Experiment - 1
Aim: To draw the operating characteristics of IDMT relay

Objective: The aim of the experiment to investigate the operation, inverse characteristics and to
determine the purpose of time and plug sentings for over current relay in electrical supply svstem.

By configuring these settings correctly, and by coordinately the operations of the relays, it is possible
to isolate the smallest section of the system in the shortest time possible, thereby minimizing
unnecessary disruption to other consumers whilst preventing dumage the equipment within the fault
section.

In the radial feeder configuration, supply from one end only. discnmination of faults can be achieved
by incorporating tme delays at each relay point. This enables the relay closest to the faull to trip,
isolating the fault circuit without affecting the other non-faulty circuits, A disadvantage of this system
is that for faults near the source, the faul current can be much greater than at the opposite end of the
leeder due to the impedance. For a fault at point F in figure (1), the circuit breaker at point C opens
before those at point A and B, leaving most of the feeder operational. The relays have a time grading

of 0.5s (to allow for relay and circuit breaker operation plus eror allowance), illustrating
discrimination by time grading only.

The disadvantage can be overcome by emploving relays with an inverse current / time characteristic -
1.e. the time delays are reduced for higher currents. These relays are known as IDMT relays (Inverse
Definite Minimum Time). A nummum time of operation is incorporated to ensure co-ordination
between the relays when the fault level does not vary along the feeder.
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Apparatus Required:
1) Timer

21 IDMT relay (MODEL NOICM-2INP)
31 Auxibary [2.C. supplies = 110V
4) 1 phase Dimmer stat = 230V, 10A
3) Ammeter AC (0-135A)
6) Rheostat (38 ohm, 8.5 Amp)
T) Expeniment Kit
%) Connecting wires
Circuit Diagram:
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Make the connection as shown in the circunt diagram.
Select current setting (sét phase tnp) less than 100, keeping phase TMS at maximum position.

10 4
(i

Switch on variac and check power ON indication provided on relay front panel.

Procedure:
1.
p
i, Select any lime selling,
4,
-

fs,
Luime,
T
B,
every lme with same tme seting,
9.
Observation Table:

Vary dimmer st and observe current value till Pick-Up will show “Red’ indication when current

value exceeds set phase tnp position,

Switch OFF dimmer stat without disturbing its position with the help of DPT switch. Also reset

Measure the relay time from timer by switching on DFT switch

Now increase the fault current and note down tmer nme after switching "OFF" and “DPT switch

Repeat same procedure for different time setting keeping currént setling same.

Sr. No. | Fault Current
()

PSM

Timer time for

TSM-=

Timer time for

TSM=

Timer time for
TSM=

Result:For lower values of current the “time cumrent " charactenistics are inverse and for higher value for

current observed mes are constant
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Experiment - 3
Aim: To study the performance of an over voltage relay.

Apparatus Required:-

1) Siatic over voliage relay (Model No.; -ASDV)
2) Auxahiary D.C. supplies 1 10V

3) Time imterval meter

4) Single pole variac 230V, 4A

51 Volumeter (0-300V) AC

6) Rheostat (400 ohm, 1.7 Amp)

7) Connecting wires

B) Expennment Kit

Circuit Diagram:
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STATIC OVER VOLTAGE RELAY 1| DC | 12

4 -

Procedure:
1. Connect the ckt as shown in hg procedure is done & time 1s noted.
2. Set current and time setting of relays as per requirement.
3. Connect Auxiliary D.C. Supply (110) to pin 11 & 12 of relay and pin no. 3&4 to the time
interval meter,

wererdieu vy calnoscarliielr



4. Swiich on the D.C. supply & make sure that relay is on Glowing of LED on the front panel of
the relay.

Switch on power supply from dimmer as well as to nme interval meter.

Adjust the voltage setung of the relay.

. Adjust the time setting of relay.

Now by making DPDT switch on, increase the value of voltage by dimmer stat up to the point

at which the relay trip. Trip can be observed by glowing of trip LED on front panel of relay.

9_ Switch is made off and relay 1s reset.

10, Now Switch is made on & time interval meter reading is noted,

11. For the same voltage setting , time setting is changed & same procedure is repeated until all the
time setting are covered.

12. Again voltage setting is changed & same procedure is repeated.

-

pe

Result: The static over-voltage relay is studied
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Experiment - 9
Aim: To study the performance of adifferential aver current relay
Theory:Relays are of many types. SomeDepend on the operation of an armature by some form of
electromagnet. A verylarge numbers of relays operate on the induction principle. When a relay
operates itcloses contacts in the tnp circuit which 1s normally connected across 110 V D.C. supplyfrom
a battery. The passage of current in the col of the tnp circuit actuatesthe plunger, which causes
operation of the circunt breaker, disconnecting the faultysystem. In the laboratory, a 3-phase contactor
simulates the operation of the circuit breaker. The closure of the relay contacts short-circuits the ‘no-
volt " coil of the contactor,which, in turn, disconnects the faulty system. The protective relaying which
responds 10 a nse m current flowing through theprotecied element over a pre-determined value is
called ‘overcurrent protection’ andthe relays used for this purpose are known as over current relays.
The operating time of all overcurrent relays tends to become asymptotic to a definiteminimum value
with increase in the value of current. This is an inherent property of the electromagnetic relays due 1o
saturation of the magnetic circuit. By varying thepoint of saturation, different characteristics can be
obtained and these are
1. Definite time
2. Inverse Definite Minimum Time (1DMT |
j. Il"'l'i'.'lu' hll.'!'f.'l'l'
4. Extremely Inverse
The wrque of these relays is proportional 10 gygle Sing where ¢ and ¢ are thetwo fluxes and 15 the
angle between them. Where both the fluxes are produced bythe same quantity (single quantity relays)
as in the case of current or voltageoperuted, the torgue T is proportional to ;. or T = K L. for coil
current belowsaturation. If the core is made to saturate at very early stages such that with increaseof [,
K decreases so that the time of operation remains the same over the workingrange. The time -current
characteristic obtained 1s known as definite —timecharacteristic.If the core is made to saturate at a later
stage. the charactenistic obtained is known asIDMT. The time-cument characteristic is inverseover
some range and then aftersaturation assumes the definite time form. In order to ensure selectivity. it
isessential that the time of operation of the relays should be dependent on the severityof the fault in
such a way that more severe the fault. the less is the ume (o operate_this being called the inverse-time
characteristic. This will also ensure that a relayshall not operate under normal overload conditions of
short duration.It is essential also that there shall be a definite minimum time of operation, whichcan be
adjusted to suit the requirements of the particular installation. At low valuesof operating current the
shape of the curve is determined by the effect of therestraining force of the control spring, while at
hugh values the effect of satrationpredominates. Different time settings can be obtained by moving a
knurledclamping screw along a calibrated scale graduated from (.1 to 1.0 in steps of (.05 This
arrangement 1s called Time Muluplier Setung and will vary the travel of thedisc required 1o close the
contacts. This will shift the tme-current characteristic ofthe relay parallel to itself By delaying the

saturation to a further point, the Very Inverse and Extremely Veryinverse time current characteristics
can be oblained.

Apparatus Reguired:
1) Single pole directional O/C relay ACDR 11 HPD

2) Phase shifting transformer
3) Dimmerstat ( 3 phase , 440 volt, 50 Hz )
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4) Ammeter (-1 Amp)
5) Rheostate { 300 ohm . 1.7 Amp)

6) Dimmerstat ( | phase , 230 volt. 4 Amp)
7) DC Power Supply ( 110 Volt )

Circuit Diagram:
l::'liq'
i0-2A "
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j A‘mm
|
TO TRIP
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Operation: Load current is continuously monitored and compared to set value and polanzed with
voltage for direction sensing. As soon as the current exceeds the set value and it is operating direction
then N value (Time set value) is calculated and then the delay time count is started . two types of
curves 10 times { N=10 ) current 3.0 sec . Delay and 1.3 sec delav can be provided. At the end ol the
tume count if the current stll exceeds the set value TRIP 1s exceeded. All the monitored current value
15 available at the front D 1s skeet's for extemal recording

If the direction is reverse then the TRIP execution is (represented) restrained high fault setting is also
provided (2N, 20 N) IF the current value exceeds the HF set value instant mp (1e. 100 msec) is
executed. by passing the directional restraint.

Ohservation Table:

5. No, Phase Angle MTS = MAX wirgue setting
45 degree 6l degree 9" Line

U degree
30 degree
60 degree
90 degree
120 degree
150 degree
180} degree
= 1 50 degree
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Procedure:

1) Make the connections as shown in the fig.

2) Apply the voltage across the P.T of relay

3) The pick —up current through the relay coil.

4) Set current and time setung of relays as per requirement

5) Swiich on the supply.

6) Find out the operating region and non-operating region of relay by changing angle using the phase
shifung transformer.

Ty Adjust the current to such a value, which 15 more than plug setting.

8) Change the shifter angle such that relay operates in that region.

Result: The static directional relay is studied and graph for different maximum torque
setting 1s drawn.
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CHARACTERISTICS OF STATIC RELAY UNDER
VOLTAGE/OVER VOLTAGE

Aim: To study the operation of Microprocessor Based type under voltage relay and hence
to obtain inverse time/voltage charactenstics,

Apparatus reguired.

LT Apparatus Tvpe Ouantity

01 UV/OV Relay uP based 01No

02 [Voltage Source Unit DINe
(23071 10-230V)

03 Connecting As
Wires Required

2 Voltmeter Digital D1 No
(0-500% AC)

Theory: Over VoltageUnder Voltage Relay 15 an electronic microcontroller based
single- phase voltage relay. It is switable for over voltage/under voltage protection
schemes m LV, MV and HV power distnbution systems. It is also sumtable for over
voltage protection of AC circuits, capacitors, machines such as generators, synchronous
motor and under voltage protection of AC circuits, Induction motors, automatic change
over schemes etc.

The mcrocontroller-based design offers a wide rmange of Trnp-Time
charactenstics, under voltage or over voltage mode and PT rating (110V, 240V, 415V),
which can all be selected in the ficld at the ime of commissioning. It accepts very wide
auxihary supply range.Relay 15 designed for flush mounting. It 1s very compact in size,

which results in saving of panel space. Its draw-out construction makes installation
and maintenance very casy.

ol iviuUultoeu IJ] ALl IvAL Il ivl
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Fig 1 Unider Over Voltage Relay
Technical Specifications of the relay are:
1.0 Rated Voltage ( Vi) 110V
20  Rated Frequency S0Hz
10 Auwxbary Power Supply JIOVAC
4.0 Relay Settings
Pick up voltagel Vs)
Over Voltage Mode 105% o 1807 of Vi in steps of 5% Under
Voliage mode U5% 1o 20 of Vn in steps of 5%
Time Muluplier TMS (0.1 to 1.6 in steps of(). 1
50 Operating Charactenstics

Time /Current charactenstics Normal Inverse 1.5 sec in OV mode
Nommal Inverse 5.7 sec m U/'V mode
Definte ime 1, 10, 1(0sec

Pick up voltage Same as sct voltage Vs

Reset Voltage (%% 1o 95% Jof set voltage Vs
for Overvoltage

(105% to 110%) of set voltage Vs for Under voltage
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Clroulr Diagram:
For Under Voltage

Test
/
. Ower /
& /| Under
; 'V Voliag
| Phase. L) ¢ Relay
230V, 50
Hz, { 1
;
l‘ ’ | |
AC Supply - |
zzgv_ I
L — = I. _For Over Voltage
1-Phase,0 - 230 S ~ sl -
v Test 4
Vanac o Under
Voltage
o 5
Over Voltage
Calculations
The following are the calculations for voltage and TMS settings:
Voltage semting on the secondary side of the transformer:
The calculated voltage Vs is given by equation
CIIE00S 2a)lls .....ooocoeecciicssasniassnsssnasssnnencnsna s 1)
+ is for over voltage
-1s for under voltage
a= weight of switches {0.05, 0.1, 0.2. 0.4} in ON position
Vois P.T. rating i.e. 110V. TM.A
Triptime T=K (0.1 +X8) . .oooreecireienrierssinsnnsssassnad 2)
t = weight of switches {0.1, 0.2, 0.4, 0.8} im ON position
K = 3.5 for over voltage
K = 5.7 for under voltage
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1. Connect circunt as per the circuit diagram. Switch ON MCB.

2. Calculate V, from equations (1) and (2) for different values of 'a” and *t" and abulate
the values in table | and table 2.

Table |

a Vs
0.05 99V
0.1 G4V
0.2 BRIV
04 61V
Table 2 (value of K=5.7)

1 Vs
0.1
02
04
0.8

3. Ensure that the switch S, m the circuit diagram i1s in ‘Under Voltage condition”, vanac
15 1A Zero position and the swatch “TEST' s OFF posiiion.

4. Now apply a vohiage from variac which is less than the calculated semting volageV . for
a=0.05 in order 1o test the operating condition of relay. Observe the relay indication and
tnpping. The setup will be in OFF condstion

5. Switch ON the *TEST® mode, reset the timer

6. Switch ON the green button and note down the time in nmer circuit for the apphed
under voltage Vs after tnpping.

7. Repeat steps from 3 to 6 for three under voltage values
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WER VOLTAGE TESTING:

1, Connect circuit as per the connection diagram. For over voltage condition, connect the
relay to the terminals S, and S,which are present on the secondary side of the transformer.
Switch ON MCB.

2. Calculate V.from equations (1) and (2) for different values of *a” and (" and tabulate the
values in table 3 and wble 5.

Table 3
a Vs
0.05 121V
0.1 126V
0.2 138V
0.4 140V

Table 2 (value of K=1.5)
i T

0.1

0.2

0.4

0x

3. Ensure that the switch S, in the circuit diagram is in *Over Voltage condinon’, vaniac  is
in zero positon and the switch “TEST 1s OFF position.

4. Now apply a voltage from vaniac which is greater than the calculated setming voltage V.,
for a=0.05 in order to test the operating condition of relay. Observe the relay ndication
and tripping. The setup will be in OFF condition.

5. Switch ON the “TEST" mode, reset the timer

6. Switch ON the green button and note down the time in timer circut for the applied under
voltage Vs afier tnpping.

7. Repeat steps from 3 to 6 for three over voltage values.
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Tabulgr Columns_

UNDER VOLTAGE TESTING:

Vi Weight (a) =
S.No T.M.5 Voltage Applied Operating
Setting Voltage time
OVERVOLTAGE TESTING :
V= Weight (a) =
S No T.MS Voltage Applied Operating
Setting Valiage time
RESULT:
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1-L -G FAULT AN IS OF ALTERNATOR

AIM: To determine the fault currents on an unloaded synchronous generator for
1. Line to ground fault (L-G Fault)

2. Line to Line fault{L-L fault)
3. Double Line to ground fauly( LL-G Fault)

APPARATUS REQUIRED

SLNe Apparatus Tyvpe Quantity
01. DC motor coupled to alternator set seeen 01 Neo.
02. Ammeters (0-2 amps DC) hgatal 01 No.
03 Ammeters ((-20 amps DC) Digatal 01 No.
04. Ammeters (0-5 amps AC) [hgatal 01 No.
05. Voltmeters (0-300 Volis, AC) [Dhgtal 01 No.
06. | Rheostat 370 ohms’'].7 amps Tubular type 01 No.
07. Separate Excitation source{0-220V2ADC)y |0 01 Na.
08, Connecting wires eaen required
THEORY:

Consider a 3-phase system with an earthed neutral. Let 2 umgle line-to-ground fault occur on the red
phase as shown in Fig. 18.13. [t is clear from this figure that :

=0 wi T =0

*  Nole that ¥, is the lermmal potential of phase K . p.d. between Nand R Under line-to-ground fauk, i
will obviously be zero.
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The sequence currents in the red phase in terms of line currents shall be

L =3R+%+0) =%

T: = '(!.-l*-l,*-n]n -—Ii
L = %{7;1--’]:4-:7;] - :—I.?;
B 285 .

—

-

Fault current. First of all expression for fault current T will be derived. Let 7, 7, and Z, be
the positive, and rero sequence impedances of the generator respectvely.  Consader the

e . As the due their
koo uq::::;m.pnhnhpiqn only o espective

L = [Z+LE L5 0F,
A V=0 wdf=T=T,

E = LZ+Z+7)

Fault current, I, =3 = ZTF!T z,
€ .
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For line (R-phase )-to-ground fault :

I, = Fault current = JE; - =0 T.=0
[ Z;+Z;+z r "
AR
G = Gea'Feal
G = GraV+d ¥
Consider a line-to-line fault between the blue (B) and yellow (¥) lines s shown in Fig 18.15. The
vonlitions created by this loult kol w
FeTf i fj=0 wTelmo
Again taking B-phase as the reference, we have,
AR
Kew % -%

Evpeming mbemn of wcwence compone s of med line we have,

NeodTea® = FaaWsd' Y

o V' -a = K" -m
¥-% 7
n et
5,
Er
'
v ) /
» /
Fig. IR.15.
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Also rﬂ: = 0
or E**’I"m'fﬁﬂ'{ﬂ’ﬂ-'
o (' +af[+F)+2L =0
or T+ =0 [v k=0 -1y
Fault cwrreni. Examinatos of exp. (1) and exp {w) reveals

thisl sexpeence snpedances showbd be connected as shows m big
1816 I s clear from the figure that -

h b

I = "_"IE'E l z, ¥
Fashcument, T = Tosa'§ sak l
o0ty 5]
. “l_ﬂz% Fig. 10,16

oy
= o

Summary of Kesalis, For ine-lo-line faal i Blee and Yellow limes)

e 4

. —
i =T, = -E-flz-t; and F'-ﬁ E,

-— ———m
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DOUBLE-TO-LINE-GROL ND:

Consider the double line-to-ground faek myvolving Y-8 hnes asd earth as shown mFig 1817, Th
condiboes created by this fault lead 1o

=0 . F=T;-0

=0
by .
>
Faull curven
sigely
Fig. 1817
Sune W = V=0, it is ionplied tha -
V-%-%-1%
Ao o= GaBeh=0  he

Fuult cwrremt. Examination of exp. (/) and exp (#)
reveals that sequence impedances should be *comnecied as |
shown in Fig. 1518, I is clear that :
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« CIRCUIT MAGRAM FOR L-G FAULT:
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PROCEDURE:

L-G FAULT:

e

Conncet the circuit as per the circunt diagram for a line to ground fault on phase A.
2. Calculste the determinate value of the fault current from impedances
i +ve, -ve, Lero sequences).
3. Run the generator raled speed.
4. Increase the ficld cumrent of excitation so that termunal voltage 15 constant value.
5  Closc the switch 1o ereate the L-G fault on Phase A
6. Note the current and voltage in the ammeter and voltmeter.
7
B

. Open the switch and remove the L-G fault on phase A
. Reduce the excilation and open the ficld circust witch and switch of the prime mover.

Note: This voltage must be such that it does not cause the rated current of the
machine to be exceeded.

TABULATION! For 3K VA aliernator

SLNo. Iin Amps E, in Volis

ul. 4.16

la= JEeAAZ)+Z3+20) i

Where la s fault current
Ef is the voltage to which the machine is excited
L1+ L2+ FDare the posibive, negative and rero sequence impedances of the mac hine

Venfy the theoretical value calculated by using equation | with the actual value noted by the
ammetcr,
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o CIRCUIT DIAGRAM FOR LINE TO LINE FAULT (L-L FAULT),
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= '3‘5
23
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PROCEIMRE:

L-LFAULT:

Repeat the steps | to 6 from L-G Fault procedure for L-L and L-G faults.
Connect the respective circuit in step 1.

Generator is excited it's a certain voltage as mention in step 2 of the procedure.
This voltage must be such that it does not cause the rated current of the
machine to be exceeded.

o

TABULATION: For 3KVA alternator

SlNe. lin Amps E:in Volts

Bl 4.21

lal=EffZ1+Z2

Ib =a2lal+a IaZ;
la2=-lal

Where a2= (-0.5-)0.866) a= (-0.5+j0.866)
Fault current calculated which must be verified with the actual value
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CIRCUIT DIAGRAM FOR DOUBLE LINE TO GROUND FAULT (LL-G FAULT)

ALTEANATOR,

£ &
gi“r
&
J
T
S

be
E-Fnﬂm
m :
!H
pC ~SHUNT

Generated by CamScanner



LL-G FAULT:

1) Repeat the steps | to 6 from L-G Fault procedure for L-L and L-G faults.
2) Connect the respective circuit in step 1.
|3) Generator is excited it's a certain voltage as mention in step 2 of the procedure.

TABULATION: For IKVA alternator

SiNe.|  lim Amps Ef in Volts

ol 4.1

= Short clreult Voltage at Fault condition,

1= Rated Current of Alternator.

b= mrmature Voltage of alternator,

CALCULATIONS:
Val=Va2=Va0~Ef-lalZ]

lal=EfZ1+(Z2 x Z00Z2+Z0) la2=-Va2/Z2; lal= -Val/'Z0
Ib= a’la]+a la2+la0

Where a2= (-0.5+10.866);
a= (-0.5+j0.866) In =3la0= Ib*IC

le= -Ib=a lal-a<la]
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Fault Ann.Eh of on Altesnataor

b L-Gv Fault - Ev= %’_. = 10aveiks (Le=tw) .

< Posiive  seq - Tmpedance [:,}: T W,
M"-J:I.#'rl- Seq: e(=2x)e Gy.01.
Zevo ey Tmpedante (=) = &8RO

Eyz 10 weltr, Tt lQn

P e T e L e e B RICE . . MNA
2.4+ Zy+20 LT 4248
| v Tge gk Ampe
| — —_—
3l fauld - (Eq = 188 VoIts) (1-1)
Ef |8
. = = 26 Ampr.
Ta, )+ T3 Lpg -+ M
SR~ w a*Xa, + & Tq,
9 a? . {:—n.sq-ln-a.u?
a - (Co:s-308s)
= .65 + 0:8i6 = 4{L Ampe

Ty = tripe Amps.
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2 L-l- & FAULT ve 155wy ( L-1&)

- PTO dliei=™ 10 5 0P
' 'z*-lr i P
2, ¥+ FXa
o = n-E.EEﬂnfL
s = ZatE,
e Te t mT AE o ) SR
I'-P:-
*+ Faolt Custent (Ty) = BnTe = 2x(143¢)
=  Lp,.olf g 1.
- T

— = 248 Ampr.
=ﬁml+=‘,1‘=+=‘11
Sy~ Y

. 2ae 20O
e = I
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EXPERIMENT

To study Zero sequence current 3phase Transformer
SEQUENCE IMPEDANCES OF TRANSFORMERS

Objective:

To determine the i ive and zero im s for the i
: positive, negati sequence impedances following
(i)  Star-star, both neutrals solidly earthed.

(i) _ Star-delta, neutral solidly earthed.

(i Star-star, one neutral earthed.

Theory:

The positive sequence impedance of a transformer equals the leakage impedacce. It may
Q be obtained by the usual $hort-cirenit test, Since the transformer is a static device, the leakage
impedance does not change if the phase-sequence is altered from RYB to RBY. Therefore, the
negative sequence impedance of a transformer is the same as the positive sequence :mpedm

The zero sequence impedance of the transformer depends on the winding type (star or
delta) and also on the type of earth connection.

The positive and negative-sequence per-unit impedances are independent of whether the
sequence currents are injected into the primary or the secondary. However, the zero sequence
impedances will have different values, depending upon whether the sequence currents are injected
into the primary or the secondary.

Procedure:
Connect the 3-phase Mansformer in star-star with both neutrals solidly earthed as shown in

ks
® Fig. given below
-
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