup to larger value due to smaller
Induckance L, up to 81,

3. after dl, current decreases duse to Increasing
L and back emf.

4. At B2, negstive voltage k= spplled
And current falls to 0 at 63.

' § BN T N









_ _ glso known as
Bl WM [or chopping) pulsa mode ~=»  Low speed mode

1. inftialkby, current in each phase = bulldup during long period to higher value,

2. Current rise Is kept within acceptable rating of motor and Inverter componenis.
Hance, current [imiting device Is usaed.






TOROQUE-5PEED CHARACTERISTICS
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Inverter drive circuits
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C-Darmp Clrcult

in that converter, assume that T k turned on to
energize the phase g. When the phase current io
axtesds the refarence value, T1 & tumed off, this
enables the diode D1 to be forward bfasad, and
the current path k= closad through the dump
capacitor 0o which Increases the voltage aoross it
in order to achleve fast demagnetization &=
asymmetric converter. Then the excess energy
from the dump capacitor k= transferred into the
de source wia Lr by turning on the dump switch
Tr. The vodtege of the capacior i regulsted to be
malntsined at twice the swpply voltage (20U] In
order to apply (-U) across the outgoding
phase for yielding faster demagnetization. The
dump switch Tr is operated at a higher fTrequency
than the phase switchas



Control Circuits _fnr SRM

[Current control techniques)
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Rotor Position Sensors

Phototransistor Sensors

= Conslst of revolving shutter with 120 degree gap.

When the gap Is aligned with the phototransistor PT1, the phototransistor
will ganerate 3 current due to the light, while phototransistor PT2 and PT3

rawve ondy 8 very small lzakage currents because the light Is blocked by the
revolving shutter



ROTARY ENCODER
Abkzoluts encoder, which can provide the absohiie vahie of the
rotation ansle (Ccomplicated and expanzmce).

Incrermenial encoder, provides only
the mcremental valua of the rotstion (most widely uszed).

Thers are two sensor nvpes used m encoders o gensrats disital :1anals
such az masnetc and optical. The latter 15 maore commmonty wzed.

= The resolution of an mcremental encoder 15 frequenthv described in tamms
of pulze per revohution (PEE), which I= the total mamber of outpat pulses

per commplete revolution of the encodear shaft

Two confizuranions
=haft nvpe that connecss the shaft of a notor
with a couplinz.
Hollow ope, in which the shaft of a rogor 1=

In=eried mio.




= It comnsistz of 2 moving disc moanied to the
raotating zhaft lisht souwrces (LED=}. and
fight receiverz (phototranzistors). The
moving disc has the zame mamber of slits
as FPR. The light of LED= pazzing throuzh
the sl om the disc 13 Tansmiated to
phototransistors. and 1 tam. 15 convaned o
sgquare wave shaped eleciric zignals

= Commonly, the encoder has three outpais called A
E, and Z£. The total number of A and B pulsez per
revolution 1= equal to FPE. with which the angular
poziion and speed can be calcolated. The A and B
pulses are OO0 out of phesa which allow:z the
identification of the direction of rotadbon. For
exampls. when rotating in the forward direction,
pulze A 1z shead of pul:=e E. Thers 13 another pulse £
knowm 2z the index or reference pulze besides pulses
A and B. Pulzs Z iz generated omce per revolution
and can be wzed to et the reference posiiion.






The primary windinz of a resolver, called reference winding iz located In
the rotor and 1= exciied throuzh a rofary ransformer The two secondary
winding=s, called SN and COS Windings, are located in the stator and
mechamcally dizplaced by 00 dezres fromm aach other Im the resolver
operstion, a zhaft ansle 8 can be measured from =zienals mduced m the
zecondany wandmes after imjecting AC voltage zignal mio the primary
windinz.

When the primary winding 12 excited by an AC voltage Vr throush 2 rotary
tranzformer, voltages m the secondarny windings are induced differenthr
dependinz on the anple @ of the rotor zhaft. The mduced voltazes vary as
zine or cosine of the rotor angle, respecively. From an srciangent funciion
of these s:1znal:. we can know the absohiie angle 8 of the rotor commectad
to the shaft as



Sensorless operation

Problam with sensor

= Posftlon sensors are discrete In nature.

= Adds complexity to the system.

=  Maore costhy.

= Installation of sensor i= time taking and tedious |ob.
« Tends to reduce the rellability of the drive system,
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CLOSED-LOOP, SPEED-CONTROLLED SRM DRIVE







Unit 4



Bruszshiess OC Fotor
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Construction of PMBLDC motor
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Applications













Mechanical commutator
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Electronics commutator







Comparison between mechanical and
electronic commutator







Operating principle of BLDC motor










i -

In the BLDC motor drive, only two of the three-phase windings are excited, while
the other winding i left unexcitad.













































K- carter’s coeffldent,

Ag- slr gap area through which the flux passes
&s It crosses he gap



I we write the ratlo of magnet pole area to air gap arsa 2












If the phase windings are star-connectad, then at any tme there are just two
phases and two transistors conducting.






























Printed Circuft Board [PCE) Motor
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Perma
nant KMagnet Synchronous Generator
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By changing the supply wvoliage, the no-doad speed N-of the motor is
changed without affecting the slope of the characteristic

By change the effective resistance of the armature circuit (nserting some
resistance in senes with the armature), the slope of the speed-torque
characteristic changes without affecting the no-load speed N:of the motor












Permanent Magnet Synchronous Motors Types

oo







= Eince the woltages Imducad In the stetor phases of a2 sinusoidal PMAC motor are
sinusaldal, ldeathy, the three stastor phases must be supplied with varlable freguency

gimnusoldal woltages or currents with a phase difference of 120° betweean them. Lat us
oW examine 1t behavior from a variable freguency current source.

=  Norton’s equivalent of the synchronous motor equivalent droult

Tic mechesisl powcrdovcioped






Unit 5












If compensated winding connected
s In series with armazture and fleld
" winding In such a case motor s
called a conductively compensated

motor,

.__\

if compensating winding short-
ciroulted on 1tsalf in such & case motor
iz calleg inductively compensated and

=  Comductively compensated motor

= Inductively compensated universal-motor

recelved excitation voltage
by fransformer action since it s
iIndwctively coupled.















Repulsion Motor

The main componants of mpuision motor are s3%or, rofor and commutator brush
Fszomioly. The stator carmias 2 single phase axciting winding similar o the main winding of
zingle phaze induction motor. Tha motor bas. disributed OC winding comnected to the
commutator at oma end just like i DC motor. The @rbon brushes: are short drowited on
themsahves.



=  Tha esic prindpda bahind thw working of repuisich mofior i that "smilar podes repe? gach cthar”
This maars v Morth poles will repei aach othar. Similary, tao South pofes Wil rapel sach otiner

= Withen the Sator winding of repulslon motor K suppiled with slinghe phate A0 =% orodUuces & Magrstic
T Slong the direct il 56 SFoiwm e Tigns b0 By arroww mark TS magrstc ®un whan link sith

tha rotor windling, cresbes an amf. Dus o this e, & rofor ourent B produced. Ths rotce curmant in
N producet & magnstic flux which & frectsd slong the onegh ods dus 0 comerristbor stoembdy.

Duss to o Imbesrmction of stetor s robor produced TEDEE, &N electromagnetic tonmus s producedl Liet
LE (et TS SEpact bn OeESS .



Undar this. cond®ion, thens will not be any mutus brooction
Datwesn tha skator and rofor windngs. Tharefors, no amf
ard FPamcE mo rotbor oDoTent B procucod. ThiE o
seCtrTomagnetic tonmss B daveloped.

In this condidom, & madmum e 5 Inducsd Soross tha
brushas. This 5 becausa, tha robor and stafor magnethc T
ndoes and hance thars B & perfed midtus| cooping
pebacan tham, Lasgs mobtor OsTents prockica rotor mmd
oEOOSEE B stskar el



" Mo slectromeagretic Worgue B doweloped =5 O o= 05, Thils In replisicn moSody, mo
seCromagnetic torgus = developad whon s angis Sobtwean tra Satar and rotor regnetic
Thux ands & @fthar O or 9o,

=  Ectromagnatic tonque T k& ghvan 25
T =k [Stofor Field Stremgth] [Rodor Feid Sirength) Siea

wiere i & s g constont. =3
_
A

= Since siolor fiux = loward A So B, South Pole (51 )@
peneraied = AL Simiorly South. Pole (52 =
peneraied on rofor of G Snoe smia poles meped
pach other. 51 will reped 52 Oue o 1= repulson
betacan e ke pales, molor wid rofale m dockeasse
direcian THiE I ghe reasoy; his moew is calfed

Rapuision Moy



Torgue Equation of Repulsion Motor

Tha numbear of turms Z'-.,-.Tr eodl T = s Tound a5 Eslaw
MAmE GE ool T=1 M,

Component of sator meenf Slcng tha Drush sl = | W Coso
L, = M Cosn
M, =N Cosa

Simikarhy ¥ha numder of bors of ool F s ghas as
M= M Sina

Mow T galectroeragmatic forqgua
T, = k {5iator Feld Strength| (Fotor Fleld Strength| Sine
whora kL B & oorsmnt

= i (LM KL, Cosa)Sing

= [KZNLN, F{ZCosaSinaj

= (f2HI N Fein2a _ [SinZo = 2CosoSing]
Tharafone, tha torngue I mepulsion motar 1S ghen 25

T, = /)N, FsinZa

Maximum tongus B achieved whan sthor and rotor
magnedc ads are displaced Trom aach otier by 45°



Tha veradon of corant snd torgoas with resped o different posTions of brush: | shoeen





















Suppdy 1s glven applied to the stator

b

A rotating misgnetic fleld = produced

J

Magnetlzes the rotor ring and Induces pole

|

Induced rotor flux lags behind the rotating
stator flux

1

Praduction of the torgue
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SUB-SYNCHRONOUS MOTOR

Manual rotor rotatlon at synchronous speed

¥
input supply to stator

Alternating field In afrgap

¥
stator and rotor poles interiocking
|

¥
Rotor pales go ahead dus to inertia

Mapnethc flux gn‘ea to zero & incraaseas In
Reverse direction

W
Stator poles attract rotor poles again



