THEORY & OBJECTIVE

PoWwER SYSTEMS

e Covers ESE, GATE, IAS, PSUs, DRDQO, ISRO & other Technical Exams.
e Covers complete syllabus & all topics of ESE & GATE examination.
e Thoroughly revised, fully solved & error free book.

e Concise, concept oriented and topicwise presentation & authentic solutions.

ENGINEERS ACADEMY

IES « GATE * PSUs ¢ JTO ¢ IAS * NET

CORPORATE OFFICE

100-102, Ram Nagar, Bambala Puliya, Tonk Road, Pratap Nagar, Jaipur-302033
Ph.: + 91-8094441777

Website : www.engineersacademy.org | Email: info@engineersacademy.org

Ajmer | Jaipur | Kota | Jodhpur | Bhilwara | Delhi | Patna | Lucknow | LPU | Ludhiana | Jalandhar | Kanpur | Allahabad







CONTENTS

S.No. Topic Page No.
1.  Modelling of TransmissSioNn LiNe .......cooceeiiiiiicci s s s e s s s e r e 1-57
ODbjJective Sheet........ s 58 -64
2.  Line Parameters ... s 65 - 96
3. Symmetrical Fault Analysis.........cccccoiiiiiiiiinnninrir e 97 — 162
ODbjective Sheet........ s 163 -173
4. Unsymmetrical Fault Analysis ... 174 - 195
5. Load FIOW ANAlYSIS ....coeeeeiiieeccci s re s s e s s s e r s s s r e e e r e 196 — 218
ODbjective Sheet........ s 219 - 221
6. Power System Stability ..........ccccoiiiiiiiiiiiirr s 222 - 244
ODbjective Sheet........ s 245 - 250
7. Power System Protection ... e 251 - 285
ODbjective Sheet........ s 286 — 290
8. Economic Operation of Power System..........ccccccciiriiiniinnnnnnnnssssssssssssssssnnnes 291 - 307
ODbjective Sheet........ s 308 - 313
L TR o Y T 314 - 327
10. Circuit Breakers ... sssss s snnes 328 - 347
ODbjective Sheet........ s 348 — 349
T O T ¢ o 1 - 350 - 359
12. Cable & INSUlAtOr ... ————————— 360 — 372
g BT T4 T= U €T To 0T 4 o= ) 373 -379
L T o 1T = g o - 111 380 - 393

ODbjective Sheet........ s 394 - 395







ENGINEERS ACADEMY
Power Systems Modelling of Transmission Line | 1

MODELLING oF TRANSMISSION LINE

1.1 PARAMETERS PERFORMANCE

A particular conductor of cross-sectional area ‘A’ and length ‘/” having resistance R.

)
R =p—
A A SN
h 43 O ) 0
= GA /4)

A
~
Y

p — Resistivity
o — Conductivity

>

Whenever a current is passed through a conductor it produces a flux “¢’.
Where, ¢ ol
= ¢ =LI

So there exists an inductance also

L= ?; L — Inductance
There is some capacitance exists between two conductors where air behaves as insulator (dielectric). Practically
ideal dielectric can’t exist in nature, so there must be dielectric loss and losses are represented by resistance or

conductance

G — Shunt conductance/leakage

So there are four parameters R, L, C, G in power line. In power line transmitted power is represented in
“MW” and dielectric loss will be in “Watt”. So as compared to power transferred dielectric loss is negligible i.e.
leakage is neglected.

All the transmission line contains resistance and inductance and in between the conductors there is capacitance
and leakage present through out the transmission line. So that R, L, C, G are called as “distributed parameters™.
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The capacitances in 3¢ line

Tl T

C

Cabs Cior Coa = Capacitance between two lines.

Cpo» C, = Capacitance between line and ground

ao?

Here capacitance between lines are in delta form and they can be represented as

a

€ C

A-Y conversion:

O/\ CbN Ccll\xa

b c
C,n = Capacitance between phase ‘a’ and Neutral.
C,n = Capacitance between phase ‘b’ and Neutral.

C.n = Capacitance between phase ‘c’ and Neutral.

Total capacitance between phase ‘a’ and ground

Ca = CaN + Cao
Co= Con+ Gy,
Cc = CcN + Cco
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L = Length of the line

Per unit length parameters:
Resistance =R
Inductance = L

Capacitance = C

Total series impedance: Z= (R+joL)x/

. w B N
Total shunt impedance: Zy = joCl— j(2nf)Cl  j(2nC)fl
Total shunt admittance: Y = j(2rnC)fl

If “f” (f x ) is very small say f/ < 4000 Hz km
= Shunt impedance Z, — very large
= Shunt admittance Y — very small

1.e. effect of shunt capacitance neglected and total series impedance can be represented as concentrated
hence the simplified circuit will be

o AN I o) o ’e)
R=R/ L=Lx/ 7

(e, O O O

Where 7 is the total series impedance

It 1s said to be short line model
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Short line model:

(f x [) <4000 Hz km O—— - MWM—IIN————0
. + R L +
f — Frequency of line ! i
, \B \&
! — Length of line
For power line © 0

f=50Hz
fx/ < 4000 Hz km

4000
]< ——km
50

/< 80 km
Z4, — Neglected
1.2.1 Medium Line Model
If (f x /) is not small say
4000 < £ x /< 12000 Hz km

1
Za= j(2rC)(f)
f x [ — Increases

Z4, — Decreases

Z4 1s small but it will not be neglected.
Series impedance Z= (R+j2n(fL))x/

1.e. series impedance will increases.

Shunt admittance is not very large so leakage current can’t be neglected but it can be assumed to be concentrated
either at the centre of line (i.e. T-model) or equally at the corners of the line (i.c. m-model).

1.2.2 Nominal T-Model

Z; Zy
2 2
o o
L L
Y,
o o)
Nominal n-Model:
Z,

o o)

Zy Zy

2 2
o o)
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These two are the medium line models.

For power line frequency f=50Hz
80 km < /<240 km

1.2.3 Long Line Model
(Exact distributed if {7 is large i.¢. parameter model)
(f x [)> 12000 Hz km

For power line frequency

f=50Hz
[> 240 km
. 1
If (f x ])is large Zy = m

Z 4, — Decreases

Series impedance Z= (R+joL)x!

Note:

1. Series impedance T T
Z 1 ong tine) > LMedium tine) > Z(Short line)

2. Shunt impedance
O _____

Zsh(Long line) > Zsh(Medium line) > Zsh(Sh01rt line)

Exact distributed parameter model i.e. long line

For communication line if f =5 MHz (In general communication line is used at high frequencies)

Let fxI; = 4000 Hz km
- o000 1

b 5x10°

/; = 80 cm
Similarly fxI, = 12000 Hz km
= l,= &ngm

5x10

I, =240 cm
If f=5MHz
For short line model /< 80 cm
For medium line model 80 cm < [ <240 cm
For long line model 1> 240 cm

So for communication line always long line model is used practically
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1.2.4 Short Line

v, . Vi R e S
| _ 3-¢ Line | + 7 N
|1 L -V, V,
Sending Receiving
End End 5 5
Total series impedance
7Z = R+jX; =R+ joL
Vg — Sending end voltage
Vi — Receiving end voltage
Iy — Sending end current
Iz = Receiving end current
According to the diagram
Vg= Vi +ZI; (1)
and I =1 ..(11)
Transmission Parameter Vg = AV, +BI; ..(111)
Iy = CV; + DI ..(1v)
Equation (1) and (i1) also written as
Vo= 1.Vo, +Z-1;
Ig= 0-V; +1-1;
When compare with equation (iii) and (iv)
A=D=1
B=7
C=0
=L
I |~ o 1|1,
In case of no load
k=20
Vs = Vr
Le. VR(no load)™ Vs
Voltage regulation VR. = VR(HZ)R—(;IWX 100 = % x100
We know that Vo= Vo +Z T
Vo = Vg + xR+, xX . (A)
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When load 1s connected

A Vi
Load
pf. cosd
® (i1)
At lagging power factor cosd, receiving end current I lags Vi by angle ¢.
Phasor diagram Vo = Vg + RR+jLX
Step-(i) : Draw Vy along X-axis i.e. reference phase
o > V.
Step-(ii) : I lags Vi by angle.
Ve
¢
I,
Step (iii) : Add T, R with V,
Ve
¢
I, LR

Step (iv) : Add jT, X, with LR

X

+90°

IX

As per diagram ‘\_/S‘COSS = ‘\_/R ‘ + ‘TR ‘ Rcos¢+ ‘TR ’Xsin(l)
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Due to transient stability criterion the value of ‘4’ is small, so that ¢cosé ~ 1

‘\_/S‘ = ‘\_/R‘Jr‘TR’(Rcoscl)JrXsin(I))

= V|~ Vie| = [I|(Reos¢+Xsin¢)
V|-V, I,
= ‘ S“\_[R" R‘ - "\_[I;"(RCOS(I)-FXSin(I))

1.c. at lagging p.f. cos ¢

I .
Voltage regulation = ﬁ (Rcos¢+Xsin )
R

At leading power factor cos ¢, i.e. I leads the voltage Vy, by an angle ¢.
Phasor Diagram:

Step (i) : Draw V}; along X-axis

. v,
Step (ii) : I leads Vi by an angle ¢.
I,
¢ V.
Step (iii) : Add RI; with V
I, LR
¢
Vi
Step (iv) : Add j [z X with Rl
JLX
/I
/
90°\{ Ry,
Vi
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Step (v) : Final phasor diagram

=
)

As per diagram ‘\_/S‘COSS = ‘\_]R‘-i- ‘TR‘RCOS(I) B ‘TR‘XL cos¢

Due to transient stability criterion the value of & is small. So that cos ¢ = 1.
Vs| = [Vi|+ [T |(Rcos ¢ — Xsin ¢)

= Vs|=|Vi| = [I|(Reos¢—Xsing)

E AR
A

(Rcosdp—Xsin¢)

»—1 |

Voltage Regulation = ‘\—[ ’(RCOS(I) Xsin¢)
For maximum voltage regulation

(It is worst regulation)

dVR
dé

At lagging power factor cos¢

u [Rcoscl)+Xsm(|)] -0

[Vie | d0
= —Rsin¢p+Xcosp =0
= Xcosp =Rsing
X
= tan = —
¢ R
R . X
cosdp = —isinp=— [WhereZ: R2+X2J
V4 V4
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L . RI[, R X
(VR),.. = %{Rcosd)—)(sm(b] - %[R-EJJ(-E}
Sl 2
Z|T|
(VR )pax = Ve
. X
At lagging power factor tandp = R
& .
At leading power factor cosd VR. = ﬁ[RCOS(I) —Xsing]
R
For zero voltage regulation
%[Rcosd) —Xsing] =0
R
= tan(l) = i
In case of unity power factor
1. cosdp =1
1e. sing =0
T [R

Voltage regulation = T
Ve

Voltage regulation and power factor curve

tand = =

4
T

g
1]
|

lag p.f.

# 100-102, Ram Nagar, Bambala Puliya

Pl‘atap Nagar, Tonk Road’ Jaipur—33 Your GATEway to Professional Excellence ‘
Ph.: +91-8094441777 e IES ¢ GATE ¢ PSUs ¢ JTO ¢ IAS ¢ NET

Email : info (@ engineersacademy.org
Website : www.engineersacademy.org




Power Systems

ENGINEERS ACADEMY

Modelling of Transmission Line | 11

1.2.5 Medium Line Model

Nominal w-model:

Sending

end

According to the diagram

Similarly in case of T-model
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Receiving
end

I

A

Y
= EZ and [=1; +1,

=V, +1Z

Y
= Vi +Z|:IR +3VR}
= (1+¥jVR+ZIR
2
Y
= 3VS and Iy =1+1,

=T+—=Vq

Y Y
Ii +=Vi |[+=V,
(R 7 Rj 9 S

Y Y YZ
I +—=Vi [+—|| 1+—
[R 2 Rj 2{[

Vi +71
2] R R:|

= Y{H%}VR J{H%}IR

:D:1+¥
2
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Example 1 : A3-¢ 100 kV long line has constants per km per conductors as follows: Resistance = 0.5 €2, Inductance
=2 mH and capacitance to neutral is 0.015 pF. Calculate the voltage required at generating end in order that a load
of 10 MVA at 0.8 power factor (lag) may be supplied at 120 kV.

Solution :
Length = 100 km (given) ; f= 50 Hz
Total resistance R=05x100=50Q
Total inductance L=2x10"x100=02H
Total capacitance C =0.015 x 10° x 100 = 1.5uF

Total series impedance
Z =R+joL=50+jx21x50x02 (& = 2xnf)
Z =50=j62.83

Z =80.29/51.5°

Y = joC= jx2nx50x15x10°= j471x107*0O
YZ

+ 4.71x107* £90°x80.29.£51.5°
2

B =7=8029/51.5°

= 0.98520.68°

YZ
C= Y{HT}: 4.71x107* £90°

{l—i— 4.71x107*] 90°x 80.29] 51.5°
4

= 4.68x10*[90.32°
Voltage at receiving end VR(L,L) =120 kV
120
Per phase voltage VR(ph) = f =69.3kV
Vi =39.320°x10*°V
o | L
| |
Vs Vi
Load S =10 MVA
p.f. cos ¢ =0.8 lagging = ¢ =36.9°
#100-102, Ram Nagar, Bambal‘a Puliya WY ENGINEERS CADEM Email : info (@ engineersacademy.org
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Load S = 3x Vg %l
10x10°
= =48.1A

As Iylags V, by

Voltage at sending end

=

=

To determine:

b =36.9°
I = 48.1/-369°A
V, = AV, +BT,
Vs = 0.985.20.68°x69.3x10° £0° +80.29./51.5°x48.1.2 —36.9°
V, = 72£1.4°kV
Vo) =72kV

VS(L—L) = \/§XVS(ph): J3x72

=124.7kV

() Sending end power

(i) Transmission efficiency

(1) Voltage regulation

Ts:

Sl
Il

Sl
Il

I leads V by 5.3°

CVy +DT,
4.68x107*290.32x693x10° 20°

+0.98520.7x48.1£-36.9°

38.254.26.7°

AV, +BT,

¢, =53°

Sending end power factor = cosd

=cos 5.3°
= 0.99 (leading)

(i) Sending end power P, = 3% V) X Ly X O8O, = 3% 72 10° x38.23x 0.99
=8.175 mW
(i) Receiving end power = Sz cos¢p=10 x 0.8 =8 MW
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Py 8
i) Transmission efficienc == =o75=97.9%
(i) y = 817
(iv) Atno load Iy =0
Voltage Vg = AV,
v, - |Vs| 28
R ‘A Za
72./14°
or = = 73.46 20.72°

RO ™ 0.985.0.68°

73.46 -69.3
———X

100

| G S S &

Vil — [V,
VR _ ‘ R’NL ’ R’FL XIOO:
‘VR ‘FL
=6%
1.2.6 Long Line: (Distributed Parameter Model)
Series impedance per unit length zZ =r+joL
Shunt admittance per unit length ¥y =g+]jaC
Sending Receiving I,
end I+dI, L end
o— — L >—0
+ I + I+ I +
| |
V, V+dV | |V Vi
I I
_ _ 1 L i
oo . . 3
x=] !‘ 'L . x=0
Vodx | X

Let at a distance ‘X’ from receiving end
voltage = V and current = 1

Voltage between point Aand B =dV

dv = (I—i—dI)zdx

dV = zIdx +zdI-dx

As zdldx <<zIdx
dV =zldx
dl = Vy dx

= ﬂ =Vy
dx
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Differentiating w.rt. x
i[d_V} _ Z[ﬁ}
= dx| dx | |dx
Now from equation (A)
d’v
= o Y
d’v
= —5—yzV =0
dx
Let yz = y* (Constant)
d’v
= — -7’V =0
dx
After solving the equation V=Ce®"+Cre ™ ...(B)
Where C,, C, are constants.
1 dV
Now, [=——
z dx
1 d - ~
= I = Z-d—X[Cee +Cue J
1
= I:—-y[CleVX—Cze VX]
V4
y vz \ﬁ 1
Let S Y B
z z z Z,
\ﬁ Es
Z A ZO
- X _ X
= I = Z [Cle C,e ]
At receiving end x =0
V=V, and =1
Ve = C,+C, (i)
-] ~
Iz = 2 17 %2 .(1v)
From equation (iii) and (iv) C,+C, =Vi
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