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1 Explain briefly the Retardation test for determination of efficiency of two shunt machines.

 This is the best and simplest method to find the efficiency of a constant-speed d.c.
machine (e.g., shunt generator and motor).

 In this method, we find the mechanical (friction and windage) and iron losses (Stray
Losses) of the machine.

 Then knowing the armature and shunt Cu losses at any load, the efficiency of the machine
can be calculated at that load.

Consider a d.c. shunt motor running at no-load.
(i) If the supply to the armature is cut off but field remains normally excited, the motor slows

down gradually and finally stops. The kinetic energy of the armature is used up to
overcome friction, windage and iron losses.

(ii) If the supply to the armature as well as field excitation is cut off, the motor again slows
down and finally stops. Now the kinetic energy of the armature is used up to overcome
only the friction and windage losses. This is expected because in the absence of flux,
there will be no iron losses.

 By carrying out the first test, we can find out the friction, windage and iron
losses and hence the efficiency of the machine.

 However, if we perform the second test also, we can separate friction and windage losses
from the iron losses.

 In the retardation test, the d.c. machine is run as a motor at a speed just above the
normal.

 Then the supply to the armature is cut off while the field is normally excited.
 The speed is allowed to fall to some value just below normal.
 The time taken for this fall of speed is noted.
 From these observations, the rotational losses (i.e., friction, windage and iron losses)

and hence the efficiency of the machine can be determined.
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(i) First method
 It is a fly-wheel method in which the value of I is calculated.
 First, retardation test is performed with armature alone and dN/dt1 is determined.
 Next, a flywheel of known moment of inertia I1 is keyed on to the shaft of the

machine.
 For the same change in speed, dN/dt2 is noted.
 Since the addition of fly-wheel will not materially affect the rotational losses in the

two cases,

(ii) Second method
 In this method, I is eliminated from the expression by an experiment.
 First, retardation test is performed with armature alone.
 The rotational losses are given by;



2 a. Derive the torque equation of three phase induction motor and obtain Tst/Tm and TFL/Tm.
b. Derive the condition to get maximum torque and maximum torque equation.
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Torque Ratios
• Full load and Maximum Torque Ratio

Starting Torque and Maximum Torque Ratio

3 Explain the significance of slip. Discuss the Torque-Slip characteristics of three phase
induction motor including motoring, generating and braking operation.
significance of slip

 The induction motor can’t run if there is no slip.
 The torque is produced when the current flows in the rotor conductor. If

the slip is zero, no EMF will be induced in the rotor conductor and hence
there will be no flow of the current in the rotor circuit.

 The slip plays a very vital role in the operation of an induction motor. At
no load, the slip of the induction motor is less and the slip gets increased
with increased loading on the motor. The slip of the motor gets self-
adjusted according to the torque demands from the load side.

10 CO2 L2



Torque-Slip characteristics of three phase induction motor including motoring,
generating and braking operation.

The torque slip curve for an induction motor gives us the information about the
variation of torque with the slip.
The slip is defined as the ratio of difference of synchronous speed and actual
rotor speed to the synchronous speed of the machine.
The variation of slip can be obtained with the variation of speed that is when
speed varies the slip will also vary and the torque corresponding to that speed will
also vary.

Torque-Slip characteristics
• The torque-slip characteristic curve can be divided roughly into two regions:
• Low slip region
• High slip region
Three Modes
Motoring Mode
Generating Mode
Braking Mode



So torque - slip characteristics has two parts,
1. Straight line called stable region of operation
2. Rectangular hyperbola called unstable region of operation.







4 What is necessity of starter in three phase induction motor. Explain with neat diagram
about the rotor resistance starter; State the advantages and disadvantages.
Necessity of starter in three phase induction motor

 The starter is a device which is basically used to limit high starting current by
supplying reduced voltage to the motor at the time of starting.

 Over load protection
 Low voltage protection
 Protection against single phasing
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5 Explain with neat diagram about the stator resistance starter; derive the expression for
Tst/TFL. State the advantages and disadvantages.
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6 Explain speed control methods of 3 phase induction motor by voltage, V/f and rotor
resistance control.
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7 A 400 V, 4 pole, 3 phase, 50 Hz star connected induction motor has a rotor resistance and
reactance per phase equal to 0.01 Ω and 0.1 Ω respectively. Determine i) Starting torque ii)
slip at which maximum torque will occur iii) speed at which maximum torque will occur
iv) maximum torque v) full load torque if full load slip is 4 %. Assume ratio of stator to

rotor turns as 4.
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8a An 8 pole, 50Hz induction motor has an emf in the rotor frequency 1.5Hz. Determine the
slip and speed of the motor.

4 CO1 L3

8b A 24 pole, 50 Hz, star connected induction motor has rotor resistance of 0.016 Ω per phase
and rotor reactance of 0.265 Ω per phase at standstill. It is achieving its full load torque at a
speed of 247 r.p.m. Calculate the ratio of i) Full load torque to maximum torque ii) starting
torque to maximum torque.
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