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la | Derive thetorque equation of aD.C. Motor. 6 CO1| L2
1b | State the applications of various types of DC motor 4 |CO2| L1
2 | Explain the different methods of speed control of DC shunt and series motor. 10 |CO4| L2
3 | What is the necessity of starter? With neat sketch describe the working of three 10 |CO1| L2
point starter. List the limitations.
4 | While conducting Swinburne’s test on a 500 V shunt motor, it is noted that it 10 |CO3| L4
takes a current of 5A on no-load. The resistances of the armature and field
circuits are 0.22 ohms and 250 ohms respectively. Estimate the efficiency when
the motor current is 100 A. What is the percentage change of speed between no-
load and full-load?
5 | Explain back to back test of two identical dc machines and find the efficiency of 10 |CO3| L2
motor and generator. State its advantages and disadvantages.
6 | Two shunt motors loaded for the Hopkinson’s test take 15 A at 200 V supply. 10 |CO3| L4
The motor current is 100 A and the shunt currents are 3 A & 2.5 A. If the
resistance of each armature is 0.05 ohm, calculate the efficiency of each machine
for the given operating conditions.
7 | A 220V shunt motor with an armature resistance of 0.5 ohm is excited to give 10 |CO2| L3
constant main field. At full load the motor runs at 500rpm and takes an armature
current of 30A. If aresistance of 1.0 ohm is placed in the armature circuit, find
the speed at (a) full-load torque (b) double full-load torque.
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la | Derivethetorque equation of aD.C. Motor. 6 ICOL2
1

Torque Equation

Torque T =F xr (Nm)

Letin a d.c. motor

r = average radius of armature in m

| = effective length of each conductor in m
Z = total number of armature conductors
A = number of parallel paths

i = current in each conductor = la/A

B = average flux density in Whbh/m2

@ = flux per pole in Wb

P = number of poles

Force on each conductor, F = B i | newtons
Torque due to one conductor = F X r newton- metre
Total armature torque, Ta = Z F r newton-metre

Ta =ZBilr
Now 1= I/A B = {/a where a is the x-sectional area of flux path per pole at
radius r. Clearly, a=2nr ¢ /P.
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Since Z_ P and A are fixed for a given machine.
Tﬂ x E'IJIR

Hence torque in a d.c. motor is directly proportional to flux per pole and

armature current.
(1) For a shunt motor, flux ¢ is practically constant.

T,«<I,

(ii) For a series motor. flux ¢ is directly proportional to armature cwrent I,
provided magnctic saturation docs not take placce.

T els




1b | Statethe applications of various types of DC motor 4 |COL1
Applications 2
v Shunt motors - Lathes, drills, boring mills, shapers,
spinning and weaving machines
v" Series motors - Electric traction, cranes, elevators,
air compressors, vacuum cleaners,
hair drier, sewing machines.
v" Compound motors -Presses, shears,
reciprocating machines
2 | Explain the different methods of speed control of DC shunt and series motor. 10/COL2
4

3 The speed of a dc motor is given by the relation,

(V-LR,) KE,
N=K -
0 0

1. Flux / pole @ (Flux Control)
.8 Resistance R, of armature circuit (Rheostatic control)
3 Applied voltage V (Voltage Control)

Speed Control of Shunt Motors
I. Flux Control Method
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v It is based on the fact that by varying the flux @, the motor speed (N a 1/ &)

can be changed and hence the name flux control method.

v In this method, a variable resistance (known as shunt field rheostat) is placed in

series with shunt field winding as shown in Fig.

v'The shunt field rheostat reduces the shunt field current |, and hence the flux ®.
v" Therefore, we can only raise the speed of the motor above the normal speed.

v Wider speed ranges tend to produce instability and poor commutation.
v In non interpolar machine the speed ratiois 2 : 1.
v" In machines with interpoles the speed ratio is 6 : 1




Advantages & Disadvantages of
Flux control method

Advantages

(i) This is an easy and convenient method.

(ii) It is an inexpensive method since very little power is wasted in the shunt
field rheostat due to relatively small value of Ish.

(iii) The speed control exercised by this method is independent of load on the
machine.

Disadvantages

(i} Only speeds higher than the normal speed can be obtained since the total

field circuit resistance cannot be reduced below R —the shunt field winding
resistance.

(ii) There is a limit to the maximum speed obtainable by this method. It is
because if the flux is too much weakened, commutation becomes poorer.

Note. The field of a shunt motor in operation should never be opened hecause
its speed will increase to an extremely high value.

ii. Armature or Rheostatic control method
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v'This method is based on the fact that by varying the voltage available across the
armature, the back e.m.f and hence the speed of the motor can be changed.

v'This is done by inserting a variable resistance RC (known as controller resistance)
in series with the armature as shown in Fig.

NoeV-I(R, +R¢)

v" Due to voltage drop in the controller resistance, the back e.m.f. (E,) is decreased.
v" Since N a Eb, the speed of the motor is reduced.

v" The highest speed obtainable is that corresponding to R = 0 i.e., normal speed.
v" Hence. this method can only provide speeds below the normal speed




Disadvantages of Armature
control method

Disadvantages
(i} A large amount of power is wasted in the controller resistance since it
carries full armature current la.

(i) The speed varies widely with load since the speed depends upon the
voltage drop in the controller resistance and hence on the armature current

demanded by the load.
(iii) The output and efficiency of the motor are reduced.
(iv) This method results in poor speed regulation.

Due to above disadvantages, this method is rarely used to control tie speed of
shunt motors.

Note.

v' The armature control method is a very common method for the speed
control of d.c. series motors.

v" The disadvantage of poor speed regulation is not important in a series
motor which is used only where varying speed service is required.

lii. Voltage Control Method
(i) Multiple voltage control.

v' In this method, the shunt field of the motor is connected
permanently across a-fixed voltage source.

v" The armature can be connected across several different voltages
through a suitable switchgear.

v In this way, voltage applied across the armature can be changed.

v The speed will be approximately proportional to the voltage applied
across the armature.

v'  Intermediate speeds can be obtained by means of a shunt field
regulator.




Speed Control of DC Series Motor
1. Flux Control Method

(i) Field divertcrs.

v

In this method, a variable resistance (called
field diverter) is connected in parallel with

Diverter
series field winding as shown in Fig. yﬁ/
lts effect is to shunt some portion of the line
current from the series field winding, thus _ &

weakening the field and increasing the speed
(Na1/®). R

The lowest speed obtainable is that
corresponding to zero current in the diverter @

v
(i.e., diverter is open).
Obviously, the lowest speed obtainable is the
normal speed of the motor.

v

Consequently, this method can only provide
speeds above the normal speed.

The series field diverter method is often
employed in traction work.

Flux Control Method
i) Armature Diverter

In order to obtain speeds below the normal
speed, a variable resistance (called armature
diverter) is connected in parallel with the
armature as shown in Fig. .

The diverter shunts some of the line current,
thus reducing the armature current. /%/‘
ar

Divert
Now for a given load, if | is decreased, the flux
® must increase (T, a ®l,) because the torque
is maintained as a constant.
Since N a 1/ &, the motor speed is decreased.

-
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By adjusting the armature diverter, any speed
lower than the normal speed can be obtained.

Flux Control Method
iii) Tapped field control

In this method, the flux is reduced (and < —Q +
hence speed is increased) by decreasing S 1
the number of turns of the series field

winding as shown in Fig.

o=

The switch S can short circuit an% part of the
field winding, thus decreasing the flux and v
raising the speed.

With full turns of the field winding, the motor
runs at normal speed and as the field turns
are cut out, speeds higher than normal P "
speed are achieved. 4

Op—




iv) Paralleling field coils

v' This method is usually employed in the case of
fan motors.

v" By regrouping the field coils as shown in Fig.

v' several fixed speeds can be obtained.
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2. Armature-resistance control
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v In this method, a variable resistance is directly connected in series with the
supply as shown in Fig.

v This reduces the voltage available across the armature and hence the speed
falls.

v By changing the value of variable resistance, any speed below the normal
speed can be obtained.

v' This is the most common method employzd to control the speed of d.c. series
motors.

" [ux Control
Normal Speed

Specd m—

Armature Control

T |




What is the necessity of starter? With neat sketch describe the working of three point starter.

List the limitations.

v

(i)

Necessity of D.C. Motor Starter

At starting, when the motor is stationary, there is no back e.m.f. in the
armature.

Consequently, if the motor is directly switched on to the mains, the armature
will draw a heavy current (I, = VIR,) because of small armature resistance.

As an example, 5 H.P., 220 V shunt motor has a full-load current of 20 A and an
armature resistance of about 0.5 Q.

If this motor is directly switched on to supply, it would take an armature
current of 220/0.5 = 440 A which is 22 times the full-load current.

This high starting current may result in:
burning of armature due to excessive heating effect,

(i) damaging the commutator and brushes due to heavy sparking,
(iii) excessive voltage drop in the line to which the motor is connected.

v

v

vImportant Parts

. Slarting ____ | No volt coil
v Resistance stud resistance
v' Handle ,
v Spring p 1 s . Run
v'Soft Iron Piece Soft iron piece P - b
v'Protective Devices Starler handle
v No volt release coil Oi"'"“
v r load
Ov.er load release .l
coil
1. 'L’ Line terminal to be connected ' oL FO AD J
to positive of supply.
2. 'A’ To be connected to the Lever Triangular
armature winding. pd iron piece
3. 'F’ To be connected to the field F A,
v 1
winding. D.C. g
e Fy

In order to avoid excessive current at starting, a variable resistance (known as
starting resistance) is inserted in series with the armature circuit.

This resistance is gradually reduced as the motor gains speed (and hence E,
increases) and eventually it is cut out completely when the motor has attained
full speed.

The value of starting resistance is generally such that starting current is limited
to 1.25 to 2 times the full-load current.

Three Point Starter

R, o R,
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Function of No Volt Caill

1. The supply to the field winding is derived through NVC. So when field current
flows, it magnetizes the NVC. When the handle is in the 'RUN’ position, soft
iron piece connected to the handle gets attracted by the magnetic force
produced by NVC. Design of NVC is such that it holds the handle in 'RUN’
position against the force of the spring as long as supply to the motor is
proper. Thus NVC holds the handle in the 'RUN’ position and hence also
called hold on coil.

2. Whenever there is supply failure or if field circuit is broken, the current
through NVC gets affected. It looses its magnetism and hence not in a
position to keep the soft iron piece on the handle, attracted. Under the
spring force, handle comes back to OFF position, switching off the motor.
So due to the combination of NVC and the spring, the starter handle always
comes back to OFF position whenever there is any supply problems. The
entire starting resistance comes back in series with the armature when
attempt is made to start the motor every time. This prevents the damage of
the motor caused due to accidental starting.

3. NVC performs the similar action under low voltage conditions and protects
the motor from such dangerous supply conditions as well.

Action of Overload Release

v The current through the motor is taken through the OLR, an electromagnet.

v Under overload condition, high current is drawn by the motor from the
supply which passes through OLR.

v" Below this magnet, there is an arm which is fixed at its fulcrum and normally
resting in horizontal position.

v" Under overloading, high current through OLR produces enough force of
attraction to attract the arm upwards.

v Normally magnet is so designed that up to a full load value of current, the
force of attraction produced is just enough to balance the gravitational force
of the arm and hence not lifting it up.

v At the end of this arm, there is a triangular iron piece fitted. When the arm is
pulled upwards the triangular piece touches the two points which are
connected to the two ends of NVC.

v This shorts the NVC and voltage across NVC becomes zero due to which
NVC looses its magnetism.

v" So under the spring force, handle comes back to the OFF position,
disconnecting the motor from the supply.

v Thus motor gets saved from the overload conditions.




Functions of Protective Devices

(1)

(i)

(i)

when the supply fails, thus preventing the armature being directly
across the mains when this voltage is restored. For this purpose,

we use no-volt release coil.

when the motor becomes overloaded or develops a fault causing
the motor to take an excessive current. For this purpose, we use

overload release coil.

Operations of Three Point Starter

The d.c. supply is switched on with handle in the OFF position.

(ii) The handle is now moved clockwise to the first stud. As soon as it comes in

(ii

contact with the first stud, the shunt field winding is directly connected across
the supply, while the whole starting resistance is inserted in series with the
armature circuit.

) As the handle is gradually moved over to the final stud, the starting resistance
is cut out of the armature circuit in steps. The handle is now held magnetically
by the no-volt release coil which is energized by shunt field current.

(iv)If the supply voltage is suddenly interrupted or if the field excitation is

v)

accidentally cut, the no-volt release coil is demagnetized and the handle goes
back to the OFF position under the pull of the spring. If no-volt release coil
were not used, then in case of failure of supply, the handle would remain on the
final stud. If then supply is restored, the motor will be directly connected
across the supply, resulting in an excessive armature current.

If the motor is over-loaded (or a fault occurs), it will draw excessive current
from the supply. This current will increase the ampere-turns of the over-load
release coil and pull the armature C, thus short-circuiting the no volt release
coil. The no-volt coil is demagnetized and the handle is pulled to the OFF
position by the spring. Thus, the motor is automatically disconnected from the
supply.

Drawback of 3 Point Starter

v

v

v

7

In a three-point starter, the no-volt release coil is connected in series with
the shunt field circuit so that it carries the shunt field current.

While exercising speed control through field regulator, the field currant may
be weakened to such an extent that the no-volt release coil may not be able
to keep the starter arm in the ON position.

This may disconnect the motor from the supply when it is not desired.

This drawback is overcome in the four point starter.




While conducting Swinburne’s test on a 500 V shunt motor, it is noted that it takes a current
of 5A on no-load. The resistances of the armature and field circuits are 0.22 ohms and 250

ohms respectively. Estimate the efficiency when the motor current is 100 A. What is the
percentage change of speed between no-load and full-load?

- —

Qupp puma’s  Tas- - @.
‘Yemmed 3 Tie = 58 7 Haemea2a

Pﬁlﬂ: 250 U
TL = 100OR ”]'—‘?

L

o find Cownstomt _/&D_G_{ We

Wg = No 7 15ad 'E}gb — No Seed eu 0w

= N Les —*Tﬂo{o?_ Rq
Tahe B « 72 il Tao = Tio-Tsh
Rt LGD e E Eef =8

o e B
We = § Tip = Tap R * s0Bws - 2o

We = QL’FC]'&’-—O_?._@
'TEJ__—F(nd "

-_—

i - xoob 3 Taz Si-T8h =100 =2 =935
EJP = YViL = bOE% DO = BEpooob wall .

o

= A&ED -9 wans
C"_"%Fi--_. Vz & E)__If_E_ . %_/P_‘{DG&,QA S_DDDC‘"'J-’JC)] B9
e Tp T Sooon Kiob

10

CO

L4




G

J. Mhomge ab gpendd - = N o (3

- N
s pi.v = L4a9:3L
[Eb{ s Yo Las Ka = EBD ~ Sxp22 L9 4 \/
EE)?_.:\" ~Ta Ra = 500 Hqgﬁff}-ll = 4“{@41}.\/

N2 5 E_blT P T i
N B Tm-a: -

Ny = D‘:[é; Ny

Y. Shomge wir Sped =Ny — N2
T
o R ol b 177,

Dﬂclf) N —_—

Explain back to back test of two identical dc machines and find the efficiency of motor and
generator. State its advantages and disadvantages.

Hopkinson’s Test or Regenerative
Test or Back to Back Test

v" This method of determining the efficiency cf a d.c. machine saves
power and gives more accurate results.

v" In order to carry out this test, we require two identical d.c. machines
and a source of electrical power.

v" This is Full load test

10
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v Two identical d.c. shunt machines are mechanically
coupled and connected in parallel across the d.c. supply.

v By adjusting the field excitations of the machines, one is
run as a motor and the other as a generator.

v The electric power from the generator and electrical
power from the d.c. supply are fed to the motor.

v' The electric power given to the motor is mostly
converted into mechanical power, the rest going to the
various motor losses.

v" This mechanical power is given to the generator.

v' Two identical d.c. shunt machines are mechanically coupled and are
connected in parallel across the d.c. supply.

v" By adjusting the field strengths of the two machines, the machine M is made
to run as a motor and machine G as a generator.

v The motor M draws current |, rom the generator G and current |, from the
d.c. supply so that input current to motor M is (I, + 1,).

v Power taken from the d.c. supply is VI, and is equal to the total motor and
generator losses.

v" The field current of motor M is |, and that of generator G is |,.




v If V be the supply voltage, then,
v' Motor input = V(I, + [,,)
v' Generator output = VI,

v We shall find the efficiencies of the machines
considering two cases viz.

(i) assuming that both machines have the same efficiency n

(ii) assuming iron, friction and windage losses are the same in
both machines.

Stray loss = iron loss + friction loss + windage loss

(i) Assuming that both machines have the
same efficiency n

Motor output = 1 x motor input = 1} V(I; + I,) = Generator mput
Generator output = n x generator mput =1 x1n V(I; + L) = rf V(I + 1)
But generator output is VI,

V(I +1,)= VI,

- _
AT 4T,

This expression gives the value of efficiency sufficiently accurate for a rough
test. However, if accuracy is required, the efficiencies of the two machines
should be calculated separately




(ii) Assuming that iron, friction and windage
losses are same in both machines.

Let R, = armature resistance of each machine
I; = field current of generator G
I; = field current of motor M

Armature Cu loss in generator = (I; +I;)"R,

Armature Cu loss in motor = (I, +1, — I, )R,
Shunt Cu loss in generator =V I;
Shunt Cu loss in motor =V I

Power drawn from the d.c. supply is VI, and is equal to the total losses of the¢
motor and generator

VI, = Total losses of motor and generator

If we subtract armature and shunt Cu losses of the two machines from VI,. we
get iron, friction windage losses of the two machines.

Iron. friction and windage losses of two machines (M and G)

Tron, friction and windage losses of each machine = W/2

Two shunt motors loaded for the Hopkinson’s test take 15 A at 200 V supply. The motor |10/COL4
current is 100 A and the shunt currentsare 3 A & 2.5 A. If the resistance of each armature is 3
0.05 ohm, calculate the efficiency of each machine for the given operating conditions.
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A 220 V shunt motor with an armature resistance of 0.5 ohm is excited to give constant main
field. At full load the motor runs at 500rpm and takes an armature current of 30A. If a
resistance of 1.0 ohm is placed in the armature circuit, find the speed at (a) full-load torque
(b) double full-load torque.
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