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TO STUDY THE GENERALIZED MACHINE AND RUN IT AS A DC
GENERATOR AND PLOT NO LOAD CHARACTERISTICS
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TO STUDY SPEED VARIATION VARIATION VERSUS BRUSH SEPARATION
IN A SCHRAGE MOTOR
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TO STUDY BEHAVIOR OF 3 PHASE INDUCTION MOTOR UNDER
UNBALANCED OPERATION (SINGLE PHASING)

HHFT HATSTT (Thel °IX0T) & dgd 3 T FSFAT AT & SYTER
FT IEAAT HT
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MAULANA AZAD NATIONAL INSTITUTE OF TECHNOLOGY
BHOPAL 462007 (M.P)

DEPARTMENT OF ELECTRICAL ENGINEERING

AIM OF THE EXPERIMENT: To study the generalized machine and run it as a DC generator

and plot no load characteristics.

APPARATUS REQUIRED:

[ SL.NO | PARTICULARS [ RANGE TYPE QUANTITY
lis Ammeter (0-25/50) A MC 2
_ 2 - Voltmeter | 0-30/60)V | o MC 2 ]
3. L.oad S5kW - - B
THEORY:

The distribution of current and flux under one pole pair repéats itself under all other points of

poles whatever be the actual number of pole pairs.

Hence. machine can be replaced by an equivalent two pole machine. The generalized machine
theory is developed in terms of two pole machine. This'is done in order to avoid ambiguity with
different electrical and mechanical angles. The number of poles must of course be introduced in
determining the torque (increased) and speed (reduced) of the maghine.

The flux magnitude and distribution in air gap depends at every instant on the current in all
windings on both slots of air gap. If the mmt used to produce flux in highly permeable iron
member is ignored, all mmf may be assumed to be used in producing flux across air gap and to
be eoncentrated. The current produce a steep curve of mmf but it is often convenient to assume a
large number of slots, when current distribution opposite to a continuous *current sheet *‘moving.
The mmf is single valued function of position. Again it is best expressed in terms of electrical

angle.

The concept of current, mmf and flux density as function of air gap position form the basis of
generalized-theory of any type of machine. The different types of electrical machine are
practically constructed on the above basis by using different methods of connecting together the
active parts of conductors to form the windings and for the rotor by using a commutator or slip
rings to make the connections to the external circuits. Other variation depends upon the use to
which the machine is put, as generator or motor, DC or AC. synchronous or asynchronous.
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PROCEDURE:

As separately excited DC generator: Generator is driven by separately excited motor and field
current of generator is varied by inserting a resistance in field circuit. The generator is driven and
different field excitation and corresponding generated emf is measured. A pilot between
generated emf and field current is drawn.

OBSERVATION TABLE:

Speed= 1150 rpm

SL. NO. Resistive load (kW) I; (ampere) Vmimz2(volt) V,h;(\'ol’t)
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MAULANA AZAD NATIONAL INSTITUTE OF TECHNOLOGY
BHOPAL 462007 (M.P)

DEPARTMENT OF ELECTRICAL ENGINEERING

AIM OF THE EXPERIMENT: To study variation versus biush separation in a Schrage motor.
INSTRUMENTS REQUIRED:

i
S.No. Instrument Range Type Quantity
0-10/20 A
1 Wattmeter dynamometer 2
. 300-600 A
( 2 Ammeter 0-10/20 A M 1
1 3 Voltmeter 0-600 V MI 1
r 4 Tachometer e e 1

THEORY: The Schrage motor has a wound rotor. On the rotor. there is a three phase delta
winding with the endpoints of the delta brought out on to slip rings. The three phase supply is
connected to these slip rings. Also on the rotor, there is a second delta connected winding with
tapings brought out to a commutator.

_ On the stator. there are three discrete windings separated by 120 degrees. The ends of these
windings are connected to the commutator by two sets of brushes such that one set of brushes

connects to the starts of the stator windings and the other set connects to the ends of the stator
windings.

The two sets of brushes can be moved to connect to the same point on the commutator, or moved
apart in either direction. When they are in alignment, the stator

windings are shorted and the
motor behaves like an induction motor with the rotor and stator swapped. As the brushes are

separated, voltage from auxiliary rotor winding is coupled to the stator winding. The degree of
separation and the direction of separation varies the voltage and polarity of the voltage. The
frequency of the voltage applied to the stator is dependent on the slip.
In effect, the stator has an induced voltage from the slip. plus a driven voltage from the
commutator. This causes the speed of the motor 10 change. Spe

ed variations of up to 10 to one
are possible and the motor can provide a high torque at all speeds.



PROCEDURE:

1. Conneet the motors as per the circuit diagram.

rJ

. Ensure that the brushes are set to a minimum speed position, with the brush axis in the ncu.lrul
position. More ever should not be any mechanical load on the motor’s shaft at time of starting.

o

. Switch on the 3 phase ac supply and start the motor, using the direct on line starter.

4. Record the brush separation, preferable in terms of electrical degrees and motor speed, after
the speed of motor become steady.

h

Reduce the brush separation, record the speed of motor as well as the brush separation in
electrical degrees.

6. Repeat step no.5-for various values of brush separation ,till the brushes of one set are on same
commutator bar i.e. short circuiting the secondary winding. It may be observed that under this
condition the motor should run at speed slightly lower than the synchronous speed.

7. Increase the brush separation in the direction opposite to that in step 4,5and 6 that the Schrage

motor runs_in the region of super synchronous speed. Now repeat step no.5 for different brush
separation.

8. Adjust the speed of Schrage motor to the desired value at which load is to be performed i.e.
sub synchronous speed preferably 2/3 of synchronous speed.

9. With the motor running on no load, record current down, applied voltage, wattmeter readings
and speed.
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OBSERVATION:

(). On no load

 S.No Voltage Current Wattmelter Wattmeler Brush pu:silion Speed
(volts) (Amps) W, (Watts) W (Watts) (Electrical (rpm)
degrees)

(ii). On load, V =400 v, | = 5SA. speed = 170 rpm

S.No Voltage Current Wattmeter Wattmeter Brush position Speed
(volts) (Amps) W, (Watts) W, (Watts) (Electrical (rpm)
degrees)
QUESTIONS: -

1. Why the primary winding of Schrage motor is placed on the rotor?
2. What is the major function of tertiary winding, provided in Schrage motor?



MAULANA AZAD NATIONAL INSTITUTE OF TECHNOLOGY
BHOPAL 462007 (M.P)

DEPARTMENT OF ELECTRICAL ENGINEERING

AIM OF THE EXPERIMENT: To study the behavior of a 3-phase Induction Motor under

unbalanced operation (single phasing).

INSTRUMENT REQUIRED:

~ S.no -|_ ~ Instruments T Types 7Quan7ti7ty—_
L. Ammeter MUMC 3/1
2 Volimeter MI/MC 3/1 |
3. Wattmeter Dynamometer 3or2
4. Tachometer Digital 1 |
51 3 phase Variac ) - 1

NAME PLATE SPECIFICATIONS: =

3 phase induction motor

400V, 12A, 7.5HP, 1400rpm o
THEORY: '

The operation of 3-phase induction motor under single phasing really means that the same motor
is working with two phases only while one of its phase disconnected from the ac source during
the normal running condition of the motor. The most of usual cause of single phasing of a 3-
phase induction motor is the blowing of a fuse in my one phase. Single phasing may also occur
due to the defective contact in the run side of star delta or autotransformer starter used to start the
motor.

The current drawn by the stator winding and the motor of a fully loaded 3-phase induction motor
when operating on single phasing is approximately twice as compared to its operation with 3-
phase balanced supply. As such stator and rotor of the induction motor get seriously over heated.
In case. the stator is star connected, two phases get over heated, whereas temperature is quite
excessive in one phase only, when the stator is delta connected.

The torque developed by the motor under single phasing is very low compared to its 3-phase
balanced operation. As a result, motor may not be in a position to develop the desired torque to
cope with the full load conditions with single phasing and as such the motor will be on the verge

i)



ot stalling. 11 the operation ol a 3 phase induction motor is continued for a long time on single
phasing. there are the fare chances ol burning ol insulation of the star winding of the 3 phase
induction motor because of excessive overheating. In case of single phasing occur, while the .
motor is loaded to only hall the rated value, the motor may continue operating without excessive

heating of the windings.

CIRCUIT DIAGRADM:
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Connect the motor as per circuit diagram shown in figl.
Adjust the three phase variac, so that’s its output voltage is zero at initial.
Switch on the three phase ac_mains and start the induction motor using 3-phase variac.
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Increase the applied voltage to motor slowly and finally adjust the same to rated value.

PROCEDURE: .
1.
2.
3.
4.
no load condition.
5.
meters and speed.
6.
7.
8.
9.

Take down the no load readings of all the meters connected in the circuit and the speed at
Apply electrical load on the motor by lamp load. Then note down the reading of all

Repeat step5 for various values of load current, till the rated current of the motor.

Remove the electrical load on the motor completely. So that the motor run at no load.
Create single phasing by opening the single way key provided in one of the iﬁput phases.
Take down the readings of all the meters including speed under no load running of the
motor with single phasing.

10. Repeat step 5 and 6 with single phasing. The current in any phase of the stator winding
should not exceed the rated current value.
11. Switch off the ac mains to stop the motor.

¢ 2)



OBSERVATION TABLE:
No Load Condition:

a) For balanced operation:

Phase Speed lacamp) | Ibamp) | lecamp) | W w2 W3

voltages

b) For unbalanced operation:

)
| Phase Speed latamp) | Ib(amp) | le(amp) | W1 W2 I W3
voltages
Loading Condion:
¢) For balanced operation:
Phase Speed latamp) | Ibamp) | Ic(amp) | W w2 W3 Vdc

voltages

d) For unbalanced operation

[Phase Speed | latamp) | Ib(amp) [ Icamp) [ W1 w2 Tws Vde
voltages - .

C=z>



MAULANA AZAD NATIONAL INSTITUTE OF TECHNOLOGY
BHOPAL 462007 (M.P)

DEPARTMENT OF ELECTRICAL ENGINEERING

AIM OF THE EXPERIMENT: Analysis of 3-phase short circui.t oscillogram.

THEORY:

The phase short circuit on the terminals of a synchronous generator running at rated speed i:';‘trfe
most sever among all other types of faults that can occur on the terminal of the generat?r. I'h!s
test is performed on the generator (i) to ensure the mechanical -design of the machine, i.e. it is
adequate to withstand the stress due to short circuit and related abnormal operating condition and

(ii) to determine various direct axis reactance and time constants.
The test should be performed at low voltage approximately 50 percent of rated voltage.

The oscillogram of armature current should be recorded.

Each phase current of the armature has two kinds of components, namely (i) ac component (ii)
‘dc component. The alternating components of short circuit current in all the 3-phases are equal,
whereas the dec component depends upon the instant value of voltage wave, at which the short
circuit occurs. -

From the asymmetrical oscillogram drawn, the dc component is separated out to make it
symmetrical w.r.t. the dotted line.

Short circuit current consists of three components:
1. Steady state circuit current component
2. Fast decaying component, called subtransient current component

3. Slow decaying component, called transient current component

All these component of short circuit current have been shown. The alternating component of
short circuit current during a 3-phase short circuit on the terminals of unloaded alternator is
given by the following equation
Short circuit current, I, =E/Xa+ [E/X4" —E/X4] e+ [E/Xy7 —E/X4] eV .
[E/X4 -E/X4] €™ =Transient component of short circuit current.

[E/Xa-E/X4'] €™ =Sub transient component of short circuit current

E = Armature phase voltage just before the 3-phase short circuit



Nu = direct axis synchronous reactance

N4 = direct axis transient reactance

Xy'" = direct axis sub-transient reactance

T4 = direct axis short circuit transient time constant

T4 = direct axis short suh-circu-it transient time constant

Here the component of short circuit current consists of a constant term and two exponentially
decaying terms while third term of the equation decaying much faster compared to the second
term.

ANALYSIS OF SHORT CIRCUIT OSCILLOGRAM

Various reactances and time constants mentioned above can be calculated from the symmetrical
short circuit oscillogram taken on a 3-phase alternator.

(2) Determination of Direct axis synchronous reactance, X4

During three phase short ¢ircuit the armature current finally attains the steady state value, I,
which is equal to,

Steady state short circuit, I = E/Xy
Thus. direct axis synchronous reactance, Xy=E/I
Its value range from 0.9 to 1.4 per unit. -

(b) Direct axis transient reactance, Xy’

I. To find out an accurate value for direct axis transient reactance from the 3-phase short
circuit symmetrical oscillogram, follow the step given below. .
I1. Subtract steady state short circuit current, 1 from the symmetrical short circuit current
oscillogram.
I11. Plot the remainder of short circuit current on semi-logarithmic paper as a function of

time. The resultant curve is straight line after the rapidly decaying term shown by
decreasing dotted lines.

Iv. The straight line represehting the transient component of armature current is extdnded
back to zero time. The transient component of armature current at zero time is found
out. Let it be i'.

V. Find out the transient current, 1 by adding steady state component of short circuit
current, I to the transient component I'. i.e.

Transient current I'= [+i’




T'hus. direct axis transient reactance, Xy’ = E/I’
Its value range from 20 to 30% of direct axis synchronous reactance Xy
(¢) Direct axis sub transient reactance, Xg*’

To find the direct axis sub transient reactance, Xy’ from the short circuit oscillogram, proceed as

follows.

I. Find out the difference at several points between the ordinates of curve B representing the
sub transient portion and the line C, representing the transient component.
I1. Plot the above values of current with time on a semi log graph, giving the line D, which
represent the sub transient component. ’
1. Extend the line D back to zero time, thus obtaining the initial value of the sub transient
component of short circuit current, 1"".
Iv. Find out the sub transient current (initial value), by adding the initial sub transient

component, 1" and the steady state component of short circuit current, 1.
thus initial value of sub transient current, I = I+’ +i
direct axis sub transient reactance, X4 = E/I""’
Its value range from 12 to 25% of direct — axis synchronous reactance Xq
(d) Determination of direct — axis short_ circuit transient time constant, T4’

Time required for the transient alternating component of short circuit current during short circuit
to decrease to 0.368 time of initial value is called the direct- axis short circuit transient time
constant. Its value for alternating range from 0.4 to 2.8 seconds, indicating’ clearly that the
transient’s current decrease slowly and finally attains the steady state short circuit value, after the
lapse of some time.

(e) Determination of direct- axis short circuit’sub-transient time constant, T4”

This time constant is defined as the time in second required for the sub transient ac
component of short circuit current to decreases to 0.368time its initial value. The value of Tq™ is
much lesser compared to Ty . Its value range from 0.02 to 0.05 seconds, which indicates the sub
transient phenomenon, dies down quite fast.

PROCEDURE:

1. Connect the circuit as per circuit diagram.

2. Ensure the external resistance in the field circuit of dec motor (acting as prime mover for
the alternator) is zero.

3. Adjust the rheostat R: in the field circuit of alternator to its maximum resistance position.



Switch on the de supply to the de motor and start it with starter. Move the arms slowly till
the motor build up the speed and finally cut out all the steps of starting resistances.

Adjust the rheostat R, in the field circuit of alternator, so that the no load voltage of the
alternator is approximately 50% of its rated value. Record the no load voltage.

Close the three phase switch S, as to short circuit the terminals of the alternator and
record the oscillogram of armature currents.

Record the stéady state short circuit current by the ammeter connected’in circuit.

Open the switch S, in order to remove the short circuit conditions.

Switch off the dc supply from the both circuits i.e. dc motor and the field circuit of
alternator.



