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1. Parallel line fault occur near bus

2 one of parallel line is removed

3. Auto reclosing
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Method to improve transient stability: -

Md*s _,
2 d

dt M = T(_%:)ng
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The acceleration should be low, so it allow sufficient time for CB
operation.
By Increasing moment of Inertia

M Toc JT

By designing alternator with large moment of inertia (But it reduce the
N e T

response of speed governor)
By using fly wheel. It increase moment of Inertia.




By Reducing value of P.-
Paf | N

- RF EVlsing
P, \=P, — (—sin 6) T ~

X
— By operating the system at high voltage.~
— Reduction of Reactance by use of X
(1) Parallel line (<320 km) — % 5

(i1) Bundle conductor L =x{

1ii) Series compensator (> 320 km)

dis -12
\/Y\.{

———



@

— Rapid fault clearing by auto enclosure relay.

— High speed CB for rapid fault clearing.

— Quick governor action valve is controlled by electronic valve.

— Single pole switching of CB
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— Fastacting automatic \, regulator. (it change field excitation)
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Bus Impedance Matrix

\(IQ: Yz_i Zz_gz 232-

- Bus impedance matrix Zg . is mainly used for fault calculation & bus

admittance matrix Y, is used for load tlow analysis.

In very small system Zy . can be framed from inverse of Yy .. But in large
system this method is rarely used because matrix inverse is become very
cumbersome.

2 So Zp,s matrix can be directly constnicted, element by element using
simple algorithm to incorporate one element at a time.
- Unlike Yg,,, the bus impedance matrix is never sparse.

Both Yy, & Zg, IS symmetrical around principal diaéonal.

djj = 4jj



In load flow, o In fault analysis,

rowe we will use the * | we will use the
i admittance matrix. impedance matrix.
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- The diagonal element is called driving point impedance & off diagonal

element is called transfer Impedance.
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VBus = ZBus IBus

So driving point impedance is determined by open circuiting the current
source at bus 1 & 3 & injecting I, current at bus 2 then ratio of voltage &
current at bus 2 will be driving point impedance Z,,.
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Similarly, V=24, T,

J

V.

7, =
e 11=()}
I3=0

So transfer impedance is the ratio of voltage & current of different buses if
all other current are reduce to zero.



- Always remember, Z44= A_(-HQ

1
[ZBus] — [Y ]_1 = __’—1 ~ _
Bus 3y 7{. _;_ _31
But 7., #+ — . 1‘2 - L\‘ 7’
£11 =
Y11
1

- The diagonal element of Zg  is the Thevenin equivalent impedance at
corresponding Bus.



- InZy, . formation always take one bus as a reference bus.
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Algorithm of Z, . formation

Toted Ruwen= Y)
&O 1 (CXC\uob'ng R‘b)
I
2 | Z,] =faxa]
?3
O Reference
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Modification of an existing Z .

—> Suppose original system has n bus so Zy . has (nxn) order matrix.
- The existing bus will represented as &, 2,3...1j k.. n. The letter p and

q will be designated to new bus.

- I, I, ... 1 currentis entering at bus for 1, 2, 3 ... n.



Type 1: addition of new element Z, between new bus p
and reference

Toted Buwney = (n +.’L)

ol

v 1 [Zem] =(n+a)x (n+4)
4& New)
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Now new matrix will be (n + 1) x (n + 1) order matrix.

/.rz&ijH |
Vi Z11 Z12 0 Zin
Vz 221 Z22 Z2Tl
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Type 2: Addition of new element Z_. between New bus P and

existing bus k

VietTpZ, = Vo

= T +T

ok (CX\S‘\MG Rua)
IV 7

)

o 0P «— IP(M Buo)

°N

O
Reference



- +Z, [TaT) —- vz, T,
+2, T, -- - -
1k k "'{,lnl,,+ Z, < Tp
-
+ ZQ'C(—LQ'—"Q o +Zzn""\,
S - D —
Qe k -+ Z,T.t z T,
+Z I - -
ek + %nlv)" lecl?
oY T oo Y2, T, v 2T




+ 1.2,
N Te 7 Zlfanl"'Zlc\c‘[P P

— T _ _ I - - "" Z T 4 > +2\T
i \/F: ZlcijL-1+ Zk[b -'_Zk“ = ka n ( kkic <) P



- The new matrix will be (n + 1) x (n + 1)

V; (Z"*"”/j""'/

V> L11 Lip - Zln g

5 L1 Ly - ZZK Lon |

Vk[51Zk1  Zi2 Lk Lxn
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Vi L1 Lxo JARY Lxn




[ZBus] new = [ZBus] old

Column k
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Node elimination in matrix (Kron reduction technique)

Vl le ZlZ ZlB 11

VZ — ZZl ZZZ ZZ3 12]

V3 ZBl ZBZ Z33 13
one

We want to eliminate I\bus (Node), so that order of Z matrix will reduce (3
x3) =2 (2 x2)
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Pud vaduwo d I, In eq’ cy,
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— le Z12 . 1 213] [231 232]
Ly Lyl  Zi5 1433 7
| 2R
Suppose in general, if it is required to eliminate (n + 1) row & (n + 1) column.

The new matrix will be,

le ZlZ Zln

Z1(n+1)
A A SRV 1
[Znew] — ;21 22 - Z( rrd) Zz(n+1)
) n+1l)(n+1
In1 Znz2 " Lnn ZnZ(n+1)

[Zn+1)1 Z(n+1)2  Zn+1)n]
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1. Modification of Impedance matrix
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1. Question on Impedance Matrix

2 Fault analysis with impedance matrix
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Type 3: Addition of new element between old bus k and

reference
ol o1
9 (n+)r(n+) 9 (mm)
Ok(QYi&‘MJBV) o k
¢ Ls [1Zs
1 P (new Bun)
O
Reference Reference

This is the extension of type 2 modification. Initially Z_, is connected
between old bus k and new bus P and let new bus P is connected to
reference Vp = 0
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The bus impedance matrix of a 4-bus power system is given by

j0.3435 j0.2860 j0.2723 j0.2277
_[70.2860 j0.3408 j0.2586 j0.2414
¥51j0.2723 j0.2586 j0.2791 j0.2209
j0.2277 j0.24i4%‘ j0.2209 j0.2791 -2
A branch having an impedance of j0.2€2 is connected between bus 2
and the reference. Then the values of Z and Z,; .., of the bus
impedance matrix of the modified network are respectively
(a) j0.5408 2 and j0.4586 Q Ze 2, = Z, 12,
«b) j0.1260 Q and j0.0956 Q B |
(c) §0.5408 Q and j0.0956 O ~ 0240k ju2 =00y
(d) j0.1260 QQ and j0.1630 Q)
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22, new
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Type 4: New element Z; is added between bus i & k
CXisHﬂd-

[ -1 |« “k

Reference
We connect a element Zs between i & k and we assume Z_ as current in Z_ is

Iy
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Columq ) — Celum

Now eliminate (n + 1) row & (n + 1) column. [
le _Zlk
ZZL _ZZR

[ZBus]new — [ZBus]old i

Ve ((Zix — Zk1) (Zig — Zyz) » (Zin — Zy) ]

(Rew I- Rewk)



Removing a branch/changing impedance of any element

/

element of -Z_ between same node 2

Zg X (—Zs) TM”Ez'—= Jf“ *\

= oo (Open circuit
7. — 7. (Op )

[f impedance of any element is to be change. Add a element
(Impedance) in parallel of existing impedance such that their equation
impedance is equal to the desired value.
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Form Zy . by treating bus 4 as a reference bus
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Fault Analysis Using Z Matrix

1. For positive, negative and zero sequence network Z bus matrix is formed.
2. The Thevenin equivalent circuit between fault point (k™ Bus) and reference
can be drawn as shown in figure below.
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Positive Sequence Network
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Negative Sequence Network Zero Sequence Network
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Impedance matrix of positive square network fyam FS.M

Z11(_12 Z121)  ZL13(1)
221(1) Z2201) Z23(1)
Z31(1) Z3201) Z33(1)

Impedance matrix of Negative square network &m NsSN

L11(2) 21220 Z13(2)
221(2) Z2202) Z23(2)
Z312) ZL3202) Z33(2)
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Impedance matrix of zero square network (Sram Z3N

211000 212000 Z13(0)
221000 222000 Z23(0)
Z3100) 232000 Z33(0)



3. These 3 Thevenin equivalent circuit are connected together as per type @
of fault. 7

L-L-L Fault( 3 phase fault) e —; Laa (k)
> = Epf F A
al(k) = "
Lik1 T 2 C)
» Voltage atit" bus |
Vaii = Epr = Zika Lo <k}

V“' Z TQ:.(":) T

24) T Je2

VQD (.I) == _Zvik()j[qn(k>




Voltage at it" bus

Vao(i) = ~Zikolaork)
Va1a) = Epr —Zik1la100)

Vaz(i) = ~Zik2lazk)



L-G Fault
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Voltage at it" bus Zleia

L F
Vao(i) = ~Zikolaogx) = Tascr :’: )
e 99 (4
Vai(iy = Epf —Zikala1k) ]

Vaz(i) = ~Likzlaz(k)



Line to Line Fault
Epf
L1 + Lyio +Ls

Iy = —j\/§1a1(k)

L1y =

\/oHaac ot |l Bw
Vqﬁ(\c) E k\ci-rq-’l ()
a2 (k) — — Zkkl-l—'qz(k)
Vao (i) = = 2

kkb Qo (\c)
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Voltage at it" bus

Vao(i) = ~Zikolao(k)
Va1a) = Epr —Zik1la100)

Vaz(i) = ~Zik2lazk)



Double Line to Ground Fault
Epf

Zxk2 + (Zgko + 3Z¢)

la1 ) = T = 2T0.(0)

Lxk1 +

Viltage oF & Rwo

- k-2 T
Vaz(i) = ~Zikalazk) Vaste)™ SPF Ckiea 21 (k)
Vao(i) = —“Zikolao(k) Vazte) = = Zieie, Tanty
\/m)(\c) = -Zkkb_qﬂk)
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#Q. The bus impedance matrix of a 3-bus system (in pu) is

j0.059 j0.061 0.038!
Zpue = |j0.061 j0.093 0.066

J j0.038 j0.066 ;0.110 c =
A symmetrical fault (through a fault impedance of j0.007 pu) occurs akbus 2.

™ N

Neglecting pre-fault loading conditions, the voltage at bus 1, during the fault

iS pu (round off to three decimal places). [1 Mark]

VL E i
a4(1) EH;- T a4(k) ZJ\<

-
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