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DEPARTMENT OF ELECTRICAL ENGINEERING
MAULANA AZAD NATIONAL INSTITUTE OF TECHNOLOGY
B.TECH .... SEMESTER
POWER SYSTEM LABORATORY
EXPERIMENT NO: 1
Aim: - Determination of dielectric strength of an insulating oil.

Theory:

When a sample of oil is subjected to dielectric stress in a gap between two spheres, the
materials of higher conductivity and higher capacity are drawn into the intense field between
the electrodes and cause a distortion of the field resulting in local high density and disruption
begins at these points.

While testing transformer oil, it is found often that one or more discharges occur across gap
at comparatively low voltages due to the presence of water particles but that the voltage can
be raised to a very much higher value before complete rupture occurs.

If particles of higher dielectric constant than the oil are drawn into the intense field, they will
cause excessive local stress which may result in dissociation or ionisation of oil and gases of
ionisation may bridge the gap and cause complete rupture.
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Fig. 1 Oil testing Apparatus



In standard specification for "Insulating oil", the method of applying the testing voltage
which must be alternating or approximately sine waveform of frequency between 40 to 60 Hz
and with a peak factor of (V2+3%) has been laid down. The test has to be carried out under
standard conditions. The minimum dimensions of test cell, diameter of the electrodes and
distance between them are specified as in fig. (1).

Constructional Details of Apparatus:

As shown in the fig. No.1 the sheet iron cabinet comprises the primary connection to AC
main single-phase supply 230V, 50Hz with sliding facility and hand driven on the front panel
to vary the secondary voltage from continuously 0 V to 220 V. One H.T. terminal connected
to secondary winding of the variable voltage 220V to 60 KV between terminals. One relay
inserted in main circuit to disconnect the set whenever over current occurs (puncture of oil
takes place).
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Fig. 2

Mode of operation —

While testing the sample, the set is operated according to a particular method (in compliance
with the Indian Standard Code No IS 6792: 1992) i.e. with a fixed spark gap and variable



testing voltage The voltage should be increased gradually under continuous observation of
the measuring instrument until the breakdown occurs. To test the oil the distance between

electrodes is adjusted to 2.5 mm apart. The gap between them shall be set to accuracy of +0.1
mm Electrode shall be replaced as soon as pitting caused by discharge is observed.

The Porcelain oil testing cup is equipped normally with two electrodes of 36 mm diameter;
radius of each sphere is 25 mm.

The transformer and associated equipment are rated for a minimum short circuit current of
20mA at the voltage higher than 15 kV.

Suitable safety contacts are provided to put the set out of operation as soon as top lid is
opened in order to insert or remove the test cup, thus eliminating H-T danger. The set in
disconnected automatically as soon as the puncture occurs. Oil testing cannot be done as long
as the lid on the top of the cabinet is open.

Procedure-
1. Clean the cell by rinsing with the test oil at least twice.

2. Adjust the spherical shaped electrodes 2.5 mm apart. Check the gap between electrodes by
means of thickness gauge to an accuracy of +£0.1 mm.

3. Agitate and turn the vessel containing the test oil gently several times in such a way as to
ensure as far as possible a homogeneous distribution of the impurities contained in the oil
without causing the formation of air bubbles.

4. Immediately after this, pour down the sample into the test cell slowly it order to avoid air
bubbles forming (A glass rod may be used while pouring the oil). Re-check the gap between
electrodes

5. Switch on the supply main and increase the A.C. voltage (50 Hz) at the rate of 2 KV/Sec,
starting from zero up to the value producing breakdown

6. B.D.V. is the voltage reached during the test at the time when first spark occurs between
electrodes, weather it is transient or established. Note the value of breakdown voltage.

7. Carry out the test six times on the same cell filling. For the subsequent five test, re-apply
the voltage one minute after the disappearance of any air bubbles that may have been formed.
If the disappearance of air bubbles is not possible, wait for five minutes before a new
breakdown test is started.

8. Calculate Breakdown strength of oil by taking arithmetic mean of six results obtained

Observations:

S. No. | Voltage (kV) | Time of Operation | Gap (mm) | Dielectric strength (kV/cm)
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Calculations:

Result:

a)
b)

c)
d)
e)
f)

Reference to Indian Standard 1S6792:1992
Breakdown voltage obtained during each test

(1) kV/cm (2) kV/cm
3) kV/cm 4) kV/cm
(5) kV/cm (6) kV/cm

Average of the breakdown voltage: ( ) kV/cm

Type of Electrode: (.
Frequency of test voltage: ()
Oil temperature: (|

Precautions:

1.

w

Container should be cleaned by rinsing with test oil twice before the actual test is

carries out.
Exactly 2.5 mm gap should be adjusted between electrodes
The insulating oil should be free from moisture.

The set should always be grounded adequately by proper earth connection to its earth

terminals.

To avoid permanent strain on the tester and to keep the tester in good condition it is
necessary to bridge the sliding contactor of the variable voltage transformer to zero by
turning the hand driven knob on the front panel in counter clockwise direction until

stops, whenever the set is to be put into operation.

Viva Questions

Questions and Answers:

Q1. What should be electrical qualities and class of insulation of transformer oil?

Q2. What other liquid can be used for insulation?

Q3. What are the causes of low dielectric strength and the remedy to improve the
strength?

Q4. What should be the minimum volume of oil required from the customer for testing
the specimen?

Q5. Name other standard electrodes sizes material and gap length used in the testing of

liquid insulation?



HISTT TG IS TNFrest FR
fagga siftaifaet faumr
2w ... AARR
Sott JUTTet TRTRITeT

TAHT S&T: 1
322 : SN I hI STSgATFeeh &THAT HI HETTA e |
e :
méﬁ%mﬁﬁﬁﬁﬁ%é’mqu ST SS-Solfdesh &F & @ ST g, ar ar
SIS & dTT 3TT &AAT UG dTelehdl T &1 3cded 8IdT § o8y alal olaels & s
# fques Y& g S ¢ |
CIBE & ol T ST . GHI IFET Ig 1T a1 § T ST & ol T Alspeah &
PRUT SAFEIS & dIg e dlecsl W & U IT U § A+ IR Bwaer (fages) g srar
g |
IfE TEEER dd H a7 T ’OF SB-3afFed Flokee P HUT Solaelsl F oI 3T AT
g ar ag AT F fg 3ADF dag () F SROT 40T § FTqX I F 3TANASAAA
gl quT &9 & faue g S & |

220V
MAINS 50HZ

LAMP RELAY
TFEQJ

— VOLTMETER
220V

O

SPHERICAL
GAPS

O

]

MARKED IN

0-200V KV
200V /60KY

=RIT 1der 9&IoT 39T

Sgfear 3HiTer" & v #Axe fafader &, qfefor dieest & o] = & faw 40 & 60
geoT & A HT e P TedIad URT AT SEEET Wl AT glel ARV 3R Torgen
R FR& (dF haex) (V2+3%) FT gl AIRT| G8T0T, AT IRIATaAT & & fohar
ST aIfRU| SeTor Vel & FPATH A, Felacis 1 oA AR 3 g & gt =T 1
# yefia &1 715 g

3YFHIOT HT FIAATCHS faaor:
oer fb T dex 2 & guiar ar § R IR e Sfdde & womsfEh glawr & g
T A& -l HoellS 230V, 50Hz T Fraffich doierered anffer & 3 sl atecs

6



H TWMAR 0 V & 220 V T saled & ToIv the U W g & Fafeld fhar ST ehdr
gl U H.T. e & o/ 220V & 60 KV & IRuaer dleest &1 aasd afEa @ sar
AT 9§ M Fe (A H T gidr g) 8l I TC FI BEpoide I & foIT
qCT dithe # v Rel srer SIdr 81 v wadl. effdda @ 220V & 60 KV & aRuae
dieest 1 Ghsll aEfEar & ffisder & SisT a1 § | v Rl &1 A&F @ihe & i S
T § IR e We(dd F 3masaE) fr Ul g9 W A I Bohade f&ar ar
|

3 |’a-—

é— " METHYLE
METHACRYLATE

10

100 »|1°‘*—

~
-

F

ALL DIMENSIONS IN MILLIMETERS

=T 2 T@ATcHAS faaxor

ol HT aHT -

AHA (Ael) @ IS I FAG, Y H U AW AT & @R Ferfera fomar Siar &
(AR AR IS FEIT HETH 6792: 1992 & IHeuleled #H) TN Teh fAR™a Tk
3R gRad T aieTor diees & Y| dledsT A TRAR 3acilhel & AT JHhs3 8l doh
-4 JerT ST ART | JoT H GQET0T FA & AT FoecIs F M Hr gy @ 2.5
.. g gafaa Far Sar §1 39 g F 1 3R +0.1 FaA fr Téear | ae
frar S afRel Ife sodels F wRTEre § FRUT g9 arer Iser R@s ¢ A3y seo
¢elr =fgul

Al A & dT F7 gdeTT FU gHEEIT: 36 AEY O & & selaels A &6 81T §;
g% Mo FT Bear 25 B @ B

SRR 3R FEfRd 3UHROT 1 15 kV F 3MH dleest T A1 20 mA & =geTad A
gfhe sl & v e Far r g




¢TT &Y SToda AT gl & [T, MY cFehd HF Weld THI, A< I JATlT F I8 A &
foIT 3uged GLaT d9% Yar fhu o €, fSed va-d @oRr @A g Sdm g 9=’ g
& e Tadliold &9 & f3Ehalsre g Sl &1 Sie deh Hidele & MY W el Gorl g1 s
de do 9AETOT g AT ST HehdT B
gfhar-
1. 9&T0T ol & A T HA & X Ul <& T Hl AT |
2. AT Selerctst @l 2.5 fAAT $r gt W FARITET w1 +0.1 @A FHr déepar
e AlCS ST & ATLIH ¥ Solaels & ad 3dX dl o d |
3. GETT el Tl Tl B R-UR FE IR 36 e gt AR gAW & S@r dw
GHT g1 §aT & JoIgdl Fofl & 9o do & HAle yfedt 1 v AT faeRor
gAfRad & a|
4. 3HS T TI€, &A1 & Folgdd ool & T o [T T BT waTor FU H -y
STel (el STld THT i T ©F T 39T fHAT ST Tham §)| SoFels & &g &
W@fﬂﬁ:ﬁ?{ﬁl
5. @eaTls A e Y AR THL dieest (50 &con) &l 2 fahall dlee 9fd das $r &I
¥ T A YT T Fhs13 glel ooh Farl|
6. SIHha3eT dlocsl, UUGTUT & ERIT dg dlecsl & oI Sodgls & dId Ugell TR
3cUesT BT &, Tg 9% &0 g AT qUT &9 § g | 93 dlecst & AT lc
|
7. TH g A (F9) el X o8 a) alieor Y| 36T gig gdafoi & fore, forer off
gl & JoIgel & AT gl & T AT qIg dlecsT I GIaRT &9 H| I gar &
Jolgel T IMAT gloll TG gl &, ol AT Shs3aT GUETOT Y& gl & Ggel 9
fAsie a& gdiaT a1l
8. Ut ©g URUTHAT & JHIAOIAIT ATET ofa ol T Sohsl3e] dlecsl T IUAT Hi|

. | dtees (kV) | Tl T FAT | 3FaT (mm) sofdesd &1AdT (kV/em)

O~ WIN|=




qRom :
(a) AR AT 1S6792:1992 T Tesh
(b) A& IAETUT & GRIA YIod Shs3« dleca]

(1 kV/cm (2) kV/icm
(3) kV/cm (4) kV/cm
(5) kV/cm (6) kV/cm

(c) Sh3I3aT dlecst T 3ad: ( ) kV/cm

(d) SIS FT TR ( )

(e) TR&TOT dledol &I e ( )

(f) de T dTIAT: ( )

araenfaar:

1. grEdiash GET0T Flad H Ugol dheal Pl GET0T ool I & R ey ATE fhar e

Uyl

2. goas & T Wepe 2.5 AT 1 3R ARSI fhar S =nfge

3. ggfeer oo e & FFd g =iew|

4. UT F gHAT 38 33y Al F 3T AT Fadd g@RT qaed & H A33
fRar ST arfRul

5. qlieTeh H TUARN dald ¥ §a & 6w IR e o 3 ufa J§ @ &
fT, ST o 3UaoT &I GIe A & Uge, YTl W g & Felfald 3T T arATeT
feer & udy f Audid fur & gAER RAdH dleesl dEBER & Felrsisd
dieeeFed Bl Yed W AT HETH ¢

v :

. SEBER dd & faegd 0T 3R Segelre & G FGT el AIgT?

. gl & AU 3w fohd el o1 3YANT fohar ST Tl 872

hH STS-Solfdeen &THAT & &1 HRUT § 3R 3HH JUR & FAT 3U §?

. A F qqeToT & AT amgd A del i 7 GTdH AN el gledl drige?

A AT & TA&TT H IUANT U S dTed 3T ATl FoIFes & IHHR,
gl 3R 3 fr F9S FAT6?

g~ W N =




DEPARTMENT OF ELECTRICAL ENGINEERING
MAULANA AZAD NATIONAL INSTITUTE OF TECHNOLOGY
B.TECH .... SEMESTER
POWER SYSTEM LABORATORY
EXPERIMENT NO: 2
Aim: - Study and determination of characteristics of Solid State Universal Relay.

Apparatus Used:- Solid State Universal Relay kit. Auto-transformer/variac (0-230V).
Current Transformer (15/1A), Potential Transformer (58/133V). Ammeter (0-5A), Volt
meter(0-300V), Rheostat (450hm/5A) and connecting wires.

Description of Universal Relay Kit:- A solid state universal relay(see figure 1) consist of
the following parts:-

1. Display:- Display 1. Display 2, Display 3gives the value of system current, voltage and %
impedance respectively.

2. Press to set:- This switch is pressed before setting the pick value.

3. Set:- Knob 1, Knob 4 and Knob 7 are the set knobs. Using these knobs we can
change the pickup value of current, voltage and % impedance respectively.

4. Trip:- It glows when trip signal is given by relay.

5. Reset:- This button is pressed when we have to set the new pickup value of relay.

6. Active:- This glows at the instant when the system actuating value(current/voltage/
impedance)becomes equal to the pickup value. Time of the operation of the relay is the time
duration when relay gives active and time when relay give trip signal.

7. Delay:- Delay knob is used to delay the time of operation of relay. Knob 2 is definite time
and IDMT over current relay, knob 3 is for Inverse over current relay, knob 5 and knob 6 is
for over voltage and under voltage relay respective knob 8 is for distance relay.

8. Switch 1:- It is used to give directional and non directional characteristics of relay. When
the relay is in directional mode it operates only when the direction of power flow is outward
and in the non directional mode for both outward and in flow of power. For our experiment
we always operate the relay in non directional mode only.

9. Function Selector Switches:-knob 9 is function selector switch. Universal relay can be
used as many relay and by setting knob 9 at different position we can different relay as;

a) Distance Relay

b) Under voltage Relay

c) Over voltage Relay

d) Instantaneous over current relay

e) Very inverse over current relay

f) IDMT over current relay

g) Definite time over current relay

At the back side of the kit there is a main input which is to be connected to 230V,
50Hz, supply. The CT and PT inputs are $1.52 and P1, P2 which is to be connected as given
in circuit Relay connection are connected with the circuit breaker. Preferred to the phase
connection, NO and NC represent the mode of circuit breaker. A circuit breaker will be in
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normally open mode when ‘NO’ is connected and it will be on normally closed mode when
‘NC’ is connected with a circuit breaker,

Theory:-

1. Over current Relay:- Over current relay operates when the system current becomes
greater than the pickup value of the relay. Over current relay is classified in to 4 part on the
basis of their characteristics:-

a) Instantaneous over current relay: This relay is given zero time lag for its operation. Its
operates as soon as the system current goes above the pickup value of the relay therefore
current time characteristics cannot be drawn for this relay.

b) Definite time over current relay:- This relay is given definite time lag. It operates when
system current goes to above the pickup value of relay and sustains for the time lag given in
the relay

c) Inverse Definite Minimum Time (IDMT) over current relay:- When inverse
characteristics is given to the definite time over current relay then it is called IDMT relay.
The time of operation of the relay decreases with increase in current value but it has a definite
time and the relay operates only after time lag. The mathematical time equation of IDMT
relay is given by T=0.14/(1°%%-1).

d) Very inverse over current relay: The slope of the very inverse over current relay is more
steeper than the IDMT relay. It means the time of operation of this relay decrease sharply
with increase in system current. The mathematical equation of Very inverse over current
relay is given below T-13.5/(1-1)

2. Under voltage relays:-Under voltage relay operates when system voltage goes to below to
the pickup value of the relay.

3. Over voltage relay:- Over voltage relay operates when the system voltage is goes to above
to the pickup value of the relay.

4. Distance relay:- Distance protection scheme depends on the basic fact that on the
occurrence of fault, the distance between any point in the power system and the fault is
proportional to the ratio voltage to current which means impedance of a point. Hence a
distance relay works by measuring the impedance of a point and operates when the system
impedance goes below the pickup value of the relay.

The value of plug setting multiplier (PSM) is given as below;
PSM= Fault (actuating) value/(Setting (pick-up) value* C.T. Ratio)
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Circuit Diagram: -

_ CT Terminal
450hm,5A 0-5A

CT
15:1 Solid state
220V 4 E s1 universal
phase 50hz suvpply relay
c s2

11 P1 P2 PT

g é Terminal

Potential
transformer

[

DIAGRAM -1

DISTANCE RELAY SCHEMATIC DIAGRAM

PT
11 Terminal
Solid state

220 \/4 P1 i
L phase 50hz supply E unlvlersal
relay
A )
[

Potential
transformer

DIAGRAM -2

UNDER / OVER VOLTAGE RELAY SCHEMATIC DIAGRAM

]%Tl 0-5A CT Terminal

| .
. E s1 Solid state
220V ;
1phase 50hz suppl universal
z supply VI
S2 relay
Y

C

DIAGRAM -3

OVER CURRENT RELAY SCHEMATIC DIAGRAM

Procedure:-
(A). Distance Relay-
1. Do connection as per circuit diagram 1

2. Before ‘ON’ the Supply variac should be a zero position and set rheostat to max resistance
position and also select the function selector switch at the position "A".

3. Connect timer circuit from relay (for automatic time measurement), terminal ‘NO’ to
‘STOP’, ‘P’ to common terminal and ‘NC’ to ‘Ext.’, interlock terminal, and put the timer
knob at the external mode position OR stopwatch should be for time measurement manually.

4. Switch 'ON' the supply and press "reset" pin to reset the relay.

5. Set the different % impedance value within the range of 20% to 126 % of rated impedance
value as the pickup value of distance relay.
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6. According to the setting pickup value % impedance, reduce the impedance through the
rheostat (Current increase).

7. When impedance reaches below the pickup value then ‘'active' LED will glow and after
some time ‘Trip' LED glows. The time duration between active and trip will be noted as
"Operating time" of the relay. It could be varied by the "Delay" knob.

8. Note different operating time values for different pickup values, actuating values. And plot
the graph between pickup value and operating time.

Observation Table:-

S.No. Pickup Value Actuating Value Operating Time

(B) Under Voltage Relay:-

1. Do the connection as per diagram 2.

2. Repeat steps 2 to 4 as the part ‘A’. Excluding the position of the function selector switch,
set the position of the function selector switch at the position ‘B’.

3. Set the different value of the voltage in the range of the 20 to 125 % of the rated voltage as
pickup value.

4. When the voltage is increased through the variac above the pickup value the Active LED
will glow and after some time the Trip LED will glow.

5. Note different operating time values for different pickup values, actuating values. And plot
the graph between pickup value and operating time.

S.No. Pickup Value Actuating Value Operating Time

(C) Over Voltage Relay: -

1. Do the connection as per diagram 2.

2. Repeat steps 2 to 3 as the part ‘B’. Excluding the position function selector switch, set the
position of the function selector switch at the position ‘C’.

3. When the voltage is increased through the variac above the pickup value the Active LED
will glow and after some time the Trip LED will glow.

4. Note different operating time values for different pickup values, actuating values. And plot
the graph between pickup value and operating time.
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Observation Table:-

S.No. | Pickup Value | Actuating Value Operating Time

(D) Instantaneous Over current Relay-

1. Do the connection as per diagram 3,

2. Before switch "ON" supply variac should be at Zero position and function selector switch
at the position D.

3. Repeat steps 3 to 4 as the part A.

4. Set the different value of the current in the range of the 50 to 125% of the rated current as
pickup value,

5. When the current is increased through the variac above the pickup value the Active LED
and the Trip LED both glow nearer the same time because it is the Instantaneous relay.

6. As the instantaneous trips instantaneously its characteristics cannot be drawn.

(E) Very inverse over current Relay-

1. Repeat the step 1 to 4 as the part D. Excluding the function selector switch, set at the
position E.

2. When the current goes through the variac above the pickup value the Active LED will
glow and after some time the Trip LED will glow. In this relay the operating time will be
inversely proportional to the square of the fault current (1%)

3. Note different operating values for different nick up values, actuating values. Plot the
graph between pick up value of the current x-axis and time in the y-axis.

Observation Table:-

S.No. Pickup Value Actuating Value | Operating Time | PSM

(F) IDMT over current relay:

1. Repeat the step 1 to 4 as the part D. Excluding the function selector switch, set at the
position F

2. When the current increases through the variac above the pickup value, the Active LED will
glow and after some time the Trip LED will glow. In this relay even if the fault current is
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very high, a certain definite minimum time is required to operate the relay. After that time the
operating time is inversely proportional to the fault current.

3. Note different operating time values for different pickup values, actuating values. And plot
the graph between pickup value and operating time

Observation Table:-

S.No. Pickup Value Actuating Value | Operating Time | PSM

(G) Definite Time over current relay:-

1. Repeat the step 1 to 4 as the part D. Excluding the function selector switch, at the position
G

2. When the current increase through the variac above the pickup value the Active D will
glows and after the Definite time Trip LED will glows. In this relay the operating time will be
Definite and it will be independent of the fault current value

3. Note different operating time value for different pickup value, actuating value. And plot
the graph between pickup value and operating time.

Observation Table:-

S.No. Pickup Value Actuating Value | Operating Time | PSM

NOTE: Directional mode operates generally in case of generator bus; here we can verify
directional mode operation of relay for impedance relay only by using phase shift output
voltage but it will not work for current and voltage relays.

Result:-

Conclusion:-

Questions:-

1. What are the advantages of static relay over other electromechanical relay?
2. what are the elements present in the static relay?
State the method by which comparison is made in the static relay?
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DEPARTMENT OF ELECTRICAL ENGINEERING
MAULANA AZAD NATIONAL INSTITUTE OF TECHNOLOGY
B.TECH .... SEMESTER
POWER SYSTEM LABORATORY
EXPERIMENT NO: 3
AIM:- Determination of operating characteristics of inverse time overcurrent relay.

SPECIFICATION OF THE RELAY:

REQUIREMENTS OF INSTRUMENTS/ACCESSORIES:

S.No. Instruments/ Accessories Type Range
1 Ammeter M.1.
2 Single Phase Variac
3 Timer
4 Rheostat
5 Switches
THEORY:

In this type of relay a metallic disc is allowed to rotate between two electromagnets. The
electromagnets are energized by alternating currents. The fields produced by these magnets
arc displaced in space and phase. The torque is developed by the interaction of the flux of one
of the magnets and the eddy currents induced in the disc by the other magnet.

In this the circuit diagram is shown in figure 1(a) and watt-hour meter type induction disc
relay, there are E shaped and U shaped electromagnets as shown in the figurel(b).

Figure (2) shows the flux ¢, and eddy current i 1 produced by E-shaped magnet and flux ¢
and eddy current i 42 produced by U-shaped magnet.

Let,
b2 = dmaxSin(wt)
and §2= dmax Sin(wt+ ¢
Where ¢ is the angle between the two fluxes.
Then the eddy currents:

i g1= d1c0S(Wt)

and I 2= hocos(Wt+d)
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Thus F= (Fl-FZ)- ((I)z I ¢1 - (I)l i ¢2 )

Where F is the resultant force, F; is the force due to interaction between ¢1 and i 42 ,F>
is the force due to interaction between ¢, and i 41

Hence. F = ¢, ¢1 Sin(wt)

Thus the torque equation of single quantity induction relay may
be expressed as T = K 1%- K2_

Where T = Resultant torque
Ki and K2 = constants
| = current in relay coil

The relay is provided with separate time and current settings-adjustments. The time
setting is adjustable from O to 0.1 ,the value selected being a multiple of the operating
time shown in the time/current or time/P.S.M characteristic curve given in figure (3),
which is drawn for the time setting of 1.0 and 0.6. the time setting is refer to as the "time
multiplier".

The current scale of the time/current curve is given in value of "multiplies of the current
(plug) settings™. Some time refer to as plug setting multiplier (P.S.M)

THE (P.S.M)= Fault Curent in the Relay
Pick up Value

Where the rated current of the relay is equal to the rated secondary current of the C.T.
internal connection for type CDG relay (viewed from front) is shown in figure 4.

PROCEDURE:

The circuit is switched on with timer circuit open and variac at its minimum position. The
current is set to a magnitude (usually a multiple of plug setting value 2.5A) and than the
supply- is switched off again the current is closed with timer circuit switch closed and
undisturbed position of variac. The time recorded is the time of operation for that current
which is flowing in the relay operating coil. The same procedure repeated for several value
of current or plug setting multiplier and the time of relay operation arc recoded.

OBSERVATIONS:

S. No. Relay Operating P.S.M. T.M. Time of
Current Curent Operation
Setting
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CALCULATION:

RESULT: operating time /P.S.M. curves are plotted with different value of time-multiplier.
These curves are compared with the calibration curves of the relay.

QUESTIONS:

1. Calculate of the P.S.M. of a relay whose primary current =3KA, c.t. ratio =300/5A,
relay plug setting are 50% and 200% respectively.
2. Inverse definite minimum time relay are used extensively on transmission and

distribution system. State the reasons for using this type of relay and compare its
characteristics with.

a. Definite time relays.
b. Instantaneous relay used for current grading, and
C. Time limit fuse c.t. releases

In what circumstances case (c) is used and what precautions are necessary to
ensure satisfactory performance.

3. What do you understand by burden of the relay

— —
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— G Sm—
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. B sPsT | 220V % K (e \ |
= ' g ____}_4-{ I . | | MoToR /1|
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Fig. 1(a) Circuit Diagram
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DEPARTMENT OF ELECTRICAL ENGINEERING
MAULANA AZAD NATIONAL INSTITUTE OF TECHNOLOGY
B.TECH .... SEMESTER
POWER SYSTEM LABORATORY
EXPERIMENT NO: 4

Aim:- Study of Instantaneous Under VVoltage Relay.

Apparatus Required:-
Instantaneous Under Voltage Relay
Voltmeter (0-230V)

Auto Transformer (0-270 V)
Potential Transformer

Connecting wires

Theory:

An undervoltage relay is one that operates when input voltage drops below a predetermined
value(dropout value).Undervoltage relays are usually instantaneous devices. The function of
a relay is to detect abnormal conditions in the system and to initiate through appropriate
circuit breakers the disconnection of faulty circuits so that interference with the general
supply is minimized. There are always a chance of suffering an electrical power system from
abnormal under voltages. An undervoltage protection is used to disconnect motors at low
system voltage to prevent problems with inrush at system voltage recovery. Single-phase
versions connected phase-phase are used for asynchronous motors, whereas measuring of
positive sequence voltage is used for synchronous motors. In this relay, the dropout voltage
needs to be specified and VT ratio needs to be documented. In other application, this relay is
used to protect the alternator, transformer also.

procedure:

The relay energized by voltage (to be monitored via voltmeter) through potential
Transformer. The operating voltage of the relay can be adjusted by proper tap setting and by
proper selection of voltage ration of potential transformer. Relay have two NC and one NO
contacts with one spare.When applied voltage across the relay more than the set point
voltage, relay becomes SET i.e. NO contact become close and NC contacts become open.
When operating voltage comes below the set point, relay becomes RESET, means all NO and
NC contacts back to its original state.

The following steps need to be follow for this experiments

Connect all connections as per diagram

Adjust the voltage setting of the relay

Turn on the power supply

Drop down the voltage below the defined value.
Observe the tripping time and trip voltage.

aogkrwbdPE
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Fig. Connection diagram of Instantaneous under voltage relay

Observations Table:

S. Main Supply Set voltage of the Tripping Tripping
No. voltage relay voltage time
(involt) (in volt) (in volt) (in msec)

Results: Operating voltage and tripping time has been checked as per observation table.
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DEPARTMENT OF ELECTRICAL ENGINEERING
MAULANA AZAD NATIONAL INSTITUTE OF TECHNOLOGY
B.TECH .... SEMESTER
POWER SYSTEM LABORATORY

EXPERIMENT NO: 5

Aim:-To determine characteristics of over and under frequency relay testing Kit.

The Experimental Setup consists of the following parts:

1. Over & Under Frequency Relay with output terminals of TRIP & VOLTAGE INPUT

2. One Nos of Digital Voltmeter (0-300V) of size 06X 48 mm provided on the front panel

3. One Nos. of Digital Timer of size 96x48mm provided on the front panel

4. One Nos of frequency meter of range 0-90Hz provided on the front panel

5. One Nos. of Single Phase Variac for altenator excitation provided on the panel

6. Circuit Diagram printed on front panel With Instruments Connecting Terminals i.e. TRIP,
VOLTAGE ON & ALARM ON

7. Dimension (mm): 700X400X300

8. Power Requirement: Single Phase 230V/50hz

THEORY

Under frequency Protective Relay The under frequency relay (dia-1) is a solid state
device that functions to protect the load in the event generator frequency decreases below
preset limits. It actuates when the frequency decreases to 55 hertz for 60-hertz operation and
46 hertz for 50-hertz operation. Upon actuation, contacts within the relay close to signal the
annunciated and open to de-energize the generator breaker (contactor), resulting in a display
of the fault condition and removal of the load from the generator

Frequency sensing is accomplished by a tuned circuit consisting of capacitors C1 and
C2 and components in the encapsulated base Zener diodes CR1, CR2, and CR3 limit the peak
voltage to the tuned circuit. The ac output of the tuned circuit is rectified by diode CR4 and
applied to a voltage divider consisting of resistors R1, R2, R3, and R4. Transistor Q1
compares the voltage at the wiper of potentiometer R3 with the reference voltage established
by Zener diode CR7. When transistor Q1 conducts, transistor 42 operates as a switch to
control the coil voltage on a relay contained in the encapsulated base. Both transistors Q1 and
Q2 and the relay in the encapsulated base are energized when the frequency of the input
voltage to terminals 1 and 2 is normal frequency (50 to 60 hertz). When an under-frequency
condition occurs, the voltage at the base of transistor Q1 is not sufficient for conduction. This
causes the relay to be de-energized and its contacts to switch. The under-frequency trip point
is adjusted by potentiometer R3.

PROCEDURE:

1. Connect the 230V AC Supply to the power socket through Power Card Provided in
right side of the Panel.

2. Connect the Relay with Circuit on the Panel as per diagram (1) With the help of
Connecting wire.

3. Connect the DC Motor terminal Marked as A1 & A2 and 11, 12 to the DC Motor
Input terminal Provided on the Panel.
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10.

Case-1

Connect Alternator Output terminal PN and 11, 12 to the Alternator Input terminal
Provided on the Panel Marked as P. Nand f1, 2.

Keep the Speed Control Knob of DC Drive & Alternator Excitation Knob at
Minimum Position should be zero Position

For Exp: Set under Frequency at 48 Hz and over frequency at 50Hz & off delay Time
at 5 sec with the help of knob connected with under & over frequency Relay fitted on
the front Panel of the Testing Kit.

Now Switch ON the Main ON toggle Switch in downward direction ON Position.
Press the ON (green color) Push button of Test Switch. In this Condition "MAINS
ON & VOLTAGE ON Indication Lamp will glow & DC Drive ON Yellow Led will
also glow.

Vary the Speed Control Knob gradually i.e. in Clockwise direction to start the DC
Motor.

Now Vary the Alternator Excitation Knob Clockwise direction Slowly & Rotate the
knob upto when we set the 220V (Approx) at Voltmeter.

for under frequency Relay Test

(i)

(i)

Press the timer Reset (Yellow Colour) Push button continuously at that time, timer
will show 0000 reading & at same time rotate DC drive speed control knob
anticlockwise direction gradually. When the frequency meter goes below 45 Hz
at the same time under frequency LED will glow on the Relay & then Release the
Yellow Push Button Timer will start and after 6 second (Approx) Trip & Alarm
ON Indication Lamp will glow. DC Motor will be running Condition & Voltage
will drop.

In this way under Frequency Relay test is Completed (as our frequency go under
48 Hz which we set in relay

Case ll-for over-frequency Relay Test

Q) Same Follow the Procedure steps (1) to (10)
(i) Press the Timer reset (Yellow Colour) push button Continuously at that time,
timer will show 0000 reading & at the same time rotate DC drive speed Control
Knob Clockwise direction gradually. When the frequency meter goes Over, the 50
Hz, at the same time over frequency LED will glow on the relay then release the
yellow Push button. Timer will start and after 6 sec (Approx) Trip & Alarm ON
Indication Lamp will glow. Motor will be running condition & voltage will drop.
(iii)  Inthis Way over Frequency Relay test has been completed
NOTE:- At the Normal Condition supply ON and Relay ON LED in under Test will glow on
the Relay.

PRECAUTIONS

1 All meters should be connected in the correct polarity.

2 Supply should be switched OFF while making connections.
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DEPARTMENT OF ELECTRICAL ENGINEERING
MAULANA AZAD NATIONAL INSTITUTE OF TECHNOLOGY
B.TECH .... SEMESTER
POWER SYSTEM LABORATORY

EXPERIMENT NO: 6

Aim: - To Determine Current Characteristics Using Percentage Differential Protection
Testing Kit.

The Experimental setup consist of the following parts:

1. Percentage biased differential relay

2. Three Nos. of Digital Current meter Al, A2 (0-20A), A3 (0-50A) of size 96X48 mm
provided on front panel.

3. One Variac to set the current

4. Display lamp for mains, Trip, Current & Alarm on front panel.

5. Push buttons for timer, reset, relay reset & test switches — On & Off provided on front
panel.

6. Two Rehostate for set the Biased current & vary the differential current.

7. Circuit diagram printed on front panel with instruments connecting terminals.

8. Dimension (mm): 700X400X300.

9. Power requirement: Single Phase 230 V/ 50 Hz

Theory

The fig. 1 shows the connection of the percentage differential relay in such a protection
scheme.

TRANSFORMER

CURRENT CURRENT

TRANSFORMER TRANSFORMER
f f t

Bd

OPERATING
WINDING
RESTRAINING RESTRAINING
WINDING WINDING

Fig. 1 Principle of Differential Protection

The fault occurs at point X and the primary currents in the circuit are I;and 1. The C.T.
secondary currents are i; and i. The current flowing through the operation coil of the relay
is (i + i2)/2. This is because the operating coil is connected to the midpoint of the
restraining coil.
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Thus, if the number of turns of the restraining coil is N, then iy flows through N/2 and i,
flows through remaining N/2. The total ampere turns are i1N/2+ i;N/2 i.e. N ((iy + i2)/2. This
is as good as the flow of current ((i; + i2)/2 through the entire restraining coil.

The operation characteristics of such a biased differential relay is shown in the Fig 2. The
characteristics shows that except at low currents, ratio of differential operation current to
average restraining current is a fixed percentage. Hence the relay is called the percentage
differential relay.

Circuit Diagram:

(A1) (A2) (A3) TIMER
RELAY
UNDER TEST
MAINS CURRENT

PERCENTAGE BIAS DIFFERENTIAL RELAY TESTING KIT

>

SUPPLY TRIP LARM

- — ﬁ\) O O

CURRENT INJECTION

MAINS ON TIMER REXET RELAY RESET TEST

° O 0O UQ

_ J
Fig. 2 Test Kit
Procedure:
1. Study the construction of the relay and identify the various parts.

2.

Connect the Rheostats R; & R, with circuit on panel as per diagram fig () with the
help of connecting wires.

Keep the Current Injector Variac anti-clock side

Set the Percentage Bias setting at 30 by inserting Both plug at 30 & also set the
screw at 30 positions (already set by manufacturer as slandered parameters)

Set the Time Multiplier Setting (TMS) initially at 1.0

Put the Rheostate R; Differential Current at max position. & put R, Rheostate at
minimum Position.

Switch On the MAINS ON Toggle switch & MAINS Indication Lamp will glow.

Press the ON (green colour) Push button. it will start the current injector & Current
Indication Lamp glow.
Set the Biased current at A current meter i.e. 10 A by vary the current Injector Knob
& Rehostate R, slowly.
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10. Now vary the Differential current by varying the Rheostate R; slowly & note down
A, value at which value Relay is tripped. & fill it in table & matched with relay data.

Note - it is tripped in differential setting of relay i.e. if bias current is 10 A &
percentage Differential setting at 30 % then it must trip with in 3A +12.5 % of
Biased current

11. Now Press the Relay reset Push Button (Yellow colour) for resetting the relay &
Timer is reset by Timer Reset Push Button.

12. Now set the Biased current on 20A, 30 A, & other values and repeat the steps from 7
to 8 and make the graph between Bias Current & Differential Current.

13. We can change the Differential percentage to 20 or 40 tab also.

Data Sheet
Type of Relay:

Percentage Bias current setting (By plug setting) =

1, (Differential :
S. No I, Current Current) 13 (Bias Current)
1
2

Data Processing & analysis
1. Plot a graph between Differential Current & Bias current for different Value of Bias
current for the percentage Biased Relay.
2. Compare the result with Manufacturer data.

Precautions
1. All Connections should be as per diagram.
2. Apply the current slowly.
3. Supply should be switched OFF while making connections

Standard accessories
1. Single point Patch cords of Size 4mm for Interconnections (Electrical) - 04 Nos.

2. Instruction Manual (ME 2473R) - 01 Nos.
3. Power Cord - 01 Nos.
4. Rheostat 2 ohm /10Amp / 5 ohm /LI0Amp. - 02 Nos.
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TABLE: -1

Performance chart for DDP Relays

1 Amp. Relays

20% Bias setting 40% Operating setting

Current in Az
(Amp)

Current in A,
(Amp)

2
3
4
30% Bias setting 40% Operating setting

Current in Az
(Amp)

2
3
4
40% Bias setting 40% Operating setting

Current in Az
(Amp)

0.584 + 12.5% = 0.511 - 0.757
0.690 + 12.5% = 0.603 - 0.776
0.890 + 12.5% =0.779 - 1.001

Current in A,
(Amp)

0.71 + 12.5%=0.62 - 0.80
0.99 + 12.5% = 0.866 - 1.113

1.27 + 12.5% =1.111-1.429

Current in A,
(Amp)

0.89 + 12.5% =0.779 - 1.001
1.29 + 12.5% =1.128 - 1.451

1.73 £ 12.5%=1.514 - 1.946
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gfaRTd 9199 gRT IS @1 AT gRN=

F.9. R (1) favdes (REIR—DURT 1, 1; (@TaH HIC)
1

2

3T JHEROT 3 faeayor

1. gfderd s kel & o fafem s g & f6iy fafas geai & fdg 3R
EIRT 37R 919 &IRT b 1 Yob UTH §T7|
2. FAHidr e & A1y gfRomH &Y ol 1 B

Araenf-ar:
1. A IR SUUTH b 3T{HR &1 ATy
2. P Pl TR-ER AN B
3. PARM §1Td THT ITATS Pl 9¢ R <l
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HTb TeTdh ATHUT:

1. e utée 9 ois (Aeda sRpTRA & [y 4 T &) - 04 TR

2. SICRM H37AT (ME 2473R)
3. Uk &l

4. fraRde 2389 /10 U / 5 38H / 10 T

DDP f¥@ & feg uefq ard

1 wrfeR R
20% qatarg (araw) Afeer 4096 st fEer Afer

A3 H 4RI
(TFIRR)

-019dR
-019dR
-029d7

A, 7 GRT
(TFIRR)

2
3
4
30% qatarg (araw) Afeer 4096 e fEer Afer
A3 H URT
(TFIRR)

0.584 + 12.5% = 0.511 - 0.757
0.690 + 12.5% = 0.603 - 0.776
0.890 + 12.5% = 0.779 - 1.001

A H ORT
(TFIRR)

2
3
4
40% YaTarg (arw) Afeer 4006 iR fEer Afer
A3 H URT
(TFIRR)

0.71 + 12.5%=0.62 - 0.80
0.99 + 12.5% = 0.866 - 1.113

1.27 + 12.5% =1.111- 1.429

Ay H URT
(TFIRR)

0.89 + 12.5% =0.779 - 1.001
1.29 + 12.5% =1.128 - 1.451

1.73 £ 12.5%=1.514 - 1.946
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DEPARTMENT OF ELECTRICAL ENGINEERING
MAULANA AZAD NATIONAL INSTITUTE OF TECHNOLOGY
B.TECH .... SEMESTER
POWER SYSTEM LABORATORY

EXPERIMENT NO: 7

AIM:- Load Flow Study Using Gauss Seidel Method on MATLAB.
PROCEDURE:

1. Open matlab .m file to write the program for Gauss Seidel (G.S.) method.
2. Frist write the program for the given bus line data and y bus matrix.

3. Now polar to rectangular conversion is required for simplified operation it is done in
"pol2rect.m" file.

4. Now write program for Gauss seidel load flow method is given in "gaussppg.m" file.

5. Now open all the m file and run the program and get the result.

PROGRAMMING:

Linedatas.m file

% Line Data for Y-Bus Formation.
%function Linedata linedata ()
Returns linedata.

linedata = [ 1 2 010 020 0.02 1

1 4 005 020 002 1
1 5 008 030 003 1
2 3 005 025 003 1
2 4 005 010 001 1
2 5 010 030 002 1
2 6 007 020 0025 1
3 5 012 026 0025 1
3 6 002 010 001 1
4 5 020 040 0.04 1
5 6 010 030 0.03 1;
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busdata=[ 1 1 1.05 0 00 O 0 O 0
2 2 105 O 05 0 0 O -0.5
3 2 107 O 06 O 0 O -0.5
4 0 10 0 00 0 07 07 0
5 0 10 0 00 0 07 07 0
6 0 10 0 060 0 07 0.7 0



HIETT STHTG ITETT Wi TeaT
fagga sifimifAet faum
New ... GO
ol YOIl TART=ITET
TN HET: 7

322F:- MATLAB X 31T AT AT &7 39T ateh dlg TFall 37ETT |

IE I

1.791F a3 (o) [JBfT & Qv waw s & v #dcds .m wsa @l

2. 999 Ugol fSU 30 §F oS 3¢ 3R y a7 Afcaqq & forw g ford|

3. 319 Tl R & TIT AT & HAAHR FIROT I HGRISA ¢, T§
"pol2rect.m” WISl H fHAT STAT B

4. 379 MY s oI5 Fall [Afr & AT gma fod & "gaussppg.m*™* wser & fear
AT B

5. 379 @Y m wse @Wrel 31K W ot 3R gaRomea greg FHY

EICIEEl

Linedatas.m file

% aTS-99 TITAT & ToIT oSl 3er.
%function Linedata linedata ()

Returns linedata.

linedata = [ 1 2 010 020 0.02 1

1 4 005 020 002 1
1 5 008 030 003 1
2 3 005 025 003 1
2 4 005 010 001 1
2 5 010 030 002 1
2 6 007 020 0025 1
3 5 012 026 0025 1
3 6 002 010 001 1
4 5 020 040 0.04 1
5 6 010 030 0.03 1;
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busdata=[ 1 1 1.05 0 00 O 0 O 0
2 2 105 O 05 0 0 O -0.5
3 2 107 O 06 O 0 O -0.5
4 0 10 0 00 0 07 07 0
5 0 10 0 00 0 07 07 0
6 0 10 0 00 0 07 0.7 0
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DEPARTMENT OF ELECTRICAL ENGINEERING
MAULANA AZAD NATIONAL INSTITUTE OF TECHNOLOGY

B.TECH .... SEMESTER
POWER SYSTEM LABORATORY

EXPERIMENT NO: 8

AlIM:- Load Flow Study Using Newton Raphson Method on MATLAB.

PROCEDURE:

1. Turn on desktop computer.

2. Click on the MATLAB icon of desktop computer.

3. Click the file button and select the new Blank M-file.

4. Type the program on the new M-file for corresponding bus system.
5. After completion of the program, save and run.

6. Note down the line flow and losses.

PROGRAMMING:

clear all; clc;
n=input('Enter the number of buses');
fori=1:n

for j=1:n
fprintf('Enter the Admittance Value Between %d & %d',ij)
y(i,j)=input(");

end

end

yb(n,n)=0;
fori=1:n

for j=1:n

if i==j

for k=1:n
yb(i,j)=yb(i,j)+y(ik);
end

else

yb(i,j)=-y(i.j);

end

end

end

mag(1)=1.05;
fori=2:n

mag(i)=1;

end
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th(1:n)=0;

fori=1:n

acp(i)=input('enter real power value:');

end

fori=1:n

acq(i)=input('enter reactive power value:');
end

my=abs(yb);

an=angle(yb);

g=real(yb);

b=imag(yb);

yb

mag

th

acp

acq

Pp(n)=0;

Qq(n)=0;

fori=2:n

for j=1:n
Pp(i)=Pp(i)+mag(i)*my(i,j)*mag(j)*cos(an(i,j)-th(i)+th(j));
Qq(i)=Qq(i)-mag(i)*my(i,j)*mag(j)*sin(an(i,j)-th(i)+th(j));
end

end

Pp

Qq

fori=2:n

for j=2:n

if i~v=j
j1(i,j)=mag(i)*mag(j)* (g(i,j) *sin(th(i)-th(j))-b(i,j)*cos(th(i)-th(j)));
j3(i,j)=-mag(i)*mag(j)* (g(i,j) *cos(th(i)-th(j))+b(i,j) *sin(th(i)-th(j)));
j2(i,j)=-j3(i.j);

j4(0,j)=j1(i,j);

else

j1(i,j)=-Qq(i)-b(i,j)* (mag(i)*2);
j2(i,j)=Pp(i)+g(i,j)*(mag(i)*2);
j3(i,j)=Pp(i)-g(i,j)* (mag(i)*2);
j4(i,j)=Qa(i)-b(i,j)* (mag(i)*2);

end

end

end

jal(1:n-1,1:n-1)=j1(2:n,2:n);
ja2(1:n-1,1:n-1)=j2(2:n,2:n);
ja3(1:n-1,1:n-1)=j3(2:n,2:n);
ja4(1:n-1,1:n-1)=j4(2:n,2:n);

jacob=[jal ja2;ja3 ja4d]
delp(1:n-1)=acp(2:n)-Pp(2:n);



delg(1:n-1)=acq(2)-Qq(2);
Char=inv(jacob)*[delp delq]’;
Chth(2:n)=Char(1:n-1);
Chmag(2:n)=Char(n:2*n-2);
mag=mag+Chmag;

th=th+Chth;

fprintf('the voltage values for buses');
mag

fprintf('The angle values for buses');
th
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HIETT SMTHTG IAETT Wi dear
fagga sifimifAet faum
NP ... AU
Solt YoITel! TaRT=ITen
TAHT HSTT: 8

32T:- MATLAB W geA-ThsT Al &l 39T iteh oils Jdlg 3Head«|
gfsrar:
SERCIT HYeX e |
SEHCIT P & MATLAB 31Sehed WX fForeh &
BT dcod W faereh &Y 3N 75 F@rell M-Wrsel o |
it 90 RBTeA & fOT A8 M-BEa W JEIme BT H|
WA QU g & 916, @9 HY 3R Fe|
TS gaig 3R gifadt & dAle Y|
QYA

clear all; clc;

o g s wh =

n=input('Enter the number of buses');
fori=1:n

for j=1:n

fprintf('Enter the Admittance Value Between %d & %d',i,j)
y(i,j)=input(");

end

end

yb(n,n)=0;

fori=1:n

for j=1:n

if i==j

for k=1:n

yb(i,j)=yb(i,j)+y(i,k);

end

else

yb(i,j)=-y(i,j);

end

end

end

mag(1)=1.05;

fori=2:n

mag(i)=1;

end

th(1:n)=0;

fori=1:n

acp(i)=input('enter real power value:');
end

fori=1:n

acq(i)=input('enter reactive power value:');
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end

my=abs(yb);

an=angle(yb);

g=real(yb);

b=imag(yb);

yb

mag

th

acp

acq

Pp(n)=0;

Qq(n)=0;

fori=2:n

for j=1:n
Pp(i)=Pp(i)+mag(i)*my(i,j) *mag(j)*cos(an(i,j)-th(i)+th(j));
Qq(i)=Qaq(i)-mag(i)*my(i,j)*mag(j) *sin(an(i,j)-th(i)+th(j));
end

end

Pp

Qq

fori=2:n

for j=2:n

if i~v=j
j1(i,j)=mag(i)*mag(j)* (g(i,j) *sin(th(i)-th(j))-b(i,j)*cos(th(i)-th(j)));
j3(i,j)=-mag(i)*mag(j)* (g(i,j) *cos(th(i)-th(j))+b(i,j) *sin(th(i)-th(j)));
j2(i,j)=-j3(i.j);

j4(i,j)=j1(i,j);

else

j1(i,j)=-Qq(i)-b(i,j)* (mag(i)~2);
j2(i,j)=Pp(i)+g(i,j)*(mag(i)*2);
j3(i,j)=Pp(i)-g(i,j)* (mag(i)*2);
j4(i,j)=Qq(i)-b(i,j)*(mag(i)*2);
end

end

end
jal(1:n-1,1:n-1)=j1(2:n,2:n);
ja2(1:n-1,1:n-1)=j2(2:n,2:n);
ja3(1:n-1,1:n-1)=j3(2:n,2:n);
ja4(1:n-1,1:n-1)=j4(2:n,2:n);
jacob=[jal ja2;ja3 ja4d]
delp(1:n-1)=acp(2:n)-Pp(2:n);
delg(1:n-1)=acq(2)-Qq(2);
Char=inv(jacob)*[delp delq]’;
Chth(2:n)=Char(1:n-1);
Chmag(2:n)=Char(n:2*n-2);
mag=mag+Chmag;
th=th+Chth;



fprintf('the voltage values for buses');
mag

fprintf('The angle values for buses');
th
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Do’s and Don’ts/ & Td &T &Y

Do not touch any terminal or switch without ensuring that it is dead./ &t & cfFeTer ar
R &1 f§a 98 glaRead v o g & a8 ¥@q ¢l

Never work alone in the laboratory./ IR & &efl 3T 3tchel 1T o A

Keep away from all moving parts as far as possible./ STgT de THa g Tefr arfaefier amant
¥ T @

Wearing of shoes with rubber soles is desirable./ T8 & deld dTel SId Tgelell ST &
Do not use loose garment, while working in the laboratory./ SZITRITET H HIH I THT
&Il 9EF HT 9N o H|

Use sufficient long connecting leads, rather than joining two or three small ones,because in
case, any joint is open, it could be dangerous./ & IT el BIC ST Pl AlSod & FollT

g R SISt AT 3T HY, FAfh ARG FIE S Gl g3 & A IF TeReAh g
eI

Use a fuse wire of proper rating only./ shael 3 IET aTel vl AR &l & 3udieT
ey

While using electronics equipment ensure that these are properly earthed. Earth link should

not be removed unless it is absolutely necessary./ Solereifaieh 3YHIUN T 3YINRT FId
AT FARTT R 9 &F & 3 fbv 70 gl 59 T 95 T 7 &, 377 fip
I el g STl AT

The circuit should be de-energized while changing any connection./ Tr&T 8 FaiereraT T
eod FHT Tfehe Pl N-UoAolSel fhdT ST TTRT|

In case of emergency or fire, shut off the master switch on the main panel board./

JaTcerels &t a1 3mr oere i Ut &, geg Yool §18 W AR a9 dg
F S
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