


Ql. Explain generator action & motor action.

in any electric motor, operation is based on simple electromagnetism. A current-carrying eandum
generates a magnetic field; when this is then placed in an external magnetic fi field, it will expeﬂemar,'-f
force proportional to the current in the conductor, and to the strength of the external magnetic field. Aﬁ
you are well aware of from playing with magnets as a kid, opposite (North and South) polarities attracn, |
while like polarities (North and North, South and South) repel. The internal configuration of a DC motor
is designed to harness the magnetic interaction between a current-c carrying conductor and an external

magnetic field to generate rotational motion.

Q2.Sketch the construction of dc generator.
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Q4 .Label the parts of dc machine
Produce, Electronics, Distribution Centers,

QS.Sketch the following connections of dc machine

(3) Shunt (b)Series (c)Separately excited (d) Compound







Commutator
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Q11 .Sketch mechanical action of dc generator & motor
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Q13.Sketch & write the equation for (a) shunt generator (b) Short shunt compound generator (c)
Series motor (d) Shunt motor
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direction of a shunt machine.
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The steady-state operation of a loaded generator i described by tl
1€ equations:



VT = KFIF
A= IL+ IF:
From these equations,

RalL = EAl (RA + RF)IF

That is. the RAlL is the voltage gap between the no load voltage and the voltage drop across RA and
RE caused by the field current |F

Q14.Write the generated emf equation for generator and motor.

Generator E.M.F Equation

Let

® = flux/pole in weber

7 = total number of armture conductors

- No.of slots x No.of conductors/slot

P = No.of generator poles

A = No.of parallel paths in armature

N = armature rotation in revolutions per minute (r.p.m)

E = e.m.finduced in any parallel path in armature

Generated e.m.f Eg = e.m.f generated in any one of the parallel paths i.e E.
Average e.m.f geneated /conductor = d@®/dt volt (n=1)

Now, flux cut/conductor in one revolution d® = OP Wb

No.of revolutions/second = N/60

Time for one revolution, dt = 60/N second

Hence, according to Faraday's Laws of Electroagnetic Induction,
E.M.F generated/conductor is
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Q15.Explain the magnetic action of armature field distortion |

r electrical generator
A commutator is a rotary electrical switch in certain types of elteoc:rtl;:;::1 ?t%t:;sxttaerz . c'rcu”f . q .ﬂ
that periodically reverses the current direction between the rc: ensritor, plekbi et
motor, it applies power to the best location on the rotor, and in : (! b c;f cireuit makeg il
similarly. As a switch, it has exceptionally long life, considering the nu na

breaks that occur in normal operation. g
Q17.Explain the methods to reduce the armature reaction.

All current-carrying conductors produce magnetic fields. The'magnetic field produced by curreln;t'l: U
the armature of a dc generator affects the flux pattern and dnstortﬁs the mail? field. This distortion I
causes a shift in the neutral plane, which affects commutation. This change in the neutral plane and
the reaction of the magnetic field is called armature reaction.

Since an armature is wound with cotls of wire, a magnetic field is set up in the armature w
whenever a current flows in the coils, This field is af rght angles to the generator field, and
called cross magnetization of the armature. The effect of the armature field is to distort the
generator field and shift the neutral plane. The neutral plane is the position where the
armature windings are moving parallel to the magnetic flux lines, This effect is known as
armature reaction and is proportional to the current flowing in the armature coi ls.

The brushes of a generator must be set in the neutral plane; that is, they must contact
segments of the commutator that are connected to armature coils having no induced emf | (.

the brushes were contacting commutator segments outside the neutral plane, they would

short-circuit "live" coils and cause arcing and loss of power,

o shift in the direction olfrotation, and if the F
brushes are in the neutral plane at no load, tha 18, when no armature current is flowing, they

will not be in the neutral plane when armature current 1s flowing, For this reason it is !
desirable to Incorporate a corrective system into the generator design. 'Il

Armature reaction causes the neutral plane

These are two principal methods by which the
first method is to shift the position of (he
the generator is producing its normal 1o
called interpoles, are nstalled in the 2ol

etfect n'l'urlmlturc reaction is overcome. The

brushes so that they are in the neutral plane when
ad current, in the other metho. special field poles,
erator 1o counteract the ellect of armature reaction, |
The brush-setting method is satisfactory in i '
a fairly constant load. If'the load varies to g marked degree, (he heutral plane will hift
proportionately, and the brushes will no be in he Correct plmilinn at ullllt 'ﬂngw';‘hsbl h-
S@tting method iﬁ the most COMMmMaon means of ¢ ' i ﬁ)r m‘nn"ur e Ian:ICS. : S
generators (those producing appmxinmtely 1000 W ¢y €S8). Larper L.“'m'.lm" i small e g
of interoles - HRET generators require

stallations in whicl the generator operates unde



Q20.Explain the voltage of self induction

The property of self-inductance is a particular form ot electromagnetic induction. Self
inductance is defined as the induction of a voltage in a current-carrying wire when the current
in the wire itself 1s changing. In the case of self-inductance, the magnetic field created by a
changing current in the circuit itself induces a voltage in the same circuit. Therefore, the
voltage is self-induced.

Q21.Sketch the power flow diagram in dc machine.
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Diagram of DC shunt motor. Notice the shunt coil is identified as a coil of fine wire with many
turns that is connected in parallel (shunt) with the armature.

Q22.Describe the losses and efficiency in dc motor.

The losses occurring in a d.c. motor are the same as in a d.c. generator (i) copper losses (ii)
Iron losses or magnetic losses (iii) mechanical losses As in a generator, these losses cause (a)

an increase of machine temperature and (b) reduction in the efficiency of the d.c. motor.
T'he following points may be noted:

(1) Apart from armature Cu loss, field Cu loss and brush contact loss, Cu losses also occur In

interpoles (commutating poles) and compensating windings. Since these windings carry
armature current (I,),

Loss in interpole winding = I, %x Resistance of interpole  winding
Lf)ss In compensating winding = I, 2x Resistance of compensating winding
(11) Since d.c. machines (generators or motors) are generally operated at constant flux density
and constant speed, the iIron losses are nearly constant.

(111) Ihe mechanical losses (i.e. friction and windage) vary as the cube of the speed of
rotation of the d.c. machine (generator or motor). Since d.c. machines are generally operated

at constant speed, mechanical losses are
considered to be constant.

This proposes the effective technique for estimating efficiency of existing three-phase

induct-ionmotor§ in the field. This technique focuses on the efficiency of motors without the
need for removing the motors and without the need for measuring the output power or




e & ratar 1ch that of the calculated obtain
, timated efficiency ma ting 10 up to 1C
motor. To ilustrate haw o' theh%results of various induction motors l’ﬂt| tg'l acclf. cy, a
from the standard evaluations, the has a hig y, i

indi « proposed technique Nas b L
are presented. Test results indicate that thlsi t;; enaergy “Ldits of existing motors in ¢ rder

' itable for conducting on- ‘ ‘ - il
xpﬁrzud.degi:i:ﬁltt: replace operating motors with a higher-efficiency

Q24.Sketch the power flow diagram of dc generator
Q25.Sketch the power flow diagram of dc motor.
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Fig. 40.1: Power flow diagram of a D.C. motor
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Fig. 40.2: Power flow diagram of a D.C. generator
Q26.Explain maximum efficiency

Many engines and power plants burn fuel, converting D
nto more useful forms such as electricity or mechan;
to friction, leakage, and so forth. But even in the
the Second Law places constraints on the

! part o I the heat energy so generated
hanical work. In practise there are losses due
1¢ most 1deal case, as we have hinted aboves
maximum efficieny that can be attained. B

Q28.Explain machine temperature rise.

Whenever a wire carries electrical current.

(S temperature will
' . . : : -~ . & e \N lll ll]Cl‘eaQ N ' S oy | "_‘.‘ i
of the wire. One important factor of this temperature rise i the inﬂuc;lt dliiel - he i
o HHuencee it has on the

Shomsulﬂatlttlll.l\esz?teemof ?n elect;lc;ll !nachin.e.. such as an alternator. T > hotte e thel
M er expec ancy.o. t e‘msulatmn, and of course the F. ‘f’ ‘Qtter the wire, the
explain some standards and considerations regarding ¢ machine itself This article w

o Wlternator lemperature rise.
Q30.Analyze the power losses in dc machine.



~ machine during an operation cycle and the specified production rate. Since speed and torqu
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both transient functions with no steady-state operating point for such systems, a study waa oy Sl

conducted to determine an expression that would describe these losses for a DC machineasa
function of its operating speed and torque. A multiple regression technique was applied to the d?ﬁt’:é
collected from a set of sample machines for this purpose. Starting with the analysis of individual
expressions for each of the components of losses in a DC machine, two regression models are
oresented. The first, based on a sample size of ten machines, provides an expression for the
determination of operating point losses at any specified speed and torque per unit of rated machine
losses (at rated speed and torque). The second model, based on data on 64 machines, provides an
expression for the determination of rated losses in percent of machine power rating as a function of
rated motor speed in r/min, armature volume in cubic units (DSQL), and percent armature droop.
Mean estimates are also presented for the determination of percent droop and armature volume for

a range of power ratings from 50 hp to 800 hp machines.

Q32.Explain percentage voltage regulation.

The change in voltage magnitude that occurs when the load (at a specified power factor) is
reduced from the rated or nominal value to zero, with no mntentional manual readjustment of
any voltage control, expressed in percent of nominal tull-load voltage. Voltage regulation is a
convenient measure of the sensitivity of a device to changes 1n loading.

E_ =
—nl _E__f_L_ % 100 = Percent of regulation
Efr
250~ 220
X =13,6%
530 100 =13.6

500/520 x 100 = 96%



Q35.Write the generated emf equation.

Flux cut by one conductor in one revolution of the armature.
dé = Pé webers
Time taken to complete one revolution.
dt = 60/N second
dd6 Pp PoN

e.m.f generated'conductor = —=———

& 80N &0 volts

¢.m f. of generator.
E. =emf per parallel path
= (e.m f'conductor) x No. of conductors in series per parallel path
BN 7z
60 A
. g, POIN
60 -

—

A=3



laboratory experiment some parameters of the Motor Board, including DC motor + a
:iacl?ogener ator ?ﬂd potentiometer transfer functions were identified. In this lab, students will
esign an experiment to identify the “dynamic characteristics” (e.g. the time nstants) of th

g, e . , ,
DC motor transfer function. (c.8 constants) of the

AC voltage may be increased or decreased with a transformer. Use of a higher voltage leads to
more efficient transmission of power. The power losses in a conductor are a product of

significantly
the current and the resistance of the conductor, described by the formula

the square of

2
P §, = I R :
This means that when transmitting a fixed power on a given wire, if the current is doubled,

the power loss will be four times greater.

The power transmitted 1s equal to the product of the current and the voltage (assuming no

phase difference); that 1S,

PT —= 11

Q37.Write the transfer function and generated voltage equation of self excited machine.

<ts of a rotor spinning in a magnetic field. The magnetic
ts or by field coils. In the case of a machine with field

the field, otherwise no power is transferred to or
tic field by means of an electric current is called

An electric generator or electric motor consl

field may be produced by permanent magne
coils, a current must flow In the coils to generate

from the rotor. The process of generating a magne

excitation.
e=Nxl(d ¢'/dt)><10"8

042 Sketch three phase speed control with SCR




& FiminG CIRCUITE, INC.

Q43.Sketch the block diagram of SCR controlled motor.

CONTROL CONTROL
INPUTS CARDS

FEEDBACK
ISOLATION
CIRCUIT

DC MOTOR CONTROL.
SIMPLIFIED BLOCK DIAGRAM

- Q44.What are the effects of ripples.

I .
1




The ripple effect is a term used to describe a situation where, like the ever expanding ripples across
water when an object is dropped into it, an effect from an initial state can be followed outwards
incrementally.

Ripple is undesirable in many electronic applications for a variety of reasons:

e The ripple frequency and its harmonics are within the audio band and will therefore
be audible on equipment such as radio receivers, equipment for playing recordings
and professional studio equipment. -

e The ripple frequency 1s within television video bandwidth. Analogue TV receivers
will exhibit a pattern of moving wavy lines 1t too much ripple 1s present.

e The presence of ripple can reduce the resolution ot electronic test and measurement
instruments. On an oscilloscope 1t will manitest itself as a visible pattern on screen.

o Within digital circuits, it reduces the threshold, as does any form of supply rail noise,
at which logic circuits give mncorrect outputs and data 1s corrupted.

e High-amplitude ripple currents shorten the life of electrolytic capacitors

Q45.Sketch the torque-speed relationship curve and write the equation

D.C. Motor Torque/Speed Curve

—— Stall torque

— P —— R - —
i T e L e e ——————

e — e W e —

Rotational Speed

I motor =Ts — W Ts / Wn



&ﬁ*w What is the duty cycle? . N
' ine before it needs a rest, or wh;

The duty cycle of a machine refers to how long It €& e Opera::;gchine gun might only be able ta

percentage of the time it's designed to be in use. For instance, @ i

: d to cool.
fire continuously for 100 rounds before it needs to be allowe

Q49.Sketch 4 points dc motor starter

A: shunt
B: series

C: compound
f = field coil

Q51.Express the types of dc motor starters

- circuit making and breaking conditions,
- type of load (squirrel cage motor, brush motor, resistor),

- conditions in which making and breaking take place (motor running, motor stalled, starting
process, counter-current breaking, etc.).

DC motor starters combine a controller (most often a contactor) with overload protection, allowing @
motor or motor-controlled equipment to be turned on and off. There are many different types Df"
products. Multi-speed DC motor starters are designed to be Operated at a constant frequency and 3

..l;:'

ve main types of reduced voltage starters:

autotransformer, part winding, wye delta, and solid primary resistot,

state. Full voltage, non-reversing DC motor

_ Q52.Sketch armature current and time graph, speed and time graph




Yelocity (m/s)

Q54.Sketch 4 points starter

The four-point starter eliminates the drawback of the three-point starter. In addition to the
same three points that were in use with the three-point starter, the other side of the line, L1, is
the fourth point brought to the starter when the arm 1s moved from the "Off" position. The
coil of the holding magnet is connected across the line. The holding magnet and starting
resistors function identical as in the three-point starter.

o The possibility of accidentally opening the field circuit is quite remote. The four-point
starter provides the no-voltage protection to the motor. [f the power fails, the motor 1s

disconnected from the line.



28 L

compound motors.
- There are two standard types of motor starter for shunt and comp
: These are: .
L (i) Three-point type; and (ii) Four-point type.

hree terminals L, F and A. if it is desired

Three-point starter. The starter has 1 o
p eostat 1s added as shown in Fig

that the speed of the motor is controlled, a field rh

: 1.26.
' Starting Four point starter
resistor _ S_ ________ -

—

I

| Off NW‘
: |
£ b1 2 3 4 50—
: S -
c IL,
ﬁ | Holding
D.C Supply ; L, coil

e e s i i e £ e e | At e

(a)
When the motor is at rest, the starter arm is held in the OFF position by a
strong spiral spring.

Starting of motor:

- In order to start the motor, one hand is held on the handle of the open main
switch while the starter arm is moved to the first stud with the other hand; then
the main switch is closed. If all the wiring is correct and the armature is free to
tumn, the motor will start.

-  After the ammature has accelerated sufficiently on the first stud. the starter arm
is slowly moved to studs 2, 3, 4 etc. until the arm rests tirmly against the iron

poies of the holding coil electromagnet. The entire starting process should take

from S t0 10 seconds. In the final position, the electromagnetic pull exerted by

: the holding coil will be greater than the force exerted by the spiral spring.

{'__ Should there be a power failure or should the field circuit be opened

3 accidentally, the starter arm will fall back ro its OFF position. This function
of starter is particularly important because:

() 't the power fails and starter arm is not restoped to the OFF position

should the POWET, come on again: and




Q56.5ketch the power Tiow diagram of dc generator

Fower Gross power
input to armature  developed by armature
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Flectrical
p"“ cr P . I‘-u'.l lpessn
P L

pll

Fig. 40.1: Power fMlow diagram of a D.C. motor

Q59.Explain dynamic braking with sketch.

Dynamic braking is the use of the electric traction motors of a railroad vehicle as generators when
slowing the Locomotive. It is termed rheostatic if the generated electrical power is dissipated as heat
in brake grid resistors, and regenerative if the power is returned to the supply line. Dynamic braking
owers the wear of friction-based braking components, and additionally regeneration can also lower

energy consumption.

Regenerative Braking R CONTACT RAIL
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INTERNAL
RESIST-
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— T
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Q61.Write the formula to calculate the acceleration time.

— F/m. where F is the net force applied to a mass, m. .
Acceleration is also the change in velocity, (Delta-V). 3
divided by the change in time, (Delta-t). So, a = Av/At

Q62.Describe the characteristics of the following dc motors.
(a) Series motor (b) Shunt motor (c) Compound motor

resistance field winding connected in series with the armature. It

A series wound motor has a low- e
educes the armature current and minimises

responds to increased load by slowing down and this
the risk of overheating. Series wound motors Were Wi
every kind, but are being phased out i

inverters. The counter-EMF aids the armature resistance to
When power is first applied to a motor, the armature does not rotate. At tha

EMEF is zero and the only factor limiting the armature current is the armature res
Q: therefore the current through the armature would

limit the current through the armature.
t instant, the counter-

istance. Usually the N

L

armature resistance of a motor is less than 1
be very large when the power is applied. Therefore the need arises for an additional resistance in

series with the armature to limit the current until the motor rotation can build up the counter-EMF.

As the motor rotation builds up, the resistance is gradually cut out.

A shunt wound motor has a high-resistance field winding connected in parallel with the armature. It
responds to increased load by trying to maintain its speed and this leads to an increase in armature |
current. This makes it unsuitable for widely-varying loads, which may lead to overheating.

A compound motor has two field windings, as shown in figure 2-5. One is a shunt field connected

in parallel with the armature; the other is a series field that is connected in series with the armature
The shunt field gives this type of motor the constant speed advantage of a regular shunt motor The‘

series field gives it the advantage of being able to develop a large torque when the motor is started
riss a

under a heavy load. It should not be a surprise that the COmpound motor has both sh
shunt-

motor characteristics. and series-

Q63.Explain the principle of dc motor speed control

| iS qUIte . . 1L

) . S off : mefﬁCl e

the motor doesn't notice it, it only notices the azzggquu;lf(ly, If the SWitchiingt :: ;Oi A better
€ Cllect. st enough,
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Q65.Sketch the ward Leonard system speed control and explain it's operation

FIMING CIRCUITE INC.

n as the Ward Leonard Drive System, was a widely used DC motor

speed control system introduced by Harry Ward Leonard in 1891. In early 1900s, the control system
of Ward Leonard was adopted by the U.5. Navy and also used In passenger lift of large mines. It also
provided a solution to a moving sidewalk at the Paris Exposition of 1900, where many others had
failed to operate properly.[citation reeded] An outstanding contribution to the war effort was the
use of Ward-Leonard Control systems in antiaircraft radars. Connected to automatic anti-aircraft gun

directors, the tracking motion in two dimensions had to be extremely smooth and precise. The MIT

Leonard to equip the famous radar SCR-584 in 1942. The Ward
became availble in the

Ward Leonard Control, also know
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consistent torque. Many Ward Leonarc _

se it | ffered smooth speed control and
riations on them remain in use.

Q66.Explain dc motor speed-torque characteristics.

Shunt wound motor: A shunt wound motor has a high-resistance field winding connected in

parallel with the armature. It responds to increased load by trying to maintain its speed and this

leads to an increase in armature current. This makes it unsuitable for widely-varying loads, which
may lead to overheating.

Series wound motor: A series wound motor has a low-resistance field winding connected in
series with the armature. It responds to increased load by slowing down and this reduces the
armature current and minimises the risk of overheating, Series wound motors were widely
used. as trag:tlon motors in rail transport of every kind, but are being phased out in favour bf
AC dm_ductl_or} motors supplied through solid state inverters. The counter-EMF aids the

armature resistance to limit the current through the armature. When power is first applied to a
er-EMF is zero and the only

motor, the armature does not rotate. At that instant, the count
factor llmltfng the armature current is the armature resistance, Usuall y the armature resistance

This suits large inertial loads as the speed will drop

i' these motors have a very high stalling torque,
H' Permanent magnet motor
A permanent magnet DC motor is characterized by its |, _ .
~ load angular velocity (speed). Y 118 locked rotor (stall) torque and its no-




068.Sketch dc motor torque and speed relationship graph for (a) shunt motor (b) series
motor "

T
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Schematic diagram of a shunt motor including the field rheostat
b. Torque-speed and torque-current characteristic of a shunt motor.

SERIES
FIELD
= ; Series field
INPUT . g‘,.--1-..-—---.r-m-:;?;.m |
VOLTAGE : 92
o Vullagc 3 "
ARMATURE s “T mur;_ , \Arinatyre

Electrical diagram of series motor

Q70. Exp|a|n braking by plugging with sketch

in regenerative braking as the name suggests the energy recovered from the rotating masses is fed
hack into the d.c. power source. Thus this type of braking improves the energy efficiency of the
machine. The armature current can be made to reverse for a constant voltage operation by increase
in speed/excitation only. Increase in speed does not result in braking and the increase in excitation is
feasible only over a small range, which may be of the order of 10 to 15%. Hence the best method for
obtaining the regenerative braking is to operate, the machine on a variable voltage supply. As the
voltage is continuously pulled below the value of the induced emf the speed steadily comes down.

The field current is held constant by means of separate excitation.




(a)Physical connection

Speed
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