DEPARTMENT OF ELECTRICAL ENGINEERING
INDIAN INSTITUTE OF ENGINEERING SCIENCE AND TECHNOLOGY, SHIBPUR

BASIC ELECTRICAL ENGINEERING LABORATORY

General guidelines for conducting experiments and preparing reports:

1) The laboratory classes begin on the very first week of opening the classes in each
semester. However, the first day of laboratory class is scheduled for delivering general
instructions and sharing/handing over Laboratory manual.

2) Always wear covered shoes with socks in the laboratory.

3) The students must come to the laboratory duly prepared with the knowledge of the
underlying principles,theoretical concepts and the methods of the experiments to be
performed.

4) The students are advised not to work alone in the laboratory.

5) They should not touch any terminal or switch without ensuring that it is
‘dead’electrically.

6) Remember thegolden rule -"CONNECT LAST, DISCONNECT FIRST" for all power
hardware set-ups.

7) Use appropriate length of connecting wires, rather than joining two or three small ones.
In the latter case you have open joints, which are dangerous.

8) Make sure that the electrical connections are right and tight.

9) Use fuse wire/MCB of proper rating only.

10) Keep safe distance from all moving parts of rotating machines as far as possible and
avoid garmentswith loose and long ends.

11) Prepare Apparatus list & Table in theReport Sheet.(available in the campus store)

12) While preparing apparatus list, note down all apparatus used even if some of them were
kept fixed on the table/bed.

13) Draw final circuit diagrams, graphs, tables etc. with pen only at the time of submission of
reports.

14) Follow established symbols for drawing circuits.

15) In circuit diagrams (for submission with reports) mention brief ratings of all apparatus.

16) While preparing experimental results in the data sheet take as many readings as may be
required for the purpose like (1) drawing precise graphs (e.g. while drawing O.C.C. of
d.c. generator more points may be required in region where there is non-linearity), (2)
device performance details etc.

17) If sample calculations, graphs, anyspecial discussion, commentor observationson the
experiments performed are essential (you will find it mentioned in the manual), then
those should be appended in the report.

18) Scheduled time of submission of reports is as directed by the teacher. In case of late
submission, marks will be deducted at the rate of 10% for each week or part thereof up to
a maximum delay of one month.

19) Refer to available standards (IS, IEC, IEEE etc.) for engineering practice/norms.



DEPARTMENT OF ELECTRICAL ENGINEERING
INDIAN INSTITUTE OF ENGINEERING SCIENCE AND TECHNOLOGY, SHIBPUR

BASIC E.E. LABORATORYFirst/Second Semester

Expt. No: 1(a)

Title:FAMILIARISATION EXPERIMENT - PART 1
(VARIAC, POTENTIAL DIVIDER, MCV, MIV, MCA, MIA)

Objective:1) To become familiar with the‘’POTENTIAL DIVIDER’ and the ‘“VARIAC’
2) To become familiar with the Moving Coil (MC) and Moving Iron (MI) type ammetersand
voltmeters and to understand the use of these meters

Theory:1) POTENTIAL DIVIDER

Potential divider is a device by which we can vary the voltage across its output terminals, from
zero to full supply voltage. It can be used in both a.c. and d.c. circuits. Potential divider is made
of two variable resistances R1 =A:1 Birand R2=Az Bz as shown in Fig.1.1. B: and Bare connected
(to give the assembly a conventional rectangular shape) and the whole assembly is usually placed
on a wooden platform. There are two jockeys (moving contacts) J: and J> which can be slid over
the resistance arms by the user. By moving the jockey, the resistance is varied which in turn
varies output voltage across Ji, J.. A1 and Az are the input terminals. Thejockey is usually
connected by a carbon (graphite)brush.

With reference to Fig.1.1,let Rout= resistance across Ji B1 B2 Jo. When the input voltage Vin is
applied across A1A2 and the output circuit is open, then the input current is,
VIN
Ri+ Rz
So, the output voltage between J; and Jzis

Iin=

R
Vour= lin.Rout= Vinx —24
ouT IN. NOUT IN Rl_|_ R2

N.B: The variable resistances each separately have a MINIMUM and MAXIMUM resistance
position.However,when usedas a POTENTIAL DIVIDER, there are ZERO VOLTAGE and
FULL VOLTAGE positions only.
Procedure:
[Note the fuse rating. Do not switch on supply power without the permission of
the teacher/ teaching assistant assigned for the expt.]

1) Connect the given MCA and MIA in series and the MCV and MIV in parallel as
shown in Fig. 1.2, after checking their ranges. IN NO CASE THE READING
SHOULD GO 'OUT OF SCALE'.

2) Note the positions of the moving contacts at which the output voltage is
(a) approximately zero and(b) maximum and nearly equal to the supply voltage.

3) Keep the load resistance fixed. Vary the output voltage in 3 steps and record the
ammeter and voltmeter readings in the DATA SHEET to be prepared by youas
shown in Table-I(SAMPLE DATA SHEET).

4) Record what happens when terminal connections of theMCA and MIA and
alsotheMCV and MIV are reversed, in the DATA SHEET (as in 3 above).
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Brief Theory: 2)VARIAC

It is a device which is used to obtain variable output alternating voltage from a fixed input
alternating voltage. Voltage magnitude (r.m.s.) can be varied from zero to a voltage even higher
than the supply voltage by inserting more number of turns in the output circuit. Variac can only
be used in a.c. circuits. Also a VARIAC has an available setting by which voltage slightly higher
than the input voltage may be obtained.

Note: A potential divider can be used in both d.c. and a.c. circuits.

Procedure:

1)
2)

3)

Make connections as shown in Fig.1.3.

Vary the position of the moving contact J and record ammeter and voltmeter readings
in the DATA SHEET to be prepared by you as shown in Table-I of the SAMPLE DATA
SHEET.

Note down the fuse rating also.

REPORT :

(Fill up with words)

(a) Moving coil instruments can mMeasure ................coceevevinennnn..

(b) Moving iron instruments Can Measure ..............ocoeevevennnnn...

A Moving coil ammeter (MCA) is giving deflections in the wrong direction. How can
you make it read in the proper direction?

You are given a moving coil and a moving iron instrument. Can you recognize the meters
from the appearance of their scales?

Can you use a potential divider for obtaining variable dc supply from a fixed ac supply?
What are the differences between a variac and potential divider?

Check the specifications of each apparatus you have used.
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SAMPLE DATA SHEET

TITLE OF THE EXPERIMENT :

NAME: ROLL NO:
DATE:
Apparatus used:(Add additional rows if needed.)
SI. No. Item Qty Range/Rating Lab. No. Maker's Name
EXPERIMENTAL DATA :
TABLE-I
Readings of REMARKS
SI. No. MCA MIA MCV MIV
TABLE-1I
METER Remarks for Normal Connection Remarks for Reversed Connection

MCA

MIA

MCV

MIV

Signature of the teacher




DEPARTMENT OF ELECTRICAL ENGINEERING
INDIAN INSTITUTE OF ENGINEERING SCIENCE AND TECHNOLOGY, SHIBPUR

BASIC E.E. LABORATORYFirst/Second Semester

Expt. No. 1(b)

Title: FAMILIARIZATION EXPERIMENT -PART 2 (WATTMETER)

Objective:To become familiar with wattmeter connections at different current andvoltage
ratings

Theory: A wattmeter is an instrument which measures electrical power.
By elementary understanding, Power =voltage xcurrent(with slightly deeper implications in ac)

A wattmeter has a voltage coil or ‘pressure coil’(PC) which senses vVoltage across the element for
which the power is to be measured and a current coil(CC) which senses the current through that
element or part of the circuit (load). Thus, a wattmeter will show a reading when its current and
pressure coils are energized simultaneously. A wattmeter has at least four terminals, two for
current coil and two for pressure coil. However, in a usual portable wattmeter, quite often many
more terminals are provided for measuring power at different currents and voltage ranges. The
symbolic representation of wattmeter is shown in Fig.1.4.

Procedure :

[Note the supply fuse rating. Do not switch on the supply without the permission of the teacher/
teaching assistant assigned for the expt.]

1) Make connections as shown in Fig.1.5using the lower current range and lower voltage range of
wattmeter.

2) Adjust the variac output voltage below the voltage range used, to allow a current to flow
through the load. Record then the wattmeter reading in the DATA SHEET to be prepared by
you as shown in Table-I of the SAMPLE DATA SHEET.

3) Change the voltage coil setting to another range, but the supply voltage must be same as the
previous value and record the wattmeter reading in TABLE-I.

4) Change the current coil setting to another range and record the wattmeter reading in TABLE-
I. You may repeat steps (2), (3) and (4) for different values of the variac output voltage and
different currents through the resistance.

5) Change back the voltage to get another range and record the wattmeter reading in TABLE-I.

6) See what happens when,a) the current coil is reversed
b) the pressure coil is reversed.

c) both current and pressure coils are reversed and complete TABLE-2.
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SAMPLE DATA SHEET

TITLE OF THE EXPERIMENT :

NAME: ROLL NO:
DATE:

Apparatus used:(Add additional rows if needed.)

SI. No. Item Quantity Range/Rating Lab. No.

Maker's Name

Experimental Data:

TABLE-1
Sl. No. Currentrange Voltage range Wattmeter Multiplying Power
reading factor(My)
TABLE-2
SI. No. Type of connection Deflection
(Indicate positive or negative)
1. Current coil terminal “M” connected to Pressure coil
“COM?” terminal as in Fig.1.5
2. Current coil reversed, pressure coil is kept as in Fig-1.
3. Current coil as in Fig-1 but pressure coil is reversed.
4, Both current and pressure coil are reversed.

Signature of the teacher




DEPARTMENT OF ELECTRICAL ENGINEERING
INDIAN INSTITUTE OF ENGINEERING SCIENCE AND TECHNOLOGY, SHIBPUR

BASIC E.E. LABORATORYFirst/Second Semester

Expt. No. 2

Title: Experimental verification of circuit theorems (For DC Circuit)
a) Superposition theorem
b) Thevenin's theorem
c) Maximum power transfer theorem

Objective : 1) To verify the theorems experimentally
2) To find out the current through a given load resistance R (6€2) using two
different theorems

Statement of the Theorems:

Superposition Theorem:
In any linear bilateral network, the current at any point due to the simultaneous action of a number

ofsources of e.m.f. distributed throughout the network, is the algebraic sum of component currents in
the network. A component current in a network is that due to one e.m.f acting alone with other e.m.fs
replaced by their internal resistances.

Thevenin’s Theorem:

Any two-terminal active linear bilateral network can be replaced, at any pair of terminals a-b, by an
equivalent circuit having a voltage source E in series with a resistance Ru,where,E is the voltage
across the terminals a-b when they are open circuited and Ruis the equivalent resistance between the
terminals a-b looking back into network when all the voltage sources are replaced by their internal
resistances.

Maximum Power Transfer Theorem:

A resistive load connected to a d.c. network receives maximum power when the load resistance is
equal to the Thevenin equivalent resistance of the network as seen from load terminals.

The current (1) in a series circuit containing load resistance R and source resistance Rsis given by,

I=———— where, V is the applied voltage.
(RL+Rs)

So, the power (P) absorbed in the resistance Ry is

v P
o= || B
(R +Rs)

The value of R. for which P will be maximum is obtained from the above relation when R =Rs.
Hence, for maximum power transfer to the load, the load resistance (R.) must be equal to the source
resistance (Rs).



Procedure:

[Check fuse rating. Do not switch on supply power without the permission of the teacher/
teaching assistant assigned for the expt.]

For Superposition Theorem:

=

Make connections as shown in the diagram Fig.2.1.

Measure the current through R when both sources (V1&V-2) are present and tabulate in

the DATA SHEET to be prepared by you as shown in Table-1 of the SAMPLE DATA
SHEET.

Keeping one voltage source (V1) in the circuit and other voltage source (V) replaced by its
internal resistance (here assumed zero), note down the ammeter reading in Table-1 with proper
polarity.

Now insert the other source (V2) in the circuit replacing the previous voltage source (V1) by its
internal resistance (here assumed zero). Measure and note down the circuit current with proper
polarity.

For Thevenin’s Theorem:

1.

3.

4.

Remove the resistance R and measure the open circuit voltage (Vi) across a&b(Fig.2.1) and
tabulate in the DATA SHEET to be prepared by you as shown in Table-Il of the SAMPLE
DATA SHEET

Measure the resistance Ru of the circuit across a&b when the two sources are replaced by

their respective internal resistances. The resistance R is measured across a&b by drop
method (i.e, eitherVy or V.is connected across a & b and ammeter current Irc is noted). Then
Rin=(V1 or V2)/ Ir
_ Vin

(Rn+R.)
Tabulate in Table-11.

I

For Maximum Power Transfer Theorem:

no

Make connection as shown in Fig-2.2. Check the fuse rating.

Switch on 25 Volt d.c. supply and do not alter Rs.

Increase R. to maximum and measure supply voltage (V), voltage across the load resistance
(Vr.), voltage across the source resistance (Vrs) and the current through the circuit and
tabulate the data.

Keeping the supply voltage fixed, lower the load resistance (RL) and tabulate the results for
different values of current.
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SAMPLE DATA SHEET

TITLE OF THE EXPERIMENT :

NAME: ROLL NO:
DATE:

Apparatus used :(Add additional rows if needed.)

SI. No. Iltem Quantity Range/Rating Lab No Maker'sName
Experimental Data:
TABLE-I(For Superposition Theorem)
SI. No Particulars Current/Voltage
1 Current through R, with both sources present(l)
2 Current through R for source Vionly(l1)
3 Current through Ry for source V.only(l2)
4 Algebraic sum of liand 1>
TABLE-II (For Thevenin’s Theorem)
SI. No Particulars Current/VVoltage/Resistance

1 Voltage across a and b when R is removed(Vin)

Voltmeter reading (ViorVy) Drop Method

2 Ammeter reading (IrL)

3 Equivalent Resistance (Rin)

4 Load current (1.)




TABLE-I1I(For Maximum Power Transfer Theorem)

Sl. Supply Voltage Voltage Current (I) | Value of Power
No. Voltage(V) Across Rs across Rp Amp R Consumed in
Volt (Ves) Volt | (Vr) Volt Ohm RL(P)
Watt
Signature of Teacher
Report:

1. (a) How do you represent ideal voltage and current sources?
(b) What is meant by linear, bilateral network? Give example.
(c)Are the network theorems valid for a.c. circuits?
(d)Give a simple example (draw circuit diagram) where Network Theorems may fail.

2. Compare the values of currents obtained theoretically from Superposition Theorem,
Thevenin’s Theorem, Max. Power Transfer Theorem and the actual experiments. In case of
discrepancy, state possible reasons.

3. Draw the graph of Vrsvs.l in a graph paper and determine the values of the source resistance
(Rs). [Table 1]

4. Plot P vs.RL in a graph paper and determine the value of R, for which P is maximum. Hence,
compare this with Rs obtained in (2) above.
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DEPARTMENT OF ELECTRICAL ENGINEERING
INDIAN INSTITUTE OF ENGINEERING SCIENCE AND TECHNOLOGY, SHIBPUR

BASIC E.E. LABORATORYFirst/Second Semester

Expt. No. 3

Title: STUDY OF A.C. SERIES R-L-C CIRCUIT

Objective: To study a.c. single phase series circuits with reference to power, power factor and
phasor diagram

A)Determination of Parameters of the Choke coil:

Procedure:
[Note the fuse rating. Do not switch on supply without the permission of the teacher/
eaching assistant assigned for the expt.]

1) Connect the choke coil as shown in the Fig.3.1.
[Note: A choke coil is equivalent to a small resistance R and an inductanceL in series, so that at
anyfrequency f the impedance of the choke coil is,
Z= (R2+X.%)Y2, where, X, =2zfL]
2)Measure power, current and voltage for two values of current between 0.7 and 1.1A,
(Adjust bymeans of the rheostat R1) to complete the DATA SHEET to be prepared by you
as shown in SAMPLE DATA SHEET.
Report:
a) Complete the DATA SHEET
to find R, L and power factor of the chokecoil.
b) For one value of current, of TABLE-I of the DATA SHEET, calculate the productiR.  (Vrw)
and IX.(VxL).Choose suitable voltage scale and draw the phasor diagram as
shown in Fig. no.3.3to scale. Find power factor(p.f.) cose and tabulate the value.

B) Determination of Parameters of Capacitor :

Procedure:

1) Replace the choke coil of Fig.3.1 by a capacitor in between the pointsX&Y and repeat
the procedure (2) above. Complete the DATA SHEET to be prepared by you as shown in
SAMPLE DATA SHEET

Report:
a) Complete TABLE- Il of the DATA SHEET to find Rc , Cand power factor (p.f.).

b) Draw the phasor diagram on a graph paper as shown in Fig3.4to scale. Find power
factor(p.f.)cose and tabulate the value.

11



C)R-L-C SERIES CIRCUIT :

Procedure:
1) Connect as shown in Figure.3.2.
2) For two values of current between 0.7 and 1.1A(adjusted by the rheostat R1),measure

Power, Current and Voltage to completethe DATA SHEET to be prepared by you as
shown in SAMPLE DATA SHEET.

Report:  a) For one value of current from the observed data, calculate the values of R, L and C
previously determined.
b) Draw the phasor diagram to scale following the procedure givenbelow:-

i.  Draw the phasor ofVrs and Vce= Vcap and find p.f. angle andp.f.

ii.  Draw the phasor diagram of Vchoke knowing Vre, V. and I . Segregate
VL :(pure inductive part) and Vi (due to resistance of choke coil) from

\7Choke.
iii.  Find V=(Vcnoket Vrf+ Vcap) and hence the magnitude of V,coseand
tabulate the value.

12
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SAMPLE DATA SHEET

TITLE OF THE EXPERIMENT

NAME: ROLL NO:
DATE.:
Apparatus used:(Add additional rows as needed.)
Sl. No Item Quantity | Range/Rating Lab No. | Maker’s Name

Experiment Data:

TABLE-I
No. Observed Data Calculated data p.f. (cose) from
of hasor diagram
ooy, |V [T W [z=vi [R. L of =cosp= | Praeor died
' WIVI
TABLE-II
No. Observed Data Calculated data p.f.(cose)from
f h di
Obsy v I W [Z=Vl | Re C 0.f=cosg = | P aoor dlagram
' WIVI
TABLE-II
No. Observed data Calculated power factor, p.f.(cose) V from Phasor
f di
0 || Vr \Y W p.f. From phasor lagram
Obsv. :
(cosg) diagram

13
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DEPARTMENT OF ELECTRICAL ENGINEERING
INDIAN INSTITUTE OF ENGINEERING SCIENCE AND TECHNOLOGY, SHIBPUR

BASIC E.E. LABORATORYFirst/Second Semester

Expt. No. 4
Title:SPEED CONTROL OF D.C. SHUNT MOTOR

Objective: To study two methods of speed control of a D.C Shunt Motor, namely,
a) Armature voltage control and
b) Field current (weakening) control

Theory: The voltage Va across the armature terminals of a D.C. Shunt Motor is expressed as,
Va=laRa+ E
where, E= Kp®@N
Where, '®' is the flux per pole and is proportional to field current (Is).
'N'is the speed of the motor in rev/min (rpm)and
'Kyp" is a constant for the motor (back-emfconstant)
Since the armature resistance is small, 1.Radrop may be neglected.
If we neglect the ‘1aRa’ drop, then
Va=E = Ky®N.
or, N=V,/Kp®
The speed therefore can be controlled
A) By controlling the armature voltage (Va), keeping the field current ()
constant.Since Voltage cannot be increased above rated value,speed variation
is possible from zero to rated speed.
B) Bycontrolling the field current (lf), keeping armature voltage(Va) constant.
In this method speed variation may be possible from rated to above ratedvalue
by decreasing field current from rated value.

Procedure :[Note the fuse rating. Do not switch on supply without the permission of the teacher/
teaching assistant assigned for the experiment.]
1) Make connectionsas shown in the circuit diagram. (Fig.4.1)
RUN-I
2) With minimum resistance in the field circuit (that is maximum If) and the potential divider
slider at the minimum output voltage position (Va=0),
switch on the D.C. 220V mains.
3) Apply a small voltage to the armature circuit (by increasing the potential divider

slider outputvoltage) keeping field current constant and at itsmaximum value and
observe that the motor runs at a steady speed.Note down the armature voltage,
speed and field current values.

4) Increase Vato the maximum possible value in about 9 to 10 steps and complete the
DATA SHEET to be prepared by you asshown in SAMPLE DATA SHEET.
14



5) Keeping the potential divider in the maximum voltage position, decrease field
current (Ir). Observe that the speed increases. Note down the field current (If), speed
(N) andarmature voltage (Va) values.

6) Decrease the field current (lf) in about 7 to 8 steps till the motor speed is about 1800

r.p.m and complete the DATA SHEET to be prepared by you as shown in SAMPLE
DATA SHEET. (Please make sure that the speed never exceeds 1800 rpm).

Report : 1) Draw curves showing —
a) Speed (N) versus armature voltage (Va), with field current (If) constant
b) Speed (N) versus field current (lf), with armature voltage (Va) constant

15
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SAMPLE DATA SHEET

TITLE OF THE EXPERIMENT :

NAME: ROLL NO:
DATE:
Apparatus used: (Add additional rows if needed)
SI. No. Item Quantity Range/Rating Lab No Maker's Name

Machine under test: D.C Shunt Motor

Rated Voltage (V):
Rated Current:
Lab No/Sl. No:

Rated Power:

Rated Speed:

Maker's Name:

Experimental Data:

TABLE-1

Current lt(constant) =

No. of
Obsuvs.

Armature Voltage(Va) in volts

Speed (N)in r.p.m

TABLE-2
VoltageV, (Constant) =

No. of
Obvs.

Field current (I5) in mA

Speed (N)inr.p.m

*The student(s) should add rows.

16
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DEPARTMENT OF ELECTRICAL ENGINEERING
INDIAN INSTITUTE OF ENGINEERING SCIENCE AND TECHNOLOGY, SHIBPUR

BASIC E.E. LABORATORYFirst/Second Semester

Expt. No. 5

Title :NO-LOAD TEST ON SINGLE PHASE TRANSFORMER

Objective: To study the variation of (i) current, (ii) power (iii)voltage ratio with variation of applied
voltage of a single-phase transformer at no-load

Theory :
On no-load, the power consumed by a transformer is used in providing its own losses which

comprises of : (1) Magnetic loss i.e. hysteresis and eddy current lossescombined in
thetransformer core. This loss is also known as “Iron Loss” and is approximatelyproportional to
the square of the applied voltage, (2)Power loss in the resistance of the coil of the primary
winding due to the no-load current which is known as no-load copper loss. Theno-load copper
loss is usually very small in comparison to iron loss and is proportional to thesquare of the no-
load current. As the secondary winding is open or on no-load, thereis no copper loss in the
secondary winding.

The voltage ratio is Vp/Vs and is approximately equal to the ratio of number of turns in the

primary and secondary windings, where Vp(r.m.s) is primary voltage of the transformer and
Vs(r.m.s) is the secondary voltage of the transformer.

Procedure:[Note the fuse rating. Do not switch on the powersupply without the permission of the
teacher/teaching assistant assigned for the experiment]
1) Make connections as shown in the Fig.5.1 and switch on the supply voltage with the Variac
in the zero output position.
2) By adjusting the Variac, increase the voltage applied to the transformer from 50% to 110% of the

rated value in about six steps, and in each step note down the readings of primary
voltage, primary current, power input and secondary voltage.
Tabulate the result in the DATA SHEET to be prepared by you as shown in SAMPLE DATA
SHEET.
Please note: THE PRIMARY WINDING RESISTANCE are 0.82 ohms & 1.0 ohms (for new
setup)

Report:

1. Draw curves to show the variation of :

a)No-load current, b)Voltage ratio and c) Iron loss,with applied voltage.
2. Show one sample calculation. Each group member should show sample calculation for a
different set of observation.
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SAMPLE DATA SHEET

TITLE OF THE EXPERIMENT

NAME: ROLL NO:
DATE:

Apparatus used:(Add additional rows if needed.)

SI. No. Iltem Quantity Range/Rating Lab No. Maker's Name

Transformer under test:

Primary voltage (Vp): Secondary voltage (Vs) :

Volt-Ampere (VA) : Frequency : 50 Hz

Maker's Name :

Experimental Data:

SIL.No. | Primary Ammeter Wattmeter Secondary | Voltage | Copper | Iron
Voltage(Ve) | Reading(lo) | Reading(Wo) | voltage (Vs) | ratio loss(Pcu) | loss(Pi)
in volt in amp in watt in volt (Ve/Vs) | inwatt | inwatt
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DEPARTMENT OF ELECTRICAL ENGINEERING
INDIAN INSTITUTE OF ENGINEERING SCIENCE AND TECHNOLOGY, SHIBPUR

BASIC E.E. LABORATORY First/Second Semester

Expt. No. 6

Title:Determination of Characteristics and Luminosity of:
a) LED lamp and Tungsten filament lamp and b) Fluorescent lamp and
CompactFluorescent lamp(CFL)using accessories like starters/ballast.

Objective:For experiment 6 (a)
To study the volt-ampere, power-voltage and resistance-voltage characteristics of LED
& tungsten filament lamps

For experiment 6 (b)

I. To study the starting method, minimum striking voltage, extinguishing voltage and

effect of varying voltage on fluorescent lamp operating from AC supply

ii. To study the effect of different types of ballast e.g. Aluminum choke, Copper choke

andelectronic choke on power consumption of Fluorescent Lamp

iii. To find the relative light output of the various lamps on the working area

Procedure:[Note the fuse rating. Do not switch on supply power without the permission of the
teacher/teaching assistant assigned for the experiment.]
For experiment 6(a)

1. Connect the circuit as shown in Fig.6.1. First use the Tungsten filament lamp.
2. ENSURE ZERO VOLTAGE OUTPUT OF VARIAC BEFORE CONNECTING IT
TO THE CIRCUIT.
3. Set the Variac voltage to 100 volt and take down the readings of ammeter and
voltmeter.
4. Increase the Variac output voltage to 230V A.C (rated voltage) in steps of 20 volt.
5.Note the luxmeter reading at 230 V for Tungsten lamp over and above the ambient
illuminated environment.
6.Repeat the above steps forLED lamp.
7. Complete the DATA SHEET to be prepared by you as shown in SAMPLE DATA

SHEET.

For experiment 6(b)
1. Connect the Fluorescent lamp according to the circuit diagram in Fig.6.2.
2. ENSURE ZERO VOLTAGE OUTPUT OF VARIAC BEFORE CONNECTING IT
TO THE CIRCUIT.
3. Increase the input voltage by Variac and note the voltage at which the Fluorescent
lamp strikes. This voltage is known as “Striking Voltage.”

4. Note down the readings of the voltmeters, ammeter and wattmeter from striking
voltage up to rated voltage 230V in steps of 20 volt.

5. Measure the luxmeter reading at 230 V for Fluorescent lamp over and above the
ambient illuminated environment.
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6. Decrease the applied voltage gradually till the lamp just extinguishes. Note this
voltage. This voltage is known as “Extinguishing Voltage.”
7.Repeat each of the above steps for Aluminum choke, Copper choke and
Electronic choke as shown in Fig.6.3.

8.Connect the Compact Fluorescent(CFL) as shown in Fig.6.4. and measure

thepowerconsumption and compare withthe readings forfluorescent lamp.

9.Measure the Luxmeter reading at 230V for CFL over and above the ambient

10.

illuminatedenvironment.

Fill up TABLE -11(a),TABLE-1I(b) and TABLE -Ill of DATA SHEET to be

prepared by you as shown in SAMPLE DATA SHEET.

Report:
1)

2)

3)
4)
5)
6)
7)
8)

9)

Show at least one sample calculations for Expt. 6(a) and 6(b). Each group member
should calculate for a different set of reading.

Draw curves of a) voltage vs. current, b) power vs. voltage and c) resistance vs.
voltage for both tungsten and LED lampon the same graph paper (using 2 different
colors).

Plot AV/AI vs I for the curve in (a) above.From the plot in (b) above comment on
the significance and implications of using the two lamps.

Plot power vs. voltage curve for each type of choke for fluorescent lamp.

Plot power vs. voltage curve for CFL.

Comment on the variation of power consumption of fluorescent lamp for different
types of chokes.

Draw a complete circuit diagram showing how a fluorescent lamp is to be operated
from D.C. supply.

What is the use of the starter in the fluorescent lamp circuit? Explain in appropriate
details.

What is the use of Copper/Aluminum chokes in Expt. 6(b)?

10) Which accessory (starter /Choke) do you think is redundant after the F.L. starts to

steadily operate at rated conditions?
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SAMPLE DATA SHEET
TITLE OF THE EXPERIMENT
NAME: ROLL NO:
DATE:

Apparatus used:(Add additional rows if needed.)

SI. No. Iltem Quantity Range/Rating Lab No Maker's Name

Experiment Data:

TABLE-I
For tungsten and LED lamp:
Sl. Tungsten Filament Lamp LED Lamp
No.
Voltage | Current Power | Resistance | Voltage | Current Power | Resistance

1. Luxmeter reading of Tungsten Lamp at 230VAC:
1 ft. from the centre
2. Separately measure the ambient light when the light is switched off.
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For Fluorescent Lamp
TABLE -1l1(a)

SI. No.

Type of choke

Striking Voltage

Extinguishing Voltage

Aluminum choke

Copper Choke

Electronic Choke

For Fluorescent Lamp TABLE-I11(b)

Sl.
No.

Type of Choke | Voltage Current Power

Luxmeter Power factor of
reading the circuit

Aluminum
choke

Copper Choke

Electronic
Choke

For Compact Fluorescent Lamp(CFL)

Striking Voltage :
Extinguishing Voltage :

TABLE-III

SI.
No.

Voltage Current Power

Luxmeter reading Power factor

of the input

22

Signature of the Teacher



DEPARTMENT OF ELECTRICAL ENGINEERING
INDIAN INSTITUTE OF ENGINEERING SCIENCE AND TECHNOLOGY, SHIBPUR

BASIC E.E. LABORATORYFirst/Second Semester

Expt. No. 7
TITLE:Verification of three phase voltage, current relationship

Objective : To verify the relationships between line quantities and phase quantities (voltage and

current) for a balanced three phase, three wire system with
a) star connected and b) delta connected, load.

Theory :

A) Star connected load

A three phase star connected load(Fig.7.1) is an open network consisting of at least three
resistances (impedances) with one terminal of each resistance (impedance)element
connected together at a common point (also known as a star point), the remaining three
terminals being left open for connection to the external circuit (here, the supply from
Variac).
If the values of the resistances (impedances) are equal, then the three phase load is balanced.
HenceR1= R»= Rsfor balanced 3-ph load.
3-® supply and star connected load are shown in Fig.7.1.

Line voltage =Vry=Vve= Ver= VL (for balanced 3-ph supply)

Phase voltage =Vrn =Vyn=Ven=Ven (For balanced 3-ph supply) and Vi=v/3Ven for
star connection.

Ir, lv, Ig are line and phase currents (assumed positive) and I.= Ip, for star connection.

All quantities are expressed in r.m.s.

B) Delta connected load:

A three phase delta connected load(Fig.7.3) is a closed network consisting of at least three
resistances, each of them being connected between separate pair of terminals, one
terminal of a pair is connected to one terminal of another pair in succession. The
common terminal thus created for each connection is then made available for connection
to the external circuit.

If the values of the resistances are equal, thenthe three phase load is balanced. Hence

R1= R>= R3 for balanced 3-ph load.
3-® supply and delta connected load is shown in Fig.7.3

Vry=Vyg = Var= V=Vpn for balanced 3-ph supply and V. =Ven for delta connection.

Ir, Iv, Ig are line currents (assumed positive) andl = v/3lpn in magnitude for delta
connection.li2, 123, 131 are phase currents.
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Procedure:[Note the fuse rating. Do not switch on supply power without the permission of the
teacher/teaching assistant assigned for the experiment.]

A)
1)
2)

3)

4)

5)

6)

For Star Connection

Make the circuit connection as shown in Fig.7.4

Identify the FIXED RESISTANCE TERMINALSof each rheostat. Connect one fixed
terminal (preferably, maintain symmetry) of each rheostat to form the ‘STAR’ point.
Connect the three remaining terminals of star connected load to three phase variac output
terminal.

ENSURE ZERO VOLTAGE OUTPUT OF THEVARIAC BEFORE CONNECTING IT
TO THE CIRCUIT.

Switch-on the mains and set Variac output t0o100V. Note the readings of three
ammeters.Measure voltage between terminals R and Y, Y and B, B and Rby
voltmeter.Also measure voltages between R and N, Y and N, Band N.

Gradually increase the Variac output and set it to (a)150V and then to (b)200V,and repeat
the method of step 4.

Check the relationships between Vi and Ve, I and Ipn for each reading and complete the
table.

B)For Delta Connection

1) Make the circuit connection as shown in Fig-7.4.

2) Repeat steps 2 and 3 stated in star connection (A) above.

3) Switch-on the mains and set Variac output to 100 V. Note the readings of

ammeters.Measure voltage between R and Y,Y and B, B and R by voltmeter.

4) Gradually increase the Variac output and set it to (a)150V and then(b)200V .
5) Repeat step 3 and check the relationships between Vi and Ven, I and Ipn for each
reading and complete the table.

Report:

1)
2)

3)

4)

5)

What is meant by phase sequence of a 3-ph supply?

Is it possible to form a balanced star-connected or delta-connected load using a) pure
inductance, b) pure capacitance, ¢) R-L series combination, d) R-C series combination
in each branch of the load?

Draw phasor diagram for the following:

(a) Balanced star connected load with pure resistance

(b) Balanced delta connected load with pure resistance

Calculate the phase angle between the line voltage Vry and the phase current lvs in a

delta connected system when the load p.f. is 1//2 leading. Assume supply phase
sequence to be RYB.
A 415V, 3-ph 4-wire distribution system has a balanced load of 2.3 kW in each phase.

Calculate the neutral current.
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6) In Question 5 above, if two supply lines are switched off, calculate neutral current if p.f.
IS unity.

7) A 3-ph delta connected load consumes a total power of 3 kW.Another 3-ph 415V star
connected load consumes a total power of 3 kW.
Assuming unity p.f. load, calculate phase current, line current, phase voltage, line voltage
in both cases. Calculate the power consumed and the load resistance per phase in both the
cases.
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SAMPLE DATA SHEET

TITLE OF THE EXPERIMENT

NAME: ROLL NO:
DATE:

Apparatus used:(Add additional rows if needed.)
SI. No. Iltem Quantity Range/Rating Lab No. Maker's Name
Experimental Data:
SI. | Type of Observation Calculation
No. | connection ; -

Line voltage | Phase voltage | Line current | Phase current | Vi/Vpn | IU/lpn

(Vo)

(Vpn)

(1)

(Ipn)
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