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Unit-I Utilization of Electrical Energy B.Tech EEE

ELECTRIC DRIVES

Syllabus: Types of electric drives - choice of motor - starting and running characteristics - speed control -
Temperature rise — -particular applications of electric drives - types of industrial loads - Continuous — intermittent
and variable loads - load equalization. ’

Electrical Drive: I'he combination of equipments to convert electrical energy into mechanical energy

and to provide a control for this process is called “Electrical Drive’.

The electrical drive mainly consists of Source, Power modulator, Motor, Load and Comig;llml
The block diagram of an electrical drive is as shown below 2 %"‘m“%
A

LPower Modulatorkﬁ Control Unit f&——
A

f
——————

Input signal

Advantages of Electric Drive: 5

All modern industrial and commercial appllcatlogrs cmploy lectric drive because of the following
advantages : & g"‘i’j o
oS
It is simple in construction and has less malrg%nance cost.

Its speed control is easy and smooth &
It is neat, clean and free from any smoke orflue gases.

It can be installed at any desir cd convement place thus affording more flexibility in the layout.
It can be remotely controlled; ai

Being compact, it Cq?ltllfémlb Shace.
It can be started im edmtely%wlth%out any loss of time.
It has comparauvely%gw er llfe
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. Disadvantages of EIZ¢tPE Drive:

An electric drlvegﬁ’?’ste .has two inherent disadvantages:

> Imtla %{t}le system is more.

Th mes to stop as soon as there is failure of electric supply .
K lab%’e,used at far off places which are not served by electric supply.
' (0B

Classification of Electric Drives:

Theelectnc drives are classified as three categories:
i) Group drive, i) Individual drive and i) Multi motor drive.

i) Group drive: In group drive, a single mot01 drives a number of machines through belts from a
- common shaft. It is also called line shaft drive. These type of drites are used in
industrial applications like transportation systems, rolling mills, cemernmllls etc.

| I. Adv“”’tages of group drive are :

> ‘Saving in initial cost because one electrical motor is used. For example, practlcally, a_ 150-kW
motor cost is much less than ten 15-kW motors needed for driving 10 separate machines..
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» The efficiency and power factor of a group drive is more, since this drive runs at full-load. :
» Group drive can be used with advantage in those industrial processes where there is a sequence O
continuity in the operation.
Disadvantages: However, group drive is rarely used due 1o the following disadvantages:
> This type of drive does not give good appearance and is less safe to operate.
» Any fault occurred in the driving motor. all the driven equipment is idle. Hence, this system is
unreliable.
Speed control of individual drive is v ery complex.

Noise level at womeQ site is high.

More amount of power is lost in energy transmitting mechanism.
If all the machines driven by the line shafi do not work together, the main motor runS dl F€dUC3d
load. Consequently, it runs with low efficiency and with poor power factor. "

Y ¥ VWV VYV

> Itis not suitable for constant speed applications like paper and textile mdustl Ies.

i) Individual dvi ive: In the case of an individual drive, each machine is drlven" Ve lts_own separate motor
with the help of gears, pulley etc. Examples are domestlc applications like Fans,

e
£

fnd tools ctc

ccntrmmal pumps, drilling machines, Electric h
Advantages:
> Since each machine is driven by a separate motor, it can_ be run and stopped as desired.

> There is flexibility in the installation because of dlfferent machmes
> In case of motor fault, only its connected machme«w:l] gftop ‘whereas others will continue working

without any disturbancc. :
> Each operator has full control of the machine %
> The absence of belts and line shafts ue

persormel :
A
~

Disadvantage 1 %
> The only dleadvantage ofmdlwduafdrwe is its initial high cost. .
e é,ﬁ‘," f’
77777777 AEELE T
Individual drive Group drive

 ifi) Multi-mofor drives: In multi-motor drives separate motors arc provided for actuating different parts

of the driven mechanism. For example, in travelling cranes, three motors are used: one for hoisting,

another for long travel motion and the third for cross travel motion.
> Multi-motor drives are commonly used in robots, paper mills, rolling mills, rotary printing presses

and metal working machines etc.
- > The use of Individual (or) Multi-motor drives introduces the automation in production processes,

L5

~_this rcsult in increase of reliability and more safe in operation.
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Factors for selection/choice of motor:

The selection/choice of an electric drive/motor depends mainly on the following factors
i) Electrical characteristics - |
* Starting characteristics
il) Mechanical considerations
* Type of enclosure
¥ Type of cooling
iii) Size and rating of motors

* Running characteristics  * Speed control ~ * Braking

* Type of bearings * Method of power transmission
* Noise level

* - . - . . . . .
Requirement for continuous, intermittent or variable load cycle

- * QOverload ‘c?gp%cit_y%
v} Steady state operation required )

G . N

* Nature of speed-torque characteristics * Speed regulation * Speed:range .

¥ ROGel * : ‘ )
Efficiency * Duty Cycle * Speed fluctuations if any

v) Requirement related to the source
% ; o
Type of source i.e whether it is AC source or DC source e

Y . i b '

® Magmtude of voltage, voltage fluctuations, power factor, harmonic;;wg‘ﬁ”d its.cffects on other loads
* Ability to accept regenerative power. % J

vi) Cost : g
* Capital cost * Running cost * Maintenance ¢gst iffany

In addition to above factor, life, reliability, environment @fid, location also effects the selection/
choice cf an electric drive/motor. % £

U

<
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Different Types of Industrial Load: ' {j}?s«% :
There are three different types of indugtria] i’éﬁ?@ Qnder which electric motors are required to

work. Those are (i) Continuous load  (if) Inté’\i‘mgﬁteﬁt&ﬁad and  (iif) Variable or fluctuating load.
The size of the motor depends mainly on R
& e “
(i) The temperature rise (i) Q},&;@ﬁkimvy torque developed by the motor.

(i) Continuous Load: In such Cases?’%it\_}%e calculation of motor size is simpler because the loads like
pumps and fans require a constapt pmyg% input to keep them operating. However, it is essential to
calculate the KW ratingﬁg\f ;g‘égnp:%gr correctly. If the KW rating of the motor is less than required
load rating, the motor w‘i"lf%oi/eghez}[ and consequently burn out. If KW rating is more than the
required load rating, thesy motorgwill operate at lower efficiency and power.

T %, .
(i) Intermittent Loadsg:=lhe ;r%@rmlttent loads are of two types:
“B, @-é . > L - 3
(@) In this type of}loadi}gﬁ or is loaded for a short time and then shut off for a sufficient long time,
allowing the, motot=to cool down to room temperature as shown in Fig-2 (a). In such cases, a
motor with %fsh%’i't time rating is used as in a kitchen mixie.
uth @S9

, Heating
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Time -

Fig. 2 (a) - Fig.2 (b)
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ﬁﬁbrashoﬂthne.The
perature as shown in

sen which, when

(b) in this type of load, motor is loaded for a short time and then it is shut ©
shut off time is so short that the motor cannot cool down to the room lc.m
Fig-2(b). In such cases, a suitable continuous or short-time rated motor |§ c‘hO
operating on a given load cycle, will not exceed the specified temperature limit.

a suitable motor is

rs. The

n the

(i) Variable Londs. In the case of such loads, the mos! accurate method of sclectin —
‘ ' _ 2 n I Mol
to draw the heating and cooline curves as per the load fluctuations for a- umbeig’fﬂ-ﬁ
_ = - — oy o ‘hen Opera“ng 0
smallest size mofor which does not exceed the permltted temperature rise W - | irate
- ke Tl sl S ——— i s accur
particular load cycle should be chosen for the purpose. However, a simpler but S””'C_'FH:EQ e
: : ‘ ' ! : _ ey to thc
. _method of selection of a suitable rating of a motor is to assume that heating is proportiona; -
~ N = s : Otor
square of the current and hence the square of the load. The suitable continuous ra}_,glné f the?}

e

wo:ild eyual the r.mes. value of the load current.

Load Equalization:

In several industrial drives (like electrical hammers, rolling mills, regip"ngatng &jvumps etc) the
load fluctuates between wide limits over a span of few seconds. It is f‘z’eqtlirga”atg, smooth out the
fluctuating loads, otherwise during peak load period it will draw;gleavi’? M,ﬂfj@gj,the supply and
produces large voltage drop, power losses and more cross section dr(? of cg'bleg and wires.
The process of smoothing out the fluctuations in load is known qﬁsﬁ}zloaﬁ‘qu

—

The process of load equalization involves the storage:

Use of ¥lywheels &

In the method of load equalization usingif] }vh’%g;,
if the speed of the motor is not reversed. In case of, speed reversal, the fly wheel is mounted on motor-
gerierator set. In order that the fly wheel operates effectively, the motor must have drooping speed
characteristics, that is, (here should be” in speed as the load comes to enable flywheel to give up
ts stored energy. Durina the light load conditioh, the motor draws more energy than load required. The
m&—cfg—y—takcn is stored as kinétic efergy in the fly wheel and this stored kinetic energy is released
during heavy load period. The %}o ue required, motor torque developed and speed variations w.r.t

time is as shown Fig - 3. ¢

o

Speed with fly wheel
Speed withont
I ‘ | | | fly wheel
A T~ A+, Load Torque TL
Torgque | /1 1™ Pl N
7 iy / AN / Y
[ Y / S / N
1 "s‘ ¢ N "' ‘\\
,l ~ LN w
[}
s
Motor Torque Tm
>
0 Time —»

Fig — 3 : Torque developed and Speed variations
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Heating of Motor or Temperature Rise

In motor. the rise in temperature is mainly duc to the heat generated by the losses. The
expression for this temperature rise is.obtained by equating the heat is generated by the losses to the rate
at_ which heat is absorbed by the motor for raising the temperature of motor and the rate of heat
dissipation to cooling medium.

Heat generation in motor = Rate of heat absorption by the motor + Rate of heat dissipation to cooling
medium.

Assumptions
~

> Losses remains constant during temperature rise.
» Heat dissipation is proportional to the temperature difference between motor an%.c’:f

medium.
> Temperature of cooling medium remains constant.

Let ,

Q = Heat generated in motor due to power loss;  m= = Weight of motor (kg,} 5

s = Average specific heat in (Watt - Sec.) to raise the temperature of unit w 1ght th}ou;,h 1°C,

ms = Heat required to raise the temperature of motor through 1°C (Walt

0§ = Temperature rise above cooling medium in °C; 6r= IFinal tempemtur’ risesdl

A = Cooling surface area of motor; L = Rate of heat dlss1pal|on ﬁom«thetcoo]mg surface.
[(Watts/Unit area/°C rise ing temperatune ) above cooling medium]

i
medium.

A A = Rate of heat dissipation in Watts /°C rise in temperatyfeforg” Trfiotor.
¢..Er
Heat generation in motor = Rate of heat absor@g'&pn‘ﬁ* he__moton + Rate of heat dissipation to cooling
&y p,

-------------------- (1)
dt
Imegratmg oﬁt}: sg,des we get,
i A
e ln(-g—-()] = Z T )
AL ms

 Substituting the values of 1 and 0 in equation (2)

- Q
- Frofh equation (2), we ¢an get C=lin (—j—\-i-—() )

Substitute “C” in equation (2), we gct
In L =-A—Ail+1n —2—~01J
AL ms A

In [-—Q—-—O -ln (-Q-—O, =- -/—\&t
he- . : Al Al ms
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Taking anti logarithm on both sides, A& = ¢'m' |

la ms

=AT}\:—’ A

cooling surface. From equation{l) Q=AAB; = B = ;%
f Let heat time constant = s l
A% T

Then equations (3) beecomes,

| - If startform cold, then 8, — 0 Témpggat‘ure rise, 8 g0y

Fime Coustant .
Heating fime constant o‘f motor is- "d‘eﬂggd“ as théafime required to heat up the motor upto 63.3% of
its final temperature rise ie8=00- e’f#%

i o

1] ‘e eatmg and ceoling time constants ofa motor are 1 hour.and 2 hours respectively. Final
8 : e fise attained s 100°C. This motor runs at full load for 30 min and then kept idle for 12 min.
o © and fhe cycle is repeated indefinitely. Determine the temperature rise of motor afler one cycle.

'Solye: Heat time constant T =1 hour = 60min; Moto;mme»constantf.t—SQmin,.Fma} Temp. 6= 10°c .. -

W’b have mmjperamm r‘isé, 0= 9;(1——97*) =1 00( e :‘: ) SQ.WC

ﬁknﬁ*%a’" fampewwanaaofmumrmm‘lwcle 3934&’”’—3&8“11
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Particular applications of Electric Drives
The motors for different industrial drives/applications are listed as shown in below table with their

characteristics.

Type of motor Characteristics Industrial drives/applications
- Laths, Vacuum cleaners
e : o D - Elevators, Conveyers, Grinders
DC Shunt Motor " Iz/!:::‘l]ulm stamng‘tmq;e - Small printing presses
SRR RRES -Wood working machines
- Laundry washingéghé‘chines etc
- . - Electrlc Locomotwe«%
DC Series Motor , ng_!] start‘mg torque - Steel, Rolling; 1]’1]“5*, ‘% ﬁfﬂ
Variable speed ' - Lifts, Cranes, Horst;'"elc
o * High starting torque ~CompR o ElSgtors
DC Compound Motor , . - Shearing achmes Conveyers
"+ Variable speed - Vamabl? d c%entrlfugal pumps

- Motor Generator set

* Speed remains constant !Kifi%;1pl -
3 - Ph Synchronous Motor irrespective of load ollmg’ mills ,
‘ varmations | @y & ' _
A,:?%\ %,f,_r Paper and Cement industries
* Simpl d sf e ., % | - Water pumps, Tube wells, Drills
e, rugge co \SErUCtion .
; o \l # - Lathes, Grinders, Fans and Blowers

'SquirrcIvCagc Induction Motor * High over] ad o acxt
- e ;5‘ - Compressors, Polishers etc

* High starting? torque

* Mmq@vcrload“capacxty - Lifts, Pumps; Line shafts, Elevators ;

Sh Ri.n0 Induction Motor n
p = ' »Speed can be changed upto - Printing presses, Compressors etc
O"@ of its normal speeds
af “* w - Recording instruments, clocks

Gonstant speed ; . .
&, I - All kinds of timing devices

1 — Ph Synchronous Motor %, s, |4
4 K WL

% %l High starting torque . _
1 — Ph Series Motor : W E g ford - Refrigerators, Vacuum cleaners etc
% % * Wide range speed control
2 “’%@ * T . )
'ﬁg Moderately high starting - Compressors, Refrigerators

Capacitor Start u 10 BMotor torque ] :
g * Fairly constant speed Small portable hoists

* Moderately high starting

torque
* Fairly constant speed - Drives requires noise less operation

* Better power factor
* Higher efficiency

* High starting torque
* Wide range speed control - Coil winding machines

* High speed at heavy loads

" '{E@irﬁ- Run Motor

Repulsion Motor

Prob: A 200V series motor runs at 1000 r.p.m. and takes 20A. Armature and field resistanct is 0.4 Q.
‘Calculate the resistance to be inserted in series so as to reduce the speed to 800 r.p.m, assuming
torque to vary as cube of the speed and unsaturated field.

Ans: Addmonal resistance required = 6.3 ~0.4=5,9Q

Ve gy
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Starting and Running Character istics:

DC Motors:
urrent sh

i) DC Shunt Motor:
"'T_BC shunt motor, the field winding is con

n
(V/Rsh) is constant, the shunt field current is constant.

Speed Vs Armature current (la chma(,tex istics:
\
¢ is constant; the spced N a Ep

$ZN e flux
We have back emf Ep= —66— -; the speed N a Ep/¢. Sice flux
/
01" speed Na (V-1 aRa)- 1 LR, is 1160110113 e, the speed is constant for all loads as S]]O\\n
f the load
¥ the armature current Tncreases with Tncrease of the oad.

Since there no lot of change N speed fro!

. i jeld ¢
nected across the armature. Since the fi

in fieure (8)-

But practiczll
drop increases hence the speed falls slightly.

load, the de shunt motor has eood speed regulati E
: R Y %

N T _ - TaT
e —
0 ‘a 0

Figure ta) Figure (€)

Armature torque (Ta Vs Axmatule current Ja) charactes
‘6-}«.‘ g

The armaturt, torque of the shunt motor Ta a_;tbla “gince the flux is constant, Taala.

From above equation, the torque — armatuu current characteristics are straight line passing through

origin as shown in figure (b). From i::, B, (b) it4s clear that, the d¢ shunt motor take more current to

, SWLSO the shunt motor ‘vhonld Jiot start on heavz load.
. %

Vs Armature torque (1.4,
%, %%‘x %Y

The armatuxe torqu@lg@% T, =£9.55 _T:L i e T, 1/N. When load increases the speed decreases but

torque increases as sho%ﬁ%ﬁ fure (c).
) drives, lathes,

Smce 1heé‘flc g i“ nt motor runs af cons!ant speed. il is used in line shafis L

N s ~ries motor, the field wmdmg is connected in series with the armature. Since the field
currentlse = la, the series field current is viable up to pole saturation. After pole saturation the flux is

-constant’

- Speed (N) Vs Armature current (Ta) characteristics:

: bacinec;:fst;llzsdr:gzr 1:21; i};:eddN o Ey/, or speed Na V — la(Ra+Rse)/$- When the load increases,

’ before o saturatlo;ct)h rop but flux ¢ increases with increase of I, upto saturation because

; ré : s ene Szecd —current characteristics are hyperbola as shown in figure (a).
: aF m f é;xre (), af no Toad e ;Peed L TR e h(Re#Rad) e speed B

UX 1S mlmmum hence the speed is yery high since N a 1/¢.




speed-torque character istics. “Hie most

Unit-: Utilization of Electrical Energy B.Tech EEE
- Bef: e 4 4
N efaore saturation Ta N
After saluration .
f Ater saturation

» Belore saturation R

0 T ol > 0l Ta

]a la
Figure () Figure (b) 1«1 g,urc (c?g‘
gl

Armature torque (Ta) Vs Armature current (Ia) characteristics:

Since the flux depends on UL, ¢
porllonal o square of the
ant hence

The armature torque of the shunt motor T, o b L.

upto field pole saturation i.e before field pole saturation armature torque pro

armature current, hence the characteristics are parabola. After saturation, tlu, flix. u tis const

T, a I,. Now the characteristics are straight line as shown in hgurc (b).

Speed (N) Vs Armature torque (Ta) character istics:

Bl /N.® Atrno loa(\lﬂox:”]wht load, I, is small, torque

The armature torque is T, = 9. 55—1—\1—— ieT, ol
I

"?}% *’
small but speed is high. As load increases, la increascs,‘_wto"r“i]'i[,qgilvsvo’”increases but speed falls rapidly as

shown in figure (c).

AC Motofs:

i) Induction Motor: .
Since the speed of the synchron%us nidtor is constant irrespective of load fluctuations, it has flat

iE*ot the loads in industry or on power system are 3 - Ph Induction
s of 3 - Ph Induction Motors.

otors, hence we study herg»ghe spcéd tgif‘ ‘que characteristic
The cxpressmn for torquu develgped by the 3-Ph induction motor is

%\

& M
% sE2 R
LS ye = g —2 B N-m - (1)
3% Ra’+(sXa)
f'% g %»
{ afacteristics of a 3-ph induction motor can explain as follows:

The torquegs ip ch &
@ ﬁ% %otow speed is W i.e N, =N, Slip (s) = 0 and from equation (1)

(i)

orque 15 zero.
en the load on the motor is increases, the speed decreases and slip increa

is very small compared to Rz an is neglected for constant rotor emf Es.

ses. The value of sXzs

: R
From equation (1) Torque =K IS{ ;’ > Torque a slip(s)

23

Hence for low value of slip, the torque — slip curve js represented as a straight line
As the load increases further, the speed decreases and slip increases. This result in increasein torque
and reaches to maximum when slip = Ras / Xas.

(iii) With the increase load beyond maximum tor que (Tmax), the slip increases further. Now tie value of

sX3 is more compal ed to Rz and Rz is neglccted S0

g]Page
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i X = or Torque ¢ —
From equation (1) Torque =K IV ] Shin(s)
When s is positive i e 0 <<

. s speed and the
The motor speed lies between zero and synchronous s é
direction rotation of rotor is same g

: itive achine act as motor.
s the stator [ield. The power I’ is positive and machine act «
L

When s is hegative i.e s < 0: The rotor rot

- - fie at a speed higher
ates in same direction as the stator field but at a EEL—-L—I,-D_T
Si ‘ svinehr speed, the machine ac
than the synchronous speed. Since the rotor speed is more than the synchronous speed
as generator.

When s is positive i.¢ s > 1: The rotor rot
field. This indicate that the TO
are drawn as shown in below

: A “rotation of stator
ate m opposite direction to the direction of rotation of sta
tor is deccleru(ing,

. « Tl . " ;__‘V“ S n ves
1tis called electrical brake. The torque ;= speed uynv
Fig.

:Wreakdown torqus),

Fullload
/ operating pojrit

;" .
The rotor speed ofi@*RIxInduction Motor is given by

L

produced by the indh%ti011v$btor is assumed as constant for speed control of induction motor. From this

equation, the speéﬁ% mptor can be controlled by controlling the stator side or rotor side parameters i.e
| 2 . f S |
| NN |
| , 3’%. T(““;%‘ﬁi%ed supply voltage ~ : |
& @fﬁﬁ\eﬁ%ﬁb]e frequency Control from Stator side

5 »&\w

cf Addition of Rotor resistance } Control from Rotor side
d) Voltage injection in rotor circuit

| R | “
Speed Control 0f3-‘P?§JQduc§[’bn Motor:

Ne=(1 - S)N,, Where N; =120f/P. The torque

Reduced supply voltage:

By. changing the supply voltage th_C speed of the induction_ motor changes. Let the full load torque |
SEgs Ry
Rz + (sX2s)?
ince the slip is low so (sXa5) is very low compared to Ry2,
| —in;?; Ea, but Exsa V. Therefore T o S V2 or for

of the induction motor as T; =K

hence (sX3)* is neglected. Therefore
the given torque, slip (S) @ 1/V? i.e as the suppl)f
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voltage changes, slip (S) changes which result in change in rotor speed (N;). This method is simple and
easy but it is rarely used because a large change in voltage is required for small change in speed. The |
torque - slip characteristics for variations voltages are as shown in Fig (a). 1

ey
T1 P o <t.<ﬂ T o, TR .
e bt L e ey —————
3 ( e :, -
; el L 3] / T
. Vrated: Py an !
ng e il 1
. o drui
. 3 )
5 R "' i
. P ke - e
5 “Vrated ¥ 5
e Lt et E 1
-14%35'? 4 .
e ‘ S
AT A St ‘s aT SE(s)
i R S

Fig. b): Addition of rotor resistance control

Fig. a) Reduced supply voltage control

Variable frequency: '
The speed of the induction motor is a function of frequency fand 1sv_l01ven by f= NP/120. The

variable frequency can be obtained by separate generator or by speed changer For an induction motor
- s S5i

A
Va f ¢ or -\%/— =K ¢. So in order to maintain the constantvﬂile(bd T should be kept constant. The

ey
o

IO -1 to 12:1 with high smooth control.

~variable frequency control provides speed control over thc range&

Addition of Roror res:smnce

cage induction motor, the rotor resistance ¢ nnot be Jarled We know that Slip = Romra! losse_s[- By
. w«‘w % "_\‘fiw
increasing the rotor resistance, rotor cu ‘losses increases, this result in increase in slip and decrease in
speed and vice versa as shown in F]éﬁ(b) L 4
The main advantages thlS{Qgethb b)?g?s’ddmg, additional resistance to rotor circuit
)] The startmg%’mre drown by the motor is limited.
(i)  Starting, torque jereases.

(ili)y  Speedfonfrokis possible.
The dnsadvantag,c;f” s method is that the motor effiency decreases because of more rotor culosses.

Voltage m;ect(g %n’n%%w circuit: :

% %ly voltage, frequency and load torque as constant, the applied voltage Vi=E; =K¢
%{m‘%’l‘ % induced emf in the rotor is sE,s where ‘s’ is slip and Ejg is the rotor indiwed emf at
stand

SE,¢

1]. The rotor current I = .
‘ JR2s? + (sXas)?

P;actical]y, R22 >> (st)2 therefore current I, is in-phase with Eg, so I = ——‘S}E =
2s

Suppose if an emf E; (with slip frequency) is in phase opposition with Eas is injected into tk rotor, the
speed cannot change instantaneously because of rotor inertia and the net rotor emf is Eas- E;. This
+ result in decrease in rotor current, torque and speed. Similarly, if the injected emf is in phse with the
« - rotor induced emf,_the speed of the motor increases.
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