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MODEL QUESTION1

TIME: 3 Hours
FM: 70

Answer anySixquestions including Q.No.1 which is compulsory.

1. Answer all the following questions. [2x10]

() Write four advantage of an electric drive system.

(b) Draw the typical torquspeed characteristics of mechanical loads.

(c) Whatis a GroupElectric Drive (ShaftDrive)?

(d) Whatis meantby fi | ocequdlization?

(e) Why stator voltage control is more suitable for speed control of induction motor in fan type load
than constant type load ?

(f) A train driven by separately excited dc motors has betteffament of adhesion thamriven by
series motor. Justify the statement.

(g) Compare static Kramer and Scherbius drive system.

(h) Draw the simplified speed/time curve for the main line services and show all necessary periods.

(i) What is self control of synchronous motor ?

(1) A 440V, 60 Hz indiction motor is to be used on a 50 Hz supply. What voltage should be used?

2. 3§ Why flywheel is mounted on the shaft of the motor in-neversible drive? Deduce thexpression

for the Moment of Inertia of the flywheel. [4]

b) A motor has a heating time constant of 45 minutes and cooling time constant of 75 minutes.
The motor has final steady state temperature rise’af &@ile delivering its continuous rating of 25

kW
i) Determine the load the motor can deliver for 15 miawde that the temperature rise does not
exceed 5{C.

ii) The motor delivers 35 kW for a period of 15 minutes followed by a shutdown for 15 minutes.
Determine the maximum temperature rise. [6]

3. a Why braking is required ? Explain each of the electrical braking briefly.

b) A 220 V, 1500 rpm, 11.6 A separately excited motor is controlled bphadefully-controlled
rectifier with an ac source voltage of 230 V, 50 Hz. Enough filter inductance is added to ensure
continuous conduction for any torque greater than 25 percent of rated toyegu2 oRm
i) What should be the value of the firing #¢p get the rated torque at 1000 rpm?
ii) Calculate the firing angle for the rated braking torque-dr&D0O rpm.
iii)Calculate the motor speed at the rated torqueardl60 for the regenerative braking in the second
guadrant. [4+6]

4. a) Explain with sketch how the rheostatic brakinglase in D.C. shunt and series motors  [4]



b) The switching frequency of the chopper is 2 kHz. The source voltage is 80V and the duty ratio is 30%.
The load resistance is 4 ohm. Assume that the inductance and capacitancal anedidarge enough to
sustain the load current and load voltage with little ripple. Calculate

i) On time and switching period

i) Average voltage across the load

iii) Average current of the load [6]

5. a) Formulate the expression for the tractive effort during acceleration peaddadmotive train.
b) Explain the speed control of induction motor by stator voltage/hertz control method. [5+5]

6. a) The distance between two stations is 1.92kms.The scheduled speed and the diirstops
respectively are 40kmph and 20sec. Assume the quadrilateral approximation of thénsperdve
and the coasting and braking retardation as 0.16kmphps and 3.2kmphps respectively. Determine the
acceleration if the speed at the end of the acatitgy period is 60.8kmph.Find also the duration of the
coasting period. [6]

b)Sketch and explain the static Kramero6s viriabl e
7. a)How the operation of synchronous motor shifts frogtening to generative braking ?
b) Draw the speetbrque characteristics of a three phase induction motor irgtedrant region.
[5+5]

8.  Write short notes on the following (Any two) [5x2]

a) Steady state stability of an electric drive

b) Static WareL.eonard Drive System

c) Speed control by D.C. Chopper



MODEL QUESTIONZ2
TIME: 3 Hours
FM: 70
Answer anySixquestions including Q.No.1 which is compulsory.
1.Answer all the following questions. [2x10]

a) Differentiate between the active and passive load related to drive system.

b)Draw the torquespeed characteristics of a separately excited DC motor duringhitybeaking.
c)Why regenerative braking is not possible in half controlled rectifier ?

d)What are methods to reduce the energy loss during starting of three phase induction motor ?
e)What is the limitation for static Kramer drive and how it will be impdoYe

f)Differentiate between the CSl and VSI .
g)Why stator voltage control is more suitable for speed control of induction motor in fan
type load than constant type loadtatis meantby i | oequdlization?

h)What is function of pantogragpn electric Ieomotive train A train driven by separately excited
dc motors has better -@fficient of adhesion than driven by series motor. Justify the statement.

i)A train driven by separately excited dc motors has betteffanent of adhesion than
driven by sees motor. Justify the statemebtaw the simplified speed/time curve for the main
line services and show all necessary periods.

J)What are merits and demerits of microprocessor based drive system ?

2. a)Derive the thermal modellinigr heating and cooling curve ?
b) A motor has a heating time constant of 90 minutes. If the temperature rise of the motor is
100° C when it is continuously loaded with its rated load. Determine the temperature rise of
the motor after 2 hour of its rated load. If the temperature after 2 hour reaches the maximum
permissible temperature (final steady state temperature with rated dpated
continuously) after it is overloaded, determine the permissible overloading ? Assume
constant loss=0.5 of full load copper loss.

3.a)Draw the circuit diagram and briefly explain the dynamic braking of a three phase induction
motor. [3]

b) Plot and briefly explain the torgtspeed characteristics of dc shunt motor during regenerative
braking. [3]

c) Explain the speed control of three phase induction mgtootior injection method. [4]

4. aWhy braking is required ? Explain each of the electrical braking briefly. [4]



b)A 2200V,50 Hz, three phase,6 pole ponnected squirrel cage Induction motor has following
parameters.

R =0.075V, R =0.12W X =X =0.5W
The combined inertia of motor and load is 100nk§ Calculate

i)The time taken and energy dissipated in the motor during starting.
i) Thetime taken and energy dissipated in the motor when it is stopped by plugging. [6]

5.a) Formulate the expression for the tractive effort during acceleration period of a locomotive train.
b) Explain the speecbntrol of induction motor by stator voltage/hertz control method. [5+5]

6.a) The distance between twtations is 1.92kms.The scheduled spaad the duration of stops
respectively are 40kmph and 20sec. Assume the quadrilateral approximation of thénsperave and

the coasting and braking retardation as 0.16kmphps and 3.2kmphps respectively. Detbemine
acceleration if the speed at the end of the accelerating period is 60.8kmph.Find also the duration of the
coasting period.

b)Sketch and explain the sstyatdm ¢ Kr amer 6s [B#]ri abl e

7. a)How the operation of synchronous motor shifts from motoring to generative braking ?
b) Draw the speetbrque characteristics of a thrglease induction motor in itsguadrant region. [5+5]

8. Write short notes on the following (Any two) [5x2]

a) Steady state stability of an electiitve
b) Static WareLeonard Drive System
c) Speed control by D.C. Chopper



MODEL QUESTIONS3
TIME: 3 Hours
FM: 70
Answer anySixquestions including Q.No.1 which is compulsory.
1.Answerall the following questions. [2x10]

a)State the advantages of the electric drive?

b)How electric friction is necessary for drive ?

c)Chopper control drive have more advantages over phase controlled)dstiéy.

d)What are the advantages of V/f methods for speed control of induction motor ?

e)For good adhesion, the motor spaedjue characteristics should have low speed regulation and
for good load sharing of loads between motors, the tesgeed ctve should have high regulation,
Why ?

f)Mention some of the drawback of conventional Waednard scheme over static Wdreonard
scheme.

g)What are the advantages of single phase,25KV,50 hz transmission line for locomotive train.
h)Draw the speetbrque characteristics of a three phase induction motor indisadirant region.
i)Why regenerative braking is not preferred for dc series motor ?

j)Plot the torquespeed characteristics of dc shunt motor during dynamic braking.

2.a)Derive the formula fooverloading factor, when a motor is subjected to i) short time duty
i) intermittent periodic duty.

b) Derive the transferuinction of an armature controlled dc motor and draw the closed loop
block diagram. [5+5]

3. a)What are the various factors that influetive choice of electric drives ? [4]

b) A 230V,960rpm and 200 amp separately excited dc motor has an armature resistance of 0.02
ohm. The motor is fed from a chopper which provides both motoring and braking operations.
The source has a voltage of 230V. Assuming continuous conduction

i) Calculate duty rad of chopper for motoring operation at rated torque and 350 rpm.

i) Calculate duty ratio of chopper for braking operation at rated torque and 350rpm.

iii) If the duty ratio of chopper is limited to 0.95 and the maximum permissible rootoent

is twice the rated, calculate maximum permissible motor speed and power fed to the source?

4.a)A 150 V, dc shunt motor drives a constasrue load at a speed of 1200 rpm. The armature
and field resistances are 1 ohm and 150 ohm respectively. The motor draws a line current of 10
amp at the given load. Calculate i) the resistance that should be added to the armature circuit to



reduce the sl by 50%. ii)Assume the rotational losses to be 100W,Calculate the efficiency of
the motor without and with the added resistance. [6]

b)Draw and explain the various torgapeed characteriss of three phase induction motor at
below and above base frequency. [4]

5.a) A 2.8 kW,400V,50hz,4 pole,1370rpm delta connected squirrel cage induction motor has
following parameters referred to the stator.

R=2W R =5W X =X, =5W X_=80W. Motor speed is controlled by stator voltage

control. When driving a fan load it runs at rated speed at rated voltage. Calculate i) motor
terminal voltagegcurrent and torque at 120Ppm i) motor speedgurrent and for the terminal
voltage of 300 V.

b)Wi t h neat di agram describe the static- Krame
phase induction motor. What are the dravkiseseen. [5+5]

6. a) A train service consists of following uniform acceleration of 1kmphps for 2 minutes. Free
running for 30 minutes. Coasting for 2 minutes at a deceleration of 0.1kmphps. Uniform braking
at 1.2 kmphpdo stop the train. Stoppintime 5 minutes. Calculate Distance between the

stations ii) The scheduled speed [6]
b) Describe the duty cycle of main line service of the traction drive. [4]
7. a)Draw and explain the phasor diagram of synchronous motor operating with constant load
torgue at diffeent value of rotor excitation. [9]

b) Explain the speed control of three phase induction motor by rotor emf injection method.
8. Write short notes on the following (Any two) [5x2]

a)Load equalization
b)Tractive effort for train movement
c)Drive mechanism in textile mill



MODULE -1

INTRODUCTION TO DRIVE SYSTEMS

Drives: Systems employed for motion control are called drivstion control is required in industrial
as well as domestic applications like transportation systetting mills, paper mills,textile mills,
machine toolsfans,pumps robots,washing machines et®lotion contrd may be translationatotational
or combination of bothGenerally, adrive system is basicallijas a mechanical load, transmission
system and a prime movére prime mover may be I.C. engirsg&gamengine turbine or electric motors.
However, electric motors are predominanthed employed as prime mover daeertain advantages.
Advantages of Electric Drives:

9 Flexible control characteristics.
Starting and braking is easy and simple
Provides avide range of torques over a wide range of speeds (both ac and dc motor)
Availability of wide range of electric power
Works to almost any type of environmental conditions
No exhaust gases emitted
Capable of operating in all 4 quadrants of torgsigeedplane
Can be started and accelerated at very short time

= =4 =4 -4 4 -4 -4

Choice of Electrical Drives:
The choice of an electrical drive depends on a number of factors. Some important factors are:
U0 Steady state operation requirements: (nature of sjpegde characteristicgpeed regulation,
speed rangefficiency,duty cycle,quadrants of operatiospeed fluctuationsating etc)
U Transient operation requirement(values of acceleration and decelessidimg,braking, speed
reversing)
U Requirement of sources:(types ofuswe, its capacity, magnitude of voltagepower factor,
harmonics etc)
Capital and running costaintenance needife periods
Space and weight restrictions
Environment and location
Reliability

i e el



Basic Elements of the Electric Drive Systems:

Functional Block of Electric Drive Syvstem

Power , | Power mechanical
source f. modulator [™- load

1 l current sensing signal

Y speed or torque sensing signal

L Controller .|

Fig 1.1

A modern electric drive system has five main functional blocks as shown above a mechanical load,
motor, a power modulator, a power source and a controller.
Power source:The power source pradesthe energy to the drive systethmay be dc or ac (single
phase or threphase)
Power Converter: The converter interfaces the motor with the power source and provides the motor with
adjustable voltagegurrent and frequencyburing transient periodugh as starting, braking and speed
reversal, it restricts source and motor current within permissible |ifsts the converteconverts the
electric waveform into required signal that requires the motor.
Types of modulator:

1 Controlled Rectifier(ac to dc)

1 Inverter (dc to ac

1 AC Voltage Regulator (ac to ac

9 DC Chopper (dc to dc)

1 Cyclo-converter (ac to ac) (Frequency converter)
Controller:
A well designed controller has seskefunctions. The basic function is to monitor system variables,
compare them witldesire valuesand then adjust the converter output until the system achives a desired
performanceThis feature is used in speed and position control.
Electric motor: i) The basic criterion in selecting an electric motor for a given drive application is it
mees power level and performance required by the load during steady state and dynamic operation.
if) Environmental factors: In industry suchiadood processing;hemial industries and aviation where
the environment must be clean and free from arc. Induction motors are used instead of DC motor.

Mechanical Load:
The mechanical load usually called as machiseigh as flow rates in pump, fans, robots, machine tools,
trains and drills are coupled with motor shaft.
Classificationof Load torqueVarious load torques are broadly classified into two categories.
A) Active Load Torque



B) Passive Load Torque
Load torques which hawve potential to drive the motor under equilibrium conditions are cattéde
load torques Such load torques usually retain their sign when the direction of the drive rotation is
changed. Torque due to the force of grawvitgists, lifts or elevatorsna locomotive trains alstorques
due to tension, compression, and torsion undergone by an elastic body come under this category.
Components of the Load Torque (T) :
The load torque Tcan be further divided into the following components:
1 Friction torque Tg: The friction will be present at the motor shaft and also in the various parts of the
load.
2Windage torque {: When a motor runs, the wind generates a torque opposing the motion. This is
known as the windage torque.
3.Torque required to do the usémechanical work, \J: The nature of this torque depends on the type of
load. It may be constant and independent of speed, it may be some function of speed, it may be time
invariant or time variant, and its nature may also vary with the changelwatlie mode of operation.
The friction torquedT6can be resolved into three componentstasvn in figure 1.8.

Fig 1.2 (a) Fig 1.2 (b)

Friction tonque and its components

T =T, +T. +Tg (1.1)

The first component Twvhich varies linearlyith speed is callegliscous friction and is given by the
following equation:

T, = Bw, (1.2
where B is theviscous friction coefficient.
The windage torqud,,, which is proportional to speed squared, is givethkyfollowing equation:

T, =Cw, (1.3
where C is a constant.
So, Tz =T, is taken in account.

Now, the load torque can be represented hy=T,, +T, +T,



T, =T, +Bw,_ +Cw, (1.4)
In many applicationsT,, = Cw/, is very small compared 8w, and negigible compaed toT,, . To
simplify the analysisthe termT,, is neglected.

T, =T, +Bw, (1.5

Torque-Speed Characteristics of Mechanical Load:

Fundamental Torque Equations
Mechanical load exhibit wide variations of spagedjue characteristics. Load torques are generally speed
dependent and can be represented by an empirical formula such as

° Kk
T=CT& 8
¢l (1.6)

Where C is a proportionally constanti the load torque at the rated spegdris the operatig speed
and k is an exponential coefficient representing the torque dependency speed. Figure shows the typical
mechanical loads.

Spt:edﬂ Constant torque

/,"iﬂ—
T-n?
\L

Torque

Typical speed-torque characteristics of mechanical loads

1.Torgue independent of speed.

The characteristics of this type of mechanical load are represented by setting k is equal to zero and C
equals to 1.While torque is independent of speed. Such examples are hoists,the pumping of water etc.

Fh‘{

T=F*R=mgR

2. Torque linearly dependent on speedThe torque is linearly proportional to speed k=1,and the
mechanical power is proportional to the square of the speed. An example would be a motor driving a dc
generator connected to a fixed resis@loadwith constant field. It can be shown as

=]
=— where P is the power generated by generator .7
w



ButP=Vland T=—=——=——
w  Rw R (1.8)

YT w (1.9)

3. Torque proportional to the square of speed.
The torquespeed characteristic is paraboli2. Such examples of loads are facsntrifugal pumps,

and propders. T W (1.10)

4. Torque inverselyproportional to speed.

.1
In this case, k=1.Examples are millindgoring machinespad vehicle and traction et.” —
W (1.11)

Combined torque-speed characteristicof Motor-Load system:
Speedtorque characteristics of motor and mechanical load

Speed 4
Hoist

:\'Iﬂlﬂ r
Characteristics

Torque

Dynamic of Motor-Load System:

Fundamental Torque Equations

The dynamic relations applicable to all types of motors and I@ddsdynamic or transient condition
Thesecondition appears during startifayaking and speed reversal of the drive.

A motor generally drives a load (machine) through some transmission systemiiWhitetor always
rotates, the load may rotate or may ugdea translational motion. It is convenient, however, to represent
the motor load system by an equivalent rotational system, as shown in figure .

Motor Load

The following notations is adapted:

J = polar moment of inertiaf the motorload system referred to the motor shafti<g

W= instantaneous angular velocity of the motor shaft, rad/ sec

Tm = developed torque of the motor;riy

T, =the load (resisting) torque, referred to the motor shafiy N

Any motorload system can be described by the following fundamental torque eqdatiog dynamic
condition



. d
T,=T, a(JWm)

(1.12)
v =T o g WMoy, &
dt dt (1.13)
This equation is applicable for variable inertia drives such as mines winder, indostoial etc.
dw,
And T =T °J—" (1.14)

dt
. o .. .dd
This equation is for constant inertia Iﬁf =0

negativesign for deceleration and positive sign for acceleration.
Acceleration or deceleration depenals whetherT , is greater or less thdh.During acceleration,

motorshould supply nobnly load torquel, but alscan additional torque component called inertia torque

dw dw
J dtm to overcome the drive inertiuring deceleration, dynamic torqulad—tm has negative sign.

Therefore, it assists the motor torgligand maintains drive motion by extracting from stored kinetic

energy.
The fundamental torque equation balance between the various torques in the drive may be considered
while investing the dynamic behavior is

dw,
T, =T +J—"L
dt (1.15)
Where, T =T, +Bw, (1.16)
It is seen from the above equation tlvethen
dw, >0
T,>T, e dt (1.17)
i)
the drive will be accelerating, in particular, picking up speed to reach rated speed
dw, <0
i) T <T ie (1.18)
the drive will be decelerating and particularly, coming to rest
dw, _ 0
ii) T =T ie dt (1.19)
themotor will continue to run the same speed, if it were running or will continue to be at rest,
if it were not running.
Stability:

Steady State Stability
A) Transient state Stability or Dynamic Stability
Criteria for Steady State Stability:
Let us assume th#tte motorload speedtorque curve is ah equilibrium i.e. at steady state.



The disturbances changes the equilibrium states. The disturbances are two types. Such as

1.Due to slow change of inertia of rotating masses or that of inductances changsguthlerium states

slowly. So,effect of the inertia and the inductances are neglected for dynamics.

2. Due to large and sudden changes of inertia and inductances there is a sudden changes of equilibrium
states. So, the inertia and inductances are tatastyhamic study.

Study of stability under conditions given above for the first type of disturbance relate to the field of steady
state stability while for the second type of disturbance pertain to the field of dynamic or transient
stability.

Let the equilibrium values of the torques and speed be denotégd, by and w,,

Then at equilibrium, when deviation is not occurred

T, =T, (1.20)
Let a small deviation in load torque is done, so that all equilibrium chéyged,,, DT, and Dw,,
d d(w,, + Dw,
then, the dynamicsl,, =T, +J Wi becomesT  +DT =T, +DT +J M
dt dt (1.21)
Y DT, =DT, +J dDw, (1.22)

If we assume that these increments are so smaliinabe expressed as linear functions of the change in
speed, then

DT, = dT,, Dw,,
dw, (1.23)
DT, = dT, Dw,, (1.24)
dw,
daT dT, - I . I .
Where q ™ and q indicates derivatives at the pointexuilibrium.Sybstituting these
Wm Wm

relations in early equation and rearranging, we have

dDw,  &dT  dT,

o)
J m 4 - =0
dt f?j d P

\

m =+
t

Dw, = (Dwy, )y

2

(1.25)

o

adT,  dT,0 called mechanical time constant.

8

cdw, dw, ¥

For the system to be stable when the exponent of the equation be negative. This exponent will be negative
when

dT, _dT, 0
dw, dw

m (1.26)



dT, _ dT,
dw,,  dw, (1.27)

or

Transient state stability:
Concept of Transient Stability
Thus the equation of motion in terms of power, can be written as

Fn =Rt R (1.28)

Where B, P, and P_ denote thamotor powerdynamic power and the load power at the shaft

respectively. The dynamic power is determined from the angular acceleration. Let the angular
position of the shaft at any instant is taken as dlmetween a point and reference which is
rotating at synchronous speed. With sudden application of load, since the rotor slows down, the
angular acceleration will be negative and hence the dynamic power will be given by

d%d
T
(1.29)
Where, F’J =J*w* 2
Poles (1.30)

d
The electromagnetic powd?,, has two components (i) damping power which linearly varies wa%h

from synchronous speed and (ii) Synchronous power which is a function of loaddangleus,

2
Pdd P(ZI—d+P(d) B

' dt? (1.31)
Where, P, is the damping power.Neglecting damping and assuming cylindrical rotor, then the above
equation will be

2
P, ad gl+ P,sind=PR
dt (1.32)

Where, P, = \E
X

d’d _P - P,sind
dt? P

J

Now,

(1.33)

dd
Mul;tiplying both sides bya , we have

2a’ada’o 5_}_’ - P, sma’Oda’

dtzgdt— & P Odt

]




d_d:\/ilz(PL- FF:msind)dd
% ) (1.34)

Where 4 is the load angle before the disturbance, i.e., at time t=0. So, for the machine to be stable at the

a
synchronous spee%T =0. Hence,

d .
\/NZ(PL- Pmsmd)dd:O

n
% i (1.35)
a

\/ﬁPL - P,sind)dd . (1.36)
o

With the motor initial loadP, ;, the operating point is at Aorresponding to pointy,. As the load is

suddenly increased tB, ,, the power angle swings @, at which the speed is again synchronous. When
d ds
the system is stableﬁPL2 - P, sind)dd + ﬁPLZ - P,sind)dd=0
% a (1.37)
whered is the power angle corresponding to new Ié&g. So, from the equation it is to be written as

[~

o
O
9
Y

d a;
iR, - P,sind)dd= f{P,sind- R,)dd (1.38)
% q
Or Area A = A, . This method of determining the transient stability of a drive system is called equal area

criterion of stability.

Conclusion :
) If area A > A,, the drive is stable
ii) If area A = A, the drive is just stable
i) If A <A,, the motor loses synchronism

Rating of Motor:
From theclasses of duty the motor rating is selec#dnotor can be selected for a given class of duty
based on its thermal rating with due consideration to pull out torque i.e. the overload must be within the
pull out torqueThe various classes of duties are

1 Continuous duty



1 Intermittent duty
9 Short time dty
Continuous duty: Two classes of continuous duty are there. a) continuous duty at constant load b)
continuous duty with variable load
i) continuous duty at constant lodtildenotes the motor operation at a constant load torque
for a long duration enough tattain the steady state temperature. Ex. Paper mill drives,
centrifugal pumps and fans etc. Frequent starting is not required. The rating of the
machine is decided by input power.
If efficiency of the load and transmission/isthe irput power to the load is

P= WTT (for rotational body (1.39)
T=load torque
*
= i (for linear motion (1.40)
0.201*Ah
F= force exerted by load in kg
V= velocity of motionin m/sec
F*V
=———— (for elevatoy (1.41)
2*0.102* h
HQr
= for pum 1.42
0.102* A (for pump ( )
H= gross head comprising suction in mt
Q= quantity of delivery of pump in mt"3/sec
r = density of liquid in kg/mt"3
p=_HQ (for far) (1.43)
0.102* h

Q=volume of air in mt"3/sec
H= pressure of air in kg/mt"2
i) continuous duty with variable loadload has several steps in one cycle. The motor rating is
neither selected for highest load nor lowest load rather the rating is selected on average losses for the
load cycle Ex. Metal cutting lathes, conveyors etc.

P4

Load

P5

For variable motor mechanical lgatie current to the motor is variableo find the rating of the motor
the equivalent curreng method is used for finding the motor rating.



Let each step of the load the power loss is composed of constant loss which is independent of load called
core aml variable loss called copper loss. The variable load consists of motor cufgént difor one

cycle. Thus
(R +I/R) + (R + 1R, +...+ (B +1ZR),

P+I2R=

¢ - t+t, +o
12, + 12, +..12

o = ltl 2t2 6t6 (144)
t b, Ht Lt

After lq is determined, anotor with next higher current rating (mdy from commercially available
ratings is selected.

DC motor: For the design of dc mottine maximum allowable current is 2 times the rated current.

Induction and Synchronous motor: Here the maximum breaktonguoe to rated is 2 to 2.25

Short Time Duty: In short time duty, the time of operatignless than the heating time constant and the
motor is allowed to cool down to the ambient temperature before it is required to start again. If a motor

rating of powerP, is subjected to short time duty load & , then the temperature rise will be far below

than the permissible temperatugg,, . Therefore, the motor can be overloaded by a factor K>1 sugh that
the maximum temperature rise jusacies the permissible valug,..Now, for the loadKR ,the time of

operation ist, .

(1.45)
For motor powerP, the loss is P,
a Q
For power KP,, the loss isB_, then e = LA &%9
qper Plr g_ é?g
P
But, P, =P.+P, and leta = —*
AKP @
then,P, =P, +P ‘g =P +K®R, =P, (a+K?) (1.46)



+a
b
l-e!
Intermittent periodic duty: Here, the temperature neither reaches the stefadly value during on nor
reaches to ambient temperature during off period. So, thelaading can be applied to the motor to

bring to the steady state temperatimewhich the motor rating can be selecté@tie overloading factor

can be found as

From the equations, the overloading factorK = -a (2.47)

K=_l(a +1)—: -a (1.48)

Load Equalization:

In application such as electric hammer, pressing job, steel rolling mills etd]uotadates widely within

short intervals of time. In such drives, to meet the required load the motor rating has to be high or the
motor would draw the pulse current from the supply. Such pulse current from the supply gives voltage
fluctuations which affets to the other load connected to it and affects to the stability of the source. The
above problem can be met by usiniiyaheel connected to the motor shaft for rewersible drives.This

is called load equalizationThe moment of inertia and the mechanical time constant can be found out

from the load equalization problem.
Tl

Tih
Tmax
. ;\\\
Tmin - I
N "t
a ) a o)
e (0] e (0]
T o t 0 T & t 0
J= L s ! -~ or J L o h -0 (1.49)
Wino = Winr aTmax - Tu O(j Wino = Winr aTIh - Tmin O(j
%‘ - T 80 %n% -T 80
c C "min == c C ' max —=
The mechanical time consiiais
a Q
e (0]
& t o]
tn=a 520 (1.50)
aTlh - Tmin O(j
-T 80
('!‘ C 'l max —=+

The symbols used have their respective meaning.
Bidirectional Electrical Drives (1 and 2™ quadrant)

From the actiom eact i on

t heory of

Newt onods

when an

steady state operation,force exerted by either part (motor or load) of drive sysiempposed by a
force equal in magnitude and opposite in direction from the other. This can be understood by taking a

bidirectional driveswith unidirectional speedand bidirectional load torque.



Bi-directional speed drive(1* and 4" quadrant)
In the figure shown below an elevator is moving passengers in both directions (up and down).For
simplicity, let us assume that the elevator does not have a counterweight. In the upward directions,the

motor sees the load forde which is a function of the weight of the passengers plus elevator cabin,cable
etc. Since the weight anB, are unidirectional, the motor forde,, is also unidirectionalThe speed of

the motor in this operation isdifectional.
Bidirectional speed

F,;, FW

Motion

Motion

Four-Quadrant Drives



Speed

Power flow 4+ Power flow
Iy
w Tm w \ \\
Load @ / / Load
Tj 1 i
Torque
Power flow Power flow
T I
Load Load
w
@ T ] Tw

The Following conventions are to be followed.

1. When the torque of an electric machine is in the same direction as system speed, the machine
consumeselectric power from the sourcand deliver the mechanical power to the laod. The
machine is then operating as a motor.

2. If the speed and the torque of the machine are in opposite directions, the machine is consuming
mechanical power from the load and delivering electric power to theesda this case, the
machine is acting as generator.

Characteristics of Motor:

Three types of electric motors geakly used for drive purposes. D@duction and Synchronous motor.
DC Dirives:

Separately Excited Dc motor:

F2

Separately excited

The basic equations for DC motor are

E=K.J/w, (1.5
V=E+IR (1.52
T =K1, (2.53

Where, E = back emf in volt 7 = flux per pole in weberV = supply voltage in vojt|,= Armature

current in Amp; R,= Armature resistance in ohmw_ = speed of armature in rad/se€ = torque

developed in motor in Mt
From the above set of steady state equations the steady state torque speed relation can be found out as



(1.54
w o=V _RT
"KL (K

This equation can be applied to all series, shunt, compound and separately excited dc motors.
In the case of separately excited motors, if the field voltage is maintained constant,and assuming the flux

(1.55)

as constant, then K./ =K (constant) (1.59
The speed equation is written for the separately as well as shunt motor is
_V _RT

The peed increases from the zerdaiphe base speetihis method is called the constant torque
method Beyond the rated voltage, and rated armature current the voltage can not be increased further due
to insulation problem. So, to control the speed the fantrol can be done. By decreasing flu, speed

can be increased abotlee base speedy, . This method is called constant power method where both
voltage and armature current is kept constdsisther, in the below base speed region, the speed can be
decreased from the no load speef], by increasing the load. When the load increased, the speed
decreased from its no load spe€his motor is used where the speed regulatigods.

P unat
AuBntibies

10

e e e s e A

I .y
. [+] 1.0 [ewr uns]
Fiskdi_washaning
T o Constant torgue regicn il wahaning or
Speed-Torque ch. when load varies oy = rated) i 18 cecransec)

Dc Series Motor:

Az

Series
From the basic equation the speed can be written as
\Y RT

"TKS (K )




In series motor, T =K/, , but” I,
So, T=KK;I? (1.58
\Y 1
W, = - R, (1.59
JKK, VT KK,
In the case of series motoany increase in torque is accompanied by an increase in the armature current
and thereforean increase in fluBecause the flux increases with torque, the speed must dnegiritain

a balance between the induced voltage and the supply voltage. The charactahstiefige, highly
drooping.

Tofque vi. current ol series Speed vi. torgoe of series
EHar, modor,

Methods of speed control
From the speetbrque relation from the equation it isegethat, the speed can be controlled by any one of
the following three methods.
1. Armature voltage control
2. Armature resistance control (Rheostatic control)
3. Field flux control
Armature voltage control method: (DC shunt motor)
The speeds corresponding to two different armature voltagés aed \, of a dcshuntmotor are given

by

\A RT
w =——-—2 __=w_-Dw 1.6
mOKS (Kf)?E (160
=V RT =W,,- Dw (1.61

W,
K S (K
The no load speed is directly proportional to the supply voltages. Keeping the load torque as constant, the
family of motor torquespeeccharacteristics can be drawn for a given load torque.



V1> V2> \I3

4Y

Speed-Torque Characteristics of de shunt motor for
different armature voltages

This method is only for below rated speed since the voltage magnitude should not be greater than the
rated voltageThe variable voltags can be obtained by phase controlled rectifier aneDBGChopper
concerter.

DC Series motor:

Field flux control method.

If the field of a separately or series excited motor running at a speed is weakened, its induced emf
decreases. Because of low armature resistance, the current increases by an amount much larger than the
decrease in the field flux. As a result, in spitethid weakened field, the torque is increased by a large
amount, considerably exceeding the load torque. The surplus torque thus available causes the motor to
accelerate and the back emf to rise. The motor will finally settle down to a new speed, highbetha
previous one, at which the motor torque with the weakened field becomes equal to the load torque. Any
attempt to weaken the field by a large amount will cause a dangerous inrush of current. Care should
therefore be taken to weaken the field only $yoand gradually.



Armature voltage control at full field

=== == Flux control at rated armature voltage

N Decreasing

~ at constant V \ \ Decreasing ®

~ \ \ at constant V
\

Natural

o Decreasing V T o Decreasing V ¥
at constant & at full field

(a) Separately excited (b) Series

Speed-torque curves of separately excited and series motors.

Armature resistance controt
Speed torque characteristics of separately excited (or shunt) and series motors for various values of
external resistance.ft series with the armature are shown.

W Increasing R, ©m A
Do / Natural
, y, Increasing R,
Natural
0 T 0 T
(a) Separately excited (b) Series

Speed-torque curves of dc motors with resistance control

The main drawback of this method of speed control is its poor effici&ause of the poor efficiency,
this method is seldom used with separately excited motors, tefaregetting speeds which are required
for very short times.

Braking:

There are three methods of braking a dc motor

1. Regenerative braking.

2. Dynamic braking or rheostatic braking.

3. Plugging or reverse voltage braking

Regenerative Braking

In regenerative braking, the energy generated is supplied to the source.

Separately Excited Motor:

The steadystate equivalent circuit of a separately excited motor and source is given in figure. If by some
method the induced emf E is made greater thansthurce voltage V, the currentlwieverse. The
machine will work as a generator atige source will act as a sink of energy, thus giving regenerative
braking.



Armature voltage control at rated flux

= == == Flux control at rated armature voltage

———

“Wmo Natural

Braking Motoring

Decreasing V
at constant ¢

0 T
Regenerative braking speed-
torque curves of a separately excited motor.

Series motor

Series motors cannot be used for regenerative braking in the same simple way as separately excited
motors. For the regenerative braking to take place, the motor induced emf must exceed the supply voltage
andthe armature current shouldvezse. The reverbaf armature current will reverse the current through

the field, and, therefore, the induced emf will also revéree main advantage of regenerative braking is

that the generated electrical energy is usefully employed instead of being wasted insrtasostahe

case of dynamic braking and plugging.

Dynamic Braking:

The dynamic braking of a dc motor is done by disconnecting it from the source and closing the armature
circuit through a suitable resistance. The motor now works as a generator, prola@diraking torque.

For the braking operation, the separately excited (or shunt) motor can be connected either as a separately
excited generator (fig.b), where the flux remains constant, or it can be connected axaitselfshunt
generator, with the éld winding in parallel with the armature (fig.c).

Al Fl
LL ¥
Ra
Az Fa
(a) Motoring (b) Braking with separate (c) Braking with
excitation seif-excitation

Dynamic braking of separately excited motor.

Series Motor:

For dynamic braking, the series motor is usually connected asexsg#d series generator. For the self
excitation, it is necessary that the current forced through the field winding by the induced emf aids the
residual flux. This requirement is satesli either by reversing the armature terminals or the field
terminals.



(a) Motoring (b) Braking with
self-excitation

Dynamic braking of series motor.

SpeedTorque Characteristics during dynamic braking:

— Seperate
- Solf-excitation

(a) Separately excited motor (b) Series motor

Speed-torque curves of dc motors under dynamic braking.

Plugging:

If the armature terminals (or supply polarityf) @ separately excited (or shunt) motor when running are
reversed, the supply voltage and the induced voltage will act in the same direction and the motor current
will reverse, producing braking torque. This type of braking is called plugging. In theotasseries

motor, either the armature terminals or field terminal s should be reversed. Reversing of both gives only

the normal motoring operation.

AZ
—>—0— 000 \—O0——0
L5, S,
Nk /
s V.
= +
RB
AA'AA' o
A‘
(b) Series

(a) Separately excited

Plugging operation of dc motors.

Torque-speed characteristics:

When running at the rated speed, the induced voltage will be nearly equal to the supply voltage V.
Therefore, at the initiation of braking, the total voltage in the armature circuit will be nearly 2 V. To limit
the current within the safe value, a resismmqual to twice the starting resistance will be required.



Plugging is a highly inefficient method of braking. Not only is power supplied by the load, but also the
power taken from the source is wasted in resistances.

Series > Separately
excited

Speed-torque curves of dc
motors under plugging.

Starting:

Separately excited dc motor:

The maximum current that a de motor can safelyaduring transients of short dation is limited by the
maximum armature current that can be commutated without spafkomg.the speedquation we see

W, =W, - Dw
For large motas (greater than 10hp),the armature resistdRces very small. For these motors, the speed

drop Dwis very small, and the machine is considered to be constant speed machines. The torque
developed at startind,, and startingcurrent | ,can be calculatethy keeping speed as zero during

starting.
\Y T
KF (iaf?z (162
VT, = (k)L (1.63
R,
The starting currentis | = % (1.64

Effect of reducing source voltage during starting.

Effect of reducing external resistances.




Series Motor:
In series motor, the starting currentléss due to presence of field resistances in series with armature
resistance.

lst = L (163
R, +R
A v 8 |
T,=KC &R +R 8 (seriesmotor) (1.69
¢ F=
av @v o
=KC&— (shunt motor) (1.67
é‘ansh ﬁéﬁ g

From the two equations it is seen that,
T, is less in shunt mot@nd more in series motor.

|, is more in shunt motor and less in series m@or.series motor is widely used in traction drive.

Induction motor:
Advantages
1 Light in weight(cage type motor is usually used)
Higher efficiency
Low maintainance
Robust and reliable
Less cost than commutator type motor
Ability to operate in dirty and explosive environment
1 Advance feedback control technique such as field oriented control
Disadvantages
1 Armature and field windings are highly coupled
1 Nonlinear modeling
9 Multi-variablestructure
91 Controller such as power converteerter are relatively complex and expensive.
Steadystate performance of three phase induction motor:
The steady state performance can be studied from the power flow and equivalent circuit.

= =4 =4 -4 4

l STATOR I

AIR GAP 3ll-5) P3P,
——— Wi

ROTOR

38, 4 Wl oupling

7
| | 3 2Ry

/3Pi\

Power flow
Input power to the statoris P =3Vl cosg, (1.68

Input power = stator cu loss+ core loss+ air gap power



Stator cu losP., = 3(I,)*R, (1.69

V2
Core lossP, =3—=- (1.70
R,
Theair gap power per phase, = (I, )? R (1.70)
S
Rotor circuit power per phase (I,)°R =sR (1.72
: _ap . o )°R
Mechanical powe, = (1- )R, =(1- s) (1.73
S
: P, _R@-9s R _1()
Thus electromagnetic torque i, =— = M =9= —u (1.74
w, w(@l-s) w, w, s
Rs IXs iXr jxr
e 115 4118
i i E‘,’
\l‘s Rm%; Xm : Re' g™
.-‘\Tr.gap power (pg) ™ Airgap power (pg)
Equivalent circuit with reapect to the stator Approximate equivalent circuit
Per phase equivalent circuit of induction motor per phase equivalent circuit of induction motor
. o V,
But from equivalent circuil, = ~
e a 0
J(war)ﬂﬁﬁs
¢ S+
1 V72 '
Hence T,=— - * %
Ws & o) :
CHRg X e xf
¢ S= (1.75)

Steadystate orque-speed Characteristics
When the slip is very smalll .~ s

.1
When the slip is very largé,, P
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Three zones are there i) motoring zone (0O<s®Iegenerating zone (s<0) iii) plugging zone (1<s<2)

In the normal motoring zone Tm=0 at s=0. When slip increases, speed decredeggubuapproaches
maximum value. In the breakdown zone called quasi region, the stator drop is small and flux remains
constant.

Features
1 At s=0,Tm=0. Because there is no induced current and zero relative speed
1 Temis the maximum at sm whef@ =sX
9 Tstis starting totque when s=1
1 The motor is stable between (D4m)

Four-quadrant operation of Induction motor :
E

Forward
regenerative
braking

Forward / A
plugging

Forward
motoring

/e T—
i
Reverse / Reverse
mororing(' plugging
‘\ Reverse
S 1: 2 regenerative
-w = - braking
ms — ®
o ~
= Positive sequence voltages /' 3

—— - e Negative sequence vaoltages



SpeedControl

There are five methods for speed control for modifying speeqlie characteristic$) Stator voltage
control i) Stator Frequency contrdii) Slip power recovery contrdl(Kramer drive) or Rotor emf
injection methodiv) Rotor resistance control

Lag two methods are only for slip ring induction motor.

Supply voltage control Method

T, V2

Auto-transformer voltage controller Closed loop operation

>
Speed-torque characteristics with voltage control

The curves indicatethat, the slip at maximum torque is independent of terminal voltddesrange of
speeds within which steady state operation (for constant téwgds) may takes place for same for all
voltages i.e. between the maximum torque and synchronous &fg@bdn that region there will be a
small speed drop with decrease in voltabes method is suitable for fan, pump and centrifugal drives.
Drawbacks:

1 Gives poor energy efficiency at low speed

1 This method is only suitable for below base speed

Stator Frequency control

By controll ing tsymhranousspeed whichrirrtgrudetermiges the rdtqr sgabd
motor. When the frequency is varied, then the magnetizing culreistalso affected, which is given by
.= Vs = Vs (1.76)

"X, 2,



But, the magnetizing current must be constant for constant breakdown torque (maximum torgue).

A\ . :
Therefore, for constant breakdown torqu?yratlo should bemaintained constantWhen the operating

frequency is increased beyond the breakdown torque, then the torque gets reduced but the starting torque

. . \ o
is increased. For further decrease in supply frequefcyan not be maintained constaAt. very low

frequency the apparent increases that increased the voltage drop \etemeased.

O——— Controlled —rY-T
3¢ v Invertor VL

supply Q rg:':t_':,':]r I ! {dc-ac)

fV control 1 f control

30

20
Constant hp

0 ny ny ng n,  ng

Slip power recovery control(rotor emf injection method):

In aninduction motor, torque is equal to the power crossing the air gap divided by the synchronous
mechanical speed. In early slimg induction motor drives, power was transferred through the motor to
be dissipated in external resistances, connected toiphengl terminals of the rotor. This resulted in an
inefficient drive over most of the speed range. More modersrigigpdrives use an inverter to recover the
power called slip power from the rotor circuit, feeding it back to the supply syst€@me of tle best
recovery drive circuit is static Scherbius drive.

sE Ej

motor operation with injection voltzge (Zj) in rotor

At running condition of slip with constant loagbltage and frequency the rotor current

|, = SE For slip to be very smallR? 2 (sX )?

JRE+(s%)?)




l, =— (1.77)
R
- . SE-E
By giving additional voltageE; at the rotor end, therd | = =——, (1.78)
Since the load torque is constant, then
se_sSE-FE
R R
. E.
Y s =s+— (1.79)
E

It is seen the slip increases when the injected emf is in phase opposition to the indudéoierat the

slip increases, the induced eintreases and hence the current till the developed torque is equal to the
load torque. In this way the injected emf controls the sp®imdilarly when the injected emf is in same
phase then the slip decreases.

E;
S; =s- = (2.80)

This slip in term of slip power in rotor circuit can be recovered and send back to ac supply by Scherbius
drive and efficient thus increase.

w b

Ej in phase with E

Ej antiphase with E

iy

Speed- torque curves with injection of rotor voltage

Scherbiusmethod for slip power recovery
In this scheme, the rotor terminals a@nnected to a thrgghase diode bridge that rectifies the rotor
voltage. This rotor output is then inverted into mdraguency ac by a fully controlled thyristor converter
operatingoff the same mains as the motor stafidre dc link currentsmoothed by a reactor, may be
regulated by controlling thiéring angle of the convertan order to maintain the dewged torque at the
level required by the load. The curreantroller (CC)and speed controller (SC) are also indicaidue
current controller output determines ttanverter firing anglea from the firing control circuit (FCC)

From the equivalent circuitna ignoring thestator impedance, the RM#®ltage @r phase in the rotor
circuit is given by

Vew _Visw sV,

VR:_

(1.81)
nw, nw n



Where w, and w, are the angular frequencies of rotor and stator voltages respecinelyndis the ratio

of the equivalent stator to rotor turns. The-ldtk voltage at therectifier terminals of the rotory, is

3/6

given by v, =——V, (1.82)
p

AC
MAINS

DC Reactor [
VY L ]

Static Scherbius schme of slip power control

Assuming that the transfoeminterposed between the int@routputis and the ac supplyas the same
turn r at effectivé staiotoaator ttiris ef the motor

vV, =- ——=C0sa (1.83)

The negative sign arises becaiise thyristor convertetevebps negative dc voltage in theverter mode
of operation. Thelc-link inductor is mainly to ensure continuous @mntthrough the converter soahthe
expression (1.83holdsfor all conditions of operatiarCombining the preceding threquations iyes

SW =- W, Ccosa so that S=-ncosa (1.84)

And the rotor speed is
W, :%(1- Sw, = %WS(1+ ncosa) rad/sec (1.85)

Thus, the motor speed che controlled by adjusting tHeing angle a . By varying a between18(

and 90°, the speed dhe motor can be varied fromreeto full speed, respectively.

Rotor resistance control

The introduction or rotor resistance shp ring induction motor will modifies the spe&arque curves.
The operating points from zero to synchronous speed can be obtained in this method.
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Braking:

Regenerative braking

The speedorque curves obtained by the reversal of the phase sequence of the motor terminal voltages are
also shown by dotted linegVith a positive sequence voltager@ss the motor terminals, the operation
above synchronous speed gives the regenerative braking operation (portion BAE).Similarly, with a
negative sequelcvoltage across the motor tenas, regenerativeraking is obtained fogpeeds above

the synchronouspeed in the reverse directi¢portion bae)ln regenerative braking, the motor works as

an induction generatoconverting mechanical energy supplied by the load to electrical energy, which is
fedto the source. Thus the generated energy is usefulliogeth
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An induction motor operates in the plugging modeslips greater than |. For ptisie sequenceoltages,

a slip greater than 1 is obtained when the rotor moves inetlarse direction (portion CDgince the
motor is running in the reverse directionp@sitive torque provides the braking operatidfith negative
sequence voltages, plugging takdéscp on portion cd, showny the chairdotted line. When running in

the forward direction, the motor can beaked by changing the phasegsence of the motor terminal
voltages by simply iterchanging theconnections of any two motor teimals. This will tansfer the
operaion from point F to f and braking will commendhe motor torque is not zero aro speed. When
braked for stopping, the mot@hould be disconnected from tlseipply at or near zero speed. An
additional device wilbe required for detéiag zerospeed and disconnecting the motor from the supply.
Therefore, plugging is not staible for stopping. It is, however, quite suitable for reversing the motor.
From the forward motoring (portion BC), the reverse plugging oper§piortion CD) isobtained when

an active load drivethe motor in the reverse ditean, as in crane and hoist applications. When operating
this way, plugging is sormmes called counteiorque braking.

Dynamic braking

In dc dynamicbraking, the motor is disconnected fréhe ac supply andonnectedo a dcsupply.The
flow of direct arrent through the stator wiings sets up a stationary magndigtd. The relative speed
between the stationastator field and the moving tar is now negativeConsequently, -phase vokges
of reverse polarity and phasequence @npared to the motorinigg the same dirgion) are induced in
the rotor.The resultant threphase rotor arrents produce a rotating field, moving at the refmeed in the
diredion opposite to that of rotothus giving a stationary rotor fiel@ince both stator and rotor fad are
stationary and rotorurrent flows in the reversdirection, asteady braking torque is prodctat all

speeds. It, however, bemeszero & standstill due to zero rotouents.

Synchronous motor
In the synchronous motor, the stator windings are exactly the sametesinduction motor, so when
connected to the-Bhase supplya rotating magneticdid is producedBut instead of having a cylilnical

rotor with a cage windinghe synchronous motor has a rotath either a d.c. excited winding (supplied

via sliprings), or permanemha gnh et s,

designed

t-oon 6¢c aours ed styhndwehrrootnoirs

rotating magnetic Weld produced by the stator. Once the rogynhonised, it will run at exactly the



same speed as the rotatifigld despite load variation, so under constfaeguency operation the speed

will remain constant as long as the supply frequency is stable.

With the synchronous machine we agdind that, the maximum (pulout) torque which can be

devebped before the rotor is forced out of synchronism withtherotiéng d. T-busd 6pat Que w
typically be 1.5 times the continuouated torque, but for all torques below pollt the steady running

speedwill be absolutely constant. The tordepeed curve is therefore simply \ertical line at the
synchronous speedNe carsee from Figure that the vertical liegtends into quadrant 2, whigidicates

that if we try to force the ged above the syn@nous speethe machine will act as a generator.

Torque

e e s s s s s -

Motoring

Generating

I

Steady state torque-speed characteristic for
Synchronous motor at constant frequency



MODULE-2
CONTROL OF DRIVE SYSTEMS

Dc motorsare widely used in many spkeontrol drives.Openloop operation of dc motors may be
saisfactory in many applications. When the load increases the speed of the motor drops and the new
operating point of speed is obtained after the transient. For getting constant speed i.e. the initial operating
point the open loop does not work. So, clek®ip control system is require@ihe basic block diagram of
closedloop control system is shown.

If the motor speed decreases due to application of additional load torque, the spe&y emcoeases,

which increases the control signkl. This in turn changes the firing angle of the converter, and thus

increases the motor torgue to restore the speed of the drive system. The system passes through a transient
period until the desloped torque matches the applied torgfeclosedloop system improves the

dynamic response specially during acceleration, deceleration and disturbances such as loading in drive
system. The response of a closémbp system can be studied by using tran&faection techniques.

Separately Excited DC motorDrives

Armature voltage control is inherently a closed loop control systedt motor drives.Howeverthe
outputspeedsignal can not be measuradd the speed error is not found properly. This closed loop is
further extended by using a feed back tachogenerator with speed controller and conventsieior
control drives

Motor Transfer function without tachogenerator and converter. (Armature voltage speed control)

The basic set of equations are

ea:iaRa+La%+eg (2.1)

Where g, =K n (2.2)



