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la | What is meant by back EMF? (2marks) 4 COL2
When the armature of a d.c. motor rotates under the influence of the driving torque, 1
the armature conductors move through the magnetic field and hence emdf. is
induced in them asin a generator
The induced e.m.f. acts in opposite direction to the applied voltage V (Lenz’s law)
and in known as back or counter em.f. Eb.
The back e.m.f. (Eb= ®ZN P/60 A) is always less than the applied voltage V,
although this difference is small when the motor is running under normal
conditions.
Explain the significance of Back EMF. (2 marks)
Back emf in a DC motor regulates the flow of armature current i.e., it automatically
changes the armature current to meet the load requirement.
Eb acts like a governor, it makes a motor self regulating so that it draws as much
current asisjust necessary.
1b | Derive the torque equation of a D.C. Motor 3+3|CO L2

Torque Equation

Torqgue T=F xr(Nm)

Let in 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 Wh/m2

O = flux per pole in Wb

P = number of poles

Force on each conductor, F = B i | newtons
Torgue 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 = p/a where a is the x-sectional area of flux path per pole at
radius r. Clearly, a=2mr ¢ /P.
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Since Z, P and A are fixed for a given machine.

T, = ¢I,

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 current I,
provided magnctic saturation does not take place,

T oela

What is the necessity of a starter for aD.C. Motor? (2 marks)

Necessity of D.C. Motor Starter

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

v' 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.

v" 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.

v' 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.

v This high starting current may result in:

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

v’ 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.

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

Explain, with a neat sketch, the working of a 3- point D.C. Shunt motor starter, bringing out
the protective features incorporated in it. List the drawbacks of three point starter.

Diagram — 3 marks

Explanation — 2 marks

Protecting devices — 2 marks

Drawback — 1 mark
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Three Point Starter

Ry o R,

v

Impqrtant Parts Start No volt ool
v Resistance stud resistance |
v Handle ,
v Spring OFF LI «. Run
v'Soft Iron Piece Soft iron prece | eemmay =
v'Protective Devices Starter handie
v No volt release coil Spring
v Over load release °°‘| dhougy

coil
1. 'L’ Line terminal to be connected l 6!. F‘ “ _I
to positive of supply.
2. 'A’ To be connected to the Lever Triangular
armature winding. * iron piece
3. 'F' To be connected to the field v F| A,
winding. DC. s

e Fy A,

Function of No Volt Cail

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

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

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

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

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

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.

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.

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

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

Thus motor gets saved from the overload conditions.

Functions of Protective Devices

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.

(i) 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.




(i) 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
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.

(iii) 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
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.

(v) 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 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.

v' While exercising speed control through field regulator, the field current 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.

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

v" This drawback is overcome in the four point starter.

- Operations ot Ihree Point Starter | | |

3a

Explain why dc series motor should never run unloaded (2 marks)
At no-load. the armature current is very small and so is the flux. Hence.
the speed mses to an excessive high value (-~ N o« 1/¢). This 1s
dangerous for the machine which may be destroyed due to centrifugal
forces set up in the rotating parts. Therefore. a series motor should never
be started on no-load. However. to start a series motor, mechanical load
1s first put and then the motor is started.

The minimum load on a d.c. series motor should be great enough to kee
the speed within limits. If the speed becomes dangerously high. then motor mus
be disconnected from the supply.
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Explain the different losses in DC machines with power flow diagram. Derive the condition
for the maximum efficiency.
Losses — 2 marks

Derivation to get maximum efficiency — 6 marks

L2




Losses in DC Motor _ smaurecuos
Copper losses ’/\ Shunt field Cu loss

Scries field Cu loss

/ Hysteresis loss

™ Eddy current loss

Losses in a d.c. machine —— [ron losses

Friction
Mechanical osses
Windage
Condition for Maximum Efficiencv

Condition of Maximum Efficiency of DC Motor

1f we neglect the shunt field current, we can say supply current is the same as armature currentin a de
motor. Hence now we can simplify the expression of the overall efficiency of de motor as

9 i i
i VIa_Iu Ra_wc = (IaRu e Wc)
= = e
VI, AR
Now the efficiency is maximum when the term under brackets in the above expression is minimum.
Again, this condition is satisfied when

4 fheh WY g
da\ vV VL)
R, .
Vv

C

\/ R,

=W, =LR,=1,=

The just above expression shows that the efficiency of a de motor is maximum when

Copper Loss = Core Loss

Condition for Maximum Efficiency
Variable losses = Constant losses
CU losses = constant losses

CU loss =1Iron loss




A 200V shunt motor on no load runs at 1200 rpm and takes 3A current. The total armature
and shunt field resistances are 0.3Q and 150Q respectively. Calculate the speed when

loaded and take a line current of 40A. Due to Armature reaction the field weakened by 3%.
Formula: 1 mark

Ebl : 3 marks
Eb2 : 3 marks
N2 : 3 marks
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Explain the different methods of speed control of DC shunt and series motor.

Speed Control of shunt Motor — Diagram and explanation (5 marks)
Speed Control of series Motor — Diagram and explanation (5 marks)

¥ The speed of a dc motor is given by the relation,
vogV-LR,)_KE,

0 d

¥ Flux / pole @ (Flux Control)

.4 Resistance R, of armature circuit (Rheostatic control)

8 Applied voltage V (Voltage Control)

Speed Control of Shunt Motors
Flux Control Method

[ ]

Speed with
——— & field rheostat
in fiald cirouit
|
¥\ﬁ\_5paad without
field rhaostat
in field circuit

0 — 1,
Field

Rhaostal
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

N ™




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.

(i} 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 because
its speed will increase to an extremely high value.

No resistance
3 :L 1 In armature
ey i
Z - " {
- =
3! I
3:’ 1 P
v
Resistance
In armature
L A
Armature Carrent Iy —»

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.

N« V-L(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 Diverter
field diverter) is connected in parallel with
series field winding as shown in Fig. 4»"4/.
v lis effect is to shunt some portion of the line
current from the series field winding, thus
weakening the field and increasing the speed
(Na1/®). Ry
v" The lowest speed obtainable is that
corresponding to zero current in the diverter
(i.e., diverter is open).
v" Obviously, the lowest speed obtainable is the
normal speed of the motor.

-

v
I

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

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




Flux Control Method
i) Armature Diverter

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

v The diverter shunts some of the line current,
thus reducing the armature current. /{

er

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

-

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

Flux Control Method
iii) Tapped field control

v In this method, the flux is reduced (and 4 ﬂ[ﬂ* — +
hence speed is increased) by decreasing S 4
the number of turns of the series field
winding as shown in Fig.

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

v 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 JF
speed are achieved.

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.

Q Diverter

2
=
A 4
o
L 4
&




2. Armature-resistance control

r-"ﬁ?ﬁ%’i\—-—WM- — ¢

o)
11, v

L3
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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 varigble resistance, any speed below the normal
speed can be obtained.

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

[ux Control
Normal Speed

Armature Control

Specd —s

T |




A 200V dc series motor which has atotal resistance of 0.2Q runs at 1000 rpm and takes full

load current of 200A. Calculate the speed of the motor at which it develops half of the full
load torque.

Formula: 1 mark

Ebl : 3 marks
Eb2 : 3 marks
N2 : 3 marks
|-,.-'I 1",|r. b= I_? (“"-l[_}"l..f )I JT:I"_ lE {;I:LI:D.-’\ mc_*quq .
Ra+ Rie = Oan.
N'| 1(_\ o
& (SR T - 3 =
f""’"fl ; "l L) = Ty -Tehi = 23 .’_){},ﬂ_
2 J 11"'{:'1_ & l_l_
a2, .
e . ad
rl'-hl ‘_"q
i A Taz ™
o r"—‘ﬁi ":&E-'E{}L
: o
Tasx = 2007 _ opoce
— ; :
II Yoo = byl A2 F}J
e,  oues Moho
= Teu
N}— i —iﬂ = ;I_—_“
i 1-l-: h-l ,_o'—'l:‘l,l )
]\"’I] .
A 2y = 4oV
5 e ‘1'1"'_ i l:.ll-'f.l'l, llllh-ﬂ-f':" S00 — lx QoD% o |_ il
VR X
L Fiom .'\."‘-.I
Ebyr = V. dan fl'El'H Pigh = A0 ~ L LR R
= 3 LTIEN
N g 172706 apo
e B T i o IR T T
=N Taon |i r'l:--b Ml k2
Nz = 1517 8 Ypm)

w




A DC shunt motor runs at 1000 rpm on 200V supply its armature resistance is 0.8
Q and the armature current drawn is 40 amps. What resistance must be connected
in series with the armature to reduce the speed to 600 rpm, the armature current
remaining same? Neglect armature reaction

Formula: 1 mark

Eb1 : 3 marks

Eb2 : 3 marks
N2 : 3 marks
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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.

. Ve 2456V Q]ﬂu\wf Moot L
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