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. Engineering knowledge: Apply the knowledge of mathematics, science, engineering
fundamentals, and an engineering specialization to the solution of complex engineering
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substantiated conclusions.
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Maharashtra Institute of Technology, Laboratory manual
Aurangabad

Practical Experiment Instruction Sheet

EXPERIMENT TITLE: To study and plot VI Characteristics of SCR.

EXPERIMENT NO. : MIT(T)/ETC/ /071
Class: SY E&TC Department: Electronics & Telecommunication Engineering
Laboratory: Location: Part- I Date:___/__ /20___

Experiment No. 1

Aim: To study and plot VI Characteristics of SCR.

Apparatus Required: Apparatus Quantity
1. Resistance 470E, 2 W 1
2. Resistance 2K2,2W(on board) 1
3. SCRTYN 616(on board) 1
4. Potentiometer 5K 2
5. Digital Multimeter 3
6. Nvis6530A 1
Circuit Diagram:
Prepared By Approved By
Mr. Umesh D. Shirale Dr. G. S. Sable
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Base Diagrams of 2N3669/70 & TY604:

Theory:

A Silicon Controlled Rectifier (SCR) is a four-layer p-n-p-n semiconductor
device consisting of three p-n junctions. It has three terminals: anode, cathode
and a gate. Figure

(1) shows the SCR symbol and a sectional view of the three pn junctions.

Prepared By Approved By
Mr. Umesh D. Shirale Dr. G. S. Sable
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When the anode voltage made positive with respect to the cathode, junctions J1
and J3 are forward biased and junction J2 is reverse biased. The SCR said to be in
the forward blocking or off-state condition. A small leakage current flows from
anode to cathode and is called the off state current. If the anode voltage VAK is
increased to a sufficiently large value, the reverse biased junction J2 would
breakdown. This is known as avalanche breakdown and the corresponding
voltage is called the forward breakdown voltage VBO. Since the other two
junctions J1 and J3 are already forward biased, there will be free movement of
carriers across all three junctions. This results in a large forward current. The
device now said to be in a conducting or on state. The voltage drop across the
device in the on-state is due to the ohmic drop in the four layers and is very small
(in the region of 1 V). In the on state the anode current is limited by an external

impedance or resistance as shown in figure (2-a).

V-I Characteristics of SCR

Figure (2) shows the V-l characteristics and the circuit used to obtain these
characteristics.

The important points on this characteristic are:
Latching Current IL

This is the minimum anode current required to maintain the SCR in the on-state
immediately after a SCR has been turned on and the gate signal has been
removed. If a gate current, greater than the threshold gate current is applied until

the anode current is greater than the latching current /L then the SCR will be
turned on or triggered.
Holding Current IH

This is the minimum anode current required to maintain the SCR in the on state.
To turn off a SCR, the forward anode current must be reduced below its holding
current for a sufficient time for mobile charge carriers to vacate the junction. If

the anode current is not maintained below /H for long enough, the SCR will not

have returned to the fully blocking state by the time the anode to cathode voltage
rises again. It might then return to the conducting state without an externally
applied gate current.
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Reverse Current IR

When the cathode voltage is positive with respect to the anode, the junction J2is
forward biased but junctions J1and J3are reverse biased. The SCR is said to be in
the reverse blocking state and a reverse leakage current known as reverse current

IR will flow through the device.

Forward Break-over Voltage VBo

If the forward voltage VAK is increased beyond VBO, the SCR can be turned on.
However, such a turn-on could be destructive. In practice, the forward voltage is
maintained below VB0 and the SCR is turned on by applying a positive gate signal

between gate and cathode.

Once the SCR is turned on by a gate signal and its anode current is greater than
the holding current, the device continues to conduct due to positive feedback
even if the gate
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signal is removed. This is because the SCR is a latching device and it has been

latched to the on state.

Circuit Diagram:

Procedure:

1. Make circuit connections as shown in the figure using patch cords.

2. Rotate the both the potentiometer P1 & P2 in the fully counter clockwise
direction, connect voltmeter to gate & ground to read VG & at anode &
ground to read Vak.

3. Connect ammeter between R1 and Anode to indicate the current la &
between R2 and Cathode to indicate the gate current IG.

4. Switch on the power supply.
5. Vary potentiometer P2 to set the gate current Ig to a lower value
6. Increase anode voltage VA gradually by varying Potentiometer P1.
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7. Observe the current |A in the anode circuit. It shows almost zero current at
the initial stage.

8. At certain point of anode current IA shows sudden rise and voltage VA
reading falls down. This indicates the firing of the SCR.

9. If this not happens, repeat the procedure from step 5 for slightly higher
value of gate current IG.

10. Try the various value of gate current to get the firing angle of SCR.

11. Keeping the gate current constant observe precisely the firing voltage of
SCR & record it in the observation table.

12. Also record the anode voltage VA & anode current after firing of the SCR.
13. Plot the graph of VA versus IA.
Observation Table:

Sr. No Anode voltage | Anode current |A at constant gate current

VA IG= _mA IG =_mA IG=_mA

o Nl o g ] W N =

11
12
13

14

Department of Electronic and Telecommunication 20___-20___ Page 6




Conclusion:

Question:

Q1. What is Holding current in SCR ?

Answer

seccscsescce

vecose

vecese s

secccesesccesercosnes
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Q2. What is Latching current in SCR ?

Answer
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Q3. Mention the applications of S.C.R.?

Answer

oooooo

seccscsescce

secccccsecscescececscocescesscsnes
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Rubrics for Practical Assessment:

secescsescscscoccoscoccssesccones

Cognitive (3)

Affective (3)

Psychomotor (3)

Total (9)

Sign of Subject Teacher
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Maharashtra Institute of Technology, Laboratory manual
Aurangabad

Practical Experiment Instruction Sheet

EXPERIMENT TITLE: To study and plot VI Characteristics of TRIAC.

EXPERIMENT NO. : MIT(T)/ETC/ /02
Class: SY E&TC Department: Electronics & Telecommunication Engineering
Laboratory: Location: Part - I Date:___/__/20___

Experiment No. 2

Aim: To study and plot the VI Characteristics of TRIAC.

Apparatus Required: Apparatus

Quantity

Resistance 2K2,2W(on board)
Resistance 470E,1/4W

TRIAC BT136(on board)
Potentiometer 5K

Digital Multimeter

Nvis6530A

S e i
= W N R A A

Circuit Diagram:
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Pin Diagram of BT136:

Theory:
TRIAC structure

The structure of a TRIAC may be considered to be a DIAC with an additional

gate contact provided to enable control of the device. Like other power devices, the

TRIAC is normally made of silicon. As can be seen, the TRIAC structure consists of a

number of different areas - typically four n-type areas as shown and two p-type areas.

A TRIAC, or Triode for Alternating Current is an electronic component approximately equivalent

to two silicon-controlled rectifiers (SCRs/thyristors) joined in inverse parallel (paralleled but

with the polarity reversed) and with their gates connected together. The formal name for a TRIAC

is bidirectional triode thyristor.

Figure1 TRIAC basic structure
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Figure 2 TRIAC (a) Equivalent Circuit (b) Symbol

The gate contact is made to the p-base region, although there is an additional
n-type diffusion layer placed under much of the gate. The TRIAC operation can be
viewed on a number of levels, showing how the TRAIC operation in various circuits
can be designed to overcome some of the issues.

TRIAC operation

It can be imagined from the circuit symbol that the TRIAC consists of two
thyristors back to back but with a common gate terminal, and the cathode of one
thyristor connected to the anode of the other, and vice versa. This configuration is
more correctly termed antiparallel.

On a basic level, the operation of the TRIAC can be looked on in the format of
the antiparallel thyristors, although the actual operation at the semiconductor level is
rather complicated. When the voltage on the T1 is positive with regard to T2 and a
positive gate voltage is applied, one of the SCRs conducts. When the voltage is
reversed and a negative voltage is applied to the gate, the other SCR conducts. This is
provided that there is sufficient voltage across the device to enable a minimum
holding current to flow. In terms of the structure of the device, and its more detailed
operation, the main terminals T1 and T2 are both connected to p and n regions within
the device. The current path depends upon the polarity of the voltage across the main
terminals. As there is considerable scope for confusion, the device polarity is
normally described with reference to T1.n terms of its operation, the ON
characteristics for a TRIAC in any direction are similar to that of a thyristor. However
as a result of the physical structure of the TRIAC, the latching current, holding current,
and gate
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trigger current vary according to the different halves of the cycle and which "thyristor"
within the TRIAC is being used.
TRIAC Characteristics

When the voltage on the T2 is positive with respect to T1 and a positive gate
voltage is applied, the left SCR conducts. When the voltage is reversed then the right
SCR conducts. Minimum holding current (In), must be maintained in order to keep a
TRIAC conducting. A TRIAC operates in the same way as the SCR however it operates
in both forward and reverse direction. It can be triggered into conduction by either a

Positive (+) or Negative (-) gate signal.

Figure 3 V-l characteristics of TRIAC.
Obviously a TRIAC can also be triggered by exceeding the break over voltage. This is
not normally employed in TRIAC operation. The break over voltage is usually
considered a design limitation. One other major limitation, as with the SCR, is dV/dt,
which is the rate of rise of voltage with respect to time. A TRIAC can be switched into
conduction by a large dV/dt.
TRIAC advantages and disadvantages
When it is required to switch both halves of an AC waveform, there are two options
that are normally considered. One is to use a TRIAC, and the other is to use two
thyristors connected back to back - one thyristor is used to switch one half of the
cycle and the second connected in the reverse direction operates on the other half
cycle. As there are two options the advantages and disadvantages of using a TRIAC
must be weighed up.
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Advantages Disadvantages
A TRIAC does not fire symmetrically
Can switch both halves of an AC on
waveform both sides of the waveform
Single component can be used for full | Switching gives rise to high level of
AC switching harmonics due to non-symmetrical
switching
More susceptible to EMI problems as
a
result of the non-symmetrical
switching
Care must be taken to ensure the
TRIAC
turns off fully when used with
inductive
loads

TRIAC applications

TRIACs are used in a number of applications. However they tend not to be
used in high power switching applications - one of the reasons for this is the non-
symmetrical switching characteristics. For high power applications this creates a
number of difficulties, especially with electromagnetic interference. However
TRIACs are still used for many electrical switching applications:

x Domestic light dimmers

x Electric fan speed controls

x Small motor controls

x Control of small AC powered domestic appliances

x Phase control

X Inverter design

X AC switching

X Relay replacement
The TRIAC is easy to use and provides cost advantages over the use of two thyristors
for many low power applications. Where higher powers are needed, two thyristors
placed in "anti-parallel" are almost always used. The TRIAC is an electronic
component that is widely used in many circuit applications, ranging from light
dimmers through to various forms of AC control. It is generally only used for lower
power applications, thyristors generally being used for the high power switching
circuits.
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Circuit Diagram:

Procedure:
1. Make circuit connections as shown in the figure using patch cords.
2. Rotate both potentiometer P1& P2 fully in counter clockwise direction.
3. Connect voltmeter across Gate & ground to read Vg. & between MT2 &
ground to read VMT2.
4. Connect ammeter between MT2 & R1 to indicate the current IT & other

between Gate & R2 to indicate the gate current Ig.

Switch on the power supply.

Put the switch on +35v.

Vary the potentiometer P2 to set the gate current Ig to a lower value.
Increase voltage VMT2 gradually by varying potentiometer P1.

© o N o o

Observe the current IMT2 in the anode circuit. It shows almost zero current at
the

initial stage.

I EEEEEEEEE——
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10. If this not happens, repeat the procedure from step 8 for slight higher value

of gate current Ig.

11. Also note the voltage VMT2 & IT current in observation table.

12. Rotate Potentiometer P1 fully in clockwise direction.

13. Put the switch towards -35v & repeat from step 6 & note down the reading

in observation table 2.

14.Plot the graph of VMT2 versus IT.

Observation Table:
D Forward Characteristics
Voltage: +35V

Current IT (mA) at constant value of gate

Sr. No. Voltage VMT2 current(when switch is towards 35v)

lg=_mA Ig=_—_mA

Ig=_mA

- =2 OV 0O N oo o b WO N =

- O

Department of Electronic and Telecommunication 20___-20___

Page 7




Al)  Reverse Characteristics

Voltage: -35V
Current - IT (mA)at constant value of gate
Sr. No. Voltage — VMT2 current(when switch is towards — 35v)

Ig=_mA Ig=_mA Ig=_mA

1

2

3

4

5

6

7

8

9

10

11

Conclusion:
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Question:

Q1. What is difference between SCR and TRIAC?

Answer

oooooo
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Q2. What are the advantages and disadvantages of TRIAC ?

Answer
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seccscsescacacececnceccsncscccncs

Q3. List the applications of TRIAC.?

Answer
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Rubrics for Practical Assessment:

Cognitive (3)

Affective (3)

Psychomotor (3)

Total (9)

Sign of Subject Teacher
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Maharashtra Institute of Technology, Aurangabad | Laboratory manual

Practical Experiment Instruction Sheet

EXPERIMENT TITLE: To study of DIAC & Plot its V-I characteristics.

EXPERIMENT NO. : MIT(T)/ETC/__/03

Class: SY E&TC Department: Electronics & Telecommunication Engineering

Laboratory: Location:_____ [Part-Il Date:___/___/20___

Experiment No. 3

Aim: To study the characteristics of DIAC & Plot its V-l characteristics.

Apparatus Required: Apparatus Quantity
1. Resistance 1K,TW(on board) 1
2. DIAC DB3(on board) 1
3. Potentiometer 5K 1
4. Digital Multimeter 2
5. Nvis6530A 1
Circuit Diagram:
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Theory:

The DIAC is a two terminal device, which can pass current in either
direction when the break over voltage is reached in either polarity across the two
terminals. The basic construction of DIAC is similar to TRIAC, but without a gate
terminal as shown in fig. 1(a).

It may be noted from the figure that a DIAC consists of two 4-layer diodes
connected in parallel but in opposite directions. The four layers diodes are
P1N1P2N2 and P2N1P1N3 is shown in the figure. Since the DIAC conducts in both

directions, therefore the terminals are designated by numbers instead of anode
and cathode. The DIAC has two main terminals namely MT1 and MT2. Fig. 1(b)
shows the equivalent circuit of DIAC, which consists of two four layer diodes
connected in parallel but in opposite directions. Fig. 1(c) shows the schematic
symbol of the DIAC.

Figure 1 (a) Basic Construction (b) Equivalent circuit (c) Symbol

The DIAC can pass current in either direction depending upon the polarity
of voltage across its main terminals. It can be turned ON only when the applied
voltage across its main terminals reaches the break over voltage. When the
applied voltage makes
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the MT2 positive with respect to MT1, the DIAC passes current through the diode
P1N1P2N2 from MT2 to MT1 as shown in fig. 2(a).

However, if the applied voltage makes the MT2 negative with respect to
MTT1, the DIAC passes current through the diode P2N1P1N3 from MT1 to MT2 as

shown in fig. 2(b). The DIAC turns OFF when the current drops below the holding
value. A DIAC is used as a triggering device for TRIAC in phase control circuits
such as light dimming, heat control and speed control etc.

V-l Characteristics of DIAC

Figure (2) shows the V-I characteristics of DIAC.

The important points on this characteristic are:
1. The operation of DIAC is identical in both directions of conduction.
2. The DIAC does not pass any current, until the applied voltage of either
polarity reaches the break over voltage.

I ——————————————————————————————————————————————————————————————————————————————————
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3. Atthe break over voltage, the DIAC turns ON and the current through DIAC
increases rapidly as shown in figure.

4. The operating voltage and currents are the same in either direction.
Therefore DIAC is a symmetrical bilateral diode.

The DIACs are available with a breakdown voltage ranging from 28V to 36V.
Circuit Diagram:

Procedure:
1. Make circuit connections as shown in the figure using patch cords.
2. Rotate the both the potentiometer P1 in the fully counter clockwise
direction, connect voltmeter across T2 & T1 to read V1211.
Connect ammeter between T2 & R1 to read the current IT.
Switch on the power supply.
Put the switch on +35v.

Increase voltage V211 gradually by varying Potentiometer P1.

N o o b~

Observe the current IT in the circuit. It shows almost zero current at the

initial stage.

I EEEEEEEEE——
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8. At certain point of V1211 voltage decreases and ammeter shows sudden

rise in the IT current reading.

9. Note the voltage V1211 & IT current in observation table.

10. Rotate Potentiometer P1 fully in counter clockwise direction.

11. Put the switch towards -35v & repeat from step 6 & note down the reading

in observation table 2.

12. Plot the graph of V1211 versus IT.

Observation Table:

D Forward Characteristics

Voltage: +35V

Sr.No

Voltage V1211

IT=_

mA

O| O Nl o] g & WO N =
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Al)  Reverse Characteristics
Voltage: -35V

Sr.No

Voltage V1211

IT=_mA

O| O Nl o] g | WO N =

—
o

—
—_—
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N

—
w

—
I

—
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Conclusion:
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Question:

Q1. Give the difference between DIAC and TRIAC ?
Answer

...... seccccsccccsccccccccscccccsccsnes
reen s000scccscssccscssscecssscocssnce
...... eeccecccecesccecccccccccccscccnce
ryen s000scscscssccscssscecssscsccsnce
...... seccscscccacncecccncecccncsccnnce
ryen s000scscscssccscssscecssscsccsnce
...... seccscscccacncecccncecccncsccnnce
ryen s000scscscssccscssscecssscsccsnce

Q2. What is breakdown voltage of DIAC?
Answer

oooooo secesesesescsceceosssssosesocenen

seceee secescsescscscoceoscoccssesccones

oooooo secesesescscsceceosssssssesocenen

secese secescsescscscocccscoccssesccones

oooooo secesesesescsceceosssssssesocenen

...... seecscsescacncececnceccsncsccnncs

oooooo secesesescscsceceossssessesocenen

...... seccscscscacacececnceccsncsccsncs

oooooo secesesesescsceceossssessesocenen

...... seccscsescacacececnceccsncscccncs

Q3. List the applications of DIAC?
Answer

...... seccscscscacacececnceccsncsccsncs

oooooo secesesesescsceceosssssosesosenen

...... seccscsescacscececnceccsncscccncs

oooooo secesesescscsceceosssssosesocenen

Rubrics for Practical Assessment:

Cognitive (3) Affective (3) Psychomotor (3) | Total (9)

Sign of Subject Teacher
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Maharashtra Institute of Technology, Aurangabad | Laboratory manual

Practical Experiment Instruction Sheet

EXPERIMENT TITLE: To Study of Class C Commutation Circuit.

EXPERIMENT NO. : MIT(T)/ETC/____ /04

Class: SY E&TC Department: Electronics & Telecommunication Engineering

Laboratory: Location: Part- 1l Date:___/___ /20__

Experiment No. 4

Aim: To Study of Class C Commutation Circuit.

Apparatus Required: Apparatus Quantity
1. Resistance 2K2 (1/4w) 2
2. Capacitor 0.1uF (on board) 1
3. SCRTYN616 (on board) 1
4. CRO 1
Circuit Diagram:

Fig. 1 Class C Commutation
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Theory:

Class C-Complementary commutation (switching a charged capacitor
by a load carrying SCR):

The class C commutation circuit is shown in figure 1. In this method, the
main thyristor (SCR T1) that is to be commutated is connected in series with the
load. An additional thyristor (SCRT2), called the complementary thyristor is
connected in parallel with the main thyristor.

Fig. 2 Class C Commutation Circuit

Circuit Operation
A. Mode 0:

[Initial-state of circuit] Initially, both the thyristors are ‘Off’. Therefore, the
states

of the devices are
T1-'Off’

T2- ‘Off’

Ec1=0
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Fig. 3 Waveforms of Class C Commutation circuit

B. Mode 1:

When a triggering pulse is applied to the gate of T1, the thyristor T1 is
triggered. Therefore, two circuit current, namely, load current I. and charging
current Ic start flowing. Their paths are:

R ————————————————————————————————————
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Load current I;

Edc+—R1—-T1—Edc

Charging current Ic;
Edc+—R2—T1—C+—C-—Edc-

Capacitor C will get charged by the supply voltage Edc with the polarity shown in
Figure

1. The states of circuit components becomes
T1-0n’

T2- Off’

Ec1 = Edc

C. Mode 2:

When a triggering pulse is applied to the gate of T2, T2 will be turned on. As
soon as T2is ‘On’, the negative polarity of the capacitor C is applied to the anode
of T1 and simultaneously, the positive polarity of capacitor C is applied to the
cathode. This causes the reverse voltage across the main thyristor T1 and
immediately turns it off. Charging of capacitor C now takes place through the load
and its polarity reverses.

Therefore, charging path of capacitor C becomes
Edc+—R1—C+—C-—T2 (a_x— Edc_

Hence, at the end of Mode 2, the states of the devices are
T1-'Off’

T2-'On’

Eci1=-Edc

D. Mode 3:
Now, when thyristor T1, is triggered, the discharging current of capacitor
turns the complementary thyristor T2 Off’. The state of the circuit at the end of

this Mode 3 becomes
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T1-On’

T2- ‘Off’

Ec1 = Edc

Therefore, this Mode 3 operation is equivalent to Mode 1 operation. The
waveforms at the various points on the commutation circuit are shown in figure 2.
An example of this class of commutation is the well-known McMurray Bedford
inverter. With the aid of certain accessories, this class is very useful at
frequencies below about 1000 Hz. Sure and reliable commutation is the other

characteristic of this method.

Circuit Diagram:
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Procedure:

1.

© N o g B

Make sure that there should not be any connections by patch cord on the
board.

Connect 24VDC and ground at their indicated position.

Connect A and K terminal of SCR1 and SCR2 from the component block
to the A and K terminals of SCR1 and SCR2 of the class C commutation
circuit.

Connect 680E resistances to RL and R of Class C circuit.

Connect G1 and G2 to the gate terminals of the SCR1 & SCR2.

Connect Oscilloscope across load.

Switch ‘On’ the power supply.

Set the gate signal (G1 & G2) at minimum pulse width and frequency
using PWM and Frequency Potentiometer.

Vary the frequency using frequency Potentiometer and observe the
waveform across load and across SCR.

10. Plot the graph of observed waveforms.

Conclusion:
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Questions:

Q1. Why Class C Commutation is called Complementory Commutation?
Answer

secese secescsescscscoceoscoccosesccones

oooooo seccccsescccscececscoceccesccrces

oooooo seccccsesscescscesscocescesscsces

oooooo sececccesscescscecscocescesscsnes

Q2. List the Commutating components used in Class C Commutation?
Answer

sescee se00sessecnssesccoscesscnsscesnes
sescee se00sessecassesccescesscnssccsnes
sescee se00sessecnssesccoscesssnsscesnes
...... ceessessecessesccescessonssccsces
...... seccacscecnsncscecncosscncscennce

Q3. Describe Operation of Class C Commutation?
Answer

secese secescsescscscoceoscocccsesccones

seceee secescsescscscoccoscoccssesccones

secese secescsescscscoccoscoccssesccones

oooooo secesesescscsceceosssssosesocenen

...... seccscscscacncecscnceccsncscccncs

...... seccscscscacacececnceccsncscccncs

...... seccscsescacacececnceccsncscccncs

seceee se0escsescscscocecscocessesccones

secese secescsescscscoccoscoccssesccones

oooooo secesesescscsceceossssessesocenen

oooooo secesesesescsceceossssessesocenen

oooooo secesesesescsceceosssssssesocenen

Rubrics for Practical Assessment:

Cognitive (3) Affective (3) Psychomotor (3) | Total (9)

Sign of Subject Teacher

. _____________________________________________________________________________________________________________________|
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Maharashtra Institute of Technology, Aurangabad | Laboratory manual

Practical Experiment Instruction Sheet

EXPERIMENT TITLE: To study half wave controlled rectifier with resistive load.

EXPERIMENT NO. : MIT(T)/ETC/__/05

Class: SY E&TC Department: Electronics & Telecommunication Engineering
Laboratory: Location: Part - 1l Date:___/___/20___
Experiment No.
05

Aim: To study half wave controlled rectifier with resistive load.

Apparatus Required: Apparatus Quantity
1. Resistance 1K (10W) 2
2. SCR 2P4M (on board) 1
3. CRO 1
Circuit Diagram:

R ————————————————————————————————————
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Theory:

Phase controlled AC-DC converters employing thyristor are extensively used for
changing constant ac input voltage to controlled dc output voltage. In phase
controlled rectifiers, a thyristor is tuned off as AC supply voltage reverse biases it,
provided anode current has fallen to level below the holding current. Controlled
rectifiers have a wide range of applications, from small rectifiers to large high
voltage direct current (HVDC) transmission systems. They are used for
electrochemical processes, many kinds of motor drives, traction equipment,

controlled power supplies, and many other applications.

As shown in Fig. (1), the single-phase half-wave rectifier uses a single thyristor to
control the load voltage. The thyristor will conduct, ON state, when the voltage
VRT R is positive and a firing current pulse iR GR is applied to the gate terminal.
Delaying the firing pulse by an angle a does the control of the load voltage. The
firing angle a is measured from the position where a diode would naturally
conduct. In Fig.(1), the angle a is measured from the zero crossing point of the
supply voltage VR s R . The load in Fig. (1) is resistive and therefore current iR d R
has the same waveform as the load voltage. The thyristor goes to the non-
conducting condition, OFF state, when the load voltage and, consequently, the

current try to reach a negative value. The load average voltage is given by:
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Waveform:

Circuit Diagram:

R ——————————————————————————————————
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Procedure:
1. Connect circuit as shown in figure.
Connect GR1 signal to gate of SCR.
Switch ON the power supply.
Connect oscilloscope across SCR & observe waveform.

Connect oscilloscope across load resistance & observe waveform.

S L O

Plot the graph of observed waveform.

Conclusion:
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Question:

Q1. What is the difference between uncontrolled rectifier and phase
controlled rectifier?
Answer

oooooooooooo

oooooooooooo

oooooo

oooooo

oooooo

......

......

oooooooooooo

Q2. List the applications of Phase controlled rectifier?
Answer

oooooo

......

......

oooooo

oooooo

......

Rubrics for Practical Assessment:

Cognitive (3) Affective (3) Psychomotor (3) | Total (9)

Sign of Subject Teacher

I e —
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Maharashtra Institute of Technology, Aurangabad | Laboratory manual

Practical Experiment Instruction Sheet

EXPERIMENT TITLE: To Study of SCR based Step-Up Chopper with R load.

EXPERIMENT NO. : MIT(T)/ETC/__/06

Class: SY E&TC Department: Electronics & Telecommunication Engineering
Laboratory: Location: Part - 1l Date:___/___/20___
Experiment No.
06

Aim: To Study of SCR based Step-Up Chopper with R load.

Apparatus Required: Apparatus Quantity
1. Scientech 2725 1
2. CRO 1
3. Patch Chords

Circuit Diagram:

Theory:

Step-Up Chopper

The chopper of figure is capable of giving a maximum voltage that

configuration is slightly input DC voltage (i.e,EQ < E dc ).Therefore, the chopper
smaller than the
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Configuration of figure is called as Step-Up Chopper. However, the chopper can
also be used to produce higher voltage at the load than the input voltage (i.e. EO>E

dc). This is called as Step-Up Chopper and is illustrated in figure.

R ————————————————————————————————————
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R A ———————————————
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Circuit Connection Diagram:

Circuit Diagram:

R ————————————————————————————————————
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Procedure:

Make sure that there is no connection on the board initially.

1.

© © N o g~ WD

Conclusion:

Switch on the power supply

Set the frequency of PWM pulse by frequency control potentiometer at 1 KHz
Switch of the power supply

Connect power supply +24V & Ground at their indicated positions

Connect the SCR at chopper section in step up chopper configuration
Connect the PWM pulse from PWM circuit to the Gate (G) of the SCR
Connect R load at its indicated position

Switch on the power supply

Connect the multimeter at the load in DC mode vary the PWM control

potentiometer and observe the output voltage across the load

R ————————————————————————————————————
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Question:

Q1. Define Chopper.
Answer

eeocccseccce

oooooo

D LI Y TP YY

secese

secescsescscscocesscoccssesccones

secese

secescsescscscoccoscocccsesccones

oooooo

Q2. Describe working of Chopper?

Answer

secesesescscsceceosssssosesocenen

eeocccseccce

secese

secescsescscscoceoscoccssesccones

secese

secescsescscscoccoscoccssesccones

oooooo

secesesesescsceceossssessesocenen

oooooo

secesesesescsceceosssssosesocenen

secese

secescsescscscoccoscoccssesccones

secese

secescsescscscoceoscoccssesccones

oooooo

secesesesescsceceosssssssesocenen

oooooo

secesesesescsceceosssssosesosenen

Q3. List the applications of Chopper?

Answer

seccscseccee

secese

secescsescscscoccoscocccsesccones

oooooo

secesesesescsceceosssseosesocenen

oooooo

Rubrics for Practical Assessment:

secesesescscsceceossssessesocenen

Cognitive (3)

Affective (3)

Psychomotor (3) | Total (9)

Sign of Subject Teacher

R ————————
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Maharashtra Institute of Technology, Aurangabad |

Laboratory manual

Practical Experiment Instruction Sheet

EXPERIMENT TITLE: To Study of Parallel Inverter.

EXPERIMENT NO. : MIT(T)/ETC/___/07

Class: SY E&TC

Department: Electronics & Telecommunication Engineering

Laboratory: Location: Part - Il Date:___/__ /20___
Experiment No.

Aim: To Study of Parallel Inverter.

Apparatus Required: Apparatus Quantity
1. Scientech 2718 1
2. CRO 1
3. Patch Chords

Circuit Diagram:

R ————————————————————
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Theory:

R ——————————————————————————————————
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R ————————
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Figure 1: Parallel Inverter

R ————————————————————
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Connection Diagram:

I EEEEEEEEE——
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Figure 2: Waveform associated with Parallel Inverter

I EEEEEEEEE——
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Circuit Diagram:

Procedure:

R ——————————————————————————————————
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Observation Table:

Sr. No.

Frequency

Output Voltage (Vrms)

Conclusion:
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Question:

Q1. Define Inverter.

Answer

eeocccseccce

oooooo

D LI Y TP YY

secese

secescsescscscocesscoccssesccones

secese

secescsescscscoccoscocccsesccones

oooooo

secesesescscsceceosssssosesocenen

Q2. Give the Classification of Inverter?

Answer

eeocccseccce

secese

secescsescscscoceoscoccssesccones

secese

secescsescscscoccoscoccssesccones

oooooo

secesesesescsceceossssessesocenen

oooooo

secesesesescsceceosssssosesocenen

secese

secescsescscscoccoscoccssesccones

secese

secescsescscscoceoscoccssesccones

oooooo

secesesesescsceceosssssssesocenen

oooooo

Q3. List the applications of Inverter?

Answer

seccsesescse

secesesesescsceceosssssosesosenen

oooooo

secesesesescsceceossssessesocenen

secese

secescsescscscocccscoccssescconer

secese

Rubrics for Practical Assessment:

secescsescscscoceoscoccssesccones

Cognitive (3) Affective (3) Psychomotor (3) | Total (9)

Sign of Subject Teacher

I e —
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Maharashtra Institute of Technology, Aurangabad | Laboratory manual

Practical Experiment Instruction Sheet

EXPERIMENT TITLE: Speed Control Of DC Shunt Motor

EXPERIMENT NO. : MIT(T)/ETC/Electrical Machines Lab

Class: SY E&TC Department: Electronics & Telecommunication Engineering

Laboratory: Location.____ |Part-1ll Date:___/__ /20___

Experiment No. 08

Aim: Speed Control of DC Shunt Motor
[a] By varying field current with armature voltage kept
constant [b]By varying armature voltage with field current

kept constant.

Apparatus Required:
Apparatus Range Quantity
DC Shunt motor
DC Voltmeter (0-300V) 071No.
DC ammeter (0-5Amp) 01No.
Rheostat (500Q/1.2A) 01No.
Rheostat (110Q/1.7A) 01No.

Tacho-meter, connecting wires etc

Circuit Diagram:
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Theory:
The voltage induced (back emf) in the armature of a DC motor is
given by Eb = V — laRa, also Eb = ®ZN x P / 60A.
Therefore the speed of DC motor can be changed by
1) Varying the value of field current (i.e. Flux), by changing the
rheostat of field current.
2) Varying the voltage applied to the motor armature by
rheostat in armature circuit.
Procedure:
1. Connections are made as shown in circuit diagram.
2. Avariable resistance is connected in series with the shunt field and armature.
3. At the time of starting the motor the field rheostat should be kept
minimum Position and armature rheostat in maximum position.
4. For different values of field current, the corresponding values of speed
are taken With the help of tacho-meter, keep the armature voltage
constant. Don"t increase the speed more than the rated value.

o

For different values of armature voltage, the corresponding values of
speed are taken, keeping the field current constant.

6. Plot the graph of field current versus speed.

7. Plot the graph of flux (Voltage) versus speed.

1) By armature voltage control method ( Field current constant) =

(— )(Amp)
Sr. No. Armature voltage (V) Volt | N-Speed in RPM
1
2
3
4
5
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2) By field control method ( Armature voltage constant) = (- )(Volts)

Sr. No. Field Current (Amp) [ N-Speed in RPM

A|D|WIN|—=

Conclusion:
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Question:

Q1. State voltage equation of D. C. motor and DC Generator.

ANSWE ... cuueeeerreernesssnsasssesssnssesesosssssessssrssesasesasssssssnsssesns

oooooooooooo

oooooooooooo

oooooooooooo

oooooo

AANSWET ... e ceerreraesrsnesasnsesssnssesesosasssassssrssosasesssssssssnsssesns

oooooooooooo

oooooooooooo

oooooooooooo

oooooooooooo

oooooo

ooooooooooooooo

AANSWE ... cuueceerreraesssasasnsesssnssesesorssssessssrssesasesasssssssssssesas

oooooooooooo

oooooo

ooooooooooooooo

Rubrics for Practical Assessment;

Cognitive (3) Affective (3) Psychomotor (3) | Total (9)

Sign of Subject Teacher

Department of Electrical Engineering 20___-20___ Page 4




Maharashtra Institute of Technology, Aurangabad | Laboratory manual

Practical Experiment Instruction Sheet

EXPERIMENT TITLE: Starting and reversing of DC shunt motor

EXPERIMENT NO. : MIT(T)/ETC/Electrical Machines Lab

Class: SY E&TC Department: Electronics & Telecommunication Engineering

Laboratory: Location: Part - Il Date:___/___/20

Experiment No. 09

Aim: Starting and reversing of DC shunt

motor
Apparatus Required:
Apparatus Quantity
DC Motor 01No.
Three point starter 01No.
Connecting wires and etc..
Theory:

The current in armature circuit is given by V — Eb / Ra = la -— (1)
If a DC motor, which is at rest (N = 0), is connected to its rated supply it draws a
very large current (as E» = 0).
la (as starting) = V / Ra i.e. the current is limited by armature resistance (Ra) only,
which is normally very small. This current is many times more than the rated
current of the machine and dangerous for armature circuit. So at the time of
starting a DC motor, the armature current has to be limited safe value by suitable
rheostat connected in series with the armature.

Rs - Starting resistance, la (at starting) =V / (Ra + Rs) - (2)
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After the motor starts, a generated voltage appears across armature terminal, (i.e. Eb

a

Ns). This voltage is proportional to speed, as the field is constant and in
opposition to the applied voltage la reduces according to equation (1). After the
speed is reach Rs can be gradually reduced to zero, bringing the motor to its
normal running condition.

A three point d.c. motor starter works on the above mentioned principle. It
incorporates the protection against “Over load and No volt coil”.

It has three point L, A and F. Connections are to be done as shown in fig-2. it
consists of a handle, which is provided with soft iron piece and strong spring.
This handle when moved against the spring force makes contact with the brass
arc and with studs connected to starting resistance. Brass arc is connected to
the F terminal in series with coil known as “No volt release” the starting
resistance (Rs) is connected in series with armature, terminal L is connected in
series with “Over load release coil” as shown fig-2.

When supply switch is put on and the starter handle is slowly moved clockwise,
the Rs will be in series with armature will not exceed the safe limit of armature
current. At the final ,ON" position the soft iron piece is attracted by no volt
release and the force of attraction is greater than the spring force. This help
keeping the handle in ,ON" position till the supply switched off. If the supply
voltage fails, the no volt coil stop attracting the soft iron piece and handle goes to
off position. This prevents the armature being connected to the supply at
standstill, when the supply is restored. Overload release protects the motor
against excess current, when motor is overloaded when this current becomes
greater than the predetermined value, the magnetic force becomes sufficient to
attract a soft iron piece, which short circuits the contacts C,C1 thus shorting the
no-volt release.

The current in no-volt coil reduces and its electromagnets get demagnetized and

it releases the handle to off position and stop the motor.
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Reversal of direction:
Theory:
The direction of rotation of dc motor is given by Fleming"“s left hand rule. If

only field winding connection is reversed or armature winding connection is
reversed, the direction of rotation will reverse.

If both armature and field winding connection is reversed, the direction
remains the same. The direction of rotation can be checked by applying
F.L.H.R.

Experiment set up:
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Procedure:

1. Do the connection as shown in fig-1

2. Switch ,ON" the dc supply and move starting handle gradually cut

out all the resistances up to the run position of the starter.

3. Note the direction of rotation.

4. Repeat the steps 1 to 3 for the connection as per fig.-2 to 4 and note the

direction of armature.

Observation table:
Direction (Clockwise
Sr.No. [Particulars or Speed(rpm)
anti clockwise)
1 Connect as in fig.1
2 Reverse field winding only fig.2
Reverse armature winding only
3 fig.3
4 Reverse both armature and field
winding fig.4
Conclusion:
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Question;

Q1. What is the effect of change in terminals of the armature on speed direction
of dc shunt motor?.

AANISWET ..ottt cre s eeanessreneserssessssssnsss sssssssssssnsssese snssesane

............

............

............

......

Q2. How will the armature current and the output power of a dc
shunt motors change with increasing load?

AANSWET ..ot receenssrnsssassssesssenssssrsssssssssnsssess sssssssne

oooooooooooo

oooooooooooo

............

............

......

ooooooooooooooo

Q3. Which Motor generally called constant speed motor?

AANISWET ..o ee e seenecveseressssssssssss ssnssssssssnsssoss snsssssse

............

......

ooooooooooooooo

Rubrics for Practical Assessment:

Cognitive (3) Affective (3) Psychomotor (3) | Total (9)

Sign of Subject Teacher
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Maharashtra Institute of Technology, Aurangabad | Laboratory manual

Practical Experiment Instruction Sheet

EXPERIMENT TITLE: To study DC shunt motor Starter

EXPERIMENT NO. : MIT(T)/ETC/Electrical Machines Lab

Class: SY E&TC Department: Electronics & Telecommunication Engineering

Laboratory: Location: Part - Il Date:___/___/20__

Experiment No. 10

Aim: To study DC shunt motor Starter

Theory:

If DC motor is at rest, is connected to the rated supply, it draws a very large current.
This is because the current in its armature circuit is limited by the armature resistance
(Ra) only, which is normally small. This current is normally many times more than the
rated current of machine and is dangerous for armature circuit as well as for the
supply cable. So, at the time of starting a dc motor, the current in the armature circuit
has to be limited to a safe value. This can be achieved by connecting a suitable

starting resistance (Ra) in series with the armature as shown in fig.-1

Fig-1 DC shunt motor with a series resistance of Rs in armature circuit. With suitable
starting resistance (Ra) in armature circuit, the armature current at the time of starting

is limited by total resistance (Rs+Ra) and is safe.
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After the motor starts, a generated voltage appears across armature terminals. This
voltage is proportional to the speed, as the field is constant, and is in the armature
circuit reduces and is given by

Where V is the DC voltage applied and Eb is back e.m.f. this back e.m.f. is proportional
to the speed of the motor. With increase in speed, there is an increase in back e.m.f.
and because of this, there is a reduction of armature current. The final speed, which
the motor attains, is such that the armature current (Ia) develops a torque which is just
able to rotate the motor at that particular speed against the load and no further
acceleration is possible. After this speed is reached, the resistance Rs can be

gradually reduced to zero, bringing the motor to its normal condition.

Three point starter: A three point starter of dc shunt motor works on the above
mentioned principle and incorporates additional features such as protection against
“Overload” and “no volt”.

A three point starter as shown in fig-2 has three terminals. L, A and F. terminal L is
connected to the positive terminal of supply line, A to armature and F to shunt field. It
consists of a handle which is provided with a soft iron piece and a strong spring. This
handle when moved against the force of spring makes contact with the brass arc and
with studs connected to the starting resistance. Brass arc is connected to the terminal
F in series with coil known as ,no volt release“. The starting resistance (Rs) is
connected in series with the armature. Terminal L is connected in series with overload
release coil as shown in fig-2.

For starting the motor, the starter handle is moved to the first stud. At the position, the
current drawn by shunt field is normal and the starting current drawn by the armature
is-

The motor thus starts without exceeding the current limit, and the speed is low. After
a few seconds, the handle is moved to second stud in which case, a part of the
resistance in the armature circuit is cut off and due to this, the speed of the motor
increases. The handle then moved to next position and gradually is brought to final
position cutting all the resistance. at this position, the motor runs at normal speed.

This is known as ,,ON" position.
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In “ON" position, the soft iron piece provided on handle is attracted by the no volt
release, and the force of the spring acting against it. This help in keeping the handle in
“ON” position, till the supply is switched OFF. If the supply voltage is fails, the no volt
coil stops attracting the soft iron piece and the handle goes to OFF position. This
prevents the armature being connected to the supply with the motor at stand still,
when the supply is restored.

Overload release protect the motor against excess current which will pass through the
armature. When the motor is overloaded. Full armature current passes through
overload release coil. When this current becomes greater than the predetermined
value, the magnetic force becomes sufficient to attract a soft iron piece ,S" which
short circuit the contacts CC", thus shorting the no volt release. This releases the

handle which goes to the OFF position and stops the motor.

Three point starter Diagram
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Conclusion:

Question:

Q1. Why does starter required for motor at starting?

AANISWE ... ceeee et sae e see s sas sss ot s sanssnsssssssssssssssasssnasessns

............

............

oooooooooooo

oooooo

oooooooooooo

oooooooooooo

oooooooooooo

............

......

ooooooooooooooo
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Q3. What is the drawback of three point starters which is overcome in four point starters?

AANISWET ..ottt cre s eeeneeseenessrsssssssssnsss sssssssssssnsssese snssesne

............

......

ooooooooooooooo

Rubrics for Practical Assessment:

Cognitive (3) Affective (3) Psychomotor (3) | Total (9)

Sign of Subject Teacher
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Maharashtra Institute of Technology, Aurangabad | Laboratory manual

Practical Experiment Instruction Sheet

EXPERIMENT TITLE: TO STUDY SPEED CONTROL OF INDUCTION MOTOR BY V/F CONTROL

EXPERIMENT NO. : MIT(T)/ETC/Electrical Machines Lab________

Class: SY E&TC Department: Electronics & Telecommunication Engineering
Laboratory: Location: Part - Il Date:___/___/20___
Experiment No. 11

Aim: To study speed control of induction motor by v/f control.

Apparatus: Induction motor: 3 HP, 415V, 50 Hz, 4.7 Amp, 1440 rpm, 3 phase delta
connected squirrel cage induction motor.

1. Control panel having three phase VFD drive, with

a) Ammeter- (A.C.)-0-5 A

b) Voltmeter-(A.C.) - 0-300V

c) Inbuilt frequency indicator

Theory: A three phase induction motor is practically a constant speed motor like a dc
shunt motor. But the speed of the dc shunt motor can be varied smoothly just by using
simple rheostats. This maintains the speed regulation and efficiency of the dc shunt
motor, but in case of three phase induction motor it is very difficult to achieve smooth
speed control. And if the speed control is achieved by some means, the performance of
the induction motor in terms of its power factor, efficiency gets adversely affected. For
induction motor, N = Ns (1- S) from this expression it can be seen that the speed of the
induction motor can be changed either by changing its synchronous speed Ns or by
changing the slips. So, the parameters like R2, E2 are changed than to keep the torque
constant for the constant load condition motor reacts by change in its slip, effectively
its speed changes. The speed of the induction motor can be controlled by two methods.
1. from stator side

2. from rotor side
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From stator side it includes:-

a. Controlling supply frequency to control Ns called v/f control.

b. Supply voltage control.

c. Controlling number of stator poles to control Ns.

d. Adding rheostats in stator circuit.

From rotor side it includes:-

a. Adding external resistance in rotor circuit.

b. Cascade control.

c. Injecting slip frequency, voltage into the rotor circuit

Supply Frequency Control or V/F Control:

The synchronous speed is given by Ns = 120f/p Thus by controlling supply frequency
smoothly, the synchronous speed can be controlled over a wide range. This gives
smooth speed control of the induction motor. But the expression for the air gap flux is
given by &g = [1/(4.44K1 Tph1)] * (v/f) This is according to the emf equation of the
transformer where, K = stator winding constant Tph1 = stator turns per phase V = supply
voltage f = frequency (supply) It can be seen that from his expression if the supply
frequency f is changed, the value of air gap flux also gets affected. This may result into
saturation of stator and rotor cores. Such a saturation leads to sharp increase in the no
load current of motor. Hence, it is necessary to maintain air gap flux constant when
supply frequency is changed.

In this method, supply to the induction motor required is variable voltage, variable
frequency supply and can be achieved by an electronic scheme. The normal supply
available is constant frequency, constant voltage supply. The converter converts this
supply to the dc supply. This dc supply is then Given to the inverter. Inverter converts
this to variable frequency variable voltage if selecting proper frequency the v/f ratio is
maintained constant and speed control of three phase induction motor is achieved. The
inverter is nothing but VVVFD (variable voltage variable frequency drive). When using
line frequency control method to maintain motor torque constant, the line voltage
should be changed in direct proportion to the frequency, i.e. if frequency is increased
the supply voltage must also be increased and vice versa. This is necessary to maintain

constant flux in air gap to get satisfactory motor performance.
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The VVVF drive shown in fig. gives the nearly constant V/F ratio and maintains the flux
constant. Under this condition the maximum developed torque will remain
approximately constant and the output power will vary approximately in direct

proportion with speed of motor.

Procedure:-

1) Make all the connections as shown in fig. with switch in off position.

2) Switch on the power supply and start the motor by pressing START button on VVVF
drive.

3) Set the frequency on VVVFD to 50Hz and note down the corresponding values of
stator

voltage using voltmeter and motor speed using tachometer.

4) To control the speed decrease the values of frequency on VVVFD step by step and
note down the corresponding readings of stator voltage and motor speed.

5) Stop the motor by pressing STOP button on VVVFD, switch off the power supply and

remove all the connections properly.

OBSERVATION TABLE:-

Sr.No. Frequency (Hz) [ Voltage (Volts) Speed (rpm) V/F Ratio
01

02
03
04
05

Conclusion:
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Question;

Q1. Write down the methods of induction motor speed control?

AANISWET ...ttt eeerascvnesesessssssssssss ssnssssssssnsssoss snsssssen

oooooooooooo

............

............

......

Q2. Write the procedure for setting frequency on VVVFD?

AANSWET .. coeeceeee e e seeeeneesrsnseresesesssensssrssssassosnssess ssssssns

oooooooooooo

oooooooooooo

oooooooooooo

oooooooooooo

oooooo

ooooooooooooooo

Rubrics for Practical Assessment:

Cognitive (3) Affective (3) Psychomotor (3) | Total (9)

Sign of Subject Teacher
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Maharashtra Institute of Technology, Aurangabad | Laboratory manual

Practical Experiment Instruction Sheet

EXPERIMENT TITLE: TO STUDY SPEED CONTROL OF INDUCTION MOTOR BY V/F CONTROL

EXPERIMENT NO. : MIT(T)/ETC/Electrical Machines Lab

Class: SY E&TC Department: Electronics & Telecommunication Engineering

Laboratory: Location: Part - Il Date:___/___/20__

Experiment No. 12

Aim: Speed reversal of three phase induction motor by changing phase sequence.

Apparatus:-

1) Three phase Induction motor
2) Tachometer

3) Voltmeter (0-600V)

4) Ammeter (0-5A)

Theory: The method of changing the direction of rotation of an induction motor depends
on whether it is a three-phase or single-phase machine. In the case of three phases,
reversal is carried out by swapping connection of any two phase conductors. In a single-
phase split-phase motor, it is achieved by changing the connection between the primary
winding and the start circuit. Single-phase split-phase motors that are designed for
specific applications may have the connection between the primary winding and the
start circuit connected internally so that the rotation cannot be changed. Also, single-
phase shaded-pole motors have a fixed rotation, and the direction cannot be changed.
When phase sequence of three phase induction motor is RYB the motor can be
assumed to be rotating in anticlockwise direction. But as we interchange the position of
any two phases i.e. YRB then the rotation of induction motor reverses to clockwise
direction. The connection diagrams for interchanging the sequences of any two phases

are shown in following figures.

Department of Electrical Engineering 20___-20___ Page 19




Circuit Diagrams:-
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Procedure:-

1) First of all make assure the sequence of phases.

2) Make the connection as per circuit diagram fig.1

3) Assure the proper connection

4) Switch on the power supply and start the motor
5) Verify the direction of speed and note down.
6) Stop the motor and switch off the main supply.

7) Make as per circuit diagram fig.2

8) Assure the proper connection

9) Switch on the power supply and start the motor.

10) Verify the direction of speed and note down, repeat the same process for fig.3 and

fig.4
OBSERVATION TABLE:-

Sr. No.

Phase sequence

Direction of Rotation

Conclusion:
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Question;

Q1. Why the rotation of three phase induction motor gets changed after changing
phase sequence?

AANISWET ...t ee e eeesecesesesessssssssssos ssnssssssssnsssoss sssssssse

oooooooooooo

............

oooooooooooo

oooooo

Q2. The rotation of following motor can be changed by changing phase
sequence, DC series motor
Synchronous Motor
Three phase Induction Motor
Both (b) & (¢)
All of above

AANISWET ..ottt st ecenescrenessnssesssssnsss sssssssssssnsssess snssesane

............

............

............

............

oooooooooooo

Rubrics for Practical Assessment:

Cognitive (3) Affective (3) Psychomotor (3) | Total (9)

Sign of Subject Teacher
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