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NCERC is committed to transform itself into a center of excellence in Learning and Research
in Engineering and Frontier Technology and to impart quality education to mould technically
competent citizens with moral integrity, social commitment and ethical values.

We intend to facilitate our students to assimilate the latest technological know-how and to
imbibe discipline, culture and spiritually, and to mould them in to technological giants,
dedicated research scientists and intellectual leaders of the country who can spread the beams
of light and happiness among the poor and the underprivileged.
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DEPARTMENT VISION

To excel in technical education and research in the field of Electrical & Electronics Engineering
by imparting innovative engineering theories, concepts and practices to improve the production
and utilization of power and energy for the betterment of the Nation

DEPARTMENT MISSION
1) To offer quality education in Electrical and Electronics Engineering and prepare the students

for professional career and higher studies.

2) To create research collaboration with industries for gaining knowledge about real-time
problems.

3) To prepare students with sound technical knowledge

4) To make students socially responsible
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PROGRAMME EDUCATIONAL OBJECTIVES

1. Graduates shall have a good foundation in the fundamental and practical aspects of
Mathematics and Engineering Sciences so as to build successful and enriching careers in the
field of Electrical Engineering and allied areas

2. Graduates shall learn and adapt themselves to the latest technological developments in the
field of Electrical & Electronics Engineering which will in turn motivate them to excel in their
domains and shall pursue higher education and research

3. Graduates shall have professional ethics and good communication ability along with
entrepreneurial skills and leadership skills, so that they can succeed in multidisciplinary and
diverse fields.

PROGRAM OUTCOME (PO’S)
Engineering Graduates will be able to:

PO 1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering

fundamentals, and an engineering specialization to the solution of complex engineering problems.

PO 2. Problem analysis: ldentify, formulate, review research literature, and analyze complex
engineering problems reaching substantiated conclusions using first principles of mathematics,

natural sciences, and engineering sciences.

PO 3. Design/development of solutions: Design solutions for complex engineering problems and
design system components or processes that meet the specified needs with appropriate
consideration for the public health and safety, and the cultural, societal, and environmental

considerations.

PO 4. Conduct investigations of complex problems: Use research-based knowledge and
research methods including design of experiments, analysis and interpretation of data, and

synthesis of the information to provide valid conclusions.

PO 5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and
modern engineering and IT tools including prediction and modeling to complex engineering

activities with an understanding of the limitations.
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PO 6. The engineer and society: Apply reasoning informed by the contextual knowledge to
assess societal, health, safety, legal and cultural issues and the consequent responsibilities relevant
to the professional engineering practice.

PO 7. Environment and sustainability: Understand the impact of the professional engineering
solutions in societal and environmental contexts, and demonstrate the knowledge of, and need for

sustainable development.

PO 8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities and
norms of the engineering practice.

PO 9. Individual and team work: Function effectively as an individual, and as a member or

leader in diverse teams, and in multidisciplinary settings.

PO 10. Communication: Communicate effectively on complex engineering activities with the
engineering community and with society at large, such as, being able to comprehend and write
effective reports and design documentation, make effective presentations, and give and receive

clear instructions.

PO 11. Project management and finance: Demonstrate knowledge and understanding of the
engineering and management principles and apply these to one’s own work, as a member and

leader in a team, to manage projects and in multidisciplinary environments.

PO 12. Life-long learning: Recognize the need for, and have the preparation and ability to engage

in independent and life-long learning in the broadest context of technological change.

PROGRAM SPECIFIC OUTCOME(PSO’S)

PSO 1: Apply Science, Engineering, Mathematics through differential and Integral Calculus,

Complex Variables to solve Electrical Engineering Problems

PSO 2: Demonstrate proficiency in the use of software and hardware to be required to practice

electrical engineering profession.
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PSO 3. Apply the knowledge of Ethical and Management principles required to work in a team as
well as to lead a team.
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L-T-P - Year of
Course code Course Name Credits Introduction
EE402 Special Electrical Machines 3-0-0-3 2016

Prerequisite: Nil

Course Objectives

e To get an overview of some of the special machines for control and industrial
applications

Syllabus

AC Servomotors — construction — operation - DC servomotors — Stepper motor — operation —
types-modes of excitation — AC series motor — Universal motor — Hysteresis motor — Reluctance
motor — Switched reluctance motor — Permanent magnet DC motor — Brushless DC motor —
Linear motors — Linear induction motors.

Expected outcome.

e The students will gain knowledge in the construction and principle of operation of certain
special electrical machines having various applications.

Text Book:
E. G. Janardhanan, ‘Special Electrical Machines’ PHI Learning Private Limited.

References:
1. TIrving L. Kosow.’Electrical Machinery and Transformers’, Oxford Science Publications.
2. T.J. E. Miller, ‘Brushless PM and Reluctance Motor Drives’.C.Larendon Press, Oxford.
3. Theodore Wildi, ‘Electric Machines, Drives and Power Systems’, Prentice Hall India Ltd.
4. Veinott & Martin,’Fractional & Subfractional hp Electric Motors’.McGraw Hill International Edn.

Course Plan
Sem.
Module Contents Hours | Exam
Marks
AC Servomotors- Construction-principle of operation -
performance characteristics — damped AC servomotors — Drag
, cup servomotor — applications. 7 15%
DC servomotors — field and armature controlled DC servomotors
— permanent magnet armature controlled — series split field DC
servomotor.
Stepper motors — Basic principle — different types — variable
reluctance- permanent magnet — hybrid type — comparison —
I theory of operation — monofilar and bifilar windings — modes of 7 15%
excitation — drive circuits — static and dynamic characteristics —
applications

FIRST INTERNAL EXAMINATION

Single phase special electrical machines — AC series motor-
construction — principle of working — phasor diagram — universal
11 motor 7 15%
Hysteresis motor- constructional details- principle of operation —
torque-slip characteristics — applications.

Reluctance motors — principle of operation — torque equation —
torque slip characteristics-applications. Switched reluctance
motors — principle of operation — power converter circuits —
torque equation — different types — comparison — applications.

7 15%
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SECOND INTERNAL EXAMINATION

Permanent Magnet DC Motors — construction — principle of
working. Brushless dc motor — construction — trapezoidal 7 20%

Vv
type-sinusoidal type — comparison — applications.
Linear motors — different types — linear reluctance motor —
VI linear synchronous motors - construction — comparison. ; 20%

Linear induction motors — Expression for linear force —
equivalent circuit — applications.

END SEMESTER EXAM

QUESTION PAPER PATTERN:
Maximum Marks: 100 Exam Duration: 3Hourrs.

Part A: 8 compulsory questions.
One question from each module of Modules I - 1V; and two each from Module V & V1.

Student has to answer all questions. (8 x5)=40

Part B: 3 questions uniformly covering Modules | & IlI. Student has to answer any 2 from the 3
questions: (2 x 10) =20. Each question can have maximum of 4 sub questions (a,b,c,d), if needed.

Part C: 3 questions uniformly covering Modules Il & IV. Student has to answer any 2 from the 3
questions: (2 x 10) =20. Each question can have maximum of 4 sub questions (a,b,c,d), if needed.

Part D: 3 questions uniformly covering Modules V & VI. Student has to answer any 2 from the 3
questions: (2 x 10) =20. Each question can have maximum of 4 sub questions (a,b,c,d), if needed.
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QUESTION BANK- MODULE — |

Enumerate the importance of Drag Cup Servomotor.

List the applications of servomotors

With relevant diagram explain armature controlled DC servomotors
Compare the performance of AC&DC servomotors and list the applications
Justify the performance characteristics of AC Servomotor

List the applications of damped AC servomotors.

With relevant diagram explain field controlled DC servomotors

Describe the operating principles of series split field dc servomotors?
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QUESTION BANK- MODULE - I
Categorize any two driver circuits for a stepper motor
Explain the constructional details and working principles of permanent magnet stepper
motor With neat sketches
Discuss the static performance characteristics of stepper motor
Define step angle and detent torque for a stepper motor
With neat sketches, explain the constructional details and working principles of variable
reluctance stepper motor
With neat sketches, explain the constructional details and working principles of hybrid
stepper motor
Define the terms of start-stop mode and slewing mode of stepper motor

Explain in detail about theory and operation of monofilar &bifilar windings in stepper motor
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QUESTION BANK- MODULE — IlI

List the merits and limitations of Universal motors

Explain the operating principles of AC series motor with neat sketch

Draw the phasor diagram of AC series motor and derive the voltage equation
Derive the torque equation of hysteresis motor

List the applications, merits and demerits of Universal motors

Draw the torque — slip characteristics of Hysteresis motors

Discuss the basic operating principles of Universal motor

Draw the torque-slip characteristics of AC series motor with neat sketch
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QUESTION BANK- MODULE - IV
Derive the torque equation of Reluctance motors
With neat sketches explain the construction and operation of 6/4 SRM
Explain the torque slip characteristics of Reluctance motor with necessary diagrams
Explain why rotor position required for the operation of switched reluctance motor
With neat sketches explain the construction and operation of 8/6 SRM
Explain the torque speed characteristics of SRM with necessary diagrams.
Describe in details about power converter circuits application in SRM

Explain in detail about different types of SRM.
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QUESTION BANK- MODULE -V

Compare mechanical commutation and electronic commutation
Differentiate trapezoidal type BLDC motor and sinusoidal type BLDC motor
Explain the principle of operation of PMBLDC motor for 180 degree commutation
with neat diagram
Draw and explain the performance characteristics of PMBLDC motor
Examine the operating principles of PMDC motors
Give some applications of brushless dc motor with different types
Explain the principle of operation of PMBLDC motor for 120 degree commutation
with neat diagram?

Write few applications of trapezoidal & sinusoidal type BLDC motors.
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QUESTION BANK- MODULE - VI
Enumerate linear motors and list any four applications
Write short note on linear synchronous motor.
With necessary diagram explain longitudinal flux linear switched reluctance motor and
transverse flux linear switched reluctance motor
Derive the expression for linear force
Discuss in details about linear motors with different types
Draw the equivalent circuits of linear induction motors
With necessary diagram explain the construction, operating principles of linear induction
motors

List the applications of linear motors



~ AC and DC Servomotor (Module 1) B-3

[ Module1 |

4 i A e

A AC and DC Servomotor
w

SERVOMOTOR R,

Ques 1) What do you mean by servomotor? Explain the construction and working principle of servomotor.

Ans: Servomotors

A servomotor is a low-power motor used in servomechanisms or position-
good starting torque. It also should have quick acceleration at starting. To.achieve this, th
low inertia and for this the ratio of its diameter to length is made small. It also needs
characteristics. i

control systems. A servomotor should have a
e rotor is designed to have very
to have linear torque-speed

A servo motor is an electrical device which can push or rotate an object with great precision. If you want to rotate and
object at some specific angles or distance, then you use servo motor. It is just made up of simple motor which run thrm_lg_h
servo mechanism. If motor is used is DC powered then it is called DC servo motor, and if it is AC powered motor then it 1s
called AC servo motor. We can get a very high torque servo motor in a smail and light weight packages. Doe to these
features they are being used in many applications like toy car, RC helicopters and planes, Robotics, Machine etc.

Construction of Servo Motor

Servo motor is DC motor which consists of following parts: SEi :

1) Stator Winding: From the position of the rotor, a rotating magnetic field is created to efficiently generate torque.
'2) Rotor Winding: A high function rare earth or other permanent magnet is positioned externally to the shaft.

3) Bearing: Ball Bearing . ‘ . :

4) Shaft: This part transmits the motor output power. The load is driven through the transfer-mechanism (such as the
coupling). . , -

5) Encoder: The optical encoder always watches the number of rotations and the position of the shaft.

6) Winding: Current flows in the winding to create a rotating magnetic field. ‘ : e

The servo motor consists of two winding stator and rotor winding. The stator. winding is wound on stationary part of the
motor and this winding is also called field winding of the motor, this winding could the permanent magnets. The rotor
winding is wound on the rotating part of the motor and this winding is also called the armature winding of the motor. The
motor consists of two bearing on front and back side for the free movement of shaft. Shaft is basically the iron rod on
which the armature: winding is coupled. The encoder has the approximate sensor for telling the rotational speed and
revolution per minute of the motor. The construc}ion of servo motor is shown in figure 1.1

Stator ) Encoder

- Encdder Cable

gtor Cable

Figure 1.1 -
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Working Principle of Servo Motors

A servo consists of a Motor (DC or AC), a potentiometer, gear assembly and 2 controlling circuit. : Estﬂ(i o :;'gol;sifgfsr
assembly to reduce RPM and to increase torque of motor. Say at initial position of servo motor s at, tionl?n:ter New e
potentiometer knob is such that there is no electrical signal generated at the output port Of the po eg taeen. t.hes =
electrical signal is given to another input terminal of the error detector amplifier. Now dlfferenceb Ck hani ¥ tivo
signals, one comes from potentiometer and another comes from other source, will be processed in feedback mechanism and

. . ; rotating.
output will be provided in term of error signal. This error signal acts as the input for motor and motor starts ro g

Now motor shaft is connected with potentiometer and as motor rotates so the potentiometer and it will _gener:liltc a mggal. So
as the potentiometer’s angular position changes, its output feedback signal changes, 'After sor{leum(j\ t t;i post :ion of
potentiometer reaches at a position that the output of potentiometer is same as external slgnal Pm.wded' tl ¢ 1(;03 ation,
there will be no output signal from the amplifier to the motor input as there is no difference between external appucc signal
and the signal generated at potentiometer, and in this situation motor stops ;otating.

Ques2) Describe the various types of servomotor and also write the applications of servomotor:

Ans: Types of Servomotor .
The various types of servomotor are explained as follows:

1) DC Servomotor: A DC servomotor is essentially an ordinary DC motor with an armature and a field system. The field
can be an electromagnetic type with a field winding wound around a salient pole and excited with a DC current. It can
also be a permanent magnet type. Servomotors are generally operated at low speeds. \

2) AC Servomotor: Most of the servomotors used in the low poWer servomechanism are AC servomotors. The AC

servomotor is basically two phase induction motor. The output power of AC servomotor varies from fraction of watts
to few hundred of watts. The operating frequency is 50 Hz to 400 Hz. .

3) Positional Rotation Servo Motor: Positional rotation servo motor is a most common type of servo motor. The shaft’s

. ofp rotates in about 180°. It includes physical stops located in the gear mechanism to stop turning outside these limits
to guard the rotation sensor. These common servos involve in radio controlled water, radio controlled cars, aircraft,
robots, toys and many other applications.

4) Continuous Rotation Servo Motor: Continuous rotation servo motor is quite related to the common positional

" rotation servo motor, but it can go in any direction indefinitely. The control signal, rather than set the static position of
the servo, is understood as the speed and direction of rotation. The range of potential commands sources the servo to
rotate clockwise or anticlockwise as preferred, at changing speed, depending on the command signal. This type of
motor is used in a radar dish if you are riding one on a robot or you can use one as a drive motor on a mobile robot.

5) Linear Servo Motor: Linear servo motor is also similar the positional rotation servo motor is discussed above, but
with an extra gears to alter the o/p from circular to back-and-forth. These servo motors are not simple to find, but
sometimes you can find them at hobby stores where they are used as actuators in higher model airplanes.. '

Applicatfons of the Servo Motor

The power rating of the servo motor may vary from the fraction of watts to few hundreds of watts. The rotors of servo

motor have low inertia strength, and therefore they have a high speed of inertia. The Applications
. o
follows: P f the Servomotor are as

1) They are used in Radar system and process controller. ' -
2) Servomotors are used in computers and robotics. ‘ ‘
3) Tt is used in robotic industry of position control. e s
4) . It is used in press and cutting industry for the cutting and pressing the piece preci sely

5) It is used in conveyer belt for start and stops the conveyer belt at every. position. '

6) Itisused in digital cameras for auto focusing. :

7) Itis used in solar tracking system for tracking the sun dt every precise'moment of time

8) It is used in'labelling and packing industry for labels the mbnogram and packing the tlﬁngs

Ques 3) Explain AC servomotor and also explain the construction of AC servy,

| __ _ Or mOtor Wwith suitable diagram.
Explain the principle of operation-of A.C. servomotor with neat diagralﬁ _ : , :

Ans: AC Servomotor

An AC servomotor is basically a two-phase induction motor. In construction it diff
because of certain special design features. AC servo motors are basically two-phage ers from
used for low power applications. Nowadays, three phase squirrel cage induction mOtSqulrrel 5
can be used in high power servo systems. , ors have

r
TOE S :
a normal induction motor

8¢ induction motors and a¢
been modifiedisuch that they

Scanned by CamScanner




!‘c and DC Servomotor (Module 19"
‘\a: \ 4 : y . » -

'l'he m;m dlffgrenge bet.ween a standard split-phase induction motor and AC motor is that the squirrel cage rotor of a servo
ﬂil(_)tor_ as made with thinner conducting bars, so that the motor resistance is higher. ) ' .

Construction of AC Servomotor

The.AC servomotor is basically consists of a stator and a rotor. The stator
carries two w1nd1pg§, uniformly distributed and displaced by 90° in space, from
each Pther' On winding is called as main winding or fixed winding or reference
‘winding. Th.e rfaference winding is excited by a constant voltage AC supply.
The other w.mdmg is called as control winding. It is excited by variable control
voltage, which is obtained from a servo amplifier. The winding are 90° away

from each ther and control voltage is 90° out of phase with respect to the
-voltage applied to the reference windin

N\ Squirrel cage .
rotor

AC voltage
Reference

0
o
2
=

winding

_ Servo ampiiﬁer

: L g. This is necessary to obtain rotating _ ,
nmagnetic field. g 5, : L AC voltage l
_T:Priﬁciple of Operation of AC Servo Motor ' . " Figure 1.2: AC Servomotor

- The schematic diagram of servo system for AC two-phase induction motor is shown in the figure 1.3. In this, the reference

-input at which the motor shaAft has to maintain at a certain position is given to the rotor of synchro generator as mechanical
input 6. This rotor is connected to the electrical input at rated voltage at a fixed frequency.

¢

. AC Supply
Fixed Phase
Stator
[}
Amplifier j
G,
| ; %
; Control : :
, ' Phase o
: _ i Synchro
s o Generator
- 1
i Control
i Transformer

Figure 1.3 O §

Hely B o ‘terminals of a synchro generator are connfected correspondingly to the terminals of control transformer.
e an;:ﬂ; a bosition of the tworphase motor is transmlttee' to tht;)1 rotor of control transformer  through gear train
f ale alha HERRN VX i z{ 3 Shdlb
| amangement and it represents the control condition alp s LI ROV : : '
S : _ hro.generator; shaft ppsition and control transformer shaft position. Thi
_ iti i ifference between the synchro. : . s % position. Thig
i I;;g;ilil:r,r t?]er(;eilx;;t &:voltage across the control transformer. This error voltage is applied to the servo amplifier and then
5 efle ‘ ‘
to the control p

y . T ARGt S Er R U o SRR O R i i ; i + y

o it ‘ ltage, the rotor of the motor rotates in required direction till the error becomes Zer

© h the control voltage, the t . i i o

; ﬁa;e of the motor. W]ahshaft position is ensured in AC servo motors. Alternatively, modern AC servo drives are embedded
2 constrlsuhowlitllze gic_:scl:r: iCIOPFOCESSOTS and microcontrollers to achieve variable frequency and variable voltage in order to

% ollers like , ' : C igras

; _?nve the motor.
(£ W PR QY i 14500

. i -Integral-Derivative (PID,) techniques are d sred:
s i ‘ on and Proportional > (F q , used to control the desired
}&C‘J;tly,l p‘ulsi wviit@h ;“?ri'fﬁock diagram of AC servo motor systgm using programmable logic controllers, position and
Irfyuency and voltage. 1 De 4. ‘ ' ' !
. 381vo controllers is shown in figure !
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"

Servo . . Servo - ‘: :
— Controller }— Motor / 17 ' Lo
(Amplifier) gy

Feedback
Encoder

5| Position
Controller

| _ . ‘fence the rotor should have low inertia. For this reason, the rotor is constructed with a sm'alle"r' diameter-t,.
length ratio. Figure 1.5 shows the torque spe 3 )

ed characteristics of AC servomotor. .

a Ly

Torque _

VC‘I >vcz>Vé:\ 2Y

0 “ Speed Lo

1 R Figure 1.5: Characteristics of AC Servomotor s ;
Ques 5) Explain Damped AC servomotor and also sketch torque speed characteristic of Dhmped AC servomotor
Ans: Damped AC Servomotor i YR
The stator of the two-phase AC Servomotor has the two distributed wi lings h are displaced from each other by 90
degrees electrical. One winding is known as a Reference or leet_i Ph:}se,‘ ich is supplied from a constant voltage
source. The other one is known as Control Phase, and the connection diagram of Damped AC Servomotor is shown in
figure 1.6. It is provided ‘with a variable voltage. R 1 : ! o i

Control P'hasc

Av

High Resistance Cage
Rotor' - Eit

+ Reference &
Phase

'Figurel.ﬁ o : ‘:'"-"
The con&ol phase is_usually supplied from a servo amplifier. The speed a’ﬁd 'tfirque of e MRkes L 25y
the phase difference between the control voltage and the reference phase’ vg Totor are controlle

: . : o ltage;:B eveising the phas
difference from leading to lagging or vice versa, the direction of the rotation of the rotor Czhrbeef?\tZi etclil p
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Figure 1.7

fg,?tl.ve slope represents a high rotor resistance and provides the motor with positive damping for better stability.

 Drag-Cup Rotor Servomotor
" Drag-cup construction is used for ve

g el ry low inertia, in this type of inotor, the rotor construction is usually 'of squirrel cage
“ ordrag-cup type; here only a light ¢

up rotates while the rotor core is stationary (thus inertia is quite small).

The s'i;:vo-motors contains two windings namely, main winding (sometimes called fixed or reference winding) and control
~ winding: The voltages applied to-the windings are at right angles to one another. ' ‘

Usually one winding is excited with a fixed voltage while the other one is excited by the control voltage {which is the

output from servo-amplifier). While in operation, the output torque of the motor. is roughly proportional to the applied

csij;tol{xpl_tagc, and the direction of torque is determined by the polarity of the control voltage.

[\_/mv\/]

Stationary
. rotor core \

Drag

cup motor

Figure 1.8: D;‘ag-Cup Rotor Servometor i ‘;".

5

:’gThe dr ag oo p‘is-m ade up of nonmagnetic material like copper, a}ﬂ_ﬂ}if}iﬁm or an alloy. The §iotted rotor laminations in this
i construction. These are wound for as many numbers of poles asvp9§s1bl§,so that operatlr_u;‘g’-speed of motor IS. very low_.

DC SERVOMOTOR

S

Ques ;,) What do y ou understand by DC servomotor? Also explain the co;istrnciion' and wbrking principle of DC
Servomotor. : |

£ An:.ﬁll)o(t:bfngcll??gozsed as a DC servo motor generally have a separate DC source in the field of winding & armature

85 i ither by controlling the armature current or field current. Field contro]
,dlpg,{-Thg' control can be archived e y 1 'includes

Particular advantages over armature control. In the same way armature control includes some advantages over field
a ' 4 ; 3
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control. Based on the applications the control should be applied to the DC servo mOtQ’-PC servo Izgg;ﬂ%govﬁdces Very
accurate.and also fast respond to start or stop command signals due to the low;armature inductive:T P Servy
; motqrs are used in similar equipment and computerized nunerically controlled machines. ; :
" Construction of DC Servo Motors : ‘ , o A
A DC s'ervo motor consists of a small DC motor, fe‘edback potentibmeter, gearbox, motor drive electronic cxrglut u.‘m
electronic feedback control loop. It is more or less similar w the normal DC motor. The stator of the motor consisis of ,
cylindrical frame and the magnet is attached to the jnside of the frame. ' :

- The rotor consists of brush and shaft. A commutator and a rulor metal supporting frame are attached to the outside of the
shaft and the armature winding is coiled in the rotor metal supporting frame. A brush is built with'an armature coil thy
supplies the current to the commutator. At the back of the shaft, a detector is built into the rotor in order to detect the
rotation speed. 2 . LT

With this construction, it is simple to design a controller using simple circuitry because the torque is proportional to the
amount of current flow through the armature. And also e instantaneous polarity of the control voltage deciacs the
direction of torque developed by the motor. Types of DC servo motors include series motors, shuit control motor, spli
series motor, and permanent magnet shunt motor. i pY: b

{

Working Principle of DC Servo Motor S g
A DC servo motor is an assembly of four major components, namely a DC motor, a position sensing device, a gear
assembly, and a control circuit. The figure 1.9 shows the parts that consisting in RC servo motdrs in which small DC
motor is employed for driving the loads at precise speed and position. : £ '

A DC reference voltage is set to the value COI‘I’CSpOlld'ing to the_desired ‘ou[pui-:. This voltage can be applied by using
another potentiometer, control pulse width to voltage converter, or through timers depending on the control circuitry. The
. dial on the potentiometer produces a corresponding voltage which is then applied as one of the inputs to error amplifier.

In some circuits, a control pulse is used to produce DC reference voltage corresponding to desired position or speed of the
motor and it is applied to a pulse width to voltage converter. In this converter, the capacitor starts charging at a constant
rate when the pulse high. Then the charge on the capacito: is fed to the buffer amplifier when the pulse is low and this

‘charge is further applied to the error amplifier.
So the length of the pulse decides the voltage applied at the error ampliﬁer as a desired voltage to produce the desired
speed or position. In digital control, microprocessor or microcontroller are used for generating the PWM pluses-in terms of

duty cycles to produce more accurate control signals. '

. Error,
Amplifier N
' Comparator Variable Motor: * . Load
Signal Pulse O!_]tput |
width ¥
to Voltage
g Control Position Gear Box )"
Sensor
Figure 1.9

The feedback signal corresponding to the present position of J;he.; load is obtained by using a position sensor.' This. seisor is
normally a potentiometer that produces the vol(agc“correspo_ndmg to thf;-absolt_xtg“angle of the motor shaft through gear
mechanism. Then the feedback voltage value is applied at the input of error amp}1ﬁer_ (comparator).d AR i

The error amplifier is a negative feedback amplific?r and it rede?es the dlf‘fefence between its inputs. It compares the
voltage related to current position of the motor. (obtained by POte"“gmeter) with desired voltage related to desired position
of the motor (obtained by pulse width to voltage converter), and produces the error either 5 positive or negative voltage.

This error voltage is applied to the armature of the motor. If the error is, more, the more output is applied to the motor
armature. As long as error exists, the amplifier amplifies the etror voltage and correspondingly powers the armature. The

.. motor rototﬁg-fill.ﬂ!e_ cﬁbr becomes Z€TO. If the error is negative, the aImatUFE'.Voltage r'e'verscs and hence the armature

rof” .. = L. the opposite direction.
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e
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‘ Figure 1.10
" Operation

“As field of this DC servomotor is excited by amplified error signal, the torque of the motor, i.e., rotation of the motor can

‘be controlled by amplified error signal. If the constant armature current is large enough then, every little change, in field
current causes corresponding change in torque on Lhe motor shaft.

_The direction of rotation can be changed by changing polarity of the field. The direction of rotation can also be altered by
_using split field DC motor, where the field winding is divided into two parts, one half of the winding is wound in clockwise
. direction and other half in wound in anticlockwise direction. The amplified error signal is fed to the junction point of these

- two halves of the field as shown in figure 1.10 . The magnetlc field of both halves of the field w1ndmg opposes each other.

: Dun’ng operation of the motor, magnetic _ﬁeld strength of one half dominates other depending upon the value of amplified
error signal fed between these halves. Due to this, the DC servomotor rotates in a particular direction according to the

amphﬁed error signal voltage. The main disadvantage of field control DC servomotors is that the dynamic response to the
~error is slower because of longer time constant of inductive field circuit.

The ﬁeld is an electromagnet so it is basmally a highly inductive circuit hence due to sudden change in error signal voltage,
the current through the field will reach to its steady state value after certain period depending upon the time constant of the
 field circuit. That-is why field control DC servo motor arrangement is mamly used in small servo motor applications. The

main advantage of using field control scheme is that, as the motor is controlled by field — the controllmg .power
requirement is much lower than rated power of the motor.

'Cliaractenstlcs of Field Cnntrollcd DC Servo Motor

The field is controlled below the knee point of magnetising saturation curve. At that portion of the curve the mmf linearly

" Varies with excitation current. That means torque developed in the DC motor is directly proportional to the field current
below the knee point of magnetising saturation curve.

Magnetic |
Flux-

;

Magnetic Field Intensity or
Magnetising Current. -

Figu:l'e 111
'[“From general torque equation of DC motor 1t is found that, torque T o« ¢la. Where, ¢ is field flux and la is armature

s current. But in field controlled DC servomotor, the ‘armature is excited by constant current source, hence Ia is constant
" here. Hence, T « ¢.
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Ques9) Discuss about the Armature controlled DC servomotors also discuss lts 0pel‘aﬁ‘.’“ with suitable diagram,
Also sketch its charactenstlcs graph. i

Ans: Armature Controlled DC Servo Motor ‘- : o gl b .
The figure 1.12 shows the schematic diagram for an armature controlled DC ser\io motor. Here the armature 1s energised
by amplified error signal and field is excited by a constant current source. e. ; i

- Armature Inductance - - &7 | :

Q
Q
§ Field Current
A rmature Current
E Field Resistance —= Armature Resistance o e, g
f L (=¥
Q Ly E
5 Field lnductanceg L s ; E ' :
& R i g ‘
o o R W0
8] [ ] ; A
8 A
) Figure 1.12 :

Operatlon Ve

The field is operated at well beyond the knee pomt of magnetising saturation cury [Il l-hlS Pc;li(ﬂond?f ;h:vi)urr:gt Of:’jsh;lge
change in magnetising current, there is very small change in mmf in the motor ﬁeld This makes the et that e ess
sensitive to change in field current. Actually for armature controlled DC servo motor, we do not wan e motor

should response to any change of field current. i

G
‘\

Again, at saturation the field flux is maximum. As'we said earlier, the general torque equatlon of DC motor is, torque T

#la. Now if ¢ is large enough, for every little change in armature current Ia there w1ll be a promment changer in motor
torque. That means servo motor becomes much sensitive to the annature current -

As the armature of DC motor is less ‘inductive and more resnstwe, time constant of armature winding is small enough This
causes. quick change of armature current due to sudden change in armature voltage That is why dyna:mc response of
armature controlled DC servo motor is much faster than that of field controlled DC servo motor. The direction of rotation
of the motor can easily be changed by reversmg the polarity of the error sngnal il ‘

Charactenstxcs of Armature Controlled DC Servomotor i
" The characteristics of armature controlled DC servomotor are shown in figure 1 13

Magnetic

flux density
-y

Knee point

Magnetic field intensity or + /0
* magnetising current ;

AT | Figure 1.13

Ques 10) Wnte a short note on: L """"‘; &
i) Permanent Magnet armature controlled DC servomotor { N s |
ii) Series Split Field DC Servomotor 7 4 o : R LR

Ans: Permanent-Magnet Armature-Controlled DC Servomotor
It is usually manufactured in 6V and 28V ratings in fractional
sizes up to 2 hp. The field structure for this type of motor ns
ring, completely surrounding the armature and providing a s

-horsepower s1zes and in 150V ratings in integral- horsepov\ er

ually consists of Almco VI all ”
0y, cas cnrcu ‘
trong, constam flux. .. Y, ca t in the form of a
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The permanent-magnet m,
otors are wel
field magnets whenever the g armaturel COTpens‘ated by means of commutating windings to avoid demagnetisation of the
voltage is suddenly reversed. Eddy currents and hysteresis effects in these motors

are generally negligible, ang th i
o voltage oot € pole pieces are usually laminated to reduce arcing at brushes whenever a rapid change ot

These devices are also cont
rolled b
¥ armature voltage control in the same manner as the armature-controlled shunt motor.

Permanent magnets

Copper-stamped
Windings

Figure 1.14

Series Split Field DC Servomotor
Split series motor is the DC series motor with split-field rated with some fractional kilowatt. This type of motor can operate

as a separately excited field-controlled motor. The armature is supplied with a constant current source. Split series motor
has a typical torque-speed curve. This curve denotes high stall torque and a rapid reduction in torque with increase in -

speed. This results in good damping.

They are the motors with split-field rate with some fractional kilowatts. Split series motor has a typical torque-speed curve.

This curve denotes high stall torque and a rapid reduction in torque with high speed.
The DC series motor with split field (small fractional kW) may be operated as.a separately excited field-controlled motor

(figure 1.15).

Tq———— Constant Current Source ————>Q

! e ©wtinfy 4 .-U";)
oy i

) Auxiliary . Main . ) il 't
Winding

Te

* Winding e " 3 Dy g

- +: 3

Figure 1.15: From-D.C. Amplifier
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stepper Motor

' STEPPER MOTOR

Qut.:s 1) What do you mean by Stepper Motor? Explain construction and working prln{:lple of ‘stePPer l.110 or.
Write the different types of stepper motor. | '

Ans: Stepper Motor : . ' ‘

A stepper motor is an electromechanical device which actuates a train of step angular (or
train of input pulses on one-to-one basis, i.c., one step actuation movement for each pu
actuator element of incremental motion control system. Stepper motors are used for computer
tape drives, capstan drive, machine tool and process control system. -

linear) movement in response to a
Ise input. A stepper motor 1s the
peripherals like printers,

~ The step size of the stepper motor is given by a:(ﬂ] where, n is number of stakes and T is number of teeth of rotor.
; nT - .

Construction and Working Principle . o : B i
-Stepper Motor is a brushless electromechanical device which converts the train of electric pulses applied at their excitation
windings into precisely defined step-by-step mechanical shaft rotation. The shaft of the motor rotates through a fixed angle

for each discrete pulse. This rotation can be linear or angular. It gets one step movement for a single pulse input.

When a train of pulses is applied, it gets turned through a certain angle. The angle through which the stepper motor shaft
turns for each pulse is referred as the step angle, which is generally expressed in degrees. TN

The number of input pulses giveri to the motor decides the step angle and hence the position of motor shaft is controlled by
controlling the number of pulses. This unique feature makes the stepper motor to be well suitable for open-loop control
system wherein the precise position of the shaft is maintained with éxact number of pulses without using a feedback
Sensor. . , i o

If the stcp'a;lgle.is- smaller, the greater will be the number of steps per revolutions and higher will be the accuracy of the
position obtained. The step angles can be as large as 90 degrees and as small as 0.72 degrees, however, the commonly used
step angles are 1.8 degrees, 2.5 degrees, 7.5 degrees and 15 degrees. ;

The direction of the shaft rotation depends on the sequence of pulses applifed to the stator. The speed of the shaft or the
average motor speed is directly proportional to th; frequency (the rate of input pulses) of input pulses being applied at
excitation windings. Therefore, if the frequency is low, the stepper motor rotates in steps and for high frequency, it

continuously rotates like a DC motor due to inertia._ .
S ) 54 A (

.'S.h;aft ‘”'” Ball bearings

Rotor
(Steel core)

1 Magnet

Flange (permancnt-magnet) '
‘(aluminum die cast)

Figure: 2.1 Construction of Stepper Motor

Scanned by CamScanner

Series (Special Electrical Machine) KTy 1




v

g@per MO[F)F (Module 2) B-13

Like all flectgc motors, it has stator and rotor. The rotor is the movable part which has no windings, brushes and a
commutator. Usually the rotors are either variable reluctance or permanent magnet kind. The stator is often constructed

with multipole and multiphase windings, usually of three or four phase windings wound for 2 required number of poles

decided by desired angular displacement per input pulse. Unlike other motors it operates'on a programmed discrete control

pulses that ]are afpplied to the stator windings via an electronic drive. The rotation occurs due to the magnetic interaction
between poTes Ol sequentially energized stator winding and poles of the rotor.

Types of Stepper Motor

The types of stepper motors based on maximum usage include:

{) Permanent Magnet Stepper Motor: Permanent magne£ motors use a permanent magnet (PM) in the rotor and
operate on the attraction or repulsion between the rotor PM and the stator electromagnets.

Variable Reluctance Stepper Motor: Variable reluctance (VR) motors have a plain iron rotor and operate based on

the principle that minimum reluctance occurs with minimum gap, hence the rotor points are attracted toward the stator
magnet poles.

2

3) Hybrid Synchronous Stepper Motor: Hybﬁd stepper motors are named because they use a combination of

permanent magnet (PM) and variable reluctance (VR) techniques to achieve maximum power in a small package size.
Ques 2) Write the selection criteria of stepper motor.

Ans: Selection of Motor

Stepper motor can be selected based on the following specifications as explained as: )

1) “Electrical specifications include number of phases, step angle, winding voltage, winding resistance/inductance, holding
torque, pull-out torque, maximum slew rate, positional accuracy, temperature rise and power supply and drive circuits.

2) Mechanical specifications includes shaft length and shape, motor length, shape of flange face, lead wire. length and
connector type. . :

Ques 3) Write the advantages, disadvantages and application of stepper motor

Ans: Advantages of Stepper Motor

1) At standstill position, the motor has full torque.

2) It has a good response to starting, stopping and reversing position.

3) As there is no contact brushes in the stepper motor, it is reliable and the life expectancy depends on the bearings of tie
motor.

4) The motor rotation angle is directly proportional to the input signals. :

5) Itis simple and less costly to control as motor provides open loop control when responding to the digital input signals.

6) The motor speed is directly proportional to the input pulses frequency, this way a wide range of rotational speed can
be achieved. :

7) 'When load is coupled to the shaft, it is still possible to r_ealise the synchronous rotation with low speed.

8) The exact positioning and repeatability of movement is good as it has a 3-5% accuracy of a step where the error is
non-cumulative from one step to another. T |

9) Stepper motors are safer and low cost (as compareq to servo motors), having high torque at low speeds, high reliability
with simple construction which operates at any environment. A

Disadvantages of Stepper Motors

1) Stepper motors having low Efficiency. _

2) It has low Accuracy. _

3) Its torque declines very quickly with speed. ) o o

4)  As stepper motor operates im open loop_contr,ol, there is no feedback to indicate potential missed steps.
3) It has low torque to inertia ratio means it can't accelerate the Ioad very quickly.

6) They are noisy.

Applications of Stepper Motor .

) They are used in numeric control of machine tools. i

2) Used in tape drives, floppy disc drives, printers and = lectdc wagches,

3) The stepper motor also use in X-Y plotter and robotics. = S

4) 1t has wide appli cation in textile industries and integrated circuit fabrications.
5) The other applications of the Stepper Motor are 1n SPa?ecrafts la‘f“_Cth for §cie_ntiﬁc explorations of the planets, etc.

6) These motors also find a variety of commercial, medical and military applications and also used in the production of

science fiction movies. ) _ ‘
7)  Stepper motors of microwatts aré used in the wrist watches.

8) In the machine tool, the stepper motors with ratings of several tens of kilowatts is used.
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Ques 4) Explam the variable reluctance stepper motor and explam the theory of operatmn with sultable d]agram

Ans: Variable Reluctance Stepper Motor

The principle of Variable Reluctance Stepper motor is based on the property of thc flux
reluctance path. The stator a.nd the rotor of the motor are ahgned in such a way that the magnetlc reluctance is mmlmurn

lines Wthh capture the loy,

with soft iron, non-magnetic, toothed rotor

Vanable reluctance stepper motors have the simplest desxgn of the three types
; between the rotor and stator

ar;ld a t\;ound delectromagnetlc stator. Because the rotor is not magnetized, there’s no attraction
when the windings aren’t energized, so variable reluctance motors don’t produce detent torque.

Working of a Variable Reluctance Stepper Motor B ;
A four phase or (4/2 pole), single stack variable reluctance stepper motor is shown in f' igure 2.2. Here (4/ 2 pole) eans
that the stator has four poles and the rotor has two poles ‘ ‘

-Figure 2.2

The four phases A, B, C and D are connected to the DC source W1th the help of a semtconductor switches Sa, S, Sc and

Sp respectively as shown in the above fi gure. The phase windings of the stator are energxsed in the sequence A, B, C, D, A.

- The rotor aligns itself with the axis of phase A as the winding A is energised. The rotor is stable in thls posmon and cannot
move until phase A is de- energlsed :

Now, the phase B is excited and phase A is disconnected. The rotor moves 90 degrees in the clockwise direction to align
- with the resultant air gap field which lies along the axis of phase B. Similarly the phase C is energised, and the phase B is
disconnected, and the rotor moves again in 90 degrees to align itself with the axis of the phase.

Thus, as the Phases are exc1ted in the order as A, B, C, D, A, the rotor moves 90 degrees at each Lrans:tlon step in the
clockwise direction. The rotor completes one revolution in 4 steps. The direction of the rotation depends on the sequence of
switching the phase and does not depend on the direction of the current flowing through the phase Thus, the direction can

be reversed by changing the phase sequence like A, D, C, B, A,

: L {
4 1 IS

The magnitude of the step angle of the vanable reluctance motor is given as, faly e ‘ : o
L 360° o : . T
m,N, R - P AT NI o f
' Where,
o is the step angle - ' o S T e EER R e

ms is the number of stator phases
Nr is the number of rotor teeth . : |
YRR ILLs 1 -_,-:! 117 SRS I A R 19
The step angle is expressed as shown below !
‘i G—N —-N,. <360° b i S
s''r 5 ;

! t ' . by, ‘li"-. ALY § IR R T i 1 ¥ TS

; Where Ns is the stator poles ih s : b : nl : i W
The step angle can be reducéd from 90 degrees to 45 degrees ma clockwise d“ectlo“ bY exciting the phaec in thesequence
AA+BBB+CCC+DDD+AA

Similarly, if the sequence is reversed as A, A + D D,D+C,C,C+B,B, B + A A the rotor rotates at step angle 'of 45

degrees in the anticlockwise direction. .

. . ! g \
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. “Here, (A + B) means that the ph
: two poles. That is it makes ap
.- shifting excitation from one pha

ase Windings A and B both are energised together. The resultant field is the midway of the;
angle of 45 degrees with the axis of the pole in the clockwise direction. This metthi_ o
$€ to another is known ag Microstepping. By using Stepper Motor, lower vglucs of the step

Figure 2.3

4 ’I“_he opposite poles are connected in series forming a 4 phases. The rotor as 6 poles, when the coil AA" .is excited the;rotor
* teeth 1 and 4 are aligned along the axis of the winding of the phase A. Thus, the rotor occupies the position as shown in the
* figure 2.3. ' \

" Now, the phase A is de-energised, and the phase windin
 of phase B. The rotor moves a step of phase an
~_energised, and the winding C is excited. The rot

' and the four steps of rotation are completed, a
revolution of the rotor 24 steps are required
combinations of the number of rotor teeth and st

g B is energised. The rotor teeth 3 and 6 get aligned along thf': axis
gle of 15 degrees in the clockwise direction. Further, the phase B is de-
Or moves again 15° phase angle: The sequence A, B, C, D, A is followed,
nd the rotor moves 60 degrees in clockwise direction. For one complete

- Thus, any desired step angle can be obtained by choosing different
ator exciting coils. ; | - ’

QuesS) What do you mean by permanent magnet stepper motor? Explain the theory ofIOPei'ation of permanent
‘ mégnet stepper motor. . ‘ ‘

~ : 'Ans: Permanent Magnet Stepper Motor
The Permanent Magnet Stepper Motor has a stator construction similar to that of the sin
“The rotor consists of permanent magnet poles of higl? rcteptivel
windings on diametrically opposite poles are connected in series t.o

.. align with the stator tecth depending on the excitation of the ‘win

- winding of phase A. Similarly the two coil BB’ is connected in series. forming a phase B windings. The figure 2.4 shows
* 412 Pole Permanent Magnet Stepper Motor. : :

gle stack variable reluctance motor.
y steel and is cylindrical in shape. The concentrating
form a two phase winding on the stator. The rotor poles
ding. The two coils AA’ connected in series to form a

Theory of operation of Permanent Magnet Stepper Motor fi ; .
In figure 2.4 (a) the current flows start to the end of phase A. Thfa phasalz winding is denoted by A* and the current by i*,.
- The figure shows the condition when the phase winding is excited with the current i+

he ¢ a- The south pole of the rotor is
attracted by the stator phase A. Thus, the magnetic axis of the stator and rotor coincide and . -
=0,

Gt he start to the end at phase B The current is de ‘ ted by i* d th
- - Similar] , in the figure 2.4 (b) the current flows from l. . | ; $ denoted by i*y and the
= WindingybynB+e Cg:sidel‘iﬂg- the figure 2.4 (b), the windings of phase A does not carry any current and. the phase B is
- excited by the 'i".B current. The stator pole attracts the rotor pole and the rotor moves by 90° in the clockwise direction.
.‘i";Hel“B(1=90°. . . i)

The figure 2.4 (c) shows that the current flows from the .end o Cie o Of-jh ©
the windip is denoted by A~. The current i” » is opposite to the At L. 5 .

i lgn ding is excited by the current i"s. The rotor moves further 90° in clqckwi_s'e direction and the o = 180°,
s ' : end to starting point of phase B. The current
N the ﬁgure 2.4 (d), the current flows from

_ is represented by i and the
Winding by B-, Phase A carries no current and the phase B is excited. The rotor again moves

further 90° and the value of o

g i i
- 2100
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Figure 2.4

Completing the one revolution of the rotor for making a = 360° the rotor moves further 90 degrees by de-en'ergismg the
winding of phase B and exciting the phase A. In the permanent magnet stepper motor the direction of the rotation depends
on the polarity of the phase current. The sequence A*, B*, A7, B, A" is followed by the clockwise movement of the rotor
and for the anticlockwise movement, the sequence becomes A* B™, A", B*, A*. The permanent magnet rotor with large
number of poles is difficult to make, therefore, stepper motors of this type are restricted to large step size in the range ol 30
to 90°. They have higher inertia and therefore, lower acceleration than variable stepper motors. The Permanent Magnet

stepper motor produces more torque than the Variable Reluctance Stepper Motor.

Ques 6) What do you understand by hybrid type stepper motor? Explain the theory of operation of Hybrid type

stepper motor.

Ané: Hybrid Type Stepper Motor
The word Hybrid means combination or mixture. The Hybrid Stepper Motor is a combination of the features of the

Variable Reluctance Stepper Motor and Permanent Magnet Stepper Motor. In-the centre of the rotor, an axial permanent
magnet is provided. It is magnetised to produce a pair of poles as North (N) and South (S) as shown in the figure 2.5.

B A ‘
I | i Stator
Laminations

/Smor Windings

L~ Rotor Discs

:-4--4/

Permanent =<

Magnet |
_E___-.. — a . - e it '_3_ ok

i
Shift 2 \:é ——— R .~ AirGap
; o ¥ RS / Permanent
‘ t SAN, ' 4‘ 24/ Magnet Flux
X i 1 . 0 )1
Yoke = e r————
e
’ { , -
Figure 2.5 . X
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- magnetised by the magnet. The figure of

" The stator has 8 poles, each of which has one coil and S
; , . , and each end ca
~ has 50 teeth. As the stator and rotor teeth SSpecively,the e abgl s Exprac s v S

~ Step Angle =

? L i

- ; Advantages - Disadvantages
‘ M Type i = —e— ~
m}_ otor )’Il:/l t 1y Robust — No magnet . "1 Vibratiohs. ; |
A 1able Reluctance Mo or 2)  Smooth movement due to,no cogging torque. (2) Complex circuit fbr&:O ntrol. |
Gl 3) High steeping rate and speed slewing capapility.|3)  No smaller step angle,
5 " |4) Nodetent torque. - 4
O 1) Biggerstep angle. . =
L7 ; Detent torque. ’ g ;
! ‘ermanent Magnet Stepper Motor 3 Higher holding torque. 7 2) - Fixed rated torque.
A o 3 Better damping 3) Limited power otput and size.
e— i 1) Resonance
2 Detent torque. - “
; H.vbrid Stepper Motor 3 No cumulative position error. ; 2) - Vibration
aglie - 3) Smaller step angle. '
et Q_/‘;) Operate in open loop

: ".w’;.wppcr Motor (Module 2)
; B' 17
_Theory of Operation of Hybrid T

-".A'At poth the end of the ype Stepper Motor

axial magnet (h -

ee ) ; _ :
the cl;g caps are provide, which contains an equal number of teeth which are
A SS-section of the two end caps of the rotor is shown in figure 2.6.

Figure 2.6

are 40 and 50 respectively, the step angle is expressed as shown below:

(50— 40)x360°

50% 40 1.8

- The rotor teeth perfectly aligned with the stator teeth. The teeth of the two end caps are displaced from each other by half
< of the pole pitch. As the ma

- ' and North Pole respectively.

gnet is axially magnetised, all the teeth on the left and right end cap acquire polarity as south

The coils on poles 1, 3, 5 and 7 are connected in series to form phase A. Similarly, the coils on the poles 2, 4, 6 are § are
- connected in series to form phase B. : '

When phase is excited by supplying a positive current, the stator poles 1 and § becomes South poles and stator pole 3 and 7
becomes North poles. Now, when the phase A is de-energised, and phase B is excited, the rotor will turn by a full step

~.angle of 1.8° in the anticlockwise direction. The phase A is now energised negatively; the rotor moves further by 1.8° in
. the same anticlockwise direction. Further rotation of the rotor requires phase B to be excited negatively.

. Thus, to produce anticlockwise motion of the rotor. the phases are energised in the following sequence *A, *B, "B, *B, *A

i/ F L For the clockwise rotation, the sequence is *A, "B, *B, *A........

.~ One of the main advantages of the Hybrid stepper motor is that, if the excitation of the motor is removed, the rotor
* continues to remain locked in the same position as:before the removal of the excitation. This is because of the Detent .
., Torque produced by the permanent magnet.

Ques 7) Write Comparison between variable reluctance, permanent magnet, and hybrid type stepper motor on the
basis of advantages and disadvantages. : _ '

8 Ans: Comparison between Variable reluctance, Permangnt, Magnet and, Hybrid Type Stepper Motor

Table 2.1: Comparison Based on I&igtoi';Adi:a;i‘}tagﬂ;ﬂ.aiiﬂA Digadvantages

——

e ————— T e —.
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Ques 8) Write a short note with ' ;
i) ' Bifilar windings

proper diagraxﬁ\on:‘ : AR o Y i e
ii) Monofilar Wiildings ;

; Ans Bifilar Windings ‘ _ A ORI b B
Bifilar wound motors means that there are two identical sets of windings on each’ stator pole. This type of Winding
configuration simplifies operation in that transferring current from one coil to another one, wound in the opposite direction,
will reverse the rotation of the motor shaft, ; MR I

L

A

Red

Figure 2.7: 6 and 8 Lead Bifilor Wind Motors

’I:he ‘most common wiring configuration for bifilar wound stepping motors is 8 leads because they offer the flexibility of
either a series or parallel connectio

n. There are however, many 6 lead stepping motors available for sqries connection
application - N }

Monofilar Winding :

For stepping motors, there are monofilar winding and bifilar windings. For VR tyﬁé stepping motors, m?ﬂOﬁla}f winding is
usually adopted but for PM type and HB types both kinds of winding are used. As shown in figure 2.8, in monofilar
winding 1 group of salient poles have 1 group of windings to form 1 phase. - ) * A

¥ el -').h", X5
3 5

ETe] B BIUREE TSR 3 (A

I'Figﬁrez.s Monofilar Winding . = 000

Tn'this winding sys i iving systems, one s unipolar drive (Figure 2,9) where one excitation

ding system, there are two kinds of driving sys i ar drive ( re 2,9) whe '

Isrtlzfeu fs %%Eatéc? bz })assing current in one direction only and the f)the_r_ is the blpo_l_a{'._dnve (Figure 2.10) where current i

passed)ih' 5 directions fo create 2 excitation states. The unipolar drive is mostly used in VR types whereas bipolar drives af.

used for bbih PM and HB types. v ol Y - Y 3 ]

' tvrindi i i itchi nding to 1 winding, By comparison, the bifilar winding

:nding for bipolar drive, 4 switching elements correspond Winding, By comparison, the bifilar windin®

ra(;nzogtlaz ::?n lw}g\ich 1 ;r?)up of salient poles has 2 groups of winding (hﬁoweyeri ‘-th-?r? are grounds for considering it 35 I
phase instead of 2-phase). ‘ S

A
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ot PM type and HB types, from the point
- pifilar winding but when monofilar windin
_ pigh. The other afivan,tage for this system i
- elay qf curren_t rise-up owing to mutual in

of the excitation state of stator, the effect is,same with monofilar winding and
g is used for bipolar drive, the winding utilisation efficiency and the qUtP}’t o
s that due to the absence of other winding in the identical excitation circuit, the
ductance can be avoided but the disadvantage is that it makes the driving circuit

- complicated.
R ) () LT 04
t A
f T
17777
‘i‘\‘
;!‘:,'f.'
‘ : Vee
/777

YT Trs - Try . T

Figure 2.10: Bipolar Driving Circuit_

9) Expiain the various modés' of excitation of stepper motor,(u}riving in terms

Modes of Excitation of Stepper Motor Driving : _ .
epper drives control how a stepper Motor operates; there are thre¢ commonly used excitation modes for stepper motors,

: Efuustep, half step and microstepping. These excitation modes haxe an eff??t on both the running properties and torque the

. pér motor converts electronic signals into _mechanical movement each time an incoming pulsé‘is appliéd fo the'
'Each pilse moves the shaft in fixed increments. If the stepper motor has a 1.8° step resolution, ‘then in"otder for
fii Totate one-complete revolution, in full step operation, _the stepper motor would need to receive 200 pulses, 360° =

=200,

et jtati tor deriving is explained as follows: - b,
Ie are two types of mode of excitation of stepper mo .
M"dﬁ,of%lﬁ)zcitatién of Stepper Motor Driving in Terms of Phase: There are two types of modes of excitation of

' Stepper motor driving interms of phase:

Scanned by CamScanner



A |

B-20 B.Tech, Eighth Semester TP Solved §gncs (Specml Electric : achxpe) KTy

1) Full Step Excitation Mode: There are two types of full step excitation modes: s

h rgized at a
P: From figure, the. motor is operated with only 9{2; Dp:amsg d‘:;? g1zed at a time,
amount of power from the driver of any of 'thq excl e
step: From figure, the motor is operated with both phases | : ame

improved torque and speed performance, Two-phase on provides about 309
phase

. 2)  In One-Phase on - Full Ste
This mode requires the least

b) .In Two-Phase On - Full
time. This mode provides

)
40% more torque than ope on, however it requires twice as much power

from the driver.

Figure 2.11 ,

i) Half Step Excitation Mode: Half step excitation mode is a combination of one phase on and two phase on ful]
step modes. This results in half the basic step angle. This smaller step angle provides smoother operation due the
Increased resolution of the angle. Half step produces about 15% less torque than:two phase on - full step,
however modified half step ' ;

: ping eliminates the torque decrease by increasing the current applied to the motor
when a single phase is energized. ' ; |

Figure 2.12

2) Modes of excitation of Stepper Motor Drivin
are explained as follows:

i) Single Coil Excitation Mode: In this mode, at a time only ‘0‘1_1:%:': 'cb’ﬂ of the mot
energized one by one in sequence (please refer the table). In this mode, moto'r_"'c
provides very less torque. This mode is also known as wave drive and it is ot

g in Terms of Coil: Thete are following stepper driving maliés which

or is energized. All four coils are
onsumes very less power but also

iy used to drive any load because of
.very less torque. Usually, stepper motors are not driven in this mode. P ‘
Sequeli'c'e . Motor Coils ;
a3 e X XK Y Cl C2 ' C3 ;
Step 1 ) 0 :
“Step2 - x| 7770
Step 3 c 0
Step 4 1
T g2 A

ii) Double Coil Excitation Mode: In this mode, two motor coils. are energized to gather. Then after coils are two
coils are energized in sequence (plc?ase refer t!]e table). In this mO_dF? motor consumes. doubje the power than
single coil excitation mode and provides very high torque. Stepper motors are mostly driven in this mode to drive
the load ’ ' Bl N et

\
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& | Sequence : '

‘\-—.—
o , . Motor Coils, it 2
”—stepl\-ﬁﬁf}\ 2 i C3, ) - C4
0
1
“\_

e Step 2
5 Step 4
Y E—

e

1
1
0
0

iii) Half Step Excitation Mﬁde:

3 {0

see coil energizing sequites _This mode s g combination of above two modes. Please refer the following table to
B8 sep1

Step 2

Step3 .

Step 4

Step 5

Step 6

Step 7

Step 8

Motor Coils

—_

Q
[ (=]
(@]
W

olo|—|~|=lclo|o

—OOCOO"'HQ

It takes double steps to complete the sequence. When the motor is
‘because the step angle of the motor decreases to half (e.g. if motor

0.90 in each step). The step resolution gets doubled. The motor
accurately. In this mode, motor consumes m
mode. :

rotated in this mode, it rotates very smoothly
step angle is 1.80 then in this mode it rotates
angle can be controlled more precisely and
oderate power and provides higher torque than single coil excitation

The given project demonstrates how to drive any unipolar stepper motor in these three different modes. It uses
- arduino UNO board and unipolar stepper motor library to drive the stepper motor. It also controls speed (RPM) of

the motor and displays the current speed and driving mode on LCD. So let us first see the circuit diagram
followed by its description and working.

s: Drive Circuits of Stepper Motor ‘ ‘ '
The main function of the driver circuit is to change the current and flux direction in the phase windings. Driving a
 controllable amount of current through the windings and thereby enabling maintains of short current rise and fall time is
‘;[ u:’g ood for high speed performance. The direction change is done by c_hanging the current direction, and this may be done in
two different ways using a unipolar or a bipolar drive which is explained as follows: '

). Unipolar Driver: Winding has three leads each at the end alnd one in the m.lddle. Half of the winding only is used in
e peration at any instant of time. To change 25_ lhc_ d_1re<_:t10n of rotation, _end leads are chosen and the current
ﬂoW’siih the same direction. Unipolar winding driver circuit 1s simple and shown in figure 2.13. .

+V

Switches

§ e

Figure 2.14: 'U_nipolar Winding
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2) ‘Bipolar Driver: In bipolar winding cy
configured into bipolar if the centre
applications. Winding
total of four switches
motor winding is fy]
between different drj

went flows in both directions as shown in Figure 2.15. Unipolar w1fndu.1g can by
. lead is ignored. Bipolar drives are most® widely used drives for Indusriy
s changed by shifting the voltage polarity across the winding, terminal. To change polariyy ,
v onevaed forming an H-bridge. The bipolar drive method requires one winding per phase, Ty,

ly energized by turning on one set (top and bottom) of the switching transistors. Comparig,
VTS 1s tabulated in table 2.2, W s B ;

L

+ Suppl T S
t;py + Supply L o
i 1
/U000 '
‘ 1
L

N . y A ’ Figure 2,15

2@()—-,99252 —~0 2b

Figure 2.16: Bi;;olar Windiné A _'  ) oo A 1
Comparison between Unipolar and Bipolar Driver LY W ‘ I
The Comparison between Unipolar and Bipolar Driver are shown in table table 2.2;

Table 2.2: Comparison hetween Unipolar Driver and Bipolar Driver
Unipolar Driver Bipolar Driver
Winding with a centre tap, or two sperate windings per pahse, |One winding per phase . *
Two switcehs per phase

TR Four switches per phase, in the form of an H-bridge,
Utilises only half the avialble copper volume of winding Motor winding is fully energised.

Incurs twice the loss if a bipolar drive at the same output power. |Loss is minimum compared to unipolar drive. "

Ques 11) Explain static and dynamic characteristics of stepper-m_oto’r' with suitable :diagra‘iﬁ and discuss an

example. R 3 ‘

Ans: Static Characteristics ' “

These characteristics include: . - R 1. ¢ RIS Al

1) Torque Displacement Characteristics:' This - gives relanon‘sh_lps between c_:]ectromagnetlc torque developed and
displacement angle from steady state position. These characteristics are shg_wn in the figure 2,17, .

Statica gy
jrorue ot A

Ot HI i ’ Torque
k 41 ‘)
o)

.
X

OF========-

>0
. 7 ". i
— Displacement from an
equillibrium position

' Figure 2.17: Torque Displacement Chracleristic_s‘”.-:',!l‘ FE el U alob Mg o

b |
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FREPE T we ) ‘
g ue Lurrent Characterict; ‘

9). Torque C acteristics: .
' § ! _relationship between the holding torT: : hc(’ild‘“g torque of the stepper motor increases with the exciting current. The
are shown in the figure 2.18. Au¢-and the current is called as torque-current characteristics. These characteristics

HOldj.ng 4
torque

% : . (Nm) For variable resistance motor

For permanent
magnet motor

Detent
torque | T T TTememe-eanll

0 —> Current (A)

i ol Figure 2.18: Torque Current Characteristics
: Dynamic Characteristics ‘
The stepping rate selection is very important in Proper controlling of the stepper motor. The dynamic characteristics give
: ﬂle"meImaUOH regardlrgg ‘torque stepping rate. These are also called torque stepping rate curves of.the stepper motor.
These curves are shown in the figure 2,19, - REREL i

To
Load torque

A

Slew range

@ Maximum starting
frequency

Maximum slewing

T, | - - \ frequency
: / Stepping Rate ® |
o . f) A fa B \

- Figure 2.19: Torque Stepping Rate Characteristics

When stepping rate increases, rotor gets less time to drive the load from one position to other. If stepping rate is increased
beyond certain limit, rotor cannot follow the command and starts missing the pulses. g
Now if the v alues of load torque and stepping rate are such that point of operation lies to the left of curve I, then motor can
start and synchronise without missing a pulse. ' '

" Fore >ple for a load torque of T', the stepping rate selection should be less than fi so that motor can start and
Synchronise, without missing a step.

‘ ‘ hronised, then stepping rate can be increased e.g., upto f;
; ; P once motor has started and sync » th ing ; ) €8 2
?Dl;t tlt{n: ul;:;eresnng th;‘f:lg Sllsx ctgaz:s increase in stepping rate from f; to f; s without missing a step and v-mhout missing the
* Synchronism, But beyond  if stepping rate i increased, motor willloseis synchronism. '

 point A as shown in the fi indi ' i i tepping rate or maximum starting frequency. It is
: : .19 indicates the maximum starting ste . . :
igﬁnedt th oho m - s::aplpgilrlllg‘er:te with which unloaded motor can start or stop without losing a single step.

as the maximum g

AR . 19 indicates the maximum slewing frequency. It is defined as the maximum
While poj hown in the figure 2. : issi
SWPPiﬂgor);:a l:»rh“;(S:hsunloadc:d motor continues to run without missing a step.

T ‘ indi ious torque values, the range of stepping rate which
hown hatched indicates, for various , the : \
- Thus area between the curves I ?;‘llng ; step, provided that the motor is started and synchronised. This area of operation of
zgrll:tor can follow a\;']ltgﬁ;wmrange. The motor is said to be operating in slewing mode.
pper motor is called .
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s it that i ‘ ‘without losing steps.
It is important mat in a slew range the stepper motor cannot be started, stopped or reverS@d W ke - .
B " N | ' ‘position the motor ma
Thus slew range is important for s P Y be

. ' exact
. peed control application. In position control, to get theis
required to be stopped or reversed.

: . jcations. .
Hence slew range is not useful for position control apphca S

i : ‘ " v using lower pulse r
To -achieve the operation of the motor in the slew range motor must be accelerated carefully using lower p ate,

Gy ) : ‘motor, without losing ;
Similarly to stop or reverse the motor without losing acceleration and deceleration of the stepper ",10 i, g ny
step is called ramping. Bl o v '

Ques 12) Write the advantages, diSadvantages and application of steppel' mol_:Qr
Ans: Advantages of StEpper Motor
The advantages of Stepper motor are as follows: . i T \siti
1) At standstill position, the motor has full torque. No matter if there is no moment or changing position.

2) Ithasa good Tesponse 1o starting, stopping and reversing position. %
3) As there is no contact brushes in t '

he stepper motor, It is reliable and the life expectancy depgnds_on the bearings of the

motor. - _ : n

4) The motor rotation angle is directl

5) Itis simple and less costly to cont

6) The motor speed is directl

" be achieved.

7) When load is coupled to the shaft, it is still

8) The exact positioning and repeatability of
non-cumulative from one step to another.

9) Stepper motors are safer and low cost

with simple construction which operat

Y proportional to the input signals. b AR bt
rol as motor provides open loop control when responding to the dlglta'l Input signals,
Y proportional to the input pulses frequency, this way a wide range of rotational speed can

possible to realize the synchronous rotation with low speed.
movement is good as it has a 3-5% accuracy of a step where the error is
i |

(as compared to servo motors), having high torque at low speeds, high reliability
es at any environment. e KRR P

Disadvantages of Stepper Motors _

The disadvantages of stepper motor are as follows:

1) Stepper motors having low Efficiency. ‘

2) It has low Accuracy.

3) Its torque declines very quickly with speed. :

4) As stepper motor operates in open loop control, there is no feedback to indicate

5) It has low torque to inertia ratio means it can’t accelerate the load very quickly.
6) They are noisy. ‘ !

potential missed steps. i

Applications of Stepper Motor iy

The applications of stepper motor are as follows: : - o By

1) As the stepper motor are digitally controlled using an input pulse, they are suitable
systems. ‘ : _

2) They are used in numeric control of machine tools. : :

3) Used in tape drives, floppy disc drives, printers and .CICCU‘IC watches. .

4) The stepper motor also use in X-Y plotter and rf)botlcs. o AL

5) It has wide application in textile industries and 1{1tegrated circuit fabncauol}s_ e

6) The other applications of the Stepper Motor are in spaE:ecraft laut.lcl:hed ‘for scientific e

7). These motors also find a Vaﬂety of commgfmal, mc?gxca}'and military applications 2
science fiction movies. '~ _‘ : ik :

8) Stepper motors of microwatts are used in _thc w1'1$t watches. : Sy

9) Inthe’ machine tool, the stepper motors w1:h ratings of several Fcnrs of hlowatts_ls used.

O i gl . s RN 2 ; AN :

for use Wwith computer controlled

il

xplorations of the planetsetc.
nd also used in the production of

S T8 PY IR e
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- Single Phase Special Electrical Machines

-

SINGLE PHASE SPECIAL ELECTRICAL MACHINES

.'Que;-lge What is a single phase special electrical machine? Give the classification of single phase special electrical
-machine. i

Ans: Single-Phase Special Electrical Machine

Single-phase supply is mainly used for lighting purposes in offices, shops, schools, houses. Besides lighting purposes, it
has ucrr}endous uses in our day-to-day life. Domestic applications include mixers, automatic washing machines, electric
iron, hair d.rycrs and others. The power rating of these types of machines is ver,y small. These motors are also called
fractional kllowalt. motors because some of them have rating less than a kilowatt. '

S.inglf? phase induction motors have very wide applications in household appliances. They are mostly used in small
sizes in fraction horsepower range. However, they can be used in industries up to 2 horsepower range. In 1/8 to 3/4

horsepower range these motors are widely used for fans, washing machines, refrigerators, blowers, centrifugal
pumps, etc.

- The sizes ranging from 1/300 to 1/20 horsepoWef are used in toys, hairdryers, vending machines, etc. Single phase
' induction motors run at relatively low power factor and have relatively poor efficiency. The main difficulty of single phase
induction motors is that they have no starting torque and hence need some auxiliary means to start them.

 Classification of Single Phase Special Electrical Machine _
“The various types of single phase special electrical machines are discussed as follows:
1) " Single Phase Induction Motor: The single phase induction motor are simple in construction, cheap in cost, reliable
' and easy to repair and maintain. Due to all these advantages, the single phase motor finds its application in vacuum
cleaners, fans, washing machines, centrifugal pumps, blowers, washing machines, etc.
i) Resistance Split Type:It has a single cage rotor, and its stator has two windings known as main winding and
starting winding. Both the windings are displaced 90 degrees in space. :

ii) Capacitor Split type:Single phase Induction Motor that employs a capacitor in the auxiliary winding circuit to
produce a greater phase difference between the current in the main and the auxiliary windings.

iii) Shaded Pole Type:The shaded pole induction motor is simply a self-starting single-phase induction motor whose
one of the pole is shaded by the copper ring.

'2) Single Phase Synchronous Motor: Single phase synchroncus motors are available in small sizes for
applications requiring precise timing such as time kegpmg, (clocks) z'md tape players. Though battery powered
quartz regulated clocks arc widely available, the AC line operated variety has better long term accuracy—over a
period of months. : ' |
i) Reluctance Motor: If the rotating field of a large synchronoys motor with salient poles is de-energized, it will

still develop 10 or 15% of synchronous torque. There is no practical” application for a large synchronous

reluctance motor. 1 S0 BN W g b TR TRV 1o

) Hysteresis Motor: Hysteresis motor' is defined as-a synchronods motor that-is having cry}jndﬁcﬂ rotor and works

on hysteresis losses induced in the rotor of hardened stefal with high retentivity. It is a single phase motor and its
rotor is made of ferromagnetic material with non magnetic support over the shaft. .

3 Single Phase Induction Motor: There is another types of sing!c.phase indqction motor which is explained as follows:
; i) AC Series Motor: AC series motor or the universal motor is an electric motor which operates in either Ac or Dc
power at the same speed and output.

~ii). Universal Motor: A universal motor is a series wound electric motor that can operate on both AC and DC power.

These are a lot comparative (o those of DC series rqotors but the series motor develops less torque when working
from an AC supply than when working from an equivalent DC supply. ;
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4) Special Purpose Motor: There are two
i) Stepper Motor: A stepper motor-

power. Also it is a brushle
of steps:

types of special purpose motor which are explain as follows: - ,

1s an electromechanical device it converts electrical power into mechanic,)
$8, synchronous electric motor that can divide a full rotation into an expansive Numbg,
ii) Servomotors: A servo mot

or is one of the widely used variable speed drives in industrial production and proceg,
automation and building te - ‘ pat

chnology worldwide.

Ques 2) Explain Principle of operation of S

i iﬂg‘e Phase Special Electrical Machine and also sketch the torque - slip
characteristics of single phase special electri ‘ ) ‘ .

cal machine.
Single Phase Special Electrical Machine =~ g e TR T ;

‘ se induction motor is similar to three phase induction motor but the rotor is always squirre|
cage. The operation of 3 three phase induction motor depends on the rotating field produced by the three phase ot
currents. The single phase stator winding of 3 single phase induction motor produces only an alternating field and is not
capable of producing a rotating :

j _ field. So, a single phase induction motor does not start itself as it has no starting torque,
However, its running characteristic is satisfactory, L vkt ok

Ans: Principle of Operation of
The stato winding of single pha

A single phase induction motor must, therefore, have some auxiliary means to start the motor. The single phase inductiop
motor may be regarded as a three Phase induction motor with one line disconnected. So, unbalanced currents are drawn
from the three phase supply. The unbalanced currents may be represented by equal positive and negative sequence
currents. These two sets of three Phase currents produce two rotating fields of equal and constant magnitu'des,,but rotating
in opposite directions. The magnitude is equal to half the maximum value of the resultant alternating field. k.

The flux rotating in the direction of the rotor rotation is called the forward field, while the other is called the backward
field. If N s the rotor speed and N; is the synchronous speed, the slip for forward field directions. The magnitude Is equal
to half the maximum value of the resultant alternating field. The flux rotating in the direction of the rotor rotation is called

the forward field, while the other is called the backward field. If N is the rotor speed and N; is the synchronou§ speed, the
slip for forward field, i ' : e} . -

Sp= (Ns_ N)/N’.
and the slip for backward field,

Sgp= (Ns-+ N)/N, = [2N, - (N; - N)]{Ns -

=(2-sp)
:\\.‘ : ) H H . s e ‘ ‘ i i 3 o b ]
% "] In case of a three phase induction motor, the torque-slip characteristics are known. Similarly for each rotating field, there is
' / an identical torque-slip characteristic for single phase induction motor, The two torque-slip characteristics and their
/ resultant are shown in figure 3.1. : R
/ ' ]
§- Forward
:—6 torque
o \
g ‘
g0 . ;
) 1 Resultant . ; i y :
“E Backward torque ! ; i g
3 torque YA N Ry R

|48 ‘—3 ; ey, i e ] ‘
Figure 3.1: Torque-Slip Characteristics of Single Phase
Induction Motors ot

(il

TN

From the above characteristics of single phase induction motors, the following conclusions can be drawp: :
1) At unity slip (i.e., at the time of starting), the resultant torque is zero. The motor is, therefore,

. , ‘ » t self-starting. This
‘means that there is no resultant torque at the time of starting, whatever be the rotor resistance. . NPT dvem - S

1

2) Ifitis rotated in any direction, it gets a resultant torque which increases with the speed and henc
the direction in which it has been initially rotated. Thus the direction of rotation of th

' direction in which it is started ‘

W
e, the motor rotates in
© motor depends merely upon the
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Cquesd Explain construction and principle of working of AC setiematin, | : |
4 AnS AC Series Motor |

4 ‘apply an alternating E.M. : : : ; y

_ When ppYY & EM.F to the terminals, alternating current flows through both the field and the armature i

- so the field windin ;
-, windt gs; SO ling produces an alternating flux (thi . : . . _
- reacts with the armature current to produce torque, : R gnly- altgmatmg oL fetating) s ﬂux

";""banstrllcﬁon f
. normal DC motor if directi ; i - ‘ it ]
Elma D rection of both field and armature current is reversed, the direction of torque remains

o ed. So when norma i :
;.gr‘_llchaﬂi%i : Setional torque @ LDC series motor is connected to an AC supply, both field and armature current get reversed
and unidire que gets produced in the motor hence motor can work on AC supply. il

Mai -
ain field Winding Main field Winding

A Single ] ‘Sin le
: i phase AC Armature phas eg AC
L g o supply supply Armature ‘
Compensating \ J
Wlpdlng Compensating
Winding,
S :‘ Lt . . (a) Conductively compensated motor (b) Inductively compensated motor ¢
P L - Figure 3.2 | |

) But performance of such motor is not satisfactory due to the following.reésons:
b "There are tremendous eddy current losses in the yoke and field cores, which causes overheating. - -
;"1‘1'2)'.' Armature and field winding offer high reactance to a.c. due to which operating power factor is very low. _
13) The sparking at brushes is a major problem because of high voltage and current induced in the short circuited armature
" coils during the commutation period. R

* Principle of Working . ,
2 Modifications are required to have the satisfactory performance of DC series motor on AC. supply, when it is called AC
" series motor. The modifications are: s - .
1) To reduce the eddy current losses, yoke and pole core construction is laminated.
. 2) The power factor can be improved by reducing the magnitudes of field and armature reactance. Field reactance can be
| decreased by reducing the number ‘of turns. But this reduces the field flux. But this reduction in flux (N a 1/®),
“increases the speed and reduce the torque. To keep the torque same it is necessary to increase the armature turns .

‘proportionately. This increases the armature inductance.

" Now to compensate for increased armature flux which produce severe armature reaction, it is necessary to.use

/" _compensating winding. The flux-produced by this winding is opposite to that produced by armature and effectively

" neutralizes the armature reaction. -

A such a compensating winding is connected. in series with the armature as shown in the figure 3.2(a), the motor is said to
. be 'conductively compensated'. For rmotors to be operated on AC and DC both, the compensation should be conductive. If
compensating winding is short circuited on its self as shown in the figure 3.2(b), the motor is said to be 'inductively

. compensated'. In this compensating winding acts as a segondary of transformer and armature as its primary. The ampere
. tums produced by compensating winding neutralize the armature ampere turns. ‘ :

H-'i‘o réduée the induced e.m.f. due t0 transformer action in the armature coils while’ commutation period, the following
. 1T, o ) TR 1Y Cerapn ¥ RIS . .

' Measures are taken: ..

1) The flux per pole is reduce
2) The frequency of supply Us

: ";) Preferrably single turn armatur

d and number of poles is increased. -

ed is reduced. . i ol

e coils are used. T8 N IR B P T T Y IR b Jode o muiR
. i 29, TIRES ; vsing (1

5w

T

dod o el Ve d i : : T L ey s
. Ques 4) E;(plain phasor diagram of AC series motor
ies Motor : ) NN | ‘
téns ?.“?Sor Diagram of AC s':;rcli‘iaagram for the AC series motor.The phasor diagram for an AC series motor, Before we
d:::;n 11:1 ﬁg‘ge i ls1thteul:l$:ite the various notations for each quantity at one place. Here we will use:
i phasor diagram, le ‘

: ! <
- 0 e
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"'Counter Emf (Reversed) = g

Rs to represent the resistance of the series field
Rp to represent the resistance of the inter pole circuit
Rc to represent the resistance of the compensation winding

ey |
1

. Ra to represent the resistance of the armature circuit - TR,
_Xs to represent the reactance of the series field . E = Counter Emf é
Xp to represent the reactance of the inter pole circuit

. Xc to represent the reactance of the compensation winding
Xa to represent the reactance of the armature circuit

I to represent the current in the circuit

¢ to represent the flux produced by the current I

Now assumed that the flux produced by the current I is in phase with the cun'en't I (iue very small lagging angle. On taking
f all the voltage drops and the counter

the current on tHe reference axis we have terminal voltage equals to summation o
emf. We have summation of the voltage drops equal.
Ix[(R; + R, + R+ Ry + j(Xs + X + X + X,

of the AC series motdr is that we can easily vobtain the phase angle for counter

The main advantage of the phasor diagram
emf E with the help of phasor diagram.

Ques 5) Explain the characteristics of single phase AC series motor. Write the application,é_ of it.

Ans: Characteristics of Single Phase AC Series Motor.
There are following characteristics of AC series motor At ; \
for power factor with the help of phasor diagram

1) Power Factor Characteristics: The expression
the phasor diagram we write sine of angle ¢ as

given above. From

>

Summation of the reactance drop

Terminal voltage

Mathematically, sing=Ix—— 7

: 0.5
" From this, we can write the expression for power factor is'equal to; (1 - iIVJ

Clearly from the above equation we can say that if we want the h.i_gh value of power factor, the valﬁq of reactance and
counter emf should low as minimum as possible. From point of view of 10adu_1g, we have low value of power factor at
" over loading and it is due to the fact that the high value of current. Thus the high value of power can be achieved only

if the load is very light. ‘
o the understand speed current characteristic let us derive an

)) Speed Current Characteristics: In order t 1 :
onal relationship between the counter emf and

expression for speed in terms of counter emf. We have a.proporti
speed of the motor. Thus if the value of the counter emf is large then the value of speed will be more. From the

phasor diagram we can say that the counter emf is, equal-to the difference between the terminal voltage and the
voltage drops. Hence if current cause’s higher'voltage _dfOP/S, then thie generated back emf will be less therefore
the speed of the motor will be less. o P S {

haracteristics for both AC and DC series motor. Let us first Cbnsider the case

Let analyse ahd"clomplare speed current ¢
of DC series motor: In case of DC series motor we have high value of counter emf becau
X - M se the ‘
here is small. The voltage drops here is due to resistive drops mainly therefore the value of voltag:acilr.lgpo.i‘l’oltage QrOP
. | Al 48 1S lOW.

Now Let us consider the case of AC series motor: In case of AC serie | o ; !
g X IMOWE: N s motor we :
because the value of voltage drop here is large. have a low value of counter emf

_ The voltage drops here is due vfo resistive drops and reactan;:e drop therefore th S B L :
' the speed current characteristics curve for the DC series are less fj)roppingr::hal;3 ;liglj:é) fs::ilet: %go(:;?P (‘35 h\igh'.; It megf.lj
SR : . Given figure 3.

i

are the che_lrz_lcteristics for both the AC and DC series motor.
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Torque Current Characteristics: After neglecting the small value of phase angle (angle between' the flux and the
" current) and saturation effect we can say that the value of the torque is directly proportion to the value of square of the
current Thercfore the variation of torque with the current can plotted as shown in the figure 3.5:

) Torque Speed Characteristics: The relation between the torque and speed can derived with the help of torque current
and Speed current characteristics. The torque speed characteristics are plotted as shown in figure 3.6.

Power Output Characterlstlcs- Thc mechanical output power developed by the AC series motor can be calculated by

the product of the counter emf and current.. The value of mechanical power developed is directly proportion to the
“yalue of the current, if we neglect the decrement in value of the counter emf. The counter emf slightly decreases with
the increase in the value of the current. The Power output characteristics are plotted as shown in figure 3.7.

Speed, N

Current, I ‘ : 4

A % : y : " Figure 3.4

Torque, T

Current, [

 Figure 3.5

- Speed, N

: 1 N eV e |
s | 84 v

v

Torque, T
g LY i Figure 3.6 .
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B- 30 .
A A A A T
: ! Power Factor / ‘.
: Pl
= 5|8 l‘fﬁmcncy'y'/
AR I § '
=338 i
83095
L e
2(515|F 2 ‘
al (=] (=
Currcm,i
Figure 3.7
Applications of AC series motors: : ' " her ki
1) These motors are highly in home appliances like hair dryers, grinders, table fans, polishers and many other kitchen

: appliances. : ]
2) These motors are also very useful where high speed control is required like lift, cranes, etc.

Ty, _
Ques 6) What do you understand by Universal motor? Also explain types of universal motpr-

-"Ans: Universal Motor ; ,
ce as well as a DC source of supply and voltages are called as

" The motors which can be used with a single phase AC sour _ y If
Universal Motor. It is also known as Single Phase Series Motor. A universal motor is a commutation type motor. If the

polarity of the line terminals of a DC Series Motor is reversed, the motor will continue to run in the same direction.

A universal motor is a series wound electric motor that can operate on both AC and DC power. These are a lot comparative
to those of DC series motors but the series motor develops less torque when working from an AC sul_)p]y than when
working from an equivalent DC supply. The direction of rotation can be changed by interchanging connections to the field

with respect to the armature as in DC series motor.

Types of Universal Motor :
There are two types of universal motor: _ , L iy
1). Non-Compensated Universal Motor: The non-compensated motor has two salient poles and it is Iammated as shown

in figure 3.8.

g ~ Figure38~1 ") .
L] s A
The armature is of wound type-and the laminated cofgj-1s<§ithe
winding are connected to the Fom,i'n
commutation. An equivalent hon-compensated type universal motor is shown in figure 3.9.
Armature A Fi.eld | ‘
winding =~ T 1

e

D

Figure 3.9 ' ) :
! s e Jerst ey Ve
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.Compensated Type with Distributed Field: The compensated type Universal motor consists of distributed field
. winding and the stator core is similar to that of split-phase motor. The split phase motors consist of an auxiliary
. winding in addition to main winding. Similar to the split phase motors, the compensated type also consists of an
additibﬂal winding. The compensating winding helps in reducing the reactance voltage which is caused due to
. glternating flux, when the motor runs with the AC supply.

B-31

R -

3

‘An equivalent compensated type universal motor is shown in figure 3.10.

Main field J Ma_in ﬁeld
winding ' winding
41N
’ Single Armature Single - - Armature
..phase a.c. phase a.c, :
supply supply
i Compensating
winding Compensating
' winding
Conductively Compensated Motor Inductively Compensated Motor
Figure 3.10

. Ques 7)’ Discuss about the construction and working principle of universal motor with suitable diagram. Also
sketch the output waveform of universal motor ' ‘ | '

' Ans: Construction of Universal Motor :
The construction of a universal motor is very similar to the construction of a DC machine. It consists of a stator on which-
field poles are mounted. Field coils are wound on the field poles. However, the whole magnetic path (stator field circuit
d also armature) is laminated. Lamination is necessary to minimize the eddy currents which induce while operating on
C. The rotary armature is of wound type having straight or skewed slots and commutator with brushes resting on it. The
mmutation on AC is poorer than that for DC. Because of the current induced in the armature coils. For that reason
brushes used are having high resistance. ‘ ‘ '

Working Principle of Universal Motor ‘ .

The working of a universal motor is similar to a series dc motor. On the other hand, the universal motor is designed for AC
operation. It is competent to work at either AC or DC current. In this manner its development is a little distinctive. The

t’ﬁe_ld winding and armature winding are connected in series; both windings are energized when voltage is applied to the

otor. The field and armature windings produce magnetic field which cause armature to rotate. Modest universal motors

1 “ﬁ‘ua‘lly‘have no remuneration and replacement winding; they have two salient poles with excitation winding. The response
bgtwgen magnetic fields is caused by either AC or DC power. ‘

f——————

" AC or DC Supply

Figure 3.11
‘;, fed with AC supply, it still produces unidirectional torque. Because, armature winding and field winding are

ed in series, they are in same phase. Hence, as polarity of AC changes periodically, the direction of current in
e and field winding reverses at the same time. ,
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. and reduces eddy currents,
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Thus,‘ direction of magnetic field and the direction of armature current reverses in such a way that the direction of fou,
expenenced by armature conductors remains same. Thus, regardless of AC or DC supply, univer sal motor works on the
same principle that DC series motor works. ‘

The direction is determined by both field polarity and the direction of current through the armature. As torque g
proportional to the flux and the armature current. Let the DC series motor be connected across a single phase AC supply,
Since the same current flows through the field winding and the armature winding. The AC reversal from positive o
negative or vice versa will affect the field flux polarity and the current direction through the armature,

Output waveform ' ]

The direction of the developed torque will remain positive, and direction of the rotation will be as it was b'e‘fore. The nature
of the torque will be pulsating, and the frequency will be twice that of line frequency waveform as shown in figure 3.12.

.Ia r

Torque T 4%

Toax [~ ——— A= —

 Figure 3.12

Ques 8) ﬁow can a universal motor operate on either DC or AC supply?-

Ans: Universal Motor Operate on either DC or AC Supply- ;

A universal motor is a series-wound motor meaning that the field and armature windings are connected in series and is
mechanically commutated with brushes and a commutator. Although its construction is very similar to a series-wound DC
motor, a universal motor incorporates several modifications that allow. it-operate properly on either DC or AC power

supply. o e LI 0 A v

'y ol .
When the motor runs on AC vpltage; the alternating flux causes a reactance voltage, which limits the current to a much
lower level than wouldsbe produced with DC voltage. To limit the effects of this armature reaction, the universal motor

- uses a compensatiof} winding, which is installediin the slots of the stator, 90 degrees electrical from the main field winding
and connected in series with the- armature and field winding. (This arrangement is referred to as “conductively
.compensated””) The.current flowing in each coil of the compensating winding is in a direction opposite to the current in the
;corresponding armature. loop near it. The winding of equal coils in opposite directions produces a cancelling effect that

"'reduces inductance, and therefore, reactance. g ' ’

5 ’ =
AC s_upply also induges more significant eddy currents than are produced when the motor operatés on DC supply. To
curtail eddy current losses, uni’versal motors use laminated cores (rather than solid"iron), which increases their resistance
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mpensating winding is used, for reducing;the effect of the armature reaction and improving the commutation process.
winding i8 placed in the stator slots as shown in.the figure 3.13. _
Commutator type

Compensating
pe rotor . 7

) winding
Field winding

A N

D&—

o
Opgpo0©°

Figure 3.13

eries motor with the compensated winding is shown in the figure 3.14.

Main Field Winding .

Compensating
Winding

1 Phase Supply

Armature

- Figure 3.14;,

axis, of compensating winding is 90 degrees with the main field axis. The

The winding is put in the stator slot. The
s with both the armature and the field, hence, it is called conductively

pensating winding is connected in serie

Main Field
Winding
AR -Compensating
. 1 < Winding
1 Phase e =
Supply i : a
i Am}atufe )
-—
Figure 3.15
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Ques 9) Discuss about the speed] load characteristic of universal motor.

Ans: Speed/Load Characteristics
A speed!load characteristic of a universal motor is clmllar to lhat of DC series motor. The speed of a universal motor is loy
at full load and very high at no load. '

Usually, gears trains are used to get the rcqu1rcd spced on reqmred load. The speed/load characteristics are (for both AC as
well as DC supply) are shown in the figure 3.16.

)

Dircct current

Alternating current

% full load speed

% full load torque —_—

R < . Figure 3.16

However, a series motor which is mainly designed for DC operation if works on single phase AC supply suffers from the
following drawbacks. ' ' i

1) The efficiency becomes low because of hysteresis and eddy current losses.
2) The power factor is low due to the large reactance of the ficld and the armature windings.

3) The sparking at the brushes is in excess.

In order to oveicome thc above following drawbacks, certain modiﬁcuions are made in a DC series motor so that it can
. work even on the AC current. They are as follows:

1) The field core is made up of the material having a low hysteresis loss. It is laminated to reduce lhe eddy current loss.
2) The area of the field poles is increased to reduce the flux density. As a result, the iron loss and the reaclive voltage

drop are reduced. il
3) To get the requnred torque the number of conductors in the armature is increased.

Ques 10) What are the advantages and disadvantages of umversal motor? Also write its appllcatlon.
\ i
Ans: Advantages of Universal Motor i Sl
1)* Can run from AC or DC suppli'es '
2) Is a cheap motor
3) It has good torque at low speeds. This makes it useful in e.g. mams operated hand held power toolq

Disadvantages of Universal Motor ‘

1) Brushes and commutator wear out, create sparkmg Wthh can cause electromagneuc mterference and may be an
ignition source of VOCs. 4

2) Speed control is lousy - it has chamctenstlcs of series DC motor. On no load it races to high speed and often has a
shaft mounted fan to provide some load and prevent runaway. P

3) It is not easy to reverse the motor, -

Appllcatlon" of Umversal Motor gor) ¥ i

2) The higher rating umversal motors-are used in portab]e dnlls blenders etc.
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HYSTERESIS MOTOR

1) What is Hysteresis motor? Explain construction of Hysteresis I;lotor with suitable diagram.
‘ Or o :

working principle of hysteresis motor.

a

ysteresis motor

esis motor is defined as a synchronous motor that is having cylindrical rotor and works on hysteresis losses induced.

rotor of hardened steel with high retentivity. It is a single phase motor and its rotor is made of ferromagnetic material
on-magnetic suppert over the shaft. :

nsﬁ'ucﬁon of Hysterésis Motor

tator: Stator of hysteresis motor is designed in a particular manner to produce synchronous revolving field from
ngle phase supply. Stator carries two windings, (2) main winding (b) auxiliary winding. In another type of design of
B hysteresis motor the stator holds the poles of shaded type. :

et g

.Rotor: Rotor of hysteresis motor is made of magnetic material that has high hysteresis loss property. Example of this
typ_e‘_:of materials is chrome, cobalt steel or alnico or alloy. Hysteresis loss becomes high due to large area of hysteresis
oop. Rotor does not carry any winding or teeth. The magnetic cylindrical portion. of the rotor is assembled over shaft

through arbor of non-magnetic material like brass. Rotor is provided with high resistance to reduce eddy current loss. .

Hysterésis Ring

Air Gap

Aluminium Arbor

| Figure 3.17
¢l r —_f: Residual
y magnetism
- TR o -‘ --------------- _'_ -

_‘.“-_-___..'-___..--.."._--_..-__--,

=

. ' ; e} )-
Hysteresis loop, for rotor material

tking Princi ysteresisMotor | _ _ .
arting gbzl:::r(i:cl)ﬁ?l :tf ?is;(t:tercsié motor is like a single phase induction motor and running behaviour is same as a
éh‘rondué motor. Step by step its behaviour can be realized m‘the working principle that is given below: . _
At the Startin'g C(ﬁldjifﬁbn: When stator is energized with single phase AC supply, rotating magnetic field is produced
instatoi-_ . R .

" Figure3.18 i ‘ 1 1t
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To_maintain the rotating magnetic field the main and auxiliary windings must be supplied continuously at start as sy
as in running conditions. At the starting, by induction phenomenon, secondary voltage is induced in the rotor by staq,

rotating magnetic field. Hence eddy current is generated to flow in the rotor and it develops rotor.

n the rotor. Hysteresis torque in the rotg,

and high retentivity.
ng condition.So it can be said that whep,

duction phenomenon, it behalves like 5

Thus eddy current torque is developed along with the hysteresis torque i
develops as the rotor magnetic material is with high hysteresis loss property
The rotor goes under the slip frequency before going to the steady state runni
the rotor starts to rotate with the help of these eddy current torque due to in

single phase induction motor. '
r about the synchronous speed, the

2) At Steady State Running Condition: When the speed of the rotor reaches nea
stator pulls the rotor into synchronism. At the condition of synchronism, the relative motion between stator field and
Hence no eddy current to generale in the

rotor field vanishes. So there is no further induction phenomenon to continue.
rotor. Thus the torque due to eddy-currents vanishes. '

At the time of rotor’s rotation at the synchronous speed, rotating magnetic field flux in the stator produces poles on the
rotor by induction; they are named as north (N) and south (S) poles. Thus rotor behaves as a permanent magnet having
rotor axis as the induced magnetic axis.For high residual magnetism or retentivity the rotor pole streng’th remains

_sustainable or unchanged. Again higher the retentivity, higher is the hysteresis torque and the hysteresis torque is

independent of the rotor speed always.

agnetic locking between stator and rotor and thus the motor rotates at

synchronous speed. The maximum work done to establish the hysteresis losses under the magnetization cycle in the
ded work done to rotate the

rotor is equal to the surface area inside B-H hysteresis curve.In lower load torque, the nee
rotor is equal to maximum magnetizing work of hysteresis phenomenon available already in the rotor. So induced
magnetic pole axis always follows the rotating magnetic field axis of stator without any lag angle. -

The high retentivity enables the continuous m

But when the load torque is sufficiently high, the maximum magnetizing work in rotor by hysteresis phenomenon

cannot fulfil the work done needed to rotate the rotor. So the induced magnetic field axis or rotor pole axis lags the
rotating magnetic field axis of the stator at an angle &,. Hence the rotor pole axis tries to catch up the stator magnetic
field axis.If the load torque is increased, this lagging angle will be increased up to dmax before dropping below the
synchronous condition.The rotor poles are attracted towards the moving stator poles and runs at synchronous speed.

Figure 3.19

As there is no slip at steady state running condition, only hysteresis torque is present to keep the rotor running at
synchronous speed and it behaves like a synchronous motor.

Ques 12) What is Hysteresis Power Loss, Ph in Hysteresis Motor? What is the Equation of Hysteresis Torque in the

Hysteresis Motor?
Or

Define how hysteresis torque is independent of frequency and speed?

Ans: Hysteresis Power Loss
Hysteresis power loss in the rotor of the hysteresis motor is given by Py, = Kyf;B".,, Where, f, is the frequency of flux

reversal in the rotor (Hz) Bax is the maximum value of flux density in the air gap (T) P, is the heat-power loss due to
hysteresis (W) k, is the hysteresis constant . -

n
= (2] - 2201
5

Scanned by CamScanner




o N IL,'-. PRI
Phase Special Electrical Machines (Module 3)

e

a2 5, 8
: P
20
P

Or
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Tt

1e c‘équation'of the hysteresis torque, it is clear that h.ysteresis torque is independent of frequency and speed.
‘What is a torque slip characteristic of hysteresis motor? Write application of hysteresis paafor.

r sp?eq torque chéracteristics of Hysteresis motor? ‘

orque - Slip characteristics of Hysteresis Motor

tan'. Hysteresis Torque occurs in the hysteresis motor. This constant valued torque allows the motor to synchronize
y. q@d it can accelgrate. The normal operatin g range is mentioned with dark vertical line.

ning condition. At

-Torque Characteristics of a Hysteresis Motor

Hysteresis Operation
Th| —

g W

g :

E_q s

'Eh- & Range of T

)

5 ) ]

a L}
J

L0 Slip Rotor Speed - 0
Figure 3.20

peed-torque characteristic of a hysteresis motor is shown in figure 3.21. The torque is almost constant from starting
starting condition the starting torque is the eddy current torque along with the hysteresis torque.

in the running condition net running torque means only the hysteresis torque. :

Ll Torque - * 2
3 : .
' boat i U O shassleri at dM e - 10nad 2l
T T ] » T )
st Gl FOERD L ERE L.'!?i tf‘qy: 2555 TRERILS OB Y | il e i
i TR PV SRS SRR ¥ A
Al _,‘l. [ L ! 59 | :’:
b I ; " .
: Speed - )
. | /4]
0 N,
Figure 3.21
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L ; : ¢ o steresis motor.
Ques 14) Discuss about the all types of hysteresis motor. Write applications of Hy ?te H S
Ans: Types Onysteresis Motor : ; ' ' Lyt
There are various types of hysteresis motor by construction, They are: Pt i B
1) . Cylindrical Hysteresis Motors: It has cylindrical rotor. i A T

i - ‘ A ' ':ﬁetic material with, .

3)  Circumferential-Field Hysteresis Motor: It has rotor supported by a ring of nanag ‘ e
‘ magnetic permeability, ‘ pinet AT
4) Axial-Field Hysteresis Motor: It has rotor supported by a ring of magnetic. ma
' permeability, ' ; ‘ ; AR 1A

téﬁal -with infinite Magne;,

14k ¥

Advantages
The main advantages of hysteresis motor are given below: ' Loail et
1) As no teeth and no winding in rotor, no mechanical vibrations take place during its operation
2)  Its operation is quiet and noiseless as there js nowvibration. ‘ EYRITN
3) Itis suitable to accelerate inertia loads. e i
4) - Multi-speed operation can be achieved by employing gear train.

Disadvantages .
The disadvantages of hysteresis motor are given below: i A bR 2

.- 1) Hysteresis motor has poor output that is onie-quarter of output of an induction motor with same dimension.
2) Low efficiency ; 7 ' ' i

3) Low torque.

4) Low power factor .

5) - This type of motor is available in very small size only.

| 17 "'.
T f

Application , ! !

1) They are widely used in % : A e e
2) Sound producing equipments, : N A KA s (i
3) Sound recording instruments, : , . ; i A,
4). High qudlity record players, i it
'5) Timing devices . - A
6) Electric clocks, :

7) Teleprinters. - : L fd :
¢ e
i} ‘ 7
\ "_‘ .. f
| “‘.'VI.
4
o :
; ]
I¢ 3 4 g i i
) T i 1 e [y .
' V Ly il 3] i
A |
1 M n i M 4] ‘.
| ) ‘
5
P TP T
L LT i
d - A

b
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Reluctance Motor

RELUCTANCE MOTOR

5 Ques 1) V\{hat. do you mean by Reluctance Motor? Ex
~Write application of reluctance motor.

plain principle of operation'of Reluctance motor.

_Ans: Reluctance Motor

‘A single phase synch : o .
ﬁ: s:rrlfytofhas thg ma{:gﬁgsaRc!lu_ctancg M.otor is basically the same as the single cage type induction motor. The stator of
D uxiliary winding. The stator of the single phase reluctance and induction motor are same. The

rotor of a reluctance motor is a squitrel cage with som i i i i
i f _ ¢ rotor teeth remov ces to provide the desired
pumber of salient rotor poles | ed in the certain places to p

Principle of operation :

ARel“‘Cta“C‘_" motors operate on the principle that forces are established that tend to cause iron poles carrying a magnetic flux

to 3113“_“”“1 each. One form of reluctance motor is shown in cross section in the figure 4.1. The rotor consists of four iron
~ poles with no electrical windings. The stator has six poles each with a current-carrying coil. In the condition represented in
 the figure, current has just been passed through coils a and a', producing a torque on the rotor aligning two of its poles with

those of the a-a’ stator. ,

The current is now switched off in coils a and a’ and switched on to coils b and b’. This produces a counter clockwise

_ torque on the rotor aligning two rotor poles with stator poles b and b’. This process is then repeated with stator coils ¢ and
¢ and then with coils a and a’. The torque is dependent on the magnitude of the coil currents but is independent of its
polarity. The' direction of rotation can be changed by changing the order in which the coils are energised. Reluctance
motors can have other pole configurations, such as eight stator poles and six rotor poles.

Magnetic Flux Lines

Field Conductor
Iron Rotor

Stator Conductor

Slip Rings
Iron Stator

End Connection

Figure 4.1: Reluctance Motor in Cross Section

Sl T . . d by seniiconductor switches connecting the coils to a direct voltage
:::r;;r;em_s mltgz;:agorogﬁlil;nasr:nl;:a,gzucn(z:lr(())lrllethe )I,ﬂomr §haft is used to activate the S“_fitches at the appropriate tirﬁe

‘ in’s‘tam's Fi;gr;zntl a mfgnetic sensor based on the Hall effect s emplqyed. (The Hall cfgec_t m\lrolvzs Fhe developm'ent ofa
—trénsvel:se ecll tricy field in a semiconductor material when 1t ??TI‘ICS ha current ‘:‘“ d’? p ?Se {IL 2 magnens ﬁ%d
‘PerpendiCulare:o the current.) The overall system is known as a self-synchronous motor n‘ve. can operate over a wide

and controlled speed range. A |

II . tion, the gtatoris made similar to that gf an induction motor and is suppl_ied from a,

tltll ey reluctance. mo o c?nﬁ'lgllll;aroto,r consists of Jongitudinal iron laminations separated by non-magnetic spacers.
ree-phase controllable supply-

inations than across them.
ux from th, nters much Jower reluctance along the laminatio _
m the stator encounters :

ration from a constant frcqilency supply. The rotor has salient
gned for con contains a three-phase winding similar to that of an induction
he stator 15 that the machine can start as an induction motor. After the rotor

. . urface SO
tted in the lr(;)t‘;‘rt;e stator, it operates as a synchronous motor at constant speed.
eldo = . :

: ) yeed ope
Reluctance motors can be desi zﬁlﬁgcal and
‘Poles without field windings- T

. Machine, A damper winding 15 fi

.' PUl_ls into synchronism with the rotating fi
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. i\pplicaﬁons |
) Slmple construction as there is no slip rings, no brushes and no DC field windings.

2) Low cost

3) Mfiintenance iseasy. - o i
) Itis used for many constant speed applications such as electric clock timer, signal

etc. . . _

Ques 2) Define torque equation and torque-slip characteristics of Reluctance motor-

Ans: Torque Equation of Reluctance Motor :

ced in

ling devices, recording instrumentg

an external magnetic field, which

Reluctance torque or align i i tic object pla : - ,
q gnment torque 1s expenenced by a ferromagnetic 00) P Y ‘nduces an snternal magnetic field

causes the object to line up with the external magnetic field. An external magnetic
in the object and because of this torque is produced.

Rotor ¥ . ) N W Vs
d° - axis AStator axis ) h — .
: [ . s ‘\,\Vs Iqs xqs
Vs ! L
L
N
8 L Yoo "o LY 5 Q-axis
-0 ¢ 4? >
Tos Xa
Rotor ' 4
Ly ~5'
gt t3
u’s
Yr .
v
]
]
1
v d®-axis

Figure 4.3: Phasor Diagram in Motoring Mode

Figure 4.2

"Let, ~
V; = Excitation emf or speed emf with the q°-axis :
y; = Flux linkage induced by the field current (Ip) aligned with the d*-axis
V;, I = Phase supply voltage and phase supply current resolved into corresponding d° and q° components

v = Stator flux linkage when armature flux linkage vy, aids field flux linkage ¢

¢ = Power factor angle between V, and I,
& = Torque angle between V; and V

Consider motoring mode phaser diagram, which is drawn for lagging power t’laf:tor with W > Yy

Power input to motor, P; = 3.V, I; cos [0} weeee(1)
_From phaser.diag;am, I;cos¢ = Iq50055 — I4,8ind weee(2)
Substitute Equation (2) in Equation (1),
Pie 3, Vi (ai008 81 8In0) [ Moy v cond o g T T e e U i ket 3)
_ ‘ . NTPREVEN § M

From phaser diagram, | 1, =~s°°9=Vr cosd-Vp - ° L i s w(4)

’ Al . - Xys

And, M AL " V.sin I i . : - ‘ : :

) I = 5 ¥ v
Box : 3 ! : , . (5)

gs

Substitute equation (4) and equation (%) .in equatioﬂ 3

g V.sin§ _
B = 3V, _;(sm cos§— Vs cosd-Vy sind
; a4 e Kygi
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'V, sind.cosd _ ¥, sin §cosdV; sin g ;
'. \ XQS x\‘s \
V sin2-8  V..sin2.§ Vf.sint‘n
qu; 2X gy xd\
'$in28 3V‘ sin2d '1\’ s Vi *sin &
"‘\ xd.\‘
V (Xgs "k s) ) ‘ -
smﬁ+——-——-—-." 2 . |
'.!‘(.h»qu . Sin 29 ¥ _ (6)

ated with the torque developed in the motor

( ; ](n T, oo e e T T s b 7
to“r.‘losses are ignored, the power input P is directly delivered to the shaft.

e
P . :
_]chc ‘ e (8)

‘equation (8), T, = [—l;-]x(al—]x ro ; ﬁ ()

[ 3v. V. V(X4 - X
——Jx )2 L sind+ s (Xag qs).sin28:l

X Xy, v.(10)
Lo
1L 1t
SIdenng only magmmde S hial ‘
(1)
ly, Vi= y; w, weni(12)
'¢ synchronous reactance X, can be expressed as
| | | | ee(13)
ot i i e 2k rop bt e L R ¢ %4
Xp =Ly, ' ; , R tre kN ceen(15)
sttute equation (11), equation (12), equation (14) and equation (15) in equation (10) :
L Vi '
)( J Lok AL smS*Hlﬂ’2 ZMW?S : P 0N, ey o VAl s
. e L g @2 LgsLas IR Tt '
W -y 0y Sin8+w£me @ (I;d"—qu) sn28:| P
eLds e 20;L 4L
Wy Vs (Las ~Lgs) in2d 2
)[ L, sind+ Walgs e (16)
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Tl?e 1” component of the equation is o

arises due to rotor saliency, i.c., X,,

not influenced by the field eXcitation

ontributed by the field y. The 2™ component is defined as rc?luctance torque, whicy
# X,,. Where the rotor tends to align with the position of minimum reluctance and jg

So, the developed torque of the synchronous reluctance motor is,

9 :
T =3X[B)x _Vs_(l_-ml : ‘ . ‘ é ¢ (17
) 2 2L4L,, .8in23 | s | i (17)

Te is reluctance torque, with torque angle3.

Slip- Torque Characteristics of Reluctance Motor Hr) . oy
The starting torque depends upon the rotor position. The value of the starting torque varics between 300 to 400 % of its ful
load torque. iy

The motor operates at a constant speed up to a little over than 200% of its full load torque. If the loading of the motor is
increased above the value of the pull out torque, the motor loose synchronism but continues to run as a single phase
induction motor up to over 500% of its rated torque. At the starting the motor is subjected to Cogging. This can be reduced
by skewing the rotor bars and by having the rotor slots not exact multiples of the number of poles.

3

Main + Auxiliary Winding -

HI4-
&
]
3
Pull in torque
ol :
Operating Range

Switching speed i
Figure 4.4 . ‘

SWITCHED RELUCTANCE MOTOR

Ques 3) What do you ﬁwn by switched reluctance motor? Explain construction and principle of operation of
switched reluctance motor. :

Ans: Switched Reluctance Motor ' . inciple of

Switched Reluctance Motor (SRM) is also known as Variable Reluctance Motor. This motor works on the principle 0
variable reluctance. This means, the rotor always tries to align along the lowest reluctance path. As the name suggests, 2
switching inverter is required for the operation of Switched Reluctance Motor.

 Construction R i e - Hidy -

Variable Reluctance Motor or Switched Reluctance Motor has two different constructions — Singly Salient Constructlor}
;nl{lhi)oubly Salient Construction. Stator and rotor magnetic circuits are laminated to reduce the core losses in both type ©
1) Singly Salient Construction: A singly salient construction SRM comprises of a non-salient stator and a salient two

.ﬂe rotor. The rotor do not have any winding wound over it but the stator have two phase winding as shown in figure

‘ ‘oth::Eld:)e noted that, in actual SRM the number of phase winding on stator may be more than two. Since the rotor i
: 'minim:lrln ;‘;l"-’ftf;:uon. the inductance of stator phase winding varies with the rotor position. The inductance 1§
en the rotor axis and stator phase winding axis coincides whereas it is maximum when both the axis ar¢

in quadrature. g
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]

A .6. The rotor do not carry any winding and is of
s. Thus this type of SRM is a hetropolar motor where the numbers of stator and

Figure 4.6

t_of phase windings are concentrated winding. These concentrated windings on radially opposite poles are either
ted in series or parallel to result into two phase winding on stator. A doubly salient type Switched Reluctance Motor

ffVariable Reluctance Motor. produces mp{g;}totqge as compared to singly salient type for the same size. Therefore a.
oubly SRM is more common and widely used:*# = 1] R I B s, o Wha ol

a
Lot

e magnetic flux have a tendency to flow through fowest icluctance path, therefore rotor always tends to align along the
UNiMum reluctance path. This is the. basic working principle of S_w'1tched .Relu.ctance ‘Motor or Variable Reluctance
! erefore, when stator phase winding A is energised, the rotor align along this phase as shown in figure 4.7. -

TR U] RPN 1 T T :
’l'c :0 4'5-*}i1l" ‘-j 3;“ 1"\"" !J'}‘ll‘.b‘ P

L R 4 s SO TIN

aiiaf vl o wehd oo sl G olasigV
Al ! : i
1] B Th 632 0is oD s duet: bas
e »
< 52
s deeat o3 - . “va .
173 LR | Aime gt
' ) I b
1% ;";

Figure 4.7 ,
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When stator pha: indi : ‘ : R \
figure 4.8. phases winding A is de-energised and winding B is encrgised, the rotor aligns itself along B phase as shown in

3 ~ Figure 4.8: B Phasc Energised

Similarly, the rotor occupies a position along phase winding C when this phase'is energised.

Figure 4.9: C Phase Energised
1l

Thus rotor rotation in c]ockwise direction is achieved by energising the phase winding in a ABC sequence. If rotor rotation
in anti-clockwise direction is require, stator phase winding must be energised in ACB sequence.

It must also be noted that, a particular phase’ winding must be energised/de-energised in synchronism with rotor position.
_ This means as soon as the rotor align along the A phase, B phase must be energised and A phase must be de-energised if

clockwise rotor rotation i$ required. To better understand the working ‘principle, carefully observe the animation of
Switched Reluctance Motor given in figure 4.10. '

Figure 4,10 :
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4) Whatis a power converter circyjt? Write its different types
: Power Converter Circuits

that changes the elec

tric energy from one form into the desired form optimised
one or more functions

and give an output that differs from the input.

of Power Converter Circuit

here are following types of POWer converter circuits: | :
Buck” converter circuit: The schematic

3 , d]agl’am .ShOWn . I ” . . _DC
switching” power conversion circuit. it~ bUCk- e : e 2 D

J

Figure 4.11

._In this gtlilzcuu,hthe _tran.SISto,r is eit_hef’fu]ly on or ful is, driven between the extremes of saturation or cutoff.
. By avoi ing the transxs:to; § “active” mode (where j P substantial voltage while conducting current), very
.é_low transistor power dissi

| isistor po pations can be achieved. Wit little power wasted in the form of heat, “switching” power
CONVEISION circuits are typically very efficient, ‘
Boost” converter circuit: The schematic figure 4.12 shown here is for a

bttt . ] “‘boos't" converter circuit, a type of DC-DC
“switching” power conversion circuit

o

TN &
Drive v _E_ L@ 4 ‘ _l_ L_Id
circuit i 03
u'L 1— | T

. Figure 4.12
In this circuit, the transistor is either fully on or fully off; that is, driven between th
' By avoiding the transistor’s “active” mode (where it would drop subst
low transistor power dissipations can be achieved. With little power
\conversion circuits aré typically very efficient.

| the extremes of saturation or cutoff.
antial voltage while conducting current), very
wasted in the form of heat, “switching” power

verting” converter circuit: The schematic figure 4.13 shown here is for an*
C-DC “switching” power conversion circuit.

. I
| ‘
M L) ‘; E'

e
S’ P
Drive —L ‘ | l

‘inver_ting” converter circuit, a type of

Vi, =

circuit

[

‘—[L Load
Figure 4.13

In this circuit, the transistor is cither fully on or fully off; that is, driven between the extremes of saturation or cutoff,

)'(avoiding the transistor’s “active” mode (where it would drop substantial voltage while conducting current), very
W transistor power dissipations can be achieved. With little power wasted in the form of heat, switching” power
nversion circuits are typically very efficient,

) iy ¥ b "
” converter circuit: The schematic figure 4.14 shown here is for a “Cuk

converter circuit, a type of DC-DC
Witching” power conversion circuit,

. Drive Vv — e c
clreull "
i o

Plgore 4,14
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In this cireui : REAR . i

& this cireutt, the transistor is either fully on or fully off; that is, driven between the extremes 02 saturation or cut off,

LR L W : . (3 ~ Y . . " i g

¥ avoiding the transistor’s “active”™ mode (where it would drop substantial voltag® while conducting current), very
e form of heat, switching” power

low transistor power dissipations can be achieved. With little power wasted in
conversion circuits are typically very efficient.
h suitable diagram-

-

Ques 5) Derive torque equation of switched reluctance motor wit

Ans: Torque Equation of Switched Reluctance Motor
From figure 4.15:
\’:iR-}-i& rd > \ --...(])
de
)
\
1
.\'I
h
Figure 4.15: Basic R-L Circuit of SRM \
5 :\\\
Where, A is a function of 8 and L. AR
9&:1'.’._‘&9 ANC i R seese 2)
dt dt dt '
V=iR+ gy &)
dt
=iR+L—+i— _
de dt
. d g . -
iR+ LY i X : wene(@)
dt d -dt ' : : ‘ :
| ' weea(B)

V =IR +L—d—l+imﬂl-'
dt d

Where iR = ohmic drop

di . ]
Ld— = emf due to incremental inductance
t

im%— = self-induced emf € or self emf

ViR +LS +e .-(6)
dt
nge of inductance with rotor angle.

nal to current speed and raté of cha
ant, self emf is zero. So the first term

Self-induced emf e is proportio
0 on the other hand if the inductance is const

If flat topped cufrent is assumed L—j—l =
t

L di ‘
La absorbs all the applied voltage.

. .an di* .» dL
Vi=i"R+L—+i"0—
. i (D
Energy stored in the magnetic circuit = l Li®
: 2
Rate of change of energy stored in the magnetic c.ircuit = i,:-l— Li?‘] ‘ @
; ‘ dt| 2 - : \
=—L.2i ﬂ + llz ﬂ".
_2 dt 2 t
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{2dL d
2 d dt
di 1., dL ' o
Li—+—-1"@ w9
dt 2 d ®)
cal energy transferred = electrical energy input i’R rate of change of energy stored in the magnetic circuit.
i & ‘ . 2 .dwmag i
cal energy transferred = Vi -i'R =
5 d] dL. 2 dil,, dL
2 1-—+: 0— RLi——i"0—
R+ LG d a2 d
..... (10)
..(11)
ceen(12)
Switched Reluctance Motor ) Reluctance Motor
The conduction angle for phase currents is controlled | Construction is simple and robust, as. (here is
and synchronised with the rotor position, usually by | no brush. '
means of a shaft position sensor.
SR motor is designed for efficient power conversion | No permanent magnet, neither in the stator nor
at high speeds comparable with those of the PM | in the rotor.
“brushless dc motor. :
SR motor is more than a high-speed Reluctance | It is impossible to have very high speeds.
motor.
Its performance and low manufacturing cost make it a | Rotor carries no windings, no slip rings and
competitive motor to PM brushless dc system. brush-less maintenance.
| ) 20 o 2
’L.
it e
i K B
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Permanent Magnet DC Motors
J

PERMANENT MAGNET DC MOTORS

Ques 1) What do you mean by permanent magnet DC Motors? Explain construction and princnple of working of

permanent magnet DC motor.
Ans: Permanent Magnet DC motor ,

. { otor.
A DC Motor whose poles are made of Permanent Magnets is known as Permanent Magnet DC (PM']I)h?sIt];tor of?flz
magnets are radially magnetised and are mounted on the inner periphery of the cylindrical steel stator e rushes
motor serves as a return path for the magnetic flux. The rotor has a DC armature, with commutator Segme ; '

Construction
s A . X - i of permanent
As it is indicated in name of permanent magnet DC motor, the field poles of this motor are essentially made of p

: . A ich is a steel cylinder.
magnet. A PMDC motor mainly consists of two parts — a stator and an armature. Here the statof which is Y

The magnets are mounted in the inner periphery of this cylinder. .
) \ Permanent magnet

2 (a) A ) (b)
Figure 5.1 Figure.S.Z

re mounted in such a way that the N-pole-and S-pole of*each magnet-are alternatively faced

: ets a snet i
o Pde lTnam:[l:rem :sg 'slhm\,m in the figure 5.2. That means, if N-pole of one THAZNet 13 fa.c <d towaf'ds armature then STPOI? of
e Etlr::z? net is faced towards armature. In addition to holding the: iagnet on its inner periphery, the steel cylindrical
very nex g h for the magnetic flux.

‘stator also serves as low ;eluctancc return pat A

Although ficld coil is not re uired in permanent magnet DC motor but st}H it is'sometimes found that lzhey are used along
_ gh field coil 18 ¢ Th(ils ¢ because if permanent magnets lose their strength, these' lost magnetic strengths can be

:c:tmhpz‘:ll:;igcg; Ile‘gl%lnz;(.citation through these field coils. Generally, rare earth hard magnetic materials are used for these

permanent magnet. : r B . : .
The rotor of PMDC motor is similar to other DC motor. The rotor or ‘armature of permanent magnet DC motor <0

consists of core, windifigs and commutator. Atmature’ core is made of number. of*varnish insulated, slotted circul&f

lamination of steel sheets.

By fixing these éi{gtﬂar steé,l_.‘Sh"»CtS one by one, a cy h{n .
laminated steel sheets are used to reduce eddy current 10ss I
outer periphery of: the armature corc are used for housing

drical shaped slotted armature core is-formed. The varnish insulated
abmature of permanent magnet DC motor. These slots on th¢
armature conductorsiin them. The armature conductors 2
connected in a suitable manner which gives rise to armature wmdm(g:. The end tebnnmals of the winding are connccfﬂd.‘ﬁ
the commutator segments placed on the motor shaft. Like other DC motor, carbon“or graphite brushes are placed wit

spring pressure on the commutator segments to supply current to the armature.

Principle of Working b, G (3

In a DC motor, an armature rotates inside a magnetic field. Basic working principle of DC motor is based on the fact that
whe:ever a current carrying conductor is placed inside a magnetic field, there will be mechanical force experienced bY
conductor, ' ‘ &t ’
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o hhae ier the working princip] fp .
‘owe said garlller gp Ple of PMDC motor jg imi . p
"i;:s;{gwﬂ a carrying conducgor comes inside g magnetic field H:t nIs]mu]ar to the genera] working principle of DC motor
B2 jirection of this force is governed by Fle ’

o= echanical force y; i
MIng’s left hand rule. As j it be experienced by the conduct
gnet; th

$ 10 a permanent mg net DC motor, the arpy
nt ma € armature rot i , : e
the mechanicy

ates in the direction of the generated force He
e " . _ . Here
pore ﬂowing ) orce F=RB.J L. Newton where, B is the Mmagnetic field strength

conductor of ghy hf(::frh that conductor and L jg length of the conductor in metre
al I Il e . . -
e the armature, experiences a force and the compilation of those forces

. That
or and
ature is

e J inside the magnetic field of permane
g f%e-conductor of the armature €Xperiences

i -E-a?cr‘["ésla (weber/m2), 1 is the current jp Am
; »'-!E’i'ﬁésr under the magnetic field, Each,

iy uces a torque, which tends to rotat
¢ P Btss i .

Asi
i

i pply voltage to the armature will have
_’%‘p’ly. voltage is countered by back emf of ¢

i motor is given by, -

re, 1i¢ armature current and R is
ckemf and V is the supply voltage.

armature resistance of the motor. Eb is the -

Figure 5.3

(D
..... (2)
! ﬁnent Mzignet DC motor, the value of flux ¢ is constant, Therefore, the above equation (1) and (2) becomes
E=lxN BRI, PRI, s T (3)
= e h R a0 e b el L g (4)
gram the following equations are expressed:
..... (5)
quation (3) in equation (5) we get,
. or :
...(6)

=k ¢ and is kn;;>wn as speed-voltagc constant or torque constant. Its value depends upon the number of field
d armaturq conductors.

d contro] of the PMDC motor cannot be controlled by using flux control method as the flux remains constant in
%P of motor, Both speed and torque can be controlled by armature _vql}agf: control, fl_r::s}ature. rheost%:lt] control, a.gd
- Pper Control methods. These motors are used where the motot-speed below the base speed 15 required as they cannot be
bove the base speed. : '

of Permanent Magnet Materials . [T ey |
¢ three types of Pennarim Magnet Materials used in PMDC Il\_/quor which is explained ?{S follo\'?s; il &
tcos; Alnicos has a low coercive magnetizing intensity and high'residual flux density. Hence, it i
"L“_“dhigh voltage is required.

ftes They are used in cost sensitive applications such as Air conditioners, compressors, and refrigerators.
3 are used in :

-

. ) & 5 . ) k -dua]
‘ ‘ i dymium-iron-boron. They have a high resi
art of Samarium cobalt, neo v .
hléhclz2 vl Sk magtr'l e;iga;ﬁt;?xz(ijt; The rare earth magnets are exempted from demagnetizing problems due
&1l Coercive magnetiz :
€ reaction. It is an expensive material.
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4) The Neodymium iron boron is cheaper as compared t0 Samarium cobalt. But it can _Wilh,Sta"d h.igher temperature. Rare
earth magnets are used for size-sensitive applications. They are used in automobiles, servo industrial drives and iy,
large industrial motors.

Advantages of the Permanent Magnet DC Motor -
Following are the advantages of the PMDC Motor.

1) They are smaller in size.

2) For smaller rating Permanent Magnet reduces the manu
3) As these motors do not require field windings, they

efficiency.

facturil-'lg cost and thus PMDC motor are cheaper. _
do not have field circuit copper losses. This increases their

Disadvantages of the Permanent Magnet DC Motor
The disadvantages of the PMDC motor are given below: R ,
1) Permanent magnets cannot produce a high flux density as that as an externally supplie
PMDC motor has a lower induced torque per ampere turns of armature current then a shunt moto
2) There is a risk of demagnetization of the poles which may be caused by large armature currents.
also occur due to excessive heating and also when the motor is overloaded for a long period of time.
3) The magnetic field of PMDC motor is present at all time, even when the motor is not being used.
4) Extra ampere turns cannot be added to reduce the armature reaction. '

d shunt field does. Therefore, a
r of the same rating.
Demagnetization can

Ques 4) Sketch the characteristics and write applications of permanent magnet DC motor.

s of dc shunt motor in terms of torque, speed and armature

Ans: Characteristics of PMDC
d predictable in PMDC motors.

Characteristics of PMDC motors
current. However, speed-torque characteristics are mor

are similar to the characteristic
e linear an

..—_——————\

————
——

Speed (N)

Torque
Speed (N)

Armature current[a* 7, Torque T
A : ; o7 Ry A M)

¥4

Armature current Ia

Figure 5.4

s to several horsepower. They are developed up

anent Magnet DC Motor » c
arious applications ranging from fra‘ct:dn '
to about 200 kW for use in various industries. The following app_hcaﬂgms are given below:
1) PMDC motors are mainly used in automobiles to operate windshield wipers and washers,

to drive blowers for heaters and air conditioners etc. Fia
2) They are also used in computer drives. B _

3) These types of motors are also used in toy industries. '
) s tric toothbrushes, portable vacuum cleaners, and food mixers.

4) PMDC motors are used in elec : : '
' h as drilling machines, hedge trimmers €tc.

5) Used in a portable electric tool suc
BRUSHLESS pC MOTORS

ess DC motor? Explain con

Applications of the Perm

The PMDC motors are used in v
to raise the lower windows,

rushless

\k;_ S
Ques 5). ‘What
.DC Motors.

raks
L P

struction and principle of working of b

i

do"you mean by brushl
L 2
ese types of
pemlancn
mutatio?
orque

d motor which does not have-brushcs..Ih
o a vast speed range. In brushless motors,
f connecting current to the armature. Com!
wn for smooth operation and holding t

Ans: Brushless DC Motor :
Brushless D(_: motor may be described as an electro
ggtors are highly efficient in producing a large. amount of torque oV
| Wit%n:lt:' rotate around a fixed armature and overcome the problem 0
ctronics has a large scope of capabilities and flexibility. They are kno

, When stationary. ‘

nically commute

Scanned by CamScanner



[t

_ruction Yo L ‘ :
oon?“_ P o8 DC motor consists of a rotor 1n fonp of a permfment magnet and stator in form of polyphase armature
A r\lshi It differs from conventional DC motor in such that it doesn’t contains brushes and the commutation is done

gnet DC Motors (Module 5) '« . | | ‘ 851

ey
. gings- _
vnnd‘m ectrically " Stator windings Rotor magnet N
sing ¢l ' . ; :

Rotor
magnet S

Hall sensor y !
magnets

Figure 5.5

prishless DC Motor has: DO
)" Aotor with permanent magnets and a stator with windings
/A BLDC motor is essentially a DC motor turned inside out _ ;
3) . Brushes and commutator have been climinated and the windings are connected to the_coptrol electronics
W . Control electronics replace the function of the commutator and energize the proper winding
5)‘.‘;Wixidiﬂgs are energized in a pattern which rotates around the stator .

§) The energized stator winding leads the rotor magnet and switches just as the rotor aligns with the stator

_Bhlgﬁiéss DC motor has only two basic parts — rotor and the stator. The rotor is the rotating part and has rotor magnets
whereas stator is the stationary part and contains stator windings. In BLDC permanent magnets arc attached in the rotor

and move the electromagnets to the stator. The high power transistors are used to activate electromagnets for the shaft
turns. The controller performs power distribution by using a solid-state circuit. Y

- Basically a BLDC motor can be constructed in two ways — by placing the Totor outside the core and the windings in the

core‘and another by placing the windings outsidé the core. In the former arrangement, the rotor magnets act as an insulator

and reduce the rate of heat dissipation from the-motor and operate at low current. It is typically used in fans. In the latter
amangement, the motor dissipates more heat, thus causing an increase in its torque. It is used in hard disk drives.

Principle of Working * . : _ :
‘-‘!ﬂ‘_b'rushes motors, there are permanent magnets on the outside and a spinning armature which contains electromagnet is
lqudq;_These electromagnets create a magnetic field in the armature when power is switched on and help to rotates
'ﬂ‘{mﬂture The brushes change the polarity of the pole to keep the rotation on of the armature. The basic principles for the
thedDC motor and for brushless DC motor are same, i.e., internal shaft position feedback.

! “P&G of Brushless DC Motors R AL )
Cally, BLDC are of two types, one is outer rotor motor and other is inner Totor
o, The basic difference between the two is only in designing, their working
s are samie. : e R TR T o
hner Rotor Design: In an inner rotor design, the rotor is located in the centre.
~9f,._th° motor and the stator winding surround the rotor. As the rotor is located in

€ Core, rotor magnets do not insulate heat inside and heat get dissipated easily.

D o this reason, inner rotor designed .motor produces a large amount of

: Etorq“e and validly used. - ‘ {

4 %3-";?" Rotor Design: In outer rotor design, the rotor surrounds the winding
h.ich"_is located in the core of the motor. The magnets in the rotor trap the heat

€ motor'inside ‘and do not allow to dissipate from the motor. Such type of . Figure 5.6: Inner Motor

€d motor operates at lower rated current and has low cogging torque.
- [ ! } s

Scanned by CamScanner



\

.BLDC motors have fixed

a commutator. (Figure 5.9)
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Figure 5.7: Quter Motor

Ques 7) Discuss about operation of 4 Pole 2 Phase prushless DC motor.

Ans: Operation of 4 Pole 2 Phase Motor prushless DC motor

The brushless DC motor is driven by -an electronic drive which switches the Stator

supply voltage between the stator windings as the rotor turns. The rotor position Hall ef
is monitored by the transducer (optical or magnetic) which supplies information :enso';?t
to the electronic controller and based on this position, the siator winding to be Rator Iim]m

energized is determined. This electronic drive consists of transist

phase) which are operated via a microprocessor.

ors (2 for each

In a 4 pole, 2 phase brushless DC motor, a single hall sensor is used, which is
embedded on the stator. As the rotor rotates, the hall sensor senses the position and  permanent

develops a high or low signal, depending on the pole of the magn=t (North or South). magnet
The hall sensor 15 connected via a resistor to the transistors. When a high voltage bonded to
to coil A starts Totor

signal occurs at the output of the sensor, the transistor connected
conducting, providing the path for the cucrent to flow and thus energizing coil A.
o the full supply voltage. When the hall sensor detects a change in polarity of the rotor, il

gince the transisfor 1 doesn’t get any supply, it is in cutoff condition. The
ltage to the 2nd transistor and coil B is now

Figure 5.8: BLDC Motor

The capacitor starts charging t

develops a low voltage signal at its output and
voltage.developed around the capacitor i Vce, which is the supply vo
energized, as current passes through it. .

a fixed annature, eliminating the problems of connecting current

the stator or reluctance motors. The latter may be without
d into arrangement by timed stator windings.

permanent magnets, which rotate and
to the moving armature. And possibly more poles on the rotor than
permanent magnets, just poles that are induced on the rotor then pulle

ator assembly of the brushed DC motor, which continually switches the

An electronic controller replaces the brush/commut
phase to'the windings to keep the motor turning. The controller performs comparative timed power distribution by using 4
solid-state circuit instead of the brush/commutator systeni. :

Ques8) Why do prushless DC motor (BLDC Motors) Turn?

Ans: As their name implies, brushless DC motors do not use brushes. With brushed :

motors, the brushes deliver current through the commutator into the coils on the rotor. .o

Instead, the rotor is & permanent magnet; the coils do not rotate, but are instead fixed Stator
ere is no need for brushes and

in place on the stator. Because the coils do not'move, th

With the brushed motor, rotation is achieved by controlling the magnetic fields .
g,‘_e!}?r_é}tfzd/by the, coils on, the rotor, while the magnetic field generated by the |
stationary, magnets remains fixed. To change the rotation speed, you change the
"Oltﬂ_ge f_0r. the_ coils. With a BLDC motor, ityis the permanent magnet that rotates; ' ‘

rﬁtauon is ac:'hleved by changing the direction of the magnetic ficlds generated by ‘ LT
;:dsc‘l‘il;f;‘:inodr:ngf slt]ationary cpils. To control tf_lc rotation, you adjust the magnitude

i1 feeds no c:’m: ‘t’ C‘;_ﬂ’e_m into these coils. Since the rotor 1s 2 perianent magnet, . . :
ey nt, eliminating the need for brushes and commutator. Current to ) Stator

I d coils is controlled from the outside. j . *Figure 5.9: BLDC Motor
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. a1 nd sinusoidal type b

. trapezoidal type a : ype brushless DC motor and sketch the output waveform.

brushless DC motor. '

o pptcations©f ‘

3 i Ui zoidal Type Brushless DC Motor ‘

¥ _ . olest methods of control for DC_ brushless motors uses what is termed Trapezoidal .

ey siep block diagram of Trapezoidal type brushless DC motor. commotaion.

BLDC Motor

2 a0 llustrates the

Torque Pl
command controller

Motor
current Current

sensor

T
Position
sensor

S Figure 5.10: Trapezoidal I'ype Brushless DC Motor

scheme, current is controlled through. motor terminals one pair at a time, with the third motor terminal always
*lv disconnected from the source of power. :

Hall devices embedded in the motor are usually used to provide o I
il signals which measure rotor position within 60 degree sectors and L |
m mis'information to the motor controller. Because at any time, the
“ments i two of the windings are equal in magnitude and the third is Is 1

s'method-can only produce current space vectors having one of [ ] =
efe'nt ‘direc;tions.'As the motor turns, the current io the motor
is.electrically switched (commutated) every 60 degrees of - ,
so that the current space vector is always within thz nearest 30 e ' ——
es of the quadrature direction. : ‘ N
e A :

waveform for each winding is therefore a staircase from zero, C"s‘;f“u:r;m[ AB|ac [Bc[BA[cCA[CB ]|
- current, to zero, and then to negative current. This produces a -

pq'q'c,ve_qtor, that approximates smooth.rotation as it steps among Toque Y ¥ V¥V ¥ ¥V
directions as the rotor tums.

Figure 5.11

- applications such as air conditioners and refrigerators use of Hall-Effect sensors is not a viable option. Back-EMF
t sense the back EMF in the unconnected winding can be used to achieve the same results

apezoidal-current drive systems are popular because of the simplicity of their control circuits but suffer from a torque
lem during commutation. A I e T B

i I];rplal'n the sinusoidal type brushless DC motor and alSo write the expression of torque shaft of sinusoidal

S DC motor. ' szl e

1a 1 i

% : ' ) )
Musoidal Type Brushless DC Motor . o 2 N ‘ -
hows the block diagram of sinusoidal type biushless DC motor. Sinusoidally commutated brushless m0;(5{
-sattempt to drive the three motor windings with three currents that vary smoothly and sinusoidally as the motor
.éfél.aﬁ"'e phases of these currents are chosen so that they should result in a smoothly rotating current space vector
Yays in the quadrature direction with respect to the rotor and has constant magnitude. This eliminates the torque
d-lcqm!f‘iliétiOnfs'pikes associated with trapezoidal commutation.
enerate smooth sinusoidal modulation of the motor currents as the motor turns, an accurate measurement (_)f
0 is required. The Hall devices provide only a coarse measure of rotor position and are inadequate for this

h}S reason, angle feedback from an encoder, or similar device, is required.

4
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Torque Sinusoidal PWM
command i lookup modulator

: | Motor
! current Current

sensor

A

pe Brushless DC Motor

current space vector of constant magnitude, ang
er, currents in each winding must be sinusoida]
hesize two sinusoids, one 120
and so that the amplitudes of

'\ Figure 5.12: Sinusoidal Ty

Since the winding currents must combine to produce a smoothly rotating
because the stator windings are oriented 120 degrees apart from each oth
and phase shifted by 120 degrees. Position information from the encoder is used to synt
degrt_:es phase shifted from the other. These signals are then multiplied by the torque comm
the sine waves are proportional to desired torque. :
:The result is two sinusoidal current command signals appropriately phased to produce a rotating stator current space vector
in the quadrature direction. Sinusoidal commutation solves this problem. This is because the torque produced in a three
phase brushless motor (with a sine wave back-EMF) is defined by the following equation:

: Shaft Torque = Kt [IR Sin6 + IS Sin (6+120) + IT Sin (6+240)]

Where,
@, is the electrical angle of the shaft,
Kt is the torque constant of the motor and
IR! 1S and I T are the phase currents. - -

Ques 11) Discuss in detail about controlling- of BLDC motor.

s. This may be implemented using a micro-
PLC or similar other unit.’Analog controller

cordingly. With this type of control
d control,

Ans: Controlling a BLDC Motor
Control unit is implemented by microel
controller, a dedicated micro-controller,

are still using, but the BLDC motor canno
circuits it is possible to implements high performance control algorithms, such as vector control, field oriente

high speed control all of which are related to electromagnetic state of the motor. Furthermore outer loop control for various
dynamics requirements such as sliding motor controls, adaptive control, predictive control...etc are also implemented

conventionally. ;
gh performance PIC (Power Integrated Circuit), ASIC (Application Specific Integrated Circuits)
lify the construction of the control and the power electronic unit both. For example, today we
Width Modulation) regulator in a single IC that can be replace the entire control unit in some
an provide the complete solution of driving all six power switches in a three phase
converter. There are numerous similar integrated circuits with more and more adding day by day. At the end of the day,
system assembly will possibly involve only a piece of control software with all hardware coming the right shape and form.

PWM (Pulse Width Modulation) wave can be used to control the speed of the motor.

ectronic has several high-tech choice
a hard-wired microelectronic unit, a
t process feedback messages and control ac

Beside all these, we find hi
..etc. that can greatly simp.
have complete PWM (Pulse
systems. Compound driver IC ¢

en or the average current flowing through the motor will change depending on the ON and
e motor i.e. The duty cycle of the wave controls its speed. On changing

Here the average voltage giv
d. By interchanging output ports, it will effectively change direction ©

OFF timé‘of the pulses controlling the speed of th
the duty cycle (ON time), we can change the spee
the motor. 3 _

Ques 12) Explain the speed control of BLDC motor with its types. : b LA L
. Ans: Speed Control i, ‘ ‘ _ . il oy s
b Ege:rd; control of BLDC motor is essential for making the motor work at desired rate. Speed of a brushless dc motor can b¢
m:de Eﬁd by controlling the input dc voltage. The higher the voltage, more is the speed. When motor, works in normd
T runs below rated speed, input voltage of armature is changed through PWM model. When motor is operated abov®

rated L ST
) §peed, the ﬂ“?‘,}“ﬁ weakened by means of advancing the exiting current.
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I can be closed loop or open l(_)op speed control which is explained as follows:
Speed Control: It involves simply controlling the dc volta
C voltage However this results in some form of current limiting.

v i

7 od Loop Speed Control: .Il involves controlliflg the input supply voltage throu

9. l‘los Thus the supply voltage is controlled depcnfhng on the error signal. .

& motoli- sed loop speed control consists of three basic components, .

%_51119 ;\%’WM circuit to generate the required pwm pulses. It can be either a microcontroller or a timer IC.

et 1) A sensing device to sense the actual motor speed. It can be a hall effect sensor, a infrared sensor or a optical
"::-")_‘_ encoder.

. 4ii) A motor

ge applied to motor terminals by chopping the

gh the speed feedback from the

i

drive to control the motor operation.

.. ﬂil;hi;'gech“ique of changing the supply voltage based on the error signal can be either through PID controlling technique or
B ay logic. RS |

it
Ques 1.
g:uShless DC Motors. | '

A;W Use of Brushless DC Motors : y

gishless DC. motors typically have ‘an efficiency of 85-90%, while brushed motors are usually only 75-80% efficient.
"Brﬁ‘shels eventually wear out, sometimes causing dangerous sparking, limiting the lifespan of a brushed motor. Brushless

-pC motors are quiet, lighter and have much longer lifespans. Because computers control the electrical current, brushless
] DC”ﬂ-lotors can achieve much more precise motion control.

ljj‘What are Brushless DC Motors used for? Write the advantages disadvantages and applications of

|1
ke

\j;,;&iﬁsé of 4ll these advantages, brushless DC motors are often used in modern devices where low noise and low heat are
[eqliiréd; especially in devices that run continuously. This may include washing machines, air conditioners and other
consumer electronics. They may even be the main power source for service robots, which will require very careful control

of force for safety reasons. ‘ :

Brll hless DC motors provide several distinct advantages over other types of electric motors, which is why they’ve made
_ -way into so many household items and may be a major factor in the growth of service robots inside and outside of the
 industrial sector. ‘

: UL

LAdvmt;ges of Brushless DC Motor o _
'1.1~1,;;-]3fu_shless motors are more efficient as its velocity is-determined by the frequency at which current is supplied, not the
© o Yvoltage.. ; Y , -

)i As brushes are absent, the mechanical energy loss due to friction is less which enhanced efficiency.

8)iBLIDC motor can operate at high-speed under any condition.

- 4). There is no sparking and much less noise during operation.

5 5),;;“ More electromagnets could be used on the stator for more precise control.

g"-ﬁ)«:‘?ifl_,’_n’LDC motors accelerate and decelerate easily as they are having low rotor inertia.

{ ms‘{"‘h is high performance motor that provides large torque per cubic inch over a vast sped rang. -

;;1:"8) L_D.C motors do not have brushes which make it more reliable, high life expectancies, and maintenance free
peration, - _

here is no ionizing sparks from the commutator, and electromagnetic interference is also get reduced.

l.k.:h,motcars cooled by conduction and no air flow are required for inside cooling. '

¥

| Dk?dVantagEs of Brushless DC Motors
2.DC motor cost more than brushless DC motor. . . I 1 pE B
The' limited high power could be supplied to BLDC motor, otherwise too much heat weakens the magnets and
ﬂlation of winding may get damaged. -~ b U ) wva v

o 8 and ventilation
Ustrial erigincering 'y ’
ode} engineering,
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| LINEAR MOTORS

of working of linear motor anq

Ques l)' What do you mean by linear motor? Explain construction and principle
also write the advantages and disadvantages of linear motor. R '

vProduce: Lnotion in a straight line rather than rotationalywotion. In a
linear motor, the stator is

traditional electric motor, the rotor (rotating part) spins inside the stator (static part); in a :

unwrapped and laid out flat and the “rotor” moves past it in a straight line. Linear motors often use -superconducting
. . R N X *

magnets, which are cooled to low temperatures to reduce power consumption. ‘

_ Ans: Linear Motors
Linear motors are electric induction motors that

Construction of Linear Motor ’ ' . e .
In a traditional DC electric motor, a central core of tightly
t (known as the

Figure 6.1 illustrates the constructional diagram of linear motor. _
wrapped magnetic material (known as the rotor) spins at high speed between the fixed poles of a magne
stator) when an electric current is applied. In an AC induction motor, electromagnets positioned around the edge of u?e
motor are used to generate a rotating magnetic field in the central space between them. This induces (produces) electric
currents in a rotor, causing it to spin. In an electric car, DC or AC motors like these are used to drive gears and wheels and
convert rotational motion into motion in a straight line. ' :

A

. 1

]

Torque /T ,| Sinusoidal PWM [ :

N look: Modulator | '

Command ’y okup 1B

1

C: e,

Motor 4 kS

current . Current |
AT A v Sensor . | Position . | -
] S '

Figure 6.1 K

n

Principle of Working
ively an AC induct

A linear motor is effecti . :
copper and is known as the primary of a linear motor. The rotor

form of a track of flat coils made from aluminum or : the primary of a
dary.-When the current 1§ switched on; the secondary glides past the

the form of.a moving platform known as the "secon
dbya magnetic field. i

‘primary supported and propelle ‘
400 - Normal Motor’
e o

r i g

e vaniverd; IR A

ion motor that has been cut open and unWrapped_, The stator is laid out in the
takes

“aglom R (g 3
: : Stator
\ 7 Figure 6.2
’ ~
o : —all
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' :th an AC power supply and servo controller, which are ofte » SAMEe aw

motors ‘1?11@ rliil:tli a‘:'lmotor primary part is connected to the power supply (o pmt;':c(‘:h: ];ai:z:c‘:sﬁléllzscnusc.d ipr’ Fotary

'mpmrs ) ) the coils, the polarity of each coil is changed. The attractive and repelling forcey hctwc;: ylc.hfm'gu!g the
phase ! 4 the magnets in the secondary part cause the primary to move and generate a linear ﬁn t- lc‘l’( il in the

iper: % rrent controls the velocity of the movement, and the amperage of the current dclcr)lrrtibr;csht?u:a;ﬁr:"i

< of Linear Motors N _ ;

2 ical contact, the transmission force 1s generated in the'air gap, in addition to the linear motor rail without

structure is simple, smflll S?ZB, by us‘in'g fewer piar.ls to achie,\.re‘our linear drive,.and this is only a moving part

Th ‘jtinerary of the operatloq is theoretically unrestricted, and its performance will not be af fcc;cd by the size of it

‘ i?:g;irition can proyide a widt:h::ar}:ge of dspeed pperatinftg_ range, WI:Ii.Ch (iove:rs fmn-1 a few micrometers per second to

T sé{reral meters, especially in the high speed state is one of its outstanding advantages

‘Acceleration, larger up to 10g _ N _ . . ‘ _

Smooth movement, this is because in addition to supporting the role of linear guide or air bearing, there is no other

mechanical connection or conversion device . g ~ o

Accuracy and repeatability is high, b_ecause the 1n1ermed1ate’pan of the accuracy is eliminated, the accuracy of the

'systérﬂ depends on the position detection element, the appropriate feedback device can reach sub-micron level

Maintenance is simple, because the parts less, no metchzmical contact when moving, thus greatly reducing the wear and

i riar parts, only little or no maintenance, longer life. Linear motor and "rotating motor, ball screw” transmission
tformance comparison table performance rotary motor + ball screw lincar motor.

dvantages of Linear Motors:

Linear motor power consumption, especially in the high load, high acceleration of the movement, the machine

instantaneous current on the workshop power supply system to bring heavy load;

is high vibration,-linear motor dynamic stiffness is very low, cannot play the role of buffer damping, in high-speed

- ‘movement easily lead to other parts of the machine resonance;

is'a large amount of heat, fixed at the bottom of the table motor motor is a high fever parts, the installation location is

.ot conducive to natural heat, the machine temperature control caused great challenges;

not self-locking, in order to-ensure safe operation, linear motor-driven movement axis, especially the vertical

. movement axis, must be equipped with additional locking mechanism, increasing the complexity of the machine.

ue: .) Describe all types of linear motor,

ypes of Linear Motors ;
are following types of linear motor : - :
Cylindrical Moving Magnet Linear' Motors: In these motors, the forcer is cylindrical and moves up and down a

lindrical bar that houses the magnets. These motors were among the first to find commercial application, but do not
xploit all of the space saving characteristics of their flat and U-channel counterparts. The magnetic circuit is similar
o that of a moving magnet actuator. The difference is that the coils are
eplicated to increase the stroke. The coil winding typically consists of
three phases, with brushless commutation using Hall Effect devices.

The forcer is circular and moves up and down the magnetic rod. This rod is
fot suitable for applications sensitive to the' ‘leakage of.:magnetic flux.
Because the motor is completely circular and travels up and down the rod,
€ only points of support are at the ends. This means that there will always

©  limit to length before the deflection in the bar causes the magnets to Figure 6.3
ptact the forcer. 7 ¥ TR e Wy

b

y ‘ . 1 ‘

¢ Channel Linear Motor: The U-channel linear motor_has two parallel magnet tracks facing each other with the

A OIcer between the plates. The forcer is supported in the magnet track by a bearing system. The forcers arc ironless, ,

“l::l:: means there is no attractive force and no disturbance forces generated between forcer and magnet lrack.hThc

With 55 coil assembly has low mass, allowing for very high acceleration. Typically the coil winding is th.rcc p ?;c;

o 1 rushless commutation. Increased performance can be achieved by adding air-cooling. This design is better su

educed magnetic flux leakage due to the magnets facing each other and being housed in a U-shaped channel. Due

i ﬂilﬂ design of the magnet track, they can be added together to increase the length of travel, with the only limit being

f fngth of the cable management system, encoder length available, and the ability to machine large, flat structures.

4 &
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Core (epoxy)

Magnet

Back voke tIron)

Figure 6.4 K3 :
slotless iron, and slotted iron.

motors: slotless ironiléss. ! .
f r?lotors requires : derstanding of the application.

3) Flat- ;
) at-Type Linear Motors: There are three designs of these
an un

Again, all types are bru
59 shless. To choose between these s O
Figure 6.5 shows that flat type linear moters. P

Figure 6.5 (e . :
oils mounted to an aluminium

ironless flat motor consists of a series of ¢ al
tive force or cogging, which helps with bearing life in
to suit most applications. Ideal for smooth velocity
 of flat-track designs.

Jowest force output O ]
nless flat maters.

t Motors: The slotless-
the forcer, the motor has no attrac

certain applications. Forcers can be mounted from the top or sides

control such as scanning applications, this type of design yields the

Generally, flat magnet tracks have high magnetic flux leakage. Figure 6.6
Aluminium 3

4) Slotless-Ironless Fla
base. Due to the lack of iron in

shows that slotless-Iro

Epoxy Coil

" Figure 6.6 i

The slotless-iron flat motor is similar in construction to the slotless-ironless motor except
Jaminations and then to the aluminium base. Iron laminations are used to direct the
rce. Due to the iron Jaminations, an attractive force is now present between the forcer
As a result of the laminations, a cogging force is

roduced by the motor.
ore force than'the ironless designs. Figure 6.7 shows that

5) . Slotless-Iron Flat Motor:
the coils are mounted to iron

magnetic field and increase the fo
rtional to the force p

and the track and is propo : _

now present on the motor. This motor design produces m

shotless from flat motor. » Sioal laminations Wil
4 aluminium base

_Epoxy Coil

.ol sibgizy P .' (o ‘ e :
Mwistiz - G185 0T Figure 6.7 P s
linear motor, the coil windings e A ol
' erted into a steel structure to Tt
' : cture to create the

6) Slotted-lr:in Flat Motors: In this type of .
coil assembly. The iron core significantly increases the force output of the motor dye | struci
created by the winding. There is a strong attractive force between the iron-core armary to focusing the magnetic fiel |

“-can b" used advantageously as a preload for an air-bearing system. However, these fre and the magnet track, which |
bearing wear at the same time. There will also be cogging forces, which can be redl‘:‘r:‘?‘:; l::an also cause increas®

3 RN R ed by skewing the magnets:
§i ! :

.F'igur.e,6.8 shows that Slotted from flat. . ;
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. Steel laminations

L e . .Slot
Figure 6.8

linear reluctance motors? Explain construction and working principle 61‘ linear

')“.Wiaat do you mean by

es3) . X
?;ﬁmce motor. .
" 'Linear Reluctance Motor 4 ‘ -
T RM is a lineat electric motor, 1n which, transl_anonal force production occurs by the tendency of the moving part to
, towards a separate stationary point where the inductance of the excited winding is maximised.
| trﬁ&ion of Linear Reluctance Motor ,
ire 6.9 shows the [l phase RSRM. The flux path in the longitudinal machine is in the direction of the translator
 This machine is SImPLET 10 manufacture, mechanically robust and has lower eddy current losses, as the flux is in
he translator movement. The transverse flux design has the flux path perpendicular to the direction

‘direction as
slator . motion. It allows a simple trac
dicular to the direction of motion, an electro motiv.

carrent losses (Figure 610). |
“ m'ﬁie:nvo distinct configurations of the LRM
 Longitudinal flux LRM ;
T@n'sverse flux LRM

k consisting of individually mounted transverse bars. As the flux is
e force (EMF) is induced in the core resulting in high eddy

'

oth nﬁgurationé can be obtained by unrolling the stator and rotor of the rotary switched reluctance motor (RSRM) with
. radial magnetic flux path and the axial magnetic flux path respectively.
1% ) . ) .

The longitudinal flux ar}d
tor structure are shown 10
having the power supply
tes 4 large number of

ng Principle of Linear Reluctance Motor = =~

ef;z I%gillzs of LSRM are Active stator (with windings) PaSsiv'«: stator (without winc{ings)

6.10 T}f onfigurations for the four-phase LSRM with an active translator. and passive sta

’ﬁ ) éoi{iégiacnye stator aJ_ld passive translator LSRM configurations haye the advantage, 10 i

POVer converter rte;§ being stationary, resulting in a reduced weight of {tanslator. But, that necessita
' onverter sections along the track resulting in high cost. ‘

ﬁl oth‘ :
Iter _g‘?a“d’ the structure with an active translator and passive stator structure 1¢q
ble fo, ht the power to the converter in the translator requires transfer by means o
i T high speed applications. : :

f the power

i o
uires only oné section of the F
4 hich is not

f contact brushes, W

foll
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i
S S8 59 510,
| ,
E _______ P 4 ' Stator
(a) Longitudinal Magnetic Flux Path Configuration
[s2] 53 [se] s |
Moving
Direction ’ ' ‘
a b c .d
T1 T2 T3 T4
(b) Transverse Magnetic Flux Path Configuration
: Figure 6.10 , _
4 Further, the LSRM may have either two stators or two translators or vice versa to make a dou.ble-sidf_:d LSRM, as shown in
i figure 6.11. It is to be noted that, the double-sided LSRM does not have as much freedom in the air gap tolerqnce as the
be exploited in maglev systems. But

ble for such applications. Its

single-sided LSRM. The single-sided LSRM provides a net levitation force that can
th, in contrast to the two air

the double-sided LSRM does not produce a net levitation force, and therefore, is unsuita
advantages are high force density and lower inductance, as it has four air gaps in its flux pa

gaps in the single sided LSRM.

Stator

Translator

Stator

(a)

Stator

I_—_I D D D D D D D Translator
_DDEDDDDDDCISMW

A DD I:ll: D DD DTra_r!sl_aion TLIehe s I .
l;l J;z] I;I lsi ___lssl J;;I ,:S:l ‘;I [s;l ST

Stator

| 1 ' o v
Coatbaitd i ‘-'7-_1"_“ nenl . Figure 6.11 ) { i OY
Ques'4) Discuss about ghe construction and working principle of linear synchronous motors

in parrgty S

Ans: Linear Synchronous Motors
A Linear version of a synchronous motor can produce linear or translational motion. Figure 6.12 shows a schematic

diagram of a linear synchronous motor. One member (sa i :
: y : y the primary) has a three-phase windin : \r mer

~ (say the secondary) has electromagnets, permanent magnets, or superconducting ml?;onets If tlheg ’ﬂ?: d th; gihel mgmbt'zr

connected to a three-phase supply, a traveling flux wave will move along the length of fhe b ", . eef;‘? ase wmdxl]rfg 1s

el
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i  aar Synchrorlous otors " B.gy

e on tozifcuit used for a rqtary synchronous mqtor. (ﬁg'ur.e §.12) can also be ugeq ¢ _

: _mvth:'nﬁél 4 due to cm_—rents in the tt}ree-phase winding is msngnjﬁcant corhpared o (l)I: L ‘M. If Powerfy]

used: sequently, the armature reaction effect can be neglected in an LSM and (he .. field due 1o gy oEE1S
ets. Con actance. Synchronoy Powerfy)

sﬂ’g-nafﬂy 1o the Jeakage ¢ ' S reactance is gyq
rlln_“,' g‘ne.ts-on he secondary will be synchronously locked with the traveling wave ang more at a ve|
ma ‘ - velocity v
» Vs=2TPf y "

e olé pitch and f is the frequency of the supply. If powerful magnets such as

. \ ' _ su -
GM can operate at 2 higher air gap. It can also operate at a leading power factor an et el g magpetsar

d better efﬁciency (because of

Figure 6.12: Linear Syrchronous Motor (LSM)

srking Principle of Linear Synchronous Motors

working principle is the same as that of the RSM. The equations used to analyze the RSM are also valid in the analysis
th LSM with the following changes: the rotating magnetic field is changed to a travelling magnetic field tory ue
es thrust, rc_:tational synchronous speed becomes linear synchronous speed and the pole pitch, which is the sebaratqlon
1 two, different polarities of a coil, is added into the equation.

jee
the !inear synchronqus motor has not been used as widely as the linear induction motor, However, the LSM has
enu?l in the field of high-speed transportation, where a large air gap clearance is needed. A linear synchronous
basically a RSM unrolled flat. The stationary part is called the primary and is equivalent to the RSM stator; the

7 part called the secondary and is equivalent to the rotor. ,

Pn’maryﬁ
phase coils
A C
| | | Secondary
s i N2 permanent
| i l magnets
! T | T I
" _Figure 6.13
nt circuit of LIM.

_W‘mt do you understand by li'neér.induction motor (LIM)? Draw the éqﬁivale
B ‘ o “Or ‘ P
the construction of LIM and write the application of LIM. - R o

tallruI!a; Influction Motor (LIM) ;
: d_ofttlh:ct;On_Motor (LIM) is an advanced v
il ar;o;:::onal motion. The stator is cut axially and spread out flat. In {
g bina seconda.r_y respectively. The secondary of the linear induc
W{th a ferromagnetic core. ‘

Royrdt

hich gives a linear translational motion
ator and rotor-aré

a flat aluminium

ersion of rotary induction motor W
his type of motor, the st

tion motor consists of

WRdmi . : : ' ‘ . o otion rather
Dtat{:gcuon MPtor abbreviated as LIM is a special purpose system’ that we use to achieve recnlmez:n{:rt a general
._"for-a.rslal motion as in the case of conventional motors. LIM is quite an engineering marvel (fooccration. |
e pecial purpose with more or less similar working princip]e, thus enhancing its versatlhty o1 op ‘

| —

Scanned by CamScanner



V’

/“.

\

: uti]isation of the ﬂux from both sides.

B-62: . . 3 : ;
\ B.Tech, Eighth Semester TP Solved Series (Special Electrical Machine) KTU

%ﬂiva\lent Circuit of LIM o
e H - V. i
equivalent circuit of LIM are shown in figure 6.14:

1 R, + jm;Lll ~ !’1

®22S)Sw1, 1)

&
{

: jm.Lma,)?
o—

Figure 6.14: LIM Equivalent Circuit

The basic, construction of a linear

t look alike a conventional induction motor. If we
s the primary of the linear induction motor
we get the secondary of the system.

Construction of Linear Induction Motor o
Figure 6.15 illustrates the basic constructional diagram of Linear ind
induction motor is similar to a three phase induction motor but it does no
cut the stator of a polyphase induction motor and lay on a flat surface, it form
system. Similarly, after cutting the rotor of the induction motor and making it flat,
: ; 3Phase .

e L Y winding

uction motor.

Figure 6.15
used for increasing efficiency known

Induction Motor or DLIM, as shown in the
ther side of the secondary, for more effective

There is another variant of LIM also being
as the Double Sided Linear
figure 6.16. It has primary on ei

Figure 6.16

Application of Linear Induction Motor & .
A linear induction motor is not that widespread compared (o a conventional motor, taking its economic aspects and
versatility of usage into consideration. But there are quite a few instances where the LIM is indeed necessary for some

specialised operations.

Few of such applications are listed beglowsi- .
1) Automatic sliding doors in electric trains.
2) Mechanical handling equipment, such as pro
3) Metallic conveyor belts. 3!
4) Pumping of liquid metal, materia} handting ihcranes, etc.

pulsion of a train of tubs along a certain route.
' ? . ‘e

Ques 5) Explain the working of linear induction motor ‘and derive the expression for linear force, Also draw and

discuss the characteristics of LIM.

st sanume Log e L cakan o s o Vel b
?Vr;ls: V:!l;)rkiytﬁ'éf'a Linesii Induction Motor /"7 |
en ‘ : ' I .
et F(ggtggxzﬂof aTLl,ll;M gets excited by a balanced three-phase power supply, a flux starts traveling alongthe entir®
imary. This linearly traveling magnetic field is equivalent to the rotating magnetic field'in the stator of 2

-'_:|.'_", "

S Lot LR T LA R 3

ﬂ“ee phase llldUCth]l IDOIOI ora y eCtIlC CU[ICllt C

to the relative motion be i
tween the traveling flux and the conductors: Then the induced current interacts with the traveling

flux wave to produce linear force or thrust
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T : is fixed and the secondary is free to mov. the fi i v irecti
‘ If the primary 1§ . . . €, the force will pull the secondary in the direction of the fore
. will result in the required rcculm?ar motion. When we give supply to the system the developed field will result in 2 fi:: s
" traveling field, the velocity of which is given by the equation, : ar
; V, = 2tf;m/sec )

Where f, is the supply frequency in Hz, V, is the velocity of the linear traveling field in meter per second, and t is linear
pole pitch, i.e., pole to pole linear distance in meter. : :

For the same reason as in the case of an induction motor, the secondary or ru

' . _ nner cannot catch the g éd of the i
field. Hence there will be a slip. For a slip of s, the speed of the linear induction motor will be, & B
V= (1-9)V,

|\ Expression of the Linear Force of LIM
" ! The linear synchronous speed of the travelling wave is given by the

equation shown below; -
bl L -3 - m l :
Y =3 fpole ptch) 7,

e (1)
:'-'/. whé:r-é, fis the supply frequency in hertz.
I,:a;"fln the rotary induction motor, the speed of the secondary in the linear induction motor is less than the synchronous speed v
*, and is given as, by it : : ' )
V;=Vs(1'—s) . (2)
 Where s is the slip of the linear induction motor and is given as,
. "“,‘. VB —vr . . S :
| §=——pu o ;
v, ¥ . | | e (3)

: The linear force is given by the equation shown below.
B Fe . air gap power '
i linear synchronous velocity(v,)

The thrust velocity curve of the linear induction motor is similar
motor. It is'shown in the figure 6.17.
¥ At KU 7 i l

to that o_f the speed torque curve of the rétary induction

Thrilst.F

Synchronous
Speed 11}

e .+ Figure617,

gl a1 *t womied R
y4% 4 e, the
. is compared with the linear induction motor, the LIM requires a larger‘alr_gfcllp fgl:nlﬁr;:or the
i SIng current js greater and the power factor and efficiency of the motor are lower. In the rotary in '::a dy speed, the
;ln '.t.,e'l‘otor area are same whereas in the LIM the one of the two is shorter than the other. At the s
pa,n will be Passing continuously over a new part of the other member.

: g:;taly induction motor
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t B. TECH. EIGHTH SEMESTER EXAMINATION =
: : ; Max. Marks: 10(

Time: 3 Hours
Note: The question paper shall have four parts.

PART- A
Attempt all questions. (5 marks each)
1) Describe the various types of servomotor and also
write the applications of servomotor, (05)
2) Explain the performance characteristics of AC
servomotor with suitable diagram. (05)

3) Discuss about the Armature controlled DC
servomotors also discuss its operation with suitable
diagram. Also sketch its characteristics graph.  (05)

" Hybrid type stepper motor. ~(05)

Explain construction and principle of working of
single phase AC series motor, (05)
What do you mean by Reluctance Motor? Explain
principle operation of Reluctance motor. (05)
(05)

5)

6)

7) Explain types of brushless DC motor.

Explain the working of linear induction motor and
derive the expression for linear force. Also draw and

discuss the characteristics of LIM. (05)

8)

PART- B

- Answer aﬂy 2 question out of 3 questions (10marks each).

9) What do you understand by DC servomotor? Also

explain the construction and working principle of DC
. (10

servomotor.
' Or

Explain AC servomotor and also explain the
construction of AC servomotor with suitable diagram.

10) Explain the various modes of excitation of stepper

motor driving. (10)
Or

What do you mean by Stepper Motor? Explain
construction and working principle of stepper motor.
Write the different types of stepper motor.

11) What is Hysteresis¥motor?- Explain constructional

detail of Hysteresis motor with suitable diagram: (10)~
Or.

Define torque equatfon and torquie-slip characteristics

of Reluctance motor!’Write application of reluctance
motor. : . &

Explain the construction and theory of operation of °

- Answer any 2 ques

N PARTSC s
2 question out of 3 questions (10 marks each).
Answer any 24 ar mOtor. (10)

12) Describe all types of line L2
W\rite‘a short note with propet 'diagljafn on:
i) Bifilar windi_ngg |
ii) 'Monofilar windings - % ‘.
13) What do you ‘mean by linear reluctance motors?
Explain construction and working principle of lmlfglr
reluctance motor. o “ i | (10)
X AOr “RpEY :
haracteristics of stepper
cuss an example.
(10)

: armature controlled DC

d dynamic ¢

Explain static an .
le diagram and dis

motor with suitab
14) Write a short note on:
i) Permanent Magnet
' servomotor i
i) Series Split Field DC Servomotor
‘ Or
How can a universal motor operate on either DC or

AC supply?
PART-D g i
tion out of 3 questions (10 marks

each). :
15) Explain the characteristics of single phase AC series
motor. Write the applications of it. | (10)
Or '
i) Discuss about the construction and working
principle of linear synchronous motors.
ii) Write: the advantages disadvantages and
application of stepper motor.

16) i) Explain the drive circuits of stepper motor. Also
X give the comparison between them. (10)
ii) Write short note on AC drag cup servomotor. !
. WA Or T A e
What dg_ you mean by linear motor? Explain
construction and principle of working of linear motor
+ and-also write the advantages and disadvantages of

linear motor. : 2
17) - Writéthe ‘selection  criteria of < ‘
it lection, 1a of stepper H
write the application of stepper motoli'? i (jli (IJSSO
Or 1 |

es}ﬂlzl?i?ﬁigihzg?; bl: reluctance stepper motor and
of o (R S o s
Also write its type, ‘Perétlon with suitable diagram.

A
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