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Introduction to power system

System: [t is collection of component for an certain objective.

w

Power: Electrical Power

Objective: To provide quality & reliable power to consumer at minimum
cost.

R e

Total study of power system is divided into 3 parts.

a
(i) Generation of electrical power

Y (ii) Transmission of electrical power

(iii) Distribution of electrical power



Topic : Generation of electric power of Electric Power

Conventional energy source
(Thermal, Hydro, Nuclear)

Nonconventional energy source.
(Wind, So\!g\_r, Bio-gas, Tidal, Geothermal)



Power Plant

Thermal Power Plant:(co_al, lignite ,gas, diesel)

Coal Energy — Steam Energy — Mechanical Energy — Electrical Energy

Total installed capacity — 2,49,272 MW (46.79 %)

Hydro Power Plant:

Potential energy — Kinetic energy — Mechanical Energy — Electrical
SN~ NN ~ _—_

Energy
[nstalled capacity = 51,415 MW (9.65%)




Power Plant

Nuclear Power Plant:

Nuclear Energy — Steam Energy — Mechanical Energy — Electrical
Energy

Installed capacity = 8780 MW (1.65%)
Nonconventional Energy Source:

v+  Wind
o
\ 4 Bio-mass
"~ Tidal

& Geo-Thermal -
\N\A
Installed capacity - 223273 MW (41.92%)



Total Installed capacity —» 4,117,668 MW
Central Government  1,24,108 MW 24.0 %
State Government  1,30,000 MW 25.3 %
Private Sector 2,78,632 MW 52-55%

Approximately 1700-1750 BU (Billion Unit)
NN
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Transmission of Electrical Power

» It is network of conductor, which carries bulk power from generating
. ; N i e
station to sub-station.

> 3 Phase 3 wire system is used

AP an ™ 2o NP 00 ™ an o NP A AP A N

» Power is transmitted at high voltage to reduce the loss

11 kV 400 kV w

X~tmey
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Transmission of Electrical Power

TR A2y Jupia sir puo

Speed |
)
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Primary Transmission | 11/400

Secondary Transmission 400/220/132/33

——Large consumer (33 kV)

33/11 kV

Primary Distribution
——Medium (11 kV)

11kV/415V
Line Voltage

Pole Mounted transformer
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Transmission line classification:

¢  Short T.L.
¢  Medium T.L.
¢ LongT.L. .

» High length tower is used for power transmission.



()

Distribution of Electrical Power

» It is a network of conductor, Which carries power from system sub-
station to end user.

™™ ™

» 3 Phase, 4 wire is used to supply 1¢ power to end user. (QCCmdq-a s Mg

» It carries power at low voltage.

» Current carrying capacity is low.
> Radial distribution system

» Ring distribution system.

L> Interconnected distribution system.
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()

Feeder: The current density of feeder is constant energy where (No
tapping is done from feeder)

Distributor: The current density of distributor are not same every

where.
T T’Iy I’I'-’I‘_
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GRID: The transmission system of a area is known as grid. The different
grid are interconnected to form a regional grid and different
regional and is further connected to form the national grid.

1991 — N.E + Eastern. ? (()

-+

2003 —» Western
+ N

2006 — Northern Grid ‘ O
+

2013 — Southern Grid.

—




o] WESTERN

NORVHERN
sREGIC N

<5 ¢

REGIONAL

INSTALLED CAPACITY
.~ Northern : 1,56,657.MW
 Eastern : 39,607 MW
Sothern . 1,49,965 MW
Vv'Western . 1,84,692 MW

North-Eastern : 6,177 MW




| h 2 Minutes Summary
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<] 1. What is power system

I <1 2. Genneration of Power

Recap of

3. Indian power scnario

Previous —

T4. Transmission of power

=@
O 15 Distribution of power




| 1. Basic component of PS

: <]2. Basic component of system

,3. Alternator

"A. Induction Generator

5. Transformer
6. Bus Bar
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vV V V V V

The Main Role of Sub Station

VDHO«jC § §(Reactn chy‘

To step down the voltage.

{)xcfwnf] -4 t( AcHhw FWQQ

Protection of transmission system.

Maintaining the voltage level (Reactor, Capacitor bank)

To control the frequency (By load shedding)

Data transmission for purpose of control and protection. \ -y



(765 kv S)s) Croviev sis)

447 765/ 95o umky  1SV/220k0
— 765KV
W =765 KV 400,
(33\6 220\
o /400 kV/ZZ kV

ik 151<3 k\ﬁ%i Yy, Y

kV/415V :i’f,r /132 kV

Farm (low Voltage)



Type of Sub-Station:

Primary transmission Sub-Station v
Secondary Transmission Sub-Station v/
Distribution Sub-Station ./

Converter Sub-Station (HVDC) v~

- o o B N

Switching Station

(Sub-Station without transformer) (It operate at single voltage level).

6. Railway Syb-Station (25 )
7. Collector Sub-Station [Wind Farm / Solar Farm]






Topic : Alternator - (Synchronous Generator)
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E(ph) = V27N, 0.k,
O oc I

k. = Windiné factor

e i

» By increasing field current (AVR)

I]— 81— ¢ J— V(T
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r,=0.01pu X, =1 pu
Xs>>ra

So r, is neglected
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P
The frequency of induced EMF % 9; @

PMT
HI= 120

By using speed governor, we can change the speed of alternator, so
frequency may be changed.

N = \Zdb
J P

Grovernag



P
> Over Excited : If I, > Normal current ( 4 qmcroﬂ; Reachu PWY) @
> Under Excited : if I, < Normal current ( 3 Consuna Reachw powey)

» Normally Excited : if I = Normal current

bbb, > =i

Thermal power Plant :

Cylindrical Yotor alternator (Turbo alternator)
Hydro Power Plant:

Salient pole alternator (Hydro alternator)



Induction Generator

Turbine Singly fed
blades induction
generator

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

Pitch control




Induction Generator

» In win

Kk *

» It takes reactlve power from supply and provide active power to same supply.

ida power%ant we use induction generator.

» It generate power at low voltage.

/]
/1]

Source




Switch Yard

[t is a collection of electrical equipment where high voltage electricity is
switched. It is a Important part of sub-station.

Control Room

Sub-station

Switch Yard

—_—

In control room, we have relay & control panel.
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Transformer

To step up & step down the voltage \\/ — H"ﬂ 5 \)')an‘ -

Generating station — stepup (A-Y )

In distribution, we use A - Y transformer to supply 1¢ to end user.

>
>
» Receiving end Sub Station — Step down (Y - A)
>
>

Nowadays, we mostly use auto transformer.

i r







i

} e

2 Winding transformer

3 Winding transformer

11 P
%

Auto transformer






[t is a group of conductor which collect power from input terminal and and
distribute it to various circuit.

[t is like a node in a power sy: stem

AP AL A

In single line dlagram Bus Bar is represented by vertical line.
Generally sub-station has two set of bus-bar.

(i) HV bus-bar

(ii) LV bus-bar

4 In HV sub-station, it is made of hollow co%i&ctor to reduce corona loss.

T rrTee T



Generating
Station
Switch yard
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1. Basic component of PS

I \/2. Basic component of system

v

3. Alternator

v

4. Induction Generator

A

5.Transformer

x “16. Bus bar




/|1.cB
v12. Isolator

: A3CTPT

4. Surge Arrester

v5.Bus coupler




Switch Gear

[t is general term, which is used for electrical switch & necessary device. Some
switchgear equipment are: )

& CB N

[solator

Earth switch v

Relay -~

CT v
PT V%

*

\Z
0‘0

7
0.0

\7
0‘0

\Z
000

\/
0’0






Topic : Circuit Breaker

» Itis used to make & break the circuit under normal and abnormal condition.

VW w—f

» CB operate on load condition, so arc quenching medium should be there.
PRSI S

Lko KNP

=x—




Circuit Breaker

Jaipur

CR

CB

Delhi

X-meY




Isolator




Topic: Isolator /\C’ch

» Isolator operate at no load condition.
1.8 8.6 ¢ ¢

» It disconnect a part of system from live part under no load condition

» At both of CB, there should be isolator.






Earth Switch

» It discharge extra static charges at line to earth. CB- S e
8. 0.0.0.0.0.0.0.0.0.0.¢ ¢ |
» It operate after isolator. Solador — afen)
E. S - C‘DSQ
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Topic : CT (Current transformer)

» It step down the current for measurement & protection purpose.

1 0.6 000 0 G 0.0 606 0.8 (

>
I, N,

[, N, B
Nl : NJ.< ,\‘2. ]

[, =1 x— gz

N 1O

¢ =X ¢,

)

|

l
o

400 : 5 (CT Ratio)




High Termina

What is a Current
Transformer?

Magetic Core
and Winding
inside the
housing

Porcelain

Insulator

[ ]l Secondary

>~

COTLT LT

7~ Terminal
. Box

]
e —

‘-:r‘.',(_f|‘_)' . ‘ .. l | (




Topic : What is Current Transformer?

Measuring CT  (Normal) (Nm«,a.j Cuvrent = 10 Kg)

Protection CT (Abnormal) ( fawd cyyrend = 160 KA)

Measuring CT is not able to push short circuit high current through
secondary circuit. Because it will be high than its saturated value.

Protective CT is able to push high short circuit current to secondary side
because relay need to measure during fault condition.

Protective CT provide Input to relay.



Topic : What is Current Transformer?

I_oJu\ — 2 hv
IKodk — G hy

Q

N



Relay

ALY ANA

L

PETRY.

)






e

» It step down the voltage for mﬁ?&e ent & &rotection purpose.

» Protective PT provide Input to relay. * ook

Electromagnetic type

= Capacitive type



'\' ' \
M b

Elecchomagache. P transformer

13.8 kV

Load

Fuse

Potential

Transformer m

e

Grounding
for safety = 4@7

0-120V
Voltmeter




——

<

Voltage to
Be measured

R —

Auxiliary
Transformer

E ?qu
C
= 1J I
70000
:C2 i
X, Va




Capacitive voltage transformer

» Itis a potential transformer, which step down the voltage.

» Here we are using capacitor voltage divider circuit.
1.8 800,08 000000 ¢

» It can be turned with PLCC so it can be operated as a coupling capacitor.

» About 10&1;\/*vv*e #s*e(}k Qflgs*teid*o Ig)r*ngwi







P N
» It divert high voltage lighting surge to earth. But maintain continuity @

during normal operation.

: — — 5
R'Y ~




PLCC (Power line carrier communication)
» PLCC is used for telecommunication, tele-monitoring, tele protection between
electrical system.

» Number of component is used is PLCC l . _\\
(a) Wave trap
(b) Coupling Capacitor Jpr AQre

_ L T A

(]







(a) Wave Trap
» It is high frequenc sto;w‘ez. [t prevent the transmission of high frequency

signal toﬁgvﬁ‘&&l de Hnatlon.

» Wave trap is first equipment connected in system.

0 e e e e e e e e e e e A e e e
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Relay: Relay is fault sensing device & give command to CB.




P N
Tower: It support the overhead line conductor, it provide necessary@

clearance from ground. It is at ground potential.
> Tower cross arm has insulator on which power conductor is

connected.




&

[t is used to make TL visible to pilot & drone operator.

[t is a ball of orange color

Power line Maker




Insulator: Insulator provide necessary insulation between @

conductor & tower.




Shunt Capacitor

» It provide reactive power, when voltage reduce.

» Shunt capacitor in substation in connected between tertiary winding of
transformer & earth.

» It also improve p.f. so it is also connected near to load center where
reactive power required.







Shunt Capacitor Internal Diagram




Shunt Reactor
» It consume reactive power so it is used as a reactive power compensator.

» Itis used to reduce the voltage (if voltage is increased due to Ferranti effect).
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Bus coupler




Bus coupler
» Itisused to coupled two bus without any interruption & with average arc.

» Itis a CB, which coupled two Bus.
1.8.0.0.0.0.0.0.0.0.0.0 ¢
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Recap of
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1.¢B

2. Isolator

3. CTPT

4. Surge Arrester

5. 2hud Capacitor

6. Shud Reactor

7 PLcC




1. Active and reactive power

2. Leading and lagging reactive
power




Spacer

» Itisused to provide necessary space between same phase conductor.

1.0.0.0.0.0.0.0 6 ¢




Stock bridge damper




» Stock bridge damper is used to reduce mechamcal V1bra *on ‘Gallo 1ng)
of TL. 6 0. 8. 0.8 6.0 ¢ 6 ¢

» Itincrease the Inertia of conductor so vibration is reduce.



Arching horn







Arching horn
» Itis a projected conductors used to protect insulator flash over.

» The distance between two conductor of arching horn is less, so at the time of

high voltage, E T= %

» The E between two projected conductor will be high. So Arc (flash over) occur

between Arching horn only



Grounding wire Earth wire




- Wire

— .

|
Ground Rod =~ i




Grounding wire

» Grounding wire is placed in top most position of tower.

» It protect the TL from direct lighting stroke.
A

. . K dok Ak
» It divert the lighting charge to both side of tower, which ultimately direct it to

earth. £
N “ ~ _ B .‘: o







#Q. In case of fault which instrument operate first.

Circuit breaker
Earth switch

[solator

Relay .~

B REB



—>SHz2

#Q. Wave trap allowed n__._,.:_li"

——

m 50 Hz power signal & high frequency carrier signal both.
E })ﬁly 50 Hz power signal it does not allowed high frequency carrier signal

Only high frequency carrier signal, but does not allowed low frequency power signal

Lm None



#Q. In Nuclear power plant which alternator is used.

PN Salient pole alternator
B \}Zylindrical rotor alternator

Any of these two

Lm None



#Q. The distribution transformer has

PN Star- Star connection A %;
B} Star - Delta connection

Mta — Star connection

Lm Delta - Delta connection



#Q. The generator used in solar power plant has

PN Cylindrical rotor (

] Salient pole rotor

Any of these

D yeme



#Q. Which should have highest diameter

m T. L conductors

] Feeder

Distributor

LE/B/US bar




#Q. The distance between projected conductor of arching horn should be

PN Higher than the distance between T. L conductor & tower v

g
B Jéwer than the distance between TL conductor and tower ,Czk( ¢

Equal to the distance between TL conductor and tower \L
\
X 4
) No relation between these



#Q. If isolator is get opened without opening of circuit breaker in sub-
station.

E yue to high Arc, isolator arcing will be melted.

E [t will isolate the circuit

E [t will damage the circuit breaker

) Isolator should be opened only after earth switch.,



#Q. The transmission voltage in India Are.

J/
1200 kV, 765 kV, 400 kV, 220 kV, 132 kV, 33kV _

1100 kV, 765 kV, 400 kV, 220 kV, 132 kV 33kV

1100 kV, 765 kV, 440 kV, 220 kV, 132 kV, 33kV

B REB

1165 kV, 765 kV, 400 kV, 220 kV, 132 kV, 33kV



#Q. Which of these statements are correct regarding CVT.
1. Itis generally used at low voltage sub-station X

2. Itis generally used at high voltage sub-station \/

3. Itisreduced to voltage level for measurement & protection. </

4, It can also used as a coupling capacitor in PLCC «—

PN 1,2,and3

E\//Band 4

@ 13and 4



D.C. POWER:

P-v T

L]



Active power, Apparent power, Reactive power, complex power

V=\Vlzca T=|Il2p

(om Plex powey

o \/_'_:* T=FLI4LPR
. I = II| -
5:{\vlé4][|:zl /-] ]
3= IVIITIZ&-P) VL8 = Y Cosot jysing,

S=IVHT] Gos () + ] |vI1T]| Sin(*-p)

s=P+la



.
J¥ ST
:)’(os&—JrS
/-8 "
=
T)£F]

[\l/\/lé—dj [T :

|v)] 1T Z(R=)

VI T L= &-B)

Rt
“ B

JIVIZ| Sn (c%—@
| Cos (a-p) - J 1w
VT ‘o



S=VI"=P+jQ :

> S is called complex power, its real part is active power & imaginary part is
reactive power (it is vector quantity)

» The magnitude of complex power

S=yP2+Q* -|v||T|

[s called apparent power

(it is scalar quantity)

A



Q=VIsin(a — ) =VIsin®B

So Q will be positive when a > £.

!

(when current lag the voltage)

If>a=VIsin(—0) = Ve

So Q will be negative

(When current lead the voltage)

;Lbo lagging VAR = Positive reactive power

: LY ¥ Y Y.

|




S=VI . VA gve, MvA

P=Vlicos®d . W, kw, MW

Q =VIsin® . VAR, ikvéR MvAR
I

D.C. Power > >\

P=VI

AC Power




Active component of current = I cosO V (I Cos®) = VT CosQ

Reactiye component of current = I sin0 V(T Sina)= VT S
PfT =cos6T =sinbl! - -
‘ l l ém&l:]i*Co& &T
v PT ~Ql
y .
il F-‘(o‘/-\l' P=% /.
Q=Yo7 - Q=207
N

S > gn



V=V_sin wt

[=1 sin (wt — 0)

Instantaneous Power 310C Sind = ‘Cof( =B fys /_@\

p@[v] = VmIy 20wt Sh(wt-60)

Vo I . .
— % (2 sin wt sin(wt — 6))

v

= % [cos 8 — cos(2wt — 0) ]

Vim I
= \[—"21- \/—"; [cos @ — cos 2wt cosf — sin2wt sin 0]



V. L. |cos@(1 — cos?2 wt) — sinf sin 2wt]

=V.I.cosf(1 —cos2 wt) —V.I.sin06sin 2wt m
P(+) = P(1 — cos2wt) —Q sin 2 wt
mst Achr pouww Inst Reactwv posus \\7[\
J eV Py Y
perge Aeb prose = Avg vala o Tli-Con200) - p s g
— v\/z)/\/

Py, =P =VI, cosb

Qo =0

Ava Voluy d Reactu P&t = P‘\'j Valus ,a Q/Sbfu)’v

[






“Totel (Inst)
P

A ) /\ e \/ Avg veha = VT 1§
¢t

(Inst)

Readn\ Q

(Inst) b 7 \ =) P\VJ Valw = o

N
¥
A
/




V V

So average value of Reactive power is zero i.e. it does not do any useful
work, it only move forward & backward without doing necessary work.

So Reactive power is exist only if reactive component is present in

system.

Only active power can be converted into one form to another form.

Losses occur in system due to active power only.



Reactive power is a hypothetical power.
We assume that power associated with reactive component is reactive power

P=1?R Q=1I%X

v

Reactive component of current create the flux

|

[f Reactive power is zero, the I, of transformer is become zero. So transformer

is become non operational & Active power cannot be flow.



0&0

V W- —




=>Pg +]Qq

| TLK—I-JQ}/
@ %Load

Source

Q = VIsin O (lag) = VI Siq e

E—

So it takes lagging VAR

it is taking positive reactive power

P= VI



=> P +)Qs

_>I

<« -1

=> Pg +]Qq }\
— C >X)
\ 4

P=0
@=VIsin @ (leading VAR)
— [t delivered lagging VAR (Reactive power)
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1. Active and reactive power -/

2. Leading and lagging reactive ~
power




®

1. Why 3 phase power is used v

<= 2. 3 phase system

3. 3 phase balance star copnected

to be
Covered

4. 3 Phase balance delta cgnnected




Why we use 3 phase power

;

— —

L R

e

If we use same alternator to create 3 phase power, then it will be able to

produce 1.5 times 1¢ power

So, 3 phase power generations more economical than 1phase power

In three single phase, we required 6 conductor for transmission but in 3
phase we required only 3 conductor for transmission.
So, 3 phase power transmission is also more economical than 1phase power.

3 phase lnstantaxwower is constant, If does not vary with time.



/_\.C.UO Qr\%\c | S oS Hve
| F 33+3€D - Bb
C.Ww Qﬂglc K Y\cao}fvc.

O+ 2o = \®
_ ] — | =+ %0
& €D & \)—36

—2h+ 30 = |20

Vo Sin(wh-24) = \/MS'\Q@’WQ@)



2
Ae

Vo = Vi Sinwt

Vi, = V,, sin(wt — 120)

) >
iq = I Sin((wt — 6))

vy
ip = I, sin(wt — 120 — 0)
A = I, sin(wt — 240 — 8)




So Instantaneous ppwer

— Uala + v lb+vc lc

= Vyy Loy SIOWE Sia(wt-0) 4+ V, T, Sin (0-120) Sin (wt-120-6)
+ 1, T,y SHE4-20) Sin (at-20-)

=\, I, P Stnwk Sin (M-®) 1 N (wt-l20) Si'\(wt-m-o) +<Siq (M-b@
7 Sia(w+ -m-e) }



—

\ZM ::Wl k’ COSQ = COS(Z.\«O‘(‘-®> ‘|" Cosg— Cos <QUO%-—Z_\{D—©)

e N ~~——

+ Cos60 - Cos(Zwt-4ym-0) |

= Ven T [_3(03&] - VmImICos(zJ
R,

0t-0) + (s fwt-24n-0)

\\ N <53(2wt—\{8®-®)]

O N
Cos(2uwt-12v-6
- \/MI“’) L?;C()S&‘& ‘L ( - 0-8)




p(r-tuza)  QSN28T B

b Ve=Vu T, =2Vm
P =" (3c0s0) = 3@@ = Qe
2 YA

P=3V.L co;9 - it does not depend on time
v Fad¢
,~ For 34
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The Instantaneous value of total reactive power is zero. It does not mean tFe®

reactive power is not flowing in Individual phase.
e T e e T T T T T —

Only their phasor sum at any Instant is zero.

So, we say total magnitude of Reactive power is 3VI sin6.

Due to constant power the Torque created by 3 phase motor will be constant

Aql\ Y SV

Bhad u
e

1 1

l\\,m lC), Q0

|

'Zulm

—




» In 3 phase transmission the power loss in reduced by 50% for same

N/\——

power transfer.

y lIne resistance =r

phase
supply

Total power loss = (31)%r + (3i)%r = 18 I°r v




Power loss =[%4(3r) + I1°(3r) + I*’(3r) =9I°r



» Voltage drop in 3 phase line is less than that of 1 phase line. Volta?e,

Regulation is better

For 19 Lina \/OHQjQ OQY\’T; Fcr TJ\%Q.: RI¥+3Iv=6Tr
For 830 Mt \aldage CJW’E Per Phomt = T(av) = 3Ty




s No load voltage —F.L voltage ;
Vo =s————
. Rated voltage

VR = Vﬁlr (1¢p scheme)
VR = ‘f" (3¢ scheme).

*y

» In 3ph power, Rotating Magnetic field is created, so motor is become self
starting.



Instantaneous Power Balance
1$ ~ (Pulsating> Return conductor required
2¢ v Constant Return conductor required -
3¢ Constant v No Return .~
4¢ 1 Constant No Return
6 Constant No Return

_\

’\&&&Xg

e S



2. Phase Circuit

2 Phase:

G:Eﬂ\/




e = /L/Z




@

2 Phase supply Vq=V, Sin wt
Vi, =V, Si(wk=72)




VL=\/V§h+V§t:=\/§VPh @

; The two-phase supply is having two voltage of equal magnitude and
$//difference between two phase voltage is 90.




3 Phase Balance and Unbalance
supply:

* The 3 Phase supply mean three
voltage of same frequency.

i} If the amplitude of all 3 voltage are

7" same and these is a phase difference
of 120 between them it is a 3 Phase
balance supply

* If Amplitude of all 3 Voltage are not
equal or the phase difference between
then are not 120 or both is not there.
Then 3 phase unbalance supply




* But in alternator we use similar winding for phase A, B & C and they are @
placed at 120 angle, so we get balance supply.

Positive sequence aJ
V.=V, sinot ( ‘\bJ
V, =V, sin (ot - 120°) ¢ N/
V.=V_sin (ot-240) =V _sin(ot+ 120)




Negative sequence a \
v V. =V_sinot (
Py bv\/
¥ =¥ Sin(mt - 120)

<V, =V, sin(ot -240)







Star connection :

Ifa’, b’, ¢’ are connected together it formed star connection

— L
AL o

TMT = V T

- VL




Phase(Coil) voltage/Phase(Coil) current: @

The voltage across any phase winding is called phase voltage and current
through phase winding is phase current.

Line Voltage / Line Current :

The voltage between two-line terminal is line voltage and current flowing
through line is line current.



Double Subscription:

Vig = Voltage of point A with respect to B.

h P ®_\_/‘°‘_‘f\® R
[t
Va = Vap Veg =V
VerVa= Viaet Vg
Vhe = Vagt g
Vig = " Vee

[, = Current is flowing from a terminal to b terminal.

h






»2 Minutes Summary

by @ ph [peese TSR

— 2 phanc va\}

— 3 phonc Swpply

3 rkp«m & Yins, VMJWJQ Qnd C\mw%(



Thank you

GW
Seldions




Electrical Engineering

Power System

{@ Lecture No.-06

Introduction

| By- Ajay Gupta Sir



1. Why 3 phase power is used ¥4
2. 3 phase system A




1. Positive sequence star

<= 2. Negative sequence star

3. Positive sequence delta

to be
Covered

4. Negative sequence delta




PO si+ive chukc.qcc I

Voo 43
A
T[Ph
vV -
= a'




\/_\/:\/




@

ADE AR% AT+ J AR AC Cos &

2 2 2
\/L = \/Ph +\/% “’r Q\/Ph VF*\ Cos¢o

yA < N 1
V= Vpy & Vegt ZVin -

o4
\/:‘: 3 \/Fh

V=3 Ve

vPh B

VE = v&h + v,%h +2Vp}, Vpy, cOs 60°



Vi =3 Vs, @
VL =3 Ven

In positive sequence star connection line current is 3331( ea ’pypis;ilrrglt

e
But line voltage is v 3 time of phase vz(lttgé a:a it lead the phase voltage by 30°

e e oo e e e e e e e et e e e

\%e: in positive sequence the phase voltage lag their respective line voltage by
30 degree.

\/Okkz \/L L& — \/o:‘ \_{.‘:- £ Q-3

= J3
\/bc = \/L L&-lu S Vi [ Q-2y-2,
43
V. - :
WA= \/L L824 = \/C WL AQ-Z\{B%O

\E



Negative sequence :




Negative sequence :




< 2
AD= AB+ AC?_-\-' < AB.AC Cos (v

P > 2
\/L. - \/'P’)-{-\/Fh = CQ \/P"\ VP*\ CO& (v

2 PR -3 7-‘\
V= Vo, + Ve, t Z Vi >

L X
Vi= 3V,

\/L: E \/Ph




In negative sequence line voltage lag the phase voltage by 30° @

)
Nofe: In negative sequence the phase voltage lead their respective line voltage

by 30 degree ————
Vy, =V 28 = Vs e L6 \\
Veq = VL £8-120 = V2 Vo /O-ankss \///‘
I3
\/bc S VL V= Vi Z0-24043y

33



Balance Load/Unbalance Load : @

» If magnitude as well angle of load of all 3 phase are equal (same resistive &
same reactance load) Then it is a balance load.

» Generally industrial load is a balance load, it run 3 Phase motor which have
symmetrical 3 phase winding. So current draw by all 3 phase will be of same
Ampere.

» The Domestic load is generally 1¢ load. So, it is very difficult to maintain

same load in all 3 phase, so it is generally unbalance load.
~ ~ S ——

» Due to unbalance load the current Ampere in all 3 phase may be differ &
the phase difference between thgm may differ from 120.




PL\O‘/)W AY!O{'H ma}]'c__; 2L 13D

YZ8 =2 Rlac EG*NQ

A+ )b = Yectungul ac 607»4

- 2 a b
Q*AL __\\ Q= b- thq’l\_ot [\?cc{—qQSIqu, R \Eb\qr howq C‘mvwsl‘m\]

Y /6 = % Cosb + ) YSInS L Polac o Rectangulac {rm conversy ]
v Sion



— Forx AO\MW\ Q(\a‘ SM{ESJch-Har) WS RCangdq’ 60""’\
CQﬁ‘Jﬁ) + (Qz_-l-é. E.z.)

= (a+a)+ § (bitbz)

Sy btrachon (Qﬁég‘)-(qz‘-\—tj E,_)

(q\—qz) '\'A ("\"\92)




— For
Mud A
\DII‘COJﬂ
0»" and ole'siO‘rl
Use
‘:‘O]Q(

Muwkpli
[:\ icodion
(o]
\ 15 éQ&W

s Y\Yz_ 4<Q\+®L>

fpem.

Division

¥, <8
Yzé®2 = )_%L Z-(®\'®>




Q
= Jq= 3 Sin(wt-3Y Jy= ¥ Sin (Lwt=6v)
wWhot is Jgtd, = 7
4y Cenvat instatanedus ﬂqw\}\'ﬁw 19 Thono( Eo(m‘

o= 3Sin(Wt-2) = D L3
Iz

| _ -6
)= Y Sin (w0 < _\;__2-_/- :

<) Convert ch\ow k@m\ e RCC"YQ(\%\JJQY kcr“"k\



= 2 /-3 = 3 s3o—§2 Siqav \
lq —3:24 0 jE,CDSD JJ’E_ 19 - |'g2% — ] 1'0é€o

N
G
1

N A Cosgo —Jj__ Coslo = IM\\{_—' NT
3 2 2 1245

3> Add o+, In Rcdqnav&qr oer
)q-ﬂb = (\%&?-& M) — | (oot 2:95)
y 3‘zgl-j 35|

17 Corvert Rcclmjw\w her Ind T\wcoov @ww\



Jo+1, = 2254 -)35)
— 2 2 - (=235
] 3(3‘25‘)‘*‘@’:') Z i (32_:[!)
- “*‘73j /47192

57 Conved Cuymed e nstetanow, Salt

= Q{qga{ 13) Sin (We-Y7193)

It o Sin (u-ur1gy)







Types of Load:

T il ol ol el

3 phase 4 wire star connected balance load] S awma
3 Phase 3 wire star connected balance load

3 phase delta connected balance load

3 phase delta connected unbalance load

3 phase 4 wire star connected unbalance load

3 phase 3 wire star connected unbalance load







Y Connection Balance Circuit 3 wire/ 4 wire ckt

1. First draw single line diagram by taking phase to neutral volta?ge take angle
as 0.

2. Now find out line current L= ‘Z/jg = _\_/Z £=8

3. Now each phase current ( line current) lag their respective phase voltage
by 0 angle.



Y Connection Balance Circuit( 2 method)

1. First Find out phase voltage from line voltage.

2. Now find out phase current by dividing phase voltage with impedance.

3. Line currentis same as phase current.



A 3 phase 4 wire 208 voltage CBA system serve a balance Y connected @
load with Impedance of 20 £ -30° Find the line current if Vab=

208<0.
Mcthod = L A/C = AcCR
Vo= 28 20 .7 s
A - g~ S
= h ‘QD? Ph 1L
I=im= - e = g |
Z A 4 4 T
20 /-30 Vo .

= o Phese Cured Jeod  fhyy {espechye Phoac

\/ol-\-aac. Lq el qv\%\c N




= (b
23+30 =
p— .Qq = éé _ Gz—gb
20% / 30 | .
= TR .

\/ = 2.0%40 Z‘D?L_laﬁ-zb ] 'Q GZ-I?D

%b 320 7 V= Iz J .—-Qé.zwrawab-.-
o 20% [-2v+3 9 Ay
C —



i 29‘3:4313
\/%:ZDSZ_O — \/q=2'%§433 = lq= ié_30= 6 £.6&v
\/Cq = R £-120 = V, = g_b-;r /-12v¢3s = ) = 20% /-9

B © 2 = (L6
Vee = Jog /-2 = Vi = 20% J-240r2: 2o /-
T2 P




Delta Connection -
Q.

_ i @
® 7
Ve L >
>
© —




— —q ¢ ——ca > I"(b




Ty

3o

™ Te
Co-
I},c

:[P*\

I




Teo — A\D @
l% = llz)h -+ llz)h + ZlPhlPh cos 60° o

._)Ip

[, =3 Iy, 1. @

So, in delta connection phase voltage is equal to line voltage.But line current is
\/}ime of phase current. And the current lag the phase current by 30°

NGt N NG S N I SN NN

ch-# \’l\wm CuY rend )Qcag -Uwqr chycchu\ l\r\o\ CY yrend Ed 20

T.=TI,48 —1q° IJ':; O +3s

_—L-}) _— j:L. L®"l2—b — j[-bt - ;__Jt 4@-\26‘\"3§
3

_‘Ec_ e -‘YL. AQ-Z\N _} XCq = EJ-'; £ 8-24 }3s
3



Step to solve delta connected load: @
1. Convertdelta connected into star equivalent impedance Z, = Z,/3.

2. Now draw signal line diagram by taking phase voltage as source

3. Take angle of voltage as zero.

4. Now find out line current

* Now phase current (line current) lag the respectively phase voltage by 6
angle.



Step to solve delta connected load( 2 method): @
1. The given line voltage is equal to phase voltage.
2. Find out phase current first.

3. Now find out line current which is B—times phase current and lag by 30
degree




m A 3 Phase 3 wire 110 V, ABC system supply a delta connection of 3 @
equal impedance of 5 £ 45. Determine I, I; & I...
\/A‘B; YA VBC‘;\\DL—[ZD \/(ﬁ= [\ -24YD

_)IA
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IS
= 3% £
—30-Ny

3% /-

p—

—-l“34§30

Vo =15

- I3

=\loZo

Veg=

/-9y
=) 2%

-3

81 =D

—

-25

= (1o é—lZ.b

\o /-2 = V@ _f§

Ve =

- - . _g\
— — — — — 8'
3 ) g
'3 ( 2.73-‘{3 S
e a.[
A \l V4 YAVINEICAN )
L b

\/C



i 'Ab _ i
he =22/ = Tp~22[3 /-\s-3 = 2¥4L-Tr

T. = Vac _ [\b/-l2o . o
Be > =22 T =0203 /-jks-8y = 3%\ Z-las

Llen = \_/Sz.ﬁ _ o\l | g, w5 T=0203 [078-30 = 381 L3S
CYAY

q_Y_ Iﬁ "IH&'I@, b @zé‘HK)QZ&-Z?s)



m A 3 Phase system supplies 110 V to a delta connected load whose
phase impedance (3.54 + j 3.54). Determine I =?
Vey =110 £0
Vig =110 £-120
N

=110 £ 120
Vae =110 £ 1 \’\V

38.5 4275

@

38.5 £-75
22 £ =165

22 LTS
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