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L3 MODERN POWER SYSTEM

The power system of teday is a complex intercoanected network as shown in Figure
1.1 (page 7). A powsr systesn can be subdivided into four major parts:

. Generation

- Transmizsion and Subtransmission j

Distribution .
o
Loads o

- pm— _— /v"r
133 GENERATION
Generziors — One of the essentizl components of power systems is the thres-
vhate 20 gemsraior known as synchronous generator or alternator. Synchroncus
generators hizve (wo synchromousky rotating fields: One field is produced by ths
rofos deiven at synchronons spesé and sxcited by do carrent. The other field is pro-
duced in the stator windings by the thres-phase armature currents. The de cunent
£or the rotor windings is provided by excliztion systams, In the older wridts, the ex-
citers wre do generators monyied on the same skaf, oroviding excitstion throngh
ship rings. Today's systems use ac generaters with rotating rectifiers, known as
éricsiiess exeitation systems. The penerator excitation system mainiaing generaior
voliage aad controls the resctive power flow. Because they lack the comsmutator,
ac generetors oan generats high power al bigh voltags, tyricelly 304V, Tnag
the size of generaters can vary from S0 MW o 1500 MW,
The source of the mechanical powsr, commerly Xnown as the pri
& bdraulic furbines at waterfalls, steam turbines whes
zas turbines, or decasic
g1k 125 borning oil. The estimated
Uniiisd States is presemsed in Table 11
Steam torbines operate af relutivaly high speeds of 3500 or
" generaors to which they ave coupled ars cylindrical rofor, two-pals for

i meny poles. fo o« power sistion ssveral g
2 i the power grid o provide ths toil power nesd
oraradi polnt cedled a Sus,
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Transformers — Another mapa comnmmm ofe p::wer sy st ie the ransformer.
Tt transfers power with vesy high efficiency frorn one level of voltage o another
level. The power transforrad to the secondary is almost the same as the pnma.ry,-
excepi Tor losses in the transfommer, zad the praduct VI on the secondary side is
approximately the same as the primary side. Therefore, using & step-up transm;mer
of turss ratio @ will reduce the secondary current by 2 Tatio of 1/ {a. This will e~ _
Juce loszes in the Yine, which mekes the transmissicn of power OVer tong distances

O

pm::.;bie

The insulation reguiremnents and other practical design problems Hmit the
generated voliage o Jow values, usually 30 EV. Thus, SRQ—L:;} transiormiens ars
vsed for transimission of power. At the receiving ead of the transmission lines siep-
cown transformers are wsed o reduce the voltage o amtab!e values for distribution
or wilization. In a modem utikity system, the power may undergo four or five trans-
formations between generator and vitimate nser

132 TRAMNSMASSION AND SUBTRANSMISEION

The purpose of an overhead trangmission network is to transfer electric SUSIEY
from generating units ai various locations to the distribution system which witi-
raately supplies the load. Transmission lines alsc interconnect neighboring villities

which permits not only economic dispatch of power within. regions during normal
cosdmoza,,, bt also the transfer of powsr between regions during emergencies.

Standard transmission voltazes are established in the United States by the

American Nationa! Standards Institute (ANST. Transmission voliags tines operat-
ing at more than 60 KV are szaaaasdzma at 69 KV, 115KV, 138 ¥V 181 kY, 230 kY,

345 k¥, 500 XV, and 765 XV ine-to-Hine. Transmission voltegss above 230KV ame
uqlalzy referred to as extra-high voliage (EHV:

Figure 1.1 shows as elementary diagram of 2 transmission 2ad disidd naion
system. H:gh voliags nansmission lines ars tenminated in subsiations, which asd
called high-volioge substaiions, receiviag wbsz‘atwm, of prizary subsiations. The
functmz of sotae subsiations is gga@chmgz s and out of servics; they ne
referred £ a3 switching stations. At the p’mary sabstations, the vollage is stepped
Jown to 2 value more suitabls for the nex: pact of the joumey toward the ioad, Vary
large incustrial customers may be served frors the transmission sysiem. '

o~ The portion of the rransmission syster that connects the high-voliage subs :
tions theangh step-down transformers to the distribation substations are calisd e
subtransmission networlk. There i3 no clear delinsztion beiween transmission end
subtransmission veltage levels: Typieally, ihe sebiransmission voltage level
~ from 6% 10 138 k. Sume larpe indusmiss cusiomess may € 3 served
|~ transmizsion systern. Capacizor bans and reactor banks ave usually
L substations for maintaining the trensrission dns voliage. -
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133 DISTRIBUKION

. The digirbution system is that pati which connects {he distribution soheralior
fhe cONSITLETs’ Service-entrente equipraent The primary dists :
iy inthe range cfdtodes KW and supply theloac in 2 well defined g302
16 sznall industrial CUSIOTREES A2 cepved dipscily By th i ]
- Ihe secondary dishibaion network veduces B2 voltags for
comrnercial and residential COTBUMETS. Lines and cables not excesdl

- dred feet in length then deliver power to e individual consumers. The secondary
Jissribation serves most of the customers at levels of 24071 20 W, single-phass,
hrec-wirs; 208Y/120 W, three-phase, four-wire; oF AR0Y /277 V, three-phase, o
wire. The power fora typical home i3 derived fiom a transformer that reducss the
primary feeder voltags to 240/120 V using a thres-wize line.

Distribatior: sysiems are both overhead and underground. The growth of va-
dergromad distribution has beent extremely rapid and as much as 70 peroent of ne®
sesidential constraction je served undergronnd.

134 LOADS

B

1]

1 oads of power syslems are divided into industrial, commersial, and residentiai
Very latge indusirizl loads may be served from the transmission sysioin. LAIgS
industrial fvads ars served directly from the su transyission network, and sail
industrial loads 2re served from the primary diszibution neswork. The industal
1oads ere composiie loads, and inducticn motors form & high proporties of fhese
toad. These conposite 1oads are fanctions of voliage and frequency and form a
major part of the sysiem toad. Commercial and residential oads consist lasgely
of lighting, heating, end cooling. These loads are independent of frequency and
consume negligibly small reactive power. ’

The real power of loads are expressed in berms of Kilowsails or megawalis.
"The ragpitude of load varies throughout the day, and power must be avaiiable o
constmers on demanc.

“The desty-load curve of 2 wility is a composie of demands made by vasions
classes of useis, The greaisst value of load dusing & 24-hr period is calied ths peak
or maximam demand. Smaller pealdng generators may be commmissioned B0 mMESt
the peak load that ocours for only a few hoars. In order to assess the usciuliness
of the geosratiag plart the loed factor is defined. The toad factor is the rano of
average load over & gasignated peried cf time w0 the peal lead oocoms i
peried. Load factors may be given for a day, & month, or & Year The yeoar

— —anmaal ioad factor is the rost wspfiul cincs @ Your FEpIssents 3 fult oycie of tms
The daily load factor - - SO "
avesugs iead‘_\
- peak load ]r,
Wuleplying the DuIneraior and demominator of (1.1) by atime period of 24 b, We
have

Daily LE =

R . < hodet coergy consumed durinig 24 br
pezk load x 24T peal load x 24 hr
The annaal load fg_;!or—iﬁ*“"’"" e “ g
\ Ammesl LE = toi:ﬁ arsnaal g |
‘i pealk load x 8760 hr

(1.2
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macxin’l;ll;:ed?f n:nffﬁm:oo:ffi if;jm}i:d usv:dj’ b_y utilities. "Ui;‘a'a'mtfcrf ﬁcm;r is the ratio of

: energy generati the 8 fa gy, and ploaf foctr =5 e raiio of anmal
: £y EoNCEE ion fo the plant capacity » 8760 hr. These factors indicate how well
the sysiem capacily 15 utilized and operated.

/’?LA SYSTEM PROTECTYON

/. In addition 15 generaions, transformess, and wransmission Lnes, ofaer devices ate
required for the satisfactory operation and protection of '» power Sysient. Some of
the protective devices directly connecied to fhe <jecmits are called swirchgear. They
inclede insframent ransformers, circnit breakers, disconnest switches, foses and

__lightning arresies. These dsvices ars NEcessaty to deenerzize either for normal

operation of o3 the occurrence of faults. The zssociated control cquipment a5d
protective relays are placed on switchbogrd in control houses.

- 1.5 ENERGY CONTROL CENTER

For rehsble and economical operation of the power Systzia it is necessary 1o moD-
jtor the entirs Syt in 2 control center. The snodsrs conirol Ccener of today is
celled the energy corrol center (BCC). Energy copirol Coniers 258 squipped Wik
on-line computers performing 2l signal processing shrough fhe remole acd jsiton
system. Compuiers work in a hierarchical stracture to properly coordinate cifferent
Eonciional requirements in norrasl 2s well as emeIgency conditions. Every energy
control cemier coniains & conirol cotsels which coasists of a visual display weit
_ (VDU), keyboard, and light pen. Compatsrs may give alaimos & advancs Wari-
ings to the opeTators (dispaichers) when deviation from e normal staie GoCBIs.
The dispatcher makes judgments ant decisions and executes ¢hern with the aid of
a coraputer. Sipaukation tools and software packages writien in high-level Jangnags
are implemented for efRcient operetion and reliable control of the systert. This is
ceferved o 2s SCADA, an acrosym for “onpeTvisory controt end data acquisition.”

16 COMPUTER ANALYSIS

be prazical it moust be safs, r=hiabls, and &?:‘u:if}fiﬁci-ﬁfﬁﬁsf
y5e - merformed v design end oporate A clecitical sysient. Hew-

ever, before going inbe Sysien analysis we have 1o model all components of elec-
grical power Sysiems. Thersfore, in s text, after reviewing the concepts of power
and thres-phase clrcuits, We vAl calculate the perameens of 2 mali-circuit wans-
mission line. Then, We will model the (eansmaission line and ook st the perfor
mance of (he fransmission ine. Since wansformess and generaiors ac 2 part of
the systsim, We il model these devices. Desipn of 8 POWEL systens, 1S operation
and expansion reguires much anzlysic. This t&nt pressnis methods of power Systea
analysis with the aic of 5 personal computer g the use of MATLAB. The MAT-
LAB emrironrnent perrits & neasty direct gransition from mathemaiical expression

B A :

A




L LLLLlo L0000 000008384 TU0000 04

e = . i

% Power systeam analysis 2 -

Wdov e VP

) qub.
B dif“'

\F_

;4

f Q\\————— 4 B 'ﬁ (B ! > -
ey T e PO ‘k Loadl

Az ' g L 5 rop-doueh

72 o 58

PF.cos \§ . B 2 Pas :?i(ﬁD AP WOAS
D = = S —

T e N
¢o simudation. |Some of the basic analysis covered in this text ars: 5 =

e e

» Pyaluation of transnaission line parameiers

s Trensmission line performance and compensation

» Power flow analysis

» Bconomic schecdaling of generation (\,_
— & Synchronous machine transicat eralysis \
— o Balanced fault ¥
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_ tmees #SPARK_TEAM-

» Power systemn conirol




w
bz E

@Baézﬂce@[ 3 -Phase Qgs\’&w\:
Vap = Vm 2N wi aNcte2 O W \@aw
Vp= Vi Sin (WY -190") 5 T O D
Ve = Vm Sin (WHel90) - @ shift am 190

@ Phase SGAPUencé volkeges.

M \Aﬁﬁgaﬁw Seq
Vp_= Vm [0 V™= Y IB
Vo = Vi £l30 Vp . Vi [ 180
Ve = Vi /130 , Ve = Vm [-120

C b
\ é\ar& i '\\ 4_\\ io;._:.u
19 \2 -
A | B g
/g ‘ /é‘{‘;/u;\ib

g = K

A 0 O O O O O O O

Nbhree_phase cobnee toon:.

Y

Jlg A bawe  &\S 15 &
iy




=
e
L
e
__",
—
S
b
=3
=
=
-
=
=

e
[ SR . b%. - o
Aﬂﬁf}”ﬂf‘. L COMNLETIRY) e iine i AlU2l6.... .. At
@ Analysis Y =Y cipcuk
Fho 1aA
| e
|
%
T Jo e v
0] li\ / } j.—o \
Va’w (—- * e
/3-\ ZL b b <
g — &
&
\f - L 'E‘;ib __-') —r
£# I\ i
C 4 ~
ZqC .
= ZLC c
= e :
PR = W
TzC
Nofe:
Q‘é:]‘ = o_;s .;:\< "\!3 Oulnu_:L ?“:\.;“ (_\:’I "' \- Jd L4
M il ek o0 |\« ~
+ {5 pames > R T
a — 9 = Pk
[ S | T s VT ] \
@th,: Zf’,q -Q-Z_LO\_ + 2R % %0\ ;Za_
-+ [
(_J A

& Lop - Vin

o Tc(, = VC’VI
7’

ait
TNIT VvV

ZPh Zpy "
rrd
Tep- Vbn
2o, . . u et N Ml coileme w
~ - ) & o L)"___




g

Line..Xo. line. .. avd Line . Yo .mw:’tmaﬁ‘vp.\t ...... 90212906 . ¥\

e

_@_LJMQ SI_‘CD le and Vine Yo we whaf Vo“‘q%es Aq

— Pew
~The i oltagesl- i ‘\

VA‘/\/ _» VB'B/ Y VC 'A'i'

Mﬁhﬂ VO//Q}?_I

Vpg = Vav - Vgw

Ve - VRN - Ve

Ven - Vew - Vaw

If i's posthiv..

Yo = Vo lo o Vpw =V, £ ,Vew - Vpy, LE180

MM/OD o Vpi,. ]-!‘20 = ﬁ Vphlgob

VBe - & Vg, = V\&;_n___-ﬁ Ve, /152

-

s Note: V) :/:;LLVP hy 3o

_*/‘/a?lf-': IF 1< negmLIW Sed \op = 3 Vp, [30
V\E}Jr -.& Vva\ /\{59

Ve = T3i\p, 1240

_LA&'_".EJ_B_E_CLAA;[ pos'!\"we




\

—
—
e
|-
——
—
i
o
-
=
2
e
-
-
=
-
-
=3
v
:
-
_
=23
=
=
=

>

1
- XA 2P
LWL oo

% L

Lo 7 Oule ™
&ha]aﬂ_c@/ three phase M - conet

has aw Twpe dance of 0.9 +30.5 NI and theo intered (/oH'agrf

of 9 vig the %mm‘faﬁ_gmds abalance d three phase M= comeded
/ ; @ oﬁ 29 +33% 0.l the imDPﬂjannﬂ .a@ the

Line r;)nn?pffmﬂf the %puggg‘\'or o the \@7\5 0.3 +\S OIO

q Dhoa.p ea Circu? ta¥ e f:.us'\'pnm

@cmﬂmﬁaﬁ ﬂgz ﬁb@ Line c_urvm}’s, Toah Tug . .l

) (a?&olb’& éJ/DP three phase VQHZ%LML@&L—VAN—’MEW_*M
4 e Lihe Volfwe o he > 'nqli_éw

E—) an; Vbn In\/(‘»\
5. Vo, e R D AT, Jompepll

= |
#‘f\bk\'wﬁqa < ég'9

P . e —

i

R e _,,\,,J

e _

N0 (%)

|

n

\ow

® lan k4 _ 9.y [-36.82 A
(0.9 +0.%+79) +g (0.5 + 1.5 +38)

IlnB = 2.4 /—r56.§_-7= 4

.. oy /7515 4

HSPARK_TEAM—




Lxam BUE.....cuuammnnniainiainnann e 1112, 82U . (oerac|

Y

(& Vay = 2. I [-36.87 » (gq*d'as) — 115.22 /"-l‘lp Vv

Ven - 115.92 [-121.19 V.

Ve - 115.99 /118.8)" V

@ Vog = (2 32 uVoy = \9959 [28.81” v

Ver - 19958 L--14 I

Vea - 19.58 / 143,81 V.

€ Vau =190 /0 _ (0.2 +y08) % 2.4 ) -36.5%

Vaw = 118 9 [-0-38 Y
V) T € /-120.38 |/

Vo = Fig QUL |/

£ Vb = 5 Van [35 = 205.9 [29.68V

Vie s Sokd el

Veg o 2059 /14363 V

ﬁ@ﬂf solve  the <ame exo\w\p\g t_;i} at

Negg{'h/g seq.

@\

) |

ppooorLe

).

\

o

. 2.5 0.0 e ol \;' v \\ VR R\ ¢




\
LCommecihiens

I
*Tremetormelion Lrons

Za % Zb

Za+Zp+Ec

+TF V-EBA‘-—-

Za . Ziky 4 CaBaitE AR

Z 9

Bl B Pl s &

%z

/ 212y +C2P3 +Z3 2

_z;

#SPARK_TEAM




. 1] '
ﬁw/ﬂiﬁm al..the. V.o cimws

w

I 2018. ... (pusemil

@Hm@g of the Y-\ civeukz.

SN

7 Y
- . B2V )

. T e : & ey i
WL ;\6 \d‘ ‘.n‘_ S | 3 :\\< rP\\-\';“ ;\9‘ dl\:‘> . 9, ._I.\\n A“ n‘&%
- 3 [ T ] = | T et = T

\'Th
[ Bail® B

Ll otz

Zq

3
o W
it

A

-

5

v

Laa

0 O O O O O

VW

. I




—— '
._j—
e
s
—
e
e
—
S
-
,Jj-
="
—
4

\
\

»IF is poistive saq:

Tog = Tow [o
Yoo Ipy, [-13%8.
1ef = Tpl., ['9;

2t (aad. .

Ton The ~Jea-teBopde o 2L 3 Ji5. Loy, [35
1B =18 _Tam  adda Lakd=A500 .
Tee =Tea odlge .o . Jou {90 s PR A S




T |
‘."‘.a"'f O 1O 10,
wew 8 i"’n;»-i'-—-’ﬁ‘i‘@ .................................  mmEmE s e m I. - .ﬁw‘

= E N0

It loed Earmivals.

@chécu@i&_ﬂ@ Lme mrrenf Iml ILR . Ic(

the nha_ie_mmti_@l' twe (oad .

#He t line VoHcges at source hv-mL\AgL

koo @ A .3y >Y=5 - NE5 sj353
3

Y=33.5 +128.¢ O/

®.2 ‘;0'5 Q Dn3

IQA - 90 Lo

(0.2 +0:3 + 29.5)+) (05 +0.2 +‘2‘3-G}

Jap- B J-iEa.52 4 7,16(, - Tl /3313

PRI O O O O




=
A
-
=
.
e

i
-
e
-~
|~
j,
=

@ Vay =y 8688 » (34.5+j23.6) = lFoy [-0.96" V

Vap —(12 [38) (Vaw) = 20279 /29" ¥
\'/BC = 20"2.7'1 [-a° ¥.
909.79 Jiuq® V.

L T B A

/ sl
Vel =

a

Jeg s (L [30) Tan -9 f3st *(% 130) - 1.34 [-63¥ A
a2 ' €

Ter.. 129 LRS8O ,

Ien - 1.59 /1343 A

@ Van -Vdn - Laa xZ5 - 120/0 {9.4&36-ﬁ¥(0-2+59-5»
038 g

Vab - (18 |3 ) (Yap) = 905.94 /1965 ¥

Ve - 2059/ 9.3 v

' 4 s
9059y /14968 YV
Vea = 9059y [149-68

“#SPARK_TEAM




#S PARK TEAM

.?;e:ﬂ.’."?aﬁ .0, “‘.’TL Q. g 5{\ .. S

e

@\)WOV\*
Q i Vmu- Ven /'30
i3

Vea () @1\ Vay, iy < New /150
F

L

\

‘l'

\

3

Vg - Ne% /.96
'S

‘n

\

[}

@P@\mer m)f\«reez Phage %Mﬁ\'@\mn-
—— T~~~ S~

. f

M Active power: L kW
P.;:.SPP;‘ :Rvphlp;i%‘f :E\/LILCOQ{? = STCOQ.\;P

(A

N O

f

[}

@ Reactive powers. | KVAR

\

\

QI—SQPQ,; -3\/&]_95‘43{‘(1@—%\’1.11,. ¥ = DT <in@

\

‘l

E’Jﬁpf’omnf' power s - [k V147
S=31Vel lIpdd =33 {1V 1T.]

1

4 Complex power:

o *
S=BWT =3Vp,1p,

|, - -




‘.

™
>
=
i
=
=
=
= 4
=
==
=
-
=

E ;
—\ 1a ’,“‘i ) e 3 .
o ,d %“\f SR e e R T R e e AR 1Y ..f;.r. 29, 1 Sudesizmm b i

quD\ei Caleuléts power in three ohase Y Civeut
@MM&MMM%MMM}LM.‘

ver foﬁtcéoaz/
o ""i’ ne .

Selution:

i =Vpy, Ipj, cos @ = U522 % 2.y COS 53.68 = 22U.6 waf(
oft PDL. --TO\. x Tipy
(\\‘r -?)Pm = 3% 22161 - 673.92 Wwatf oR BBV T Cos &

@_P;_s SL*R. -Rx(‘z.q)zﬂo.%\ = 1362 walt

pA — Xt
Ms(ﬁ 1‘4)-‘* D,Q Zg.i-ﬁwqil
8 Q1 =Qpy, =3Vp, Tp 5@ =82 Y ) 11 sing = {3 2 (199.53) (2.U) simbs.6

- yg3. 8y VAR

*

B S -8BV 1, <38y, - 302009y) [36-3F

= 69(.20 +d' 512 .1 VA

#SPARK_TEAM




D

\“.

\\

\l \l

(0}

(T O




|

-

\

[ i g $
.Z&Q’w@iefﬁ e UL2J900G. . ..a= ML

_@ Vah VAN L TaA % Z)

_.{600\ (0,005 4 jo.095)% BFF. 3E [Be.8¥) - 253.8Y ) I 5%
i3/

V,zVa - I3 \Wanl = 619.23 V

‘ @Van Q Tas-

U0 0 I

\

\

.

PE . cos (1.5F -(-3¢.31) —o?% ngamo!

e

i %
g
208 /=120

w

®Find the Ve curent Ia, T, le:

A - 12 418
Zvs = L o 1 £
7 t g ©

s - 9.0
e

#SPARK_TEAM

'\w\\;-&-t‘k-.\\\-uw\\\




-
—
=

_=
-
_
-
—
-
a
-
"
P
. _
A
y .
| A




021919
"igjl‘z‘ 'l ifltg:\ j 2\.

* Byver Y <Yem o@mf‘)o\/\em’rss

e e e

erafor!
For si‘eml% sl'a-# oporition ﬁgnda. gmgmf’or can. he_represntel
by aciccillh ponsisheplBper phasg%mmhd,ﬂmgf;&&dih&
_per‘ lb\nase a\rmdl’unn resistance f-?a_ Wm—xﬁ‘

i SeI1ER. :
Ra Xg

-+

B \=

@ [rans micsion line :
E. e?‘u.cfrcu_& yses rar anor/g/:igr/ L$ usqa[/g & Circuit

AMAA - (8006 b 4™
Y N ATV B

E, e

'g‘ = =
e et
4

@)_@n skormeys ;
jmgégmﬁe,rj aye tisuda &’5/
presorted theic eyuvalost
_qPPL‘QXiWL e cicrent.




Jer. unit. syste 9812(2014 ...5. 5

® Par Unit chdem:,,

0 Bor unit Value - Acual Vedue .
base Value

@.Soy. 25! & ko ’T‘ & Ve, 2 1V

5 base bqse Vbast:

\

\

(1 "
¥y

Z ) Vbq;c = 4

\

4;
— bhase

@m@ﬁimg_qn&ﬂbqse)iams_b_%e Valies.:

}Z!,qjers_yé‘?ii - Vb;’f

IbaSF %bo_se

\

\

\

\

\

& Trans. Voltage baze:
F
e

! i i

¢

-
6
5

| ——

f

i

]
V,i;

N




\

LA ANRN \ LR \ BB "\

TLLLLLLLL L L




=]
=
=1
=
=

i
4

Genoretfor IT: 3o MVA % 1‘3 k.‘\/ sl L 6.20 por unit
Trans T: 35 MvA o, 220Y /1330 WV, X =lok
TansIle 20MVA 59209/ 18 Ak, ¥ =lads,

¥ i

5amMy4; 13 ﬁ’kVﬂ m_the circut of aenerntarI
T
2

)"C

201
f\/ (

L

- ) - %

A = iR

(&=

‘j_bqéa - BaMya - Shl,rw = Sn—fw = §;;w

Vi, (“% e

vba = Vpa (9.510\ _,/220 \» 12.9
\13.8/ P g

V’“B - Vhfrw By ’g\*\h\(_ ( xi,ft’o (I\??NV>

3 \ ﬁ/’a

Py L O O O




L uzd Eeoew. o
=T 539}
L va «f Ligmi 8. arz o
; -’qu_ bo
B sl o Qg L G
93 51}:’&” 50
_#_Zp.u = p-. be fvbold

Tt M5

Zepy = (o B]1B2] - a5 py
2ol [ 13-3
9
N
?T;._D.u --(\o‘\\l:50_\ \3'3_] = JOa D.y
\Q5J Lrs.%
Z " - Piwe . Plive  _d®180 _ 14 186 pu
Lol =5 ¥ g NVew [4] (8
qu;c ;.Zi 968
=l
Z‘[‘_,. - (1ol)r5q Ro| _ :o.16F .14
[3o]20) ©

(4o a)r50_ [ ‘2;)* -

E/Vaw
.l' -

198

Wil




XGlz
000§ oo

l;l Q.36 :\' 1C%

gt =

Zr. o
L |

A~ Pyl ~d Pavi /VA/A//V/\//’\//\/M/\/N

é._&lﬂaMVA 33KV, 2~Phaze QMMJIDF has <ubtvomsient
reactance o‘F 152 the qpmerafor S Cngcted__fnihLmQ—BD

thmugl_h a T.L and 'l"!mn&?g\f'mwﬂ.

ﬁdggﬁ@_ﬁ%ﬂt&mﬁL—Mﬂg——@ﬁﬁ base aunml'rl'm,s inthe
%emamﬁr__dtcdf—dﬂfﬂ’ﬂms: +he bame 0 oﬁ'or naH‘s of the

‘Suszhwn a
WO NNP‘ X

@MMW%MM——
oMV )y (% > Dmvﬁ—@—%&%ﬂs—%ﬁ%ﬁ%ﬁﬂ
C
C

M
%\1 Q0MVA , 20KV , X=0.9 p.y

M2 BoMVA oKV, % 0.2 P4

OO O O O

|

l

VL




Exqm.p ........................................ 1.l3l20k6. ..
ok o \C)C)MVA- VL = 33kvV

LA

So\u'}'lbn:
= loo Myl =0 < (58
Wew
. 3z kv
New # 7 M
. . | we | e 2x . i3, gD
MDA I
. s 23 L
Vb_g = {_33 —Ian 1—327 ll =
‘ //gJ lle J
2
B (Vs a9 a
Sbfl\fcw . loe S
NG | (12238 00 42
L2 e
Shﬂidw loo 4
= N (uond)® . 5 g9 o
3 (SB‘NC.HO Jo® =
N i & S
WZPQF b || Vs ___;N,;Flao = BN T,
| .H_H Vb jre= L;JJ
Mt 2
Zr Py ,o.ggf/aﬂ [32Y}* _ j0.633% py
e [ o] [ 33])
Ziﬁ:)af . Eliue _ J4bo z Q. RREG p.Y
Ty,  199.68

o

V5 ;
g:l—..—-%{_{ |.Q'Qg /—100_,/—/"0 o dﬂ.@%@% Fl).u




. d 0. 5509 Dy

et ( D--qgé D'\A
(] L

1 0.22eb DY
('j []

|

1l
|

|

Rt

\RRRARRRRNY

W




TV a5k To 90kvA
2401280 V Hogfus Y
X =c-loPy X =o-10PYy

oY s olraw 1
M@mmulm the per mpgm
per ubit <ource . them calculaYe e  Lowl curredt bothin por
_unit _and _awperes.

b =20kVA ——-Sﬁ“ s A S0

Vk. 2 MM = 280 W

Mo :
th o L{g?_]_\‘a\'/’ﬂew = UEO volt




.

. e 3122016

Py

ZT./VC;;{-:: you)) [_E)(Ig; rz"f" \I e i
L i e T R =

Mew
—Z—J—f*&,p-'-,’ d2 . Joo0eo - o1 26 ©.U
(ngo)2 J 3 J

« (Fouf S;J[j;ﬂ = 4ol 1278 p.u

O. q +‘~JQ24#3.M - ‘n2;5 +4‘\ D'-UHG\“ D-UI
leo)a i L} -

N T R gy
2440 L
,_i .| )o.%2¢ jo.lg?‘a

e am, Ny
uuouor — v f0r¥e

I
oqlele
\]/

Zéma:% o dicr = 0.4/395 [0l Py
208 /2.9 A

(.Qcaﬁf -‘{l (}zgdp.t,' tlbqseg) "‘) Ihust’g - vag = 259

bz

jd(’ﬂ]é’/ = (\O,b/,?qg /'%‘0’) (950) =109 9 /—Qé-olﬂ




e oF L.l ... 20/312016..... . (pessal

* Pqﬁgrmahge QF Tyanemissen | we:

A A
Short T.L- Medium]. ‘ Lohg Tel
(STL) (MTL) Elal)

Sokw g KM SMT.LLIBO Ky LT L7 900Ku,

* Impordant ferms:

*-VoH'gg g,ﬁ%g}c&ien: : _
Mmﬂu@uﬂh_mmugﬂﬂ_mbmlﬁm
' L) between conditions of  woload awd Full Load i<

calledd ”\/’olth RQ?}_M'Q‘\'iDh“

zggg Y«a\‘l’qge [%_g@:h‘on s Vs —WR 3 oo %

VS = Q Vv“ o P)-[Y‘ e O TS N TN
Ie.Cve s DT P(AD-BC =1)

* Transmisson em'cfle.nc/c/:-

The mtio o 1 ' o

‘Z—%TLJ .-':’Z- Res . erl Focver ¥loo

Sen . eviel Enver




_&—; yll} = VI’*I’(‘ COSEP'*J¥\M:\ A

VsJ—-s cos ¥s

A G 0 G R R

Noltvow K

\

|

IXl

o ol

e

|

o O O O O

I‘%’ = IV*

-+

o

7

Vs

Z|Y - ZcosPyiZsin¥

Is‘




i F' |

r

! 5.'99.7: f— : I.—o .L. ....................................... wl312016. U&:\nﬁl

5 - '/»dg.e regu/a‘h'on _ V& —Vr PR ol

Vr

e loscos = I°x R

x Bwer sentot = VeTr cos® o I'R

X %age L e#. - Vrlr cos I x 100
Vr Ir cos 9 +I %R

LBJ%LQLZQM Pt or rguﬁzhbn (Al; edL ieiency
d

Pf— Laxg =

Pf = Lag 5V { Vg —> Voltage y’%uﬁgﬁm positive. (ve).

-ve).

(BF - caa g N R

o
W

D

S =

at 3 O"a!:'

; g o : = = o
of the [me arp loa 150 reypeo{fv% . Determiye. ¢

O Sending. enol ol tge.
enduy PE.

(‘,




P-F= cosY -0.8

\ I‘. —-II":I_L.

P :VI ('OS\P

46\ \ine _current: _

e 1. oo sle’  oypsil

33 x)0° 40.8

Y _ cos'(0.8) = 26.78°

-:.?: \_/ﬁ = VY‘-Q—I.EL.

_asyidto , Lioejis) (4ot [-36.78 )

= 33.70% + 950 = 33.709 [0:42 VvV

*Sending. ol PF :

Fs =y +o =36.3% + 012

>PF - cosf3%29)

= 0. 956 lg%rhg

‘n g/b_ffﬂ’ﬂ 4’ §Y)




¥ T TR T G U3U20L6. ... copred)

x \ine Losseg:. R (H}A‘-}f\tle - 17.364 Kw

+Power sent = oo, 17,364 = 112364 kw

n_ 100  yeotl - G A3.uYy ‘b
n+.364

_é__ A 3 -Phase MQMMMMM

L - aoig ol 1 7 Tefls Toune © .0 A DE D hase pef

= .

dqd J

%7, AW e ng aAnNce 1 © v e Phae pexr Kwvn Lo e
AP

h ! [” H E! H r_ﬁg‘,“iﬂﬁb ! gj 5 E ]: ,
_d Solution 2 . ; ,

RL=0.03¥\G> = o.U8.0- ‘

X, _joxfl =i9% x fos 0 FAS” = jo0.92.0,

Xo = Xox¥y zj0.99 ®lg = $3.59 .0

ZL _ o LI3 +53.59_

e = Wxle .. cEb/l
J3 |
. . looe £l0° _ 1000 %)o> L.45¢C 0
2% Vs e ¥ 3% 635/% 03

) 3 E sgylph Ip;q (asly

xP-BV. I @y




[

T - R R 23/312a16. .. pAl)

. .17
=g

- (351 4 (65,6 [-36.3%) (0.uB +3.59)
= 6EI5 [ 1.HE ‘

hage voltge rey.

685|
B e \oeetn - UK

B annl aie. it kBl b 3)
s 6.2 kd

- 65156351 L lond, - 9.5% %

. 1900 Joo%h - 9.3 %
L looc.a

iﬂezﬁdmﬁns mission L ine:

The vmust_commenly used setheols:

® Ened covdenser: wethod.
@ Mol T méthool.
(2 Nowiyal TT 1oth od.




x
./Vom.!@/. ..... l...m&{éﬂo{..........‘........2.3/3.120.’6...4\._.,?31
SRR % o AL y e
ST, i R Koo [ Ir
AAAAAANNA LR SR ) y, 'AVA"A'A'_ “““““
N IC
VS Vl :; Vr
h c _
L_ Y
-V! —Vr-t-Iv-;-Zz— Ic_;_Vlg.
=V, ju,
'I.Q- Ir +IC_ : = 19K S:Q_Vi
\|‘S=Tg *.2_- ..\.V1 = ¥c_--(j i H: —}'G"
i j wlic S s -d Ac




LS Phase , 50 Bz cvey headt T L loo K.m  has The pc”own'hg
Co nﬂ‘e,m‘s .
\Pesiﬁibme_LLmLﬁhﬁse = o4 0
—Mﬂiﬂl&_fmgiaum/lﬂmfphase = 0,9 .0
‘Cﬂpﬂiﬂuz@hmdkmm i 4
Einel: 0 IES _ @ve R Jxahng_ebaLP p
@ Tramsmissjon eEE;cfencg uhen a use viomienal |

methodl when hofinead of \skw .ot CC kY, PE... R lag

_# Salution:

e )

Z-REIX & 496 +;p

> Suscepfance
l By “F KAy
19 -—-——-th‘x % R-dx T__:‘ﬁf_ !

. R

v Total Yeqiotance [Phase R =8 R 10s = 'fies N

_a Yol yopnchuco | Phase Yo 80 Sban . Q0 _a.

-;zl_ —‘04.;9_0
(Y

% ngc;'ﬁ'ug 5g1celfgfam:e zg = o0.0xle? ®loo - L/)Ho 5'

M G600 _ R310KH V
B

o lox}os =10 A

3 x66 %1803 | Tr o log /-36.8%

-,

B =005 t0.8) =26.27




*V{ —Vr J.IV"* %/2

= 3105 ., (100 /-36.3%) (5 +4l0)

= 39195 4i5yE

= ad ¥y

oS J %UXie o x (39195 + j54E)
S = o.318 +‘.:§ \S5.6 -

* —I_% - Ic, +Ir 2 Ig: \r_‘ol_faq'”“"n

*Vré —VI’ 3 T< %/&

= (2198 JJ e .

A~

Q1 _uesh/ L oS
[ T ¥ ] R i B S

= Yoluyr LLine Byl
e

¥

xline Value - yolys %3 - 69.533 KY

nt &<
ERR -

-

i

j_ﬂball%! onol Power = 3\/.;'1':3 05 Zs ;L

= 34 Yo.lys 100 * 0.85%

- 10932 to5 kD, (03 B2 525 W/

———

L

7 7 \
n - 10000 4 lpp% _(V

Vo 233 den

0352.2285 96 -~?—+1L)




e uiiumi»;ii‘|.|£1||nlig\miiLui;i\‘-msi‘kus‘ilsgiiﬂéi‘

T

100 0 A 0

Nomiad... Ahellethal... ... 213 12006. .. A=),

N

A& Nomig/ 1T A ethods

Ex: A 3 Phase, KoYz, 150 ke line has oresistmce, indychive

. Kgacﬁzzce angd cqucib‘ug shunt _aclmPance of 0.l .0
3 0. 5000 3v10C o per Km por phase Tfhe [ine clelivers
go_/"{Wa'f' llo ky 1 ) 7

l‘ (F K710




ﬁ(am:'md/. e ma‘/mq(/ ............ . 27/312016. ... sz )
£ Solutions
s Vp = Moxio® _ 43,503V
Jz
&
.. Pamas So %le _398 A Vs -Vr +@§L z
Eq-“o&k?*p-%
= T w 329 1"56’34 [ 1 -IY‘ +ﬁ§)
7 7
» R S 15 0 Icg ’JFF\-{?C
* X, —joB¥Bo - {35 .0
b Sl ‘53;‘!9‘6*%0 -uiuﬁxlés s = JK 2 50 x 63. 503 x(
4TL-—Ir+IC‘_ «x'Y_c..'a_\hr\a(%—
=399 [-36.3TF 4 41Y.3 .
. 2624 1925 R N T T
2
T
*Ve - Vr LTL@%@E\ ﬁr. =1 14.3
g b | a LES

<
Va - 62.508+ ( 269 .y {189.5)(154)F5)

_ 99 el [WuF gV

yline Voltaq(Vge)e
o

Va. Veen . 14255 ky




TORR e 000 LN e \ausll

Lo Bl

R&iﬁ'!gﬂg | Phase [¥wvv = o.\ 0
Reactemce] Phase ] kw 0.5 .0

Susceo‘f‘qvcelﬂfafe/kvn = loxio™® 8 ' | ,
_MELE%WMCQMLWMMQL

(DSmollmu pF ﬂ lrahemr'-.&\on
Mu/a!mn .
# Solution: ZL - lo + {50
L

_ R GRrnbaie o o

Yo oip B e, ¢ Eco

Y- lox16°xlo0 = 10x13" §

Vi . GG xS - 2%.105 XV
J3

Tyt 20 x16° = [95A
LE ¥ééxlosio-‘!

Y ok teaie? . B
Ic,:VrL&__fz 38 105« °;‘° = 4194

T TATO: fes5 1)

SRERd L2 A
b UUU ]l

D
Vid. Vi, I B, 38 105 Wil _j6) (lo +}50) = 43.935[10-65 V

\L O R

)

|

\

\ |

‘\“‘\




(

I eeeeeeeerenenananen. QUYL N

T;.' —_T(’?_ e g Te Vs ‘d
= bz 42",“0‘5)(1 10113"1
Is' g u+u 91.6) +(1% ,5) - .’-ql-l—df-)_l.t, T
= 13#.¢ /=145 R
-tse)ml,(v\g end  P.§ = Cos s

- (005.(95.15) = 0905 [aas
acd Vg

* \V D\‘\’dne Yea u.falrion 4
g g

Vs—-Vr %100

Vr

o H3939 — 33105 xloo =15.9% -

298105

* S?MA\\A(I
fe]

end powex:

-3Vale cose
= 3(43995) (132.6) [0.90510)

- .18 MW

nNn_ -

20 *Ing = qL! %

L 21.18




[

* Gererafised cireut copstmts of ToL 2

Ly

Lr
o

Vs-ﬁv:r +E fr

F
)

Network

Vs

IS :—C,Vr +DIY"

®R,R,C,D 5 cons. (Co\m?\ex numb exr )

8 R )'Hn\m

C___» Siemen.

_ @ for g given T.L

@ for o qiven T.L

% Short T.l.s

LI

Clg




Y
Es
)
Ea
E_a
3
Y
(5

L R R 31412016.......oe D)

* Melium T L. ﬁf@j_T m@v‘/mp{j

=

Y

""-%l’- A

D

ol
= g%, d ,
o - Vr#[“‘ —yv’if-_] e D 3 %@‘]

= [1219]

totnl phase neuwhelf admittance i< 235 x16° &
_ Using Nominal . T, Method Determine :

® e A_R,C and D skants of the line
® <endiva  emol Vg\'\'ag,g-
i !l'h?.
@So\uYions Zi - 90 + 4B | Y - 215 ot
® RAsD =

i SRR N +(2o+55ﬁ\_(3>15)<\5€’) ..{OUM
2 9 —

[ Y ganlien ]y (s0s iseY(ESHH
e PR e ]

U e ¥

z {@55 que \f

e R

c

b T




: Z’i’qmpl € <6

3{2/20l6 ....

Y 120 xio
'K
1T 30X|OG
{3 %1329 x0.85
8 - ros! (c.8E) -

. Tr - 15y [-313° A

6 v5 2 ﬂv.r BI |
992 (098 ) (34910} /(455 /69) (I5y [-29)]




.é@?gnEHMJ'.ss!bm...L.Ma.. ................... FL449016 .. cyvanssl!
X [ong Transmission ,/,:'V;e A
WM\,
o LV . Y,
N | h a /a
Neltnai 7
] g L %e\ 18 * % L
V2 * VHENS Bl \§ Ve

4hom+ p/o ot

“The Lol <oy e suscap“}qnce 1s due 4o the fact that capcitanc e
DYIQ"’( ba/ﬁupaﬂ line awel neutral .

T 1he ‘\' k i '*u cc
Losces o ecuyrivd) ’ﬁnro%k ‘!;L&qkq%.@ oVer the in cukrtors

.-The QMA%@ currest 'Hnroual\ <hunt  admithonce ic wax oF
SM:M end cleveaces a{- the recc’wmﬂend at whic
Pojint :'!S Valoe i<  Zevo,




By

.
Lorg T A (Rigorous. methed)cee........... 212016... qusonl

A b ;[ Rigawus. wolliod: T X
W\/\J\%\J\/\N\,\N

@ V‘é & \_/r CQS‘FIJ (‘32 + Ilr’ = é-l‘ﬂL\ \\3‘%

d i
2 IS = W ld ol ‘“rj?. _‘LT\r cosh ﬁ’c
—T D

o
xhgpwhoh'c sihe  opd  cosine:

@ .cosh {4 {L*.-—Z“j =2182%-

4 A 2y

b
3 <ty e e )
| &= e T {

6 L

Pnupqg q;l'\joh_ COW stant




e o

. éﬂmefmm/., St [Thvee Phace shoct-cival]... . =2

@%MM(LEMMQWM?%
{agH‘ sTuclves 5 Bigs Vo-H‘agre.

— 1y Cuvront n/unM pam/ i

Alb.ﬂfﬁ_P_}laS_Lau!f mbrmation s u&(—tﬁﬂ—ﬂeﬁi_ﬂnd_sle'_phgg_
—%ML&MMLLM;@O CB*%s.

! D[v[% PH‘JJLZMJS current can be negleo}red because Uoltqge d@g
Mso that cuyrent dvawn Eg Loads cowm he n%deej:eg(
in CQMPGEI‘SQH to Eauﬂ’ ngfs.

The maam’?ludp of the fault t cuwent dpfmnd< on the c‘niafi@L

‘,mpadqmc_&ﬂ the <umﬁmams_%@1&m£pr¥ angd the impeoln ne e
_of #he m#vwmmg cireut .

_The purpoge of fault studiog Defﬂerolar behaviouy con be
cividod  inte  Thyeo clifEerent peviod.

_1-The _subtransient MWM%M&LW@_

_2-Thetransjent period coveriy argﬁf'w/gf /M}er time,

2 5-%@@ State ’D&’M :

N




ﬁj}mmdm@/ﬂzm",&;_w

f,’ [ 10 Thé ¥ \ y A % . . V'e A NS
VB r*qq]pari_\-\j s based of Three phage fault AN

CCIB munutactured _in_$tanda ! Eo 2 Bgo, 75
MVE ede].

For three phase Lot calcwlotion Fi@%wp_hm&nwﬂ;&
g Tne Fmp’ﬁ ot gl geyremfor aye 1 JO - DU,
G) charamd Ca{&am?’anrpj oF the T.L are iémorzoaf.

—
£ f<hum‘d6/ﬂm%h i the fmu&mwaduiw_n%dﬁi&i




i\

Al 1\‘. ‘a\.

\
i

# 0

,l‘ !\\. ‘!ﬂ_. !‘g ;“

Ca Ui T T 1B U

CreEreeerrerererreee

“ "‘ r& “‘

¥

- S
: .[X.C-Lm )Dje/a. ERRIREE . Wy G W Bl Gl TRBi PRV

Exgmp[e: n u

Vateol 90 MVA ;19.66 KV having 154 subtvansiet veadance

are -
e yutesd 20MVB ;12.66 |66 KV and 66 119.66 kv with

WAhtLteadﬂui of 1oie cach . The \ine has a vedlance.
of 2 on a loase a QOM‘_’A&GGKV.W

ghgmix% lo MW at 0.3 M%L PL and o fe)l’mj]aa.z__r
Voltage LKV . When Q%MIMMMM

Rlso  oleferming  the Coult curent.

T T2 /dh’d' |

A = TREA TP
AR DS i hh

Solution:
. ‘ - . : 3 ;
J 5 Jo.lo 4008 4o.1o
40 L} By \ine T, I‘; 40.15
= VA .r
Q) g7 \ Y Em

>PrﬁjcmH' Pf. (',l:rruf'}'

: ij%uH' Voltage.:

e Ik /e 08685 [ © p.y
12.66




R (0 B e ekl L R, e

s de = o.5¢ P.l/l

galt T
_Brefaudt cunent: b B B
Tl . Q50 o pRaqlilg b k3687 Ry
0.836¢8% %0.8 ;
gﬁﬂhg;_ﬁihwwd_&dﬂhge: L
- Io o283 Ja
%‘1 i 10.15
o
+ i 11’" .M_.j*
(a R " N

Wmdmw Fhelt
Za

fj = VYo 4 ui(o‘lls +0.10 +008 yolo) x Lo = 0.3960 [‘q'QJ P.u

Edh - Vortjous 4 0319y /3697 - o433y [-538 p.y

T 03266 1191 = Ij’ p |_@,gq/~}’o.l 0.y

g (028 40.15)

e - o4 (=528 G_Qg/—WS-ﬂS pay

J'o,l5

= 4 — :
_[r = IO/I +_Im - -I;Z%” P.U
(it d a i




Tp.2%8  _q9 n35h
J3 *12.66

I(oj - 919.085_x 1.689 {~70.]
- |54o.5 /-%0.1 Q.

T - 9% pa5 & £26 [-9528
- 5%00.15 |-95.28°

Tp 14 4+ Tm - 72L.3[7% A

DT PR

4499444499999 5vs

il

£\

i\

i

4y Jl'\ ’I\

|




Ve MVB. inferrupting.capoity.of...a.€B............

¥Ratesd MHVA in'fmuphmg mpcrh*g skl s

Where:
Ior ! c:ur_rp,ﬂf a_'{' ppgrdf ng_ Vol I"ag, e.
Tvr: cuvremt at  vateal yolf'agp ‘

Vi : vateed Valfuge,
Vor ¢ operotivg oltace
! p: a

h ] D c f e
i Bl g { . f tl. ! E: ﬁll!"t 2!;:25{ té:
rated max. iutmpﬁ'ng cuwent

awer]  as:
o




i i i\
th Ak A

\

\
1\

CCTH

=
%

Jeddddddddyasayysy

Es: DrbpauH_ VOH’aae, (kv). Y ST IRV VA~
Jepz = C.urrfm"f kA,
Ty \
Phase Feeder i< %uDDhPa.\ Prom the bus ber of
48nm"a]for‘ A ot alme VoH’aqe 1.2 Kv. Impgdange gg
f@m%mww
max MVB that can be feel into a s&mme‘f'r-cnf S
at the for enl of the feedar:
24 24, : %)
(ko ® somn (O 20va
T_T‘] CR f_Lj cR I—“L'! CR
%lo'l.r“:\c_g lo't D 101
\_ r el L""i Fault Y

: Emmp}e R i, TSR ), e MR A o T

TN T f— T o —~—

/(/wm B WVt T EIE
()//’IQA’P

V\ ok raf"m( Ime Vol‘l‘qqe,

lllt, f_
“-TErPe phase. QL /HVA ta be in‘!’e(kupffng heye

3¢ MAY (3@) - BVE] 1Tecl o« (MRV),




*Jenredar_reqciance:

Xn,. B = pofpuriXpdes Xc:q 0. 08 p.yY
[ f> = ¥ L o

a" L}

XRabor  rayclance:
a e e

Xﬂ = Xg = Xr = lod = o.lo Pl

J_szw = [0.12 ""<i°'9'ﬂ

> Choose. o base \valie 5o MVA; 1.2 K/

M&cfaﬂq - Wa) . 95082 0
bo

o (09 +d0.21) . 10,0FYFB 4 j0.0054 o

2.5083

f
A

VATAYATALATATAYAIAY




1133333333333 323222322318

\

{

T

|

,
.')

7

]
Ve O ) R ol e i o

I\+\I\ Vﬂ —d I [0 y i ..IO. ;n.tn :(\
(2 i 8
é ;
(quqks_.-‘._d_o_;_o%é_.—
I¢ |

Zey = 0.172% 7394

MVB = Nl ITpl x (Mym) > ol ol (a1m),
€ 2] s base

Ve RN | 5, Doggnz il

o 1 FL+




r/

TJez /N0 KV 3

b ‘ Lad !2
R ssume pmgﬁ_e.glt Voltoge 1.0p.u anel ore fadt curvent

to be Zero.

\ bulf

777777




333333993933 93383393 59y

(

; .E/xqm,.a.’e.m. ......................... e & 2aly/onle. .

2541

QO i

A

l\%

gd&eﬁ
o
L

A DT
L

'!MQ'.

1\.,1
| ¥

LY.

Ay
T a l i 4 4
=1y Jou
do.1y
3 1ol D I?'f
[0)

I;

PSS




! .EXQVUP} T Ry e Q6L 126 .. 5. VB!

HL Ll fliiek

\

@ T P I @ @ LLLILLILL

S e Zf d r[] : e
‘Wé ? e -.mi"F?-C in?’?:
v do=ity i u * =

R

Lo ..U v:,g": | /<]
= I,

7o IS

[

o 3% ' 30"?45 i __;“_!
w—* a7 65—9'—'4——

101335 + 01315

LN S WER TR AR

Iﬂq SN Vg ¢ — 163U

TBS Ylﬁ"[/h‘cﬁ= —}0.009 p.q\
Jdo-20

_J.Ea‘p,z_lég 4 [ oy .L_Ig_z
Foa




B W oo bk s R BRAE N° 26l H.12016. .. £\5 M
12._‘ = J‘O-DO p.y

122 = sz 'V3F :/\V:

do-lo

2 <hory ciwreat  MVA

4 bus @

= |I{;| x (MR, ., - 232 xl00

—
=]

233 MVA




I
!

Ruwer Flow. fnofysis............ 294 L301G........ ayne)

¥ Power Flow Hna\gs\s EE . b s

.__U;le_pgmgr flow 1s the backbope. oF ‘Hne power %uc:’mm

onpm‘i‘\@n.amlusns and nlpmgrn it N nw&aug_&g;plgng,

OREVY@TION o eLOoNIoN] Neelyling awe X cnangle BIs1¥)

L{=149]1V]

*bug Adm;'f"ﬁc)ncp ﬂqfrf'k ol gh% e

bus 3

é 1O.0M
u L]

f bus y
= Fonmu/m”p the bus admittunce for the nefuork
_ﬁm@dmf#unm are | gnorpg[ X

Ny,




1333939333393 3 3y g g gy

\
|

"

W ‘!l i\
4

\

N

—
il
‘)
=
-
"

—
Poue. flows... pmadg,z L0 ERT I 3. - - 2814/3004. . . . gpornzl
I PR O gt |15 fr [5/4| RN - LD YOS P 3
=e i i — -
o ek ) M LeL L L L g ird
A= dot 3"5 -
I.\ \b ‘\ A @03 /( %Iﬂ_
gt . 7 hus 2
_ a1z -
W e
= -
Yiz | joam) -’*"gié A
\___/\ o T 3
S'gt;,} - '(/Ll l\ —d':uh;\ qga,
TR s o
»\u.t. L

gu -—gol -+ glﬂ. -hglg

das = Heo 'y Y2 + Yas

Yz3 = Y21 , Yo +day

HHH = gl.‘ls

——— e =

fc"bi_:;_,m‘_a = -L],’L 32-‘;—339_ - Bt B
J1 do-4 €
[}"OQ— - l =, -—tl.9_5 g;:- :gl‘.’_‘;’ - I — = d._g
do-8 " JO-OH
l"lo "gc)l = | = -",iﬂ.q
[V AL Ll | U
Jo+y
g'2= g2 = - ) = '*JE
do.2




Chsificafion. of. . bases.....ooccoviunnnnn.e 2210020 . . . cprran=l)

3,, "312. -?\m ‘Hu; i85 425 b o
gbt,& = ‘Jz: Yag -4z =Y 2y - a5 -j335 45 2}

~d21 =435 Yaz -Uzy 45 A5 | -i8% jos

=Y =Yue =Yuz HBuy ® o 125 -j95

if net <pec ‘fieal

as Lo and o*

s : us /
iy b / 5
(

)

L_%Mm

machine qu

3 (

\

|

VAR AR AV AN AYAVEY

|

*
-



-
—
£
—
-
=3
2

F?QWE/!’ ; It| QAl. .e.o,_uA’.L!'@n...’.:\ St BIGI2GE. .. .. 5 \SM:JI

n

B BRIl e (@R )

d =) “

.!",2_, 1

9
@ -2 WEEIVIF VY cony L8 B0 )
itk , poweN Q\om__gl_,
% Gause - %elc;-)-a\_ (&, Motto/ ;.

Vi I - iplecs
i [ AV dnSB

[ SO
d J Vi

~
!

10
"
'y

B~

e

)

_Exawples _ obtam tue voltage ot bus 3 For the
sample Stjs‘rem Using G S yethed if _

" S 9 T

© d =410

]
ﬁ/ I

[

= = JQ'IJ—




VAYAYAYAYAYAYAYRYAY,

g . : dlL T
dij Y b, Bl
(¥ ] 'b :
d#L

V2’ = ]. 3 ..-.0.5 {tj‘q- i l/o \
“d K Kle \
1 B e
b s (/I.O?O??é /’”/-0]46/
F e o —

£ i
e 2 (do %\ Lo
09 | |.op16)M.0% 5

-




e

Q If
|
1]

Y
L
—%
L
L
L
—3
—9
—9
—9
=
Es
s
s
Es

— \
............................................... 245/2014.....5 150l
V:_ - 0970361 [-MBl p.y
V: - 0. 966314 p.y
U, - 0.96623% [ p.y

* Ts anpu+€ \ine ‘: \DUQ:

Lz_ Vl-_Vg n flar - o.QGézg:,L[_-W-‘BI

Zi2 J o5

_ o.BIZY 7o [ ~1Y93

* &
%\i =V, Tie = L]® % D-Sl?—t{i?.,!q'q‘;' - o."i.,.d.n.lszzque.q

IZI = v2—V1 - _o.51#7H2 /—IL{.CBJD

Zi2

N -
S Vo 48 0.51?””7'2/’%.’?3".

¥ The total Lasses in the line...

0 Sl - o.137924 poy i

LN g0




Symmetrical Fault

8.1 INTRODUCTION

This chapter is devoted to the analysis of symmetrical three-phase fault or balanced fault. This
type of fault can be defined as the simultaneous short circuit across all the three phases. This
type of fault occurs infrequently, for example, when a mechanical excavator cuts gquickly
through a whole cable, or when a line, which has been made safe for maintenance by clamping
all the three phases to earth is accidentally made alive or when due to slow fault clearance, an
earth fault spreads across to the other two phases. This type of fault generally leads to most
severe fault current flow against which the system must be protected. Fault studies form an
important part of power system analysis and the problem consists of determining bus voltage
and line current during faults. The three phase fault information is used to select and set phase
relays. Fault studies are used for proper choice of circuit breakers and protective relaying. A
power system network comprises synchronous generators, transformers, transmission lines
and loads. During fault, loads current can be neglected because voltages dip very low so that
current drawn by loads can be neglected in comparison to fault currents. The magnitude of the
fault current depends on the internal impedance of the synchronous generator and the impedance
of the intervening circuit. We have seen in Chapter-4 that for the purpose of fault studies,
generator behaviour can be divided into three different periods: (i) the subtransient period,
lasting only for the first few cycles; (ii) the transient period, covering a relatively loenger time
and (iil) steady state period.

Another important point is that the circuit breakers rated MVA breaking capacity is based
on three phase fault MVA. In fact high precision is not necessary when calculating the three
phase fault level because circuit breakers are manufactured in standard sizes, e.g., 250, 500,
750 MVA etc. Generally for three phase fault calculation, following assumptions are made:

1. The emfs of all generators are 1|£" pu. This assumption simplify the problem and it means
that the voltage is at its nominal value and the system is operating at no load at the time
of fault. Since all emfs are equal and in phase, all the generators can be replaced by a single
generator. #

2. Charging capacitances of the transmission line are ignored.

3. Shunt elements in the transformer model are neglected.

Example 8.1: A synchronous generator and a synchronous motor each rated 20 MVA, 12.66 KV
having 15% subiransient reactance are connected through transformers and a line as shown in
Fig. 81. The transformers are rated 20 MVA, 12.66/66 KV and 66/12.66 KV with leakage
reactance of 10% each. The line has a reactance of 8% on a base of 20 MVA, 66 KV. The motor
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,71
is drawing 10 MW at 0.80 leading power factor and a terminal voltage 11 KV when a symmeirical
three-phase fault occurs at the motor terminals. Determine the generator and motor currents.
Also determine the fault curreni.

Solution: /

T T2

< Line >

@ f 3(- 2
Fig. 8.1: Single line diagram%l;ﬁ 3
- Mﬁ I

All reactances are given on a base of 20 MVA and appropriate voltages.

Prefault voltage V= T%m =0.8688 [ 0°pu. o ///'\\)\\)U

10 i
Load = 10 MW, 0.80 power factor (leading) = 20 =0.50 pu. i )

£ 050

ST = | 36.87°
Prefault current ;\—Iu }?688)(0.80 |
I, = 0.7194 36.87 °pu

Prefault equivalent circuit is shown in Fig. 8.2

jo.10 j0.08 - joao
2 YY)
Ty T2
j0.15
i
Vo &7
Fig- 8.2: Prefault equivalent circuit of Example 8.1.
Equivalent civcuit during fault is shown in Fig. 8.3.
(et 25
YV <
7 jozs F
§0.15 j0.15
+ +
£ g £

Fig. 8.3: Equivalent circuit during fault.
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From Fig. 8.2, voltage behind subtransient reactance (generator)
E]=V,+j(0.15+0.10 + 0.08 + 0.10) x I,
E;=0.8688 | 0° +j0.43 x 0.7194 | 36.87°
s E;=07266]199°pu
Similarly,
EZ=0.8688 [0°—j0.15x 0.7194 | 36.87°
= EZ=0.9374 | 528" pu
From Fig. 8.3, '/

E, _ 0.7266] 19.9°

K= jo15+028 043 |90°

L= 1.689|-70.1° pu /
~ I7=(0.575—j 1.588) pu
= E, _09374]|-528°
=~ 015 0.15]90°
o I =625]-95.28%pu s
- IZ = (-0.575 —6.223) pu.

Fault current
L= I; +1I, =0.575—j1.588 — 0.575 — j 6.223

) ';I/I; 7. 811 pu
Base current (generator and moboﬂ'/) j
20 x 1000 /
= 31266
I =912.085 x 1.689 | -70.1°= 1540.5{ ~70.1° Amp. ;

=912.085 Amp.

I =912.085 x 6.25 | -95.28° = 5700.5 | -95.2 ° Amp.
I;=912.085 X (-j7-811) = 7124.3 | -90° Amp.

Example 8.2: Solve Ex-8.1 using Thevenin’s Theorem.

Solution: The detailed derivation for this is given in Chapter-4, Section-4.8.2.
Figure 8.4 shows the Thevenin’s equivalent of the system feeding the fault impedance.

X" =j(0.1+0.08 +0.01) =j0.28
Xg; =j0.15, Xim = j0.15
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Kon

Reference bus

Ground

Fig. 8.4: Thevenin equivalent circuit of Example—8.1.

Xj, + X" = (0.15 + 0.28) = j0.43

. R (X;E+X')(X§g) _ j043 x jo15
h ™ (K + X+ Xim) (043 + 015)

Xy =j0.1112 pu

1A 0.8688[0°
2% L= (Zs"‘Xm)— F01112 [since z; 2g]
L=-j7811pu.
Change in generator current
IS ke
(Xgg + X~ + X))
. 7015
AL =181 % 5415028 +015)
A I7=-j202 pu
Similarly,
. 7015 +028)
Al =781l X —=———
m =7 /0.58
A I, =—j5.79 pu
Therefore,

I =AI;+I,=-j2.02+0.7194 | 3687°
I =(0.575 —j1.589) pu

17 = AL, I, =—j5.79 -0.7194 | 36.87°

m

J I =(-0.575 —j6.221) pu.

s m
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8.2 RATED NMVA INTERRUPTING CAPACITY OF A CIRCUIT BREAKER

The circuit breakers rating requires the computation of rated momentary current and rated
symmetrical interrupting current computation of symmetrical short circuit current requires
subtransient reactances for synchronous machines. RMS value of momentary current is then
computed by multiplying the symmetrical momentary current by a factor of 1.60 te consider the
. presence of DC off-set current.
. % The interrupting current of a circuit breaker is inversely proportional to the operating
/ \/‘)\ voltage over a certain range, i.e., A cesVid
oo e : —
-2\

Z nwF
2P V.

’ Where

I, = current at operating voltage
I_= current at rated voltage
V, = rated voltage
L e V., = operating voltage
Z/,) JJ ) Y _+5_s4 — Notethatoperating voltage canmot exceed the maximum design value. Alsorated interrupting
- current cannot exceed the rated maximum interrupting current.
Therefore, three phase rated interrupting MVA capacity of a circuit breaker is given as

(NIVA)rated:&Q = Jg |Vlinelr XIIIineL-ic ..(8.2)

where
|V1im,L = rated line voltage (kKV)

]Iunelﬁc = rated interrupting current (KA)
Thus, three phase short circuit MVA to be interrupted, where

SC MVA (39) = /3 [Eo||[Lsc| X MVA)p,ee . ..(8.3)
where
| E,| = prefanit voltage (kV)
|Isc| = short circuit current (KA)
Note that MVA,..q 3 is to be more than or equal to the SC MVA (3¢) required to be
interrupted. A three phase fault which is very rare gives the highest short circuit MVA and a
i~ circuit breaker must be capable of interrupting it. ~> ; - L

Z{ = Example 8.3: Three 11.2 KV generators are interconnected as shown in Fig. 8.5 by a tie-bar
through current limiting reactors. A three phase feeder is supplied from the bus bar of generator
A ai a line voltage 11.2 KV. Impedance of the feeder is (0.12 +j0.24) ohm per phase. Compule the
maximum MVA that can be fed into a symmetrical short circuit at the far end of the
feeder.
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B8% 8% 8%
40 MVA 50 MVA 30 MVA
c8 cB cB
10% cB 10% 10%
F Fault

Zpeoser = (0.12 + j0.24) ohm
Fig. 8.5: Circuit diagram of Example 8.3.

Solution: Generator reactance
%pg = 8% = 0.08 pu, xp; = x¢; = 0.08 pu
Reactor reactance
x5 = xp = xc = 10% = 0.10 pu
Feeder impedance
Zpoier = (0.12 + j0.24) ohm.
choose a base 50 MVA, 11.2 KV

2
(1:;3) ohm = 2.5088 ohm

Base impedance Zp=

_ Zml.(ohm) " (0.12"' j0.24)
Ziseter G =" ~ 7 25088

Zeeder (PU) = (0.0478 + j0.0956) pu.

50
x5, =j0.08 X 0 =j0.10 pu
xp, = j0.08 pu

2 50 |
xg, = J0.08 X 30 =j0.133 pu

. 50
x, =j0.10 % 0 =70.125 pu
xp = j0.10 pu

By 50 _ .
xe =70.10 X 30 =j0.166 pu

Assume a zero prefault current (i.e., no load prefault condition). Circuit model for the fault
calculation is given in Fig. 8.5(a).

0.10x0.2375
2= 0.0478 + j0.0956 +j — =

Z=0.1727]73.94° pu.
Short circuit MVA = | Vg| | 1;] X MVA)pee
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(it
o/
=<

I
5

j0.186

(0.0478 + j0.0956)

A e

+

Ovee

|
a
<+
-

{0.0478 +j0.0956)

(0.0478 + j0.0856)

Fig. 8.5(c)

% j0.10 :>3 j0.2375

(0.0478 + [0.0956)
Fig. 8.5(d)

e
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Fig. 8.6(b)

Fig. 8.6{c)
Fig. 8.6(d]

Fig. 8.6(e) Fig. 8.6(f)
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ot 1 — Vi =j0.14 x (54.165)
L3 Vi = 0.4169 pu. @

1 — Vo =j0.14 % (§4.165)
Vo = 0.4169 pu.

V=00

Vir —Vie _ 04169 |
L=~ Vet - 22OV 54169
#~ 7 010 joi0 7
oo Ve~V _ 0416904169 _
n=" jozo0 - 7020 =

12f= Iu + 121 +123 = —j4.169 +0.0+ 123
—j4.165 = —j4.169 + Iy

Iz = j0.004 pu.
Now
Vz;o.lgsf =Ig =200001
Ve = Viye—j0.004 X j0.10 = 0.4169 + 0.0004
Vye = 0.4173 pu.
roo Yu—Va _ (0.4169 - 0.4173)
1870 jo.20

£ I3 =—0.002 pu

SC MVA at bus 4
= | % (VA poee
= 8.33 x 100 MVA
= 833 MVA

Example 8.5: Two generators G1 and G2 are rated 15 MVA, 11 KV and 10 MVA, 11 KV
respectively. The generators are connected to a transformer as shown in Fig. 8.7. Calculate the
subiransient current in each generator when a three phase fault occurs on the high voliage side
of the transformer.

1S MVA 1T KV. X, = 010
AY

P

111/66 KV, 15 MVA, x; = 0.06

10 MVA.11 KV, X", =0.10

Fig. 8.7: Circuit diagram of Example 8.5.

Solution: Choose a base 15 MVA
%y = j0.10 pu

. @ 15 _
Xgn =j0.10 x 0 =70.15 pu
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xp = j0.06 pu (O
- i e 010 j0.06
If=_—!—=_—=—j8.33pu 7,
jo.12  joi2 1)o° '
: jo.1s y - joas
E—— % (— 33.33) ground
gl io.1+ 0.15)
J Fig. 8.71a}
=—j5.0 pu
. j0.10 b .
1,=— x|—j8.33) =—j3.33
2~ j(0.1+0.15) (~j838) =—j3.33 pu
Base current j0.08
15 x 1000
= ——— = 787.3 Amp.
BT J3x11 P
I, =—j5x 787.3 = — j3.936 KA.

I, =—j3.33 x 787.3 = — j2.621 KA.

I;=—j8.33 x 787.3 = — j6.557 KA.

Fig. 8.7(c)

8.3 CURRENT LIMITING REACTORS

The short circuit current is large enough to do considerable damage mechanically and thermally.
The interrupting capacities of circuit breakers to handle such current would be very large. To

,~reduce this high fault current, artificial reactances are sometimes connected between bus
sections. These current limiting reactors are usually consist of insulated copper strip embeded
in concrete formers. This is necessary to withstand the high mechanical forces produced by the
current in the neighbouring conductors.

Example 8.6: The estimated short circuit MVA at the bus bars of a generating station-1 is 900
MVA and at another generating station-2 of 600 MVA. Generator voliage at each station is 11.2
KV. The two stations are inlerconnecied by a reacior of reactance 1 ohm per phase. Compute the
fault MVA at each station.

Solution:
SC MVA of generating station-1 = 900 MVA
SC MVA of generating station-2 = 600 MVA
Assume base MVA = 100

Base MVA. 100

%= "SCMVA " ggp - O-lilpu

100
Xp= 600 0.166 pu
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Base current
100 x 1000
Ig= Jaxiiz = 5154.9 Amp.

Per unit reactance of reactor

_ 1x100
7 (12p?

Figure 8.8 shows the pu impedance diagram.
When fault occurs at generating station-1, pu impedance diagram is shown in Fig. 8.8(a)

=0.797 pu

Fig. 8.8: circuit diagram.

Fig. 8.8(b)

Fig. 8.8(a)

0.111x0963 _ .
D e
A=l S 4 B

1
Iy= ———— =—j10.047
n= Sooges 7 Y

SC MVA = 10.047 x 100 = 1004.7 MVA
When fault occurs at generating station-2

_ .0166 x0.908

o s =j0.1403 pu
Y 7 # =

1
Ip= m*—' —Jj7.125 pu

SCMVA =7.125 x 100 = 712.5 MVA.

Example 8.7: A 50 MVA generator with a reactance of 0.10 pu is connected to a bus-bar. A 25
MVA transformer with a reactance of 0.05 pu is also connected through a bus-bar reactor of
0.10 pu to the same bus-bar. Both these reactances are based on 25 MVA rating. If a feeder taken
out from the bus-bar through a circuit breaker develops a line to ground fault, what should be
the rating of circuit breaker?
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Solution: Circuit connection is shown in Fig. 8.9.
Set base MVA = 50

%,=j0.10 pu 50 mVA ‘JJ
: SO T A 25 MVA
25 =70.10 X — =;0.20
! 25 / e Reactor T
50
xp =j0.05 x % =j0.10 pu
_ _ x(mrar)  010x(010+020)  FPUYY Feeder
= Teqg— (Ig +xp+ xR) L (0.10 +0.20+ 0.16) Fig. 8.9: Circuit diagram of
Example-8.7.
e x.q =70.075 pu
B 50
Therelore  SCNVA - DEMVA, S0
Xeq 0.075
=667 MVA. Ans.

Example 8.8: Defermine the ohmic value of the current limiting reactor per phase external to a
30 MVA, 11 KV, 50 Hz, three phase synchronous generator which can limit the current on short
circuit to § times the full load current. The reactance of the synchronous generator is

0.06 pu.
Solution: Given that

Fullloadcurrent 1
Short eircuit current 6
x, = j0.06 pu

External reactance required per phase

(1
=j {-é s 0.06) = j0.1066 pu.

Full load current,

30 1000

= ———— = 1574.6 Amp.
7 fBx11 .
I
Per unit reactance = b;—ﬂ
i _ IpxXy
a5 0.1066 = 11%1000
J3

> xp = 0.43 ohm. Ans.
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Example 8.9: Two generating stations are connected together through transformers and a
transmission line as shown in Fig. 8.10. If a three phase faull occurs as shown in Fig. 8.10,
calculate the fault current. 3

G1: 11 KV, 40 MVA, 15% (2 (&3
G2 : 11 KV, 20 MVA, 10%
; v )
G3 : 11 KV, 20 MVA, 10% s 3¢ Line “)K“’
T, : 40 MVA, 11/66 KV, 15% T, 409 T

T, : 40 MVA, 66/11 KV, 15% T,
T3 : 5 MVA, 11/6.6 KV, 8%
Line reactance = 40 ohm. Fault

Solution: oy !
Fig. 8.10: Circuit diagram of Example 8.9.
Set Base MVA = 40, Base Voltage = 11 KV = - e

x5 =j0.15 pu,

Xp=J %XO.IO =j0.20 pu

= jo.lox@ =j0.20 pu
&3 20

211 =j0.15 pu
272 =j0.15 pu

X3 = jO.OBx%O =j0.64 pu

. 40
Kpgne = J40 X —— =j0.367 pu.
tine e

Circuit model for fault calculation is shown in Fig. 8.10 (a).

j0.367  jO.15

Fig. 8.10(a)
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1jo° :
= L= 70729 —j1.37 pu

40% 1000
V3x11

=2099.45 Amp

Base current Iz=

| Ig] = 1.7 x 2099.45 Fig. 8.10(c)
Fig. 8.10(b]
=2.876 KA. Ans. L

Example 8.10: A generating station consists of two 100 MVA generators with 6% reactance each
and one 150 MVA generator with 8% reactance as shown in Fig. 8.11. These generators are
connected o a common bus bar from which loads are taken through a number of 50 MVA, step
up transformers each having 5% reactance. Compute the rating of circuit breaker on (i) low
voltage side and (ii) on high voltage side.
Solution:

Set base power = 150 MVA.

: 150 _
Xy = Xy = JOO6X 100 =j0.09 pu

1 on LV side
L
; 150 .
Xg3 =j0-08 pu, xp = jO.O5x o =j0.15 pu.
(i) If the fault occurs on low voltage side current will be i?lstigg

restricted by the reactance of three generators in parallel.
Fig. 8.11: Circuit diagram of

4 __1_ = 1 + 1 + 1 Example 8.10.
o Xq J009 jOO9 jO.0B
Xeq =J0.0288 pu.
SCHIVA o low soltagasite = oo = 308 NVA.
g 0.0288

(i) On the high voltage side,
Xy = 7(0.0238 + 0.15) = j0.1788 pu
150
SC MVA = —— = 840 MVA.
0.1788

Example 8.11: A radial power systemn network is shown in Fig. 8.12, a three phase balanced
fault occurs at F. Determine the fault current and the line voltage at 11.8 KV bus under fault
condition.
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Solution: 12 MVA
Let Base MVA = 12 =05
Base Voltage = 11.8 KV.
£ =j0.12 pu, X =j0.15 pu g 12 MVA, xp,=0.12 pu
xpq = j0.12 pu, Line-1, Z,,, , = (9.45 + j12.6) ohm
: 12 33KV
%y = JO.08x - j0.32 pu T, ¢ 3 MVA, x;, = 0.08 pu

Base voltage for line-1 is 33 KV.
Base voltage for line-2 is 6.6 KV.

Zines = (0.54 + j0.40) ohm

(33)2 Fig. 8.12: Radial power system
Zg line1 = 5 =90.75 ohm. network.
2

6.6

ZB linez = L-l- = 3.63 chm.

12
9.45 + j12.6) ;
21 ™= (— =(0.104 + j0.139;
line-1 90.75 L J ) pu
0.54 + j0.40
Zinen = % = (0.148 4 j0.11) pu

j0.32

Line-1 }—~"00{ Line-2
(0.104 (0.148
+0.139) +j0.11)

Fig. 8.12(a)

Fig. 8.12(5)
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"l
Fig. 8.12(c)

2
Base current Ig= A%, 1000 =1049.7 Amp.

J3x66

1] 0°
0O

Now 1= (o252 + jo7ss) = 1256 =715" pu

I = 1.256 | —715° x 1049.7

L= 1318.4] —715° Amp.
Total impedance between F and 11.8 KV bus
=(0.252 + j0.689) pu
Voltage at 11.8 KV bus
= 1.256| —715°x (0252 + j0.689)
= 0921 | -16°pu
= 0.921] -16°x 118KV

= 10.86| —16°KV. Ans.

Example 8.12: A 100 MVA, 11 KV generator with x, =0.20pu is connected through a transformer,
and line to @ bus bar that supplies three identical motor as shown in Fig. 8.13 and each motor
has x3, =0.20 pu and *y = 0.25 pu on a base of 20 MVA, 33 KV. The bus voltage at the motors
is 88 KV when a three phase balanced fault occurs at the point F. Calculate

(a) Subiransient current in the faull.

(b) Subiransient current in the circuit breaker B.

(c) Momentary current in the circuit breaker B.

(d) The current to be interrupied by circuil breaker B in (i) 2 cycles (ii) 8 cycles (iii) 5 cycles

(iv) 8 eycles
: | A T X, = 30 chm ET’
1766 KV 6633 KV
100 MVA 100 MVA
Xpy = 0.10 X;;=00

Fig. 8.13: Circuit diagram of Example 8.12,
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Solution:
Let Base MVA = 100
Base Voltage = 11 KV.

xg =Jj0.20 pu.
- w . . 100 _ .
X = Fjl =Xz =Xy =Jj0.2 x% =j1.0 pu,

o mmoxl =X =Xy =J025 % %:jl.% pu.

Xm

2 = X = j0.10 pu
Dine = 30 X 100 =j0.688 pu.

(s6)*

(@) The circuit model of the system for fault calculation is given in Fig. 8.13(a).

10° 020 010 j0.68B8  jO.10

Fig. 8.13[a}

ji.oss

i .

Fig. 8.13(b)
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i
po= 4 smons
«~ 3910 ’

H
E

s =—j3.919 pu.

= jo2s5
Base current for 33 KV circuit

e 100 x 1000

=1.75 KA.
J3x33
|I¢| =3.919 x 1.75 = 6.85 KA.
(b) Current through circuit breaker B is,
2 1
Ly=—+ =0
T e

| Ip| = 2.919 x 1.75 = 5.108 KA.

(¢) Momentary current can be calculated by multiplying the symmetrical momentary current
by a factor of 1.6 to account for the presence of DC off-set current.
. Momentary current through breaker B

=1.6x5.108 KA = 8.17T KA.

(d) For computing the current to be interrupted by the breaker, motor *p, (I;J =j ]-U] is now

replaced by x, (x;,, = j1.25 PU). The equivalent circuit is shown in Fig. 8.13(c).

ji.oss
T

j1.25
T

.25

j1.25
T

T

>

—t

Fig. 8.13lc)

o = 70.3012
Current to be interrupted by the breaker
. |
= j0.3012
Allowance is made for the DC off-set value by multiplying with a factor of (i) 1.4 for 2
cycles (it) 1.2 for 3 cycles (iii) 1.1 for 5 cycles (iv) 1.0 for 8 cycles.

=—j3.32 pu
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Therefore, current to be interrupted as:
() 1.4%x3.32x1.75=8.134 KA
(1)) 1.2x3.32x1.75=6.972 KA
(i) 1.1x3.32x1.75=6.391 KA
(iv) 1.0x3.32 x 1.75 = 5.81 KA.

Example 8.13: Fig. 8.14 shows a generating station feeding a 220 KV system. Determine the
total fault current, fault level and fauls current supplied by each generator for a three phase fault
at the receiving end of the line.

MKy, 220KV

G1 : 11 KV, 100 MVA, X =j0.15 @ 3T j42a
1
. P F
G2 : 11KV, 75 MVA’. Xy =J0.125 11KV 220KV 720 _—
T1 : 100 MVA, xp, = j0.10, 11/220 KV E)—3 —
T2 : 75 MVA, xp, = j0.08, 11/220 KV T,
Solution: Fig. 8.14: Sample network of

Let base MVA = 100, Base voltage =11 KV. Example 8.13.

%y =j0.15, xp =j0.10
: 100 .

x'gz = j0.125 x E =j0.166

xpp = jO.0BX % =j0.106
Per unit reactance of each line

= j42x &; = j0.0867 pu.
220

Single line reactance diagram is shown in Fig. 8.14(a)

o 3 j0.0867
jo166  jo.106

Fig. 8.14{a)

() —om

Fig. 8.14{c)

&
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1
L=——=—j578
T
Base current for 220 KV side
100 x 1000
" = —————— =262.43 Amp.
§ BT /3% 220 P

|Zs] = 5.78 x 262.43 = 1.516 KA.
Fault level = 5.78 pu=5.78 X 100 = 578 MVA.
Base current on 11 KV side
=T [212_10) = 262.43 (%J
=5248.6 Amp.
Fault current supplied by the two generators

=5248.6 X (~j5.78) = 30.34i —-90°KA

0272 .
Bt Ifgl = ﬁz— x 30.34' —90° KA
I,y = 158 -90°KA
025
= 30.34| —90°KA
T = 052z
I = 1453 —90°KA

Example 8.14: Fig. 8.15 shows a system having four synchronous generators each rated 11.2
KV, 60 MVA and each having a subiransient reaciance of 16%. Find (a) fault level for a fault on
one of the feeders (near the bus with x = 0). (b) the reactance of the current limiting reactor
xpto limit the fault level to 860 MVA for a fault on one of the feeders near the bus.

AN

Fault
Fig. B.15: Sample power system of Example 8.14.

Solution:
Set Base MVA = 60, Base voltage =11.2 KV,

Xgy =Xgp =Xz =Xg4 =16%=0.16 pu
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Circuit model under fault condition is shown in Fig. 8.15(a)

.0.16 _ .
Xeq = j——4— =j0.04 —

(a) fault level= 0 :')4 = 25.0 pu =25 x 60 MVA

= 1500 MVA. Ans.

1
(b) The generators G1 and G2 will supply 2 %1500 =

. [NRSTAN
750 MVA, directly to the fault. Therefore, the X
fault MVA from G3 and G4 must be limited to Fig. 8.15(a)
(860 — 750) = 110 MVA. The reactance of G3 and

0.16
G4 together is 5 =0.08 pu.

Thus,
1 _uo
xg +0.08 ~ 60
xp = 0.465 pu

2
(lzz) = 2.09 ohm

xg = 0.465 % 2.09 = 0.97 chm.

Base impedance =

Example 8.15: Fig. 8.16 shows a power system network. Each of the alternators G1 and G2 is
rated at 125 MVA, 11 KV and has a subtransient reactance of 0.21 pu. Each of the transformers
is rated at 125 MVA, 11/132 KV and has a leakage reactance of 0.06 pu. Find (a) fault MVA and
(b) fault current for a fault at bus 5. o

al

4 5 3

2 joq |1 j200 1 :
T

Ace

Fig. 8.16: Power system network of Example 8.15.

Solution:
Set Base MVA =125, Base Voltage = 11 KV
Base voltage for transmission line = 132 KV

)2
Base impedance for the transmission line = -(1—1%% ohm.
=139.392 ohm.

Y
=i =086
¥4~ J 3g3gp ~ /40 P
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X5 = X35 = j0.143 pu.

xg1 = %gp =j0.21 pu., 2y = xpy = j0.06 pu.

e pa p21 e

Fig. 8.16(a)
F
g}jo.oss
e jo.ss jo3s 1
—{— rrr—ef )=
Fig.B.16(b)

Fig. 8.16(d)

Fig. 8.16lc)

1
= X125 = 610 MVA. R
(@) Fault level G505 Ans

4o _-j
® 1= j0205 02050
—j _ 125x1000
=X
= 5208 J3x132
I;=—j2.66 KA. Ans.
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Example 8.16: A 12 MVA, 132/6.6 KV, iransformer having a reactance of 0.15 pu is fed from
an infinite bus. The transformer feeds two motor each 6 MVA, 6.6 KV. Each motors has a
transient reactance of 0.14 pu and a subtransient reactance of 0.30 pu based on its own rating.
A three phase balanced fault occurs at the terminals of one motor as shown in Fig. 8.17. Find (a)
subtransient fault corrent (b) subtransient current in breaker (c) momentary current rating of
breaker D which has a breaking time of 5 cycles.

]
I 132/6.6 KV CB @
6 cB
Infinite ]
ElS I

Fig. 8.17: Power system network of Example 8.16.

Solution: If the external power system is very large as compared to the system under
consideration of any installation, disturbances within the installation do not affect the voliage
and frequency of the external power system. Under this situation, the external power source is
known as infinite bus and can be represented by an ideal voltage source, i.e., a constant veltage
with zero impedance.

Let base MVA = 100, base voltage = 132 KV.

Therefore, on the motor bus bar, base voltae is 6.6 KV.

. Base current,

100 % 1000
Ig=—F+——— =8747.7T Amp.
BT J3x66 P

100
= jOl5x— =j1. i
xp=) 12 j1.25 pu.
. 100 .
Xy = ]O.SX? =7j5.0 pu

Zm2 mj5 pu

Xm1

= j04x lgﬂ = j6.67 pu

. =j6.67 pu.
(@) Circuit model under fault condition (Subtransient condition) is shown in Fig. 8.17(a).

Fig. 8.17(a): Circuit model under subtransient condition.
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Subtransient fault current, j1.25 )
1o —
= |= x 87477 i5
i ;0.333] (10 ) .
N o s 5
= 105| -90° KA. o Y
(b) Subtransient current through breaker D
is the current from infinite bus and motor Fig. 8.17(b)
M.
Fault current from infinite bus
L

= .25 =—j0.8 pu

Fault current from motor M,

1] 0°

750

Fault current through circuit breaker D
=—j0.8-70.2=—1.0 pu

Fig. 8.17(c)

=—j0.20 pu

=j1.0 x 8747.7 = 8.74| 90° KA.

(¢) To find the momentary current through the breaker, it is necessary to caleulate the de-
off set current. However, emperical method for momentary current = 1.6 times symmetrical
fault current.

.. momentary current= 1.6 x 10.5{ —90° KA.

= 16.8{ —90° KA. Amp.
(d) Fig. 8.17(d) shows the circuit model under transient condition.

Fig. 8.17(d}: Circuit mode! under transient condition.

Current interrupted by breaker D

1 1
e e R — I ) 1
125 | jeer 0850
=-—j0.95 x 8747.7 = 8.31; —90° KA.
However, effect of dc off-set can be included by using a multiplying factor of 1.1. Therefore
current to be interrupted by breaker

= L1x8.31[ -90° = 9.14-[ —90° KA.
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CHAPTER 3 e
LOAD FLOW ANALYSIS

[CONTENTS: Reviewof solution of -equations,- direct and._ iterative methods,

classification of buses, imporiance of slack bus and Ygus based analysis,

constraints involved, load flow equations, GS method: algorithms for finding the———— —

unknowns, concept of acceleration of convergence, NR method- algorithms for
finding the unknowns, tap changing transformers, Fast decoupled load flow,
illustrative examples] ;

REVIEW OF NUMERICAL SOLUTION OF EQUATIONS

The mumerical analysis involving the solution of algebraic simultaneous ec-luaﬁcns
forms the basis for solution of the performance equations in computer aided electrical
éower system analyses, such as during linear graph analysis, load flow analysis
(nonlinear equations); transient stability studies (differential equations), etc. Hence, it
is necessary to review the general forms of the various solution methods with rcqsect-
to all forisof equations, as under: ' -
1. Solution Linear equations:
* Di.rt-a.(-:t methods:
- Cramer’s (Determinant) Method, )
- Gauss Elimination Method {only for smaller systems),
-LU Factorization (more preferred method), ete.
* Jterative methods:
- Gauss Method 5
- Gauss-Siedel Method (for diagonally dominant systems)
2. Solution of Nonlinear equations:
Iterative methods only:
- Gauss-Siedel Method (for smaller systems)
- Newton-Raphson Method (if corrections for variables are small)
* 3. Solution of differential equations: =
Iterative methods only:
- Euler and Modified Buler method,
- RK I'V-order method,

- Milne’s predictor-corrector methed, etc.




Tt is to be observed that the nonlinear and differential equations can be solved only by

the iterative methods. The iterative methods are characterized by the wvarious

performance features as under:

= Selection of initial spl.ut}on! estimates

= Determination of fresh/ new estimates du.ri;xgr éaéh iteration
- éclé;:tioﬁ of number of i{érationé as per ‘tolerance limit

= Time per iteration and total time of solution as per the solution method selected
= Convergence and divergence criteria of the iterative solution

»  Choice of the Acceleration factor of convergence, etc.

A comparison of the above solution methods is as under:

« In general, the direct methods yield exact or accurate solutions. However, they
are suited for only the smaller systems, since otherwise, in large systems, the
possible round-off errors make the solution process inaccurate.

= The iterative methods are more useful when the diagonal elements of the
coefficient matrix are large in comparison with the off diagonal elements. The
found-off errors in these methods are corrected at the successive steps of the
iterative process.

= The Newton-Raphson method is very much useful for solution of non —linear
equations, if all the values of the corrections for the unknowns are very small
in mﬁgnitudc and the initial values of unknowns are selected to be reasonably

closer to the exact solution.

LOAD FLOW STUDIES

Introduction: Load flow studies are important in planning and designing fature
expansion of power systems. The study gives steady state solutions of the voltages at
all the buses, for a particular load condition. Different steady state solutions can be

obtained, for different operating 9(3nditiens, to help in planning, design and operation

of the power system. =

Generally, load flow studies are limited to the transmission system, which mvolves

bulk power transmission. The load at the buses is assumed to be known. Load flow




studies throw light on some of the important aspects of the system operation, such as:

violation of
generators, sta

buses linked by a lme eﬁt:ct of contmgcnmc.s like ix
of gencrators, etc

of the power sysfem

flow studies play a vital role in power system studies.

voltage magnitudes at the buses, overloading of lines, overloading of

stability margin reduction, indicated by power angle differences between
ne voltages, emergency shutdown
Load ﬂow stuches are rcqulred for decsdmg the economic operation

'ihey are also requu'ed in transient stability studies. Hence; load- - -

Thus the load flow problem consists of finding the power flows (real and reactive)

quantities of interest to be

voltage magnitude and its phase

equations, describing the given power

Classification of buses for LFA: Different types 0

specified and unspecified variables at a given bus as pres

The Kirchhoff’s relations holding good,
Capability limits of reactive power sources,

Tap-setting range of tap- -changing transformers,

and voltages of a network for given bus conditions. At each bus, there are four
known for further analysis: the real and reactive power, the
angle. Because of the nonlinearity of the algebraic
systefn, their solutions are obviously, based on

the iterative methods only. The constraints placed on the load flow solutions could be:

Specified power interchange between mterconnected systems,

Selection of initial values, acceleration factor, convergence limit, etc.

f buses are present based on the

ented in the table below:

Table 1. Classification of buses for LFA

S e | St || wens

! | Swing Pus vhs | e | o
| ey | el | Qeb R
"3 | 1oad/PQBus . | P6 Qo VL gt;’(;ut SD%btlsesareofPQ

4 | Gonotioamus_ | PoQe V| &2 s et




Tmportance of swing bus: The slack or swing bus is usually a PV-bus with the
largest cépacity generator of the given system connected to it. The generator at the
swing bus supplies the power difference between the “specified power inio the system
_ at the other buses” and the “total system output plus losses”. Thus swing bus is

~ needed to supply the additional real and reactwe power to meet the losses. Both the

magnitude and phase angle of voltage are spemﬁed at the swmg “bus, or otherwise,

they are assumed fo be equal to 1.0 p.u. and 0°, as per flat-start procedure of iterative

solutions. The Teal and reactive powers at the swing bus are found by the computer
routine as part of the load flow solution process. It is to be noted that the source at the
swing bus is a perfect one, called the swing machine, or slack machine. It is voltage
regulated, i.., the magnitude of voltage fixed. The phase angle is the system reference
phase and hence is fixed. The generator at the swing bus has a torque angle and
excitation which vary or swing as the demand changes. This variation is such as to

produce fixed voltage.

Importance of Ypus based LFA: The majority of load flow programs employ
methods using the bus admittance matrix, as this method is found to be more
economical. The bus admittence matrix plays a very important role in load floe
analysis. It is a complex, square and symmetric matrix and hence only n{nt+1)/2
elements of Ygus need to be stored fora n-bus system. Further, in the Yeus matrix, Yij
=0, if an incident element is not present in the system connécting the buses T° and

since in a large power system, each bus is connected only to a fewer buses through an
incident element, (about 6-8), the coefficient matrix, Ygus of such systems would be
highly sparse, i.e., it will have many zero valued elements in it. This is defined by, the

sparsity of the matrix, as under:

. of
Percentage sparsity ofa Total no. of zero valued elements of Ygus

7 glven matnx ofn order' : : Total no. of entnes OfYBus

(Z/n)xl(]()% L ey @

Il

S

The percentage sparsity of Ypus, In practice, could be as high as 80-90%, especially
for very large, practical power systems. This sparsity feature of Ysus is extensively




used in reducing the load flow calculations and in minimizing the memory required to
store the coefficient matrices. This is due to the fact that only the non-zero elements

Ygus can be stored during the computer based implementation of the schemes, by

~ adopting the suitable opumaj storage sch{:tms Whﬂe Y gus is thus highly sparse, it’s
_ inverse, Zpys, the bus impedance matnx is not 0. It is a FULL matrix, unless the

'opumal bus ordering schemes are followed before proceedmg for load flow analysis. ———— —

THE LOAD FLOW PROBLEM

Here, the analysis is restricted to a balanced three-phase power system, so that the
analysis can be carried out on a single phase basis. The per unit quantities are used for
all quantities. The first step in the analysis is the formulation of suitable equations for
the power flows in the system. The power system is a large interconnected system,
where various buses are connected by transmission lines. At any bus, complex power
is injected into the bus by the generators and complex power is drawn by the Joads. of
course at any bus, either one of them may not be present. The power is transported
from one bus to other via the transmission lines. At any bus i, the complex power Si
(injected), shown in figure 1, is defined as
Si=Sci—Sm @

PHQ  PeitiQei

1

PDE"IQDl o

\

o> o

_Fig1l power flows atabusd

where S; = net complex power injected into bus i, Sgi = compl-ex- -paw_ér injected by
the generator at bus #, and Sp; = complex power drawn by the load at bus i. According

to conservation of complex power, at any bus i, the complex power injected into the




bus must be equal to the sum of complex power flows out of the bus via the
transmission lines. Hence,
Si=YS; Va1, 0, reiinh n 3)

_ where S;jis the sum over all lines connecled to the bus and # is the number of buses in

- the system (excludmg the ground) The 'ous current mjected at the bus-i is definedas

where Ig; is the current mjected by the generator at the bus and Ip; is the current drawn
by the load (demand) at that bus. In the bus frame of reference

Tgus = Yeus Veus &)
where it :
Il
I,
Igus=1{ - is the vector of currents injected at the buses,
I

Ygus is the bus admittance matrix, and
"
'Vz ,

Veus=| - is the vector of complex bus voltages.
v,

* Equation (5) can be considered as™ ~
L= ZYJ’; Yi=1, 2 sonspeseail (6)
i=1

The complex power S; is given by

Si=V; I;

- 7 j : ’ e ——— 77 S e (i}:p’;) Srrmeerr S e Sl e

-~ i=1 T ey 3 1y 1
Let vV, QIV“‘L 5. = |V.|(cos 8, + jsin 8,)
8, =089,

= e e e




~ Separating real and imaginary parts in. (8) we obiain, .

- Equations (9)-(10) and (13)-(14) are the ‘power flow equations’ or the “load flow

Y; =Gy +JjB;

Hence from (7), we get,
s S w7, (eos 8, + sin8,) (G, - 7 8,) ®
e L e 5

Pi= 5: !I/j] IVJI (Gij cosd; + B; siﬁéﬁ) : (9)7 J/
i=t

= ilViI | (G, sind; - B, cosd;) (10 /
j=1

An alternate form of P; and Q; can be obtained by representing Y also in polar form

as Yi= |t,| £8; {an
Again, we get from (7),
si= 28,3 [h] 20, ) 4-3 oz
j=1

The real part of (12) gives P;.

=[] _"z‘p;j] 7 cos(-8, + & -9,)

= i lel lVJi cos—(0; — 8, +5)) or
syt N J=i o o ) ) i Bl s
F}:i [p;[[r/j||1¢j|cos(sa,j ~5#8)  Yi=L 2, 13) /

=

Similarly, Q; is imaginary part of (12) and is given by

0. = ilya‘ ]VJl sin—(6;~ ;+5,) ol
j=1
o) =_z"j W7\ 5] sin@, - 8:+8)  Vi=L2Zioooon 149 /
i=1

_ equations’ in two alternative forms, corresponding to the n-bus systém, where each

bus-i is characterized by four variables, P;, Q. [Vil, and &. Thus a total of 4n

variables are involved in these equations. The load flow equations can be solved for




any 2n unknowns, if the other 2n variables are specified. This establishes the need for
classification of buses of the system for load flow analysis into: PV bus, FQ bus, etc.

DATA FOR LOAD FLOW

- -—Irrespectrve of the mcthod used for the solution, the data rcquu'ed is common for -any

load flow. All data is norma!iy in pu The bus admittance matrix is formulated from
these data. The various data required are as under:

Svystem data: It inclﬁdes: number of buses-», number of PV buses, number of
loads, number of transmission lines, pumber of transformers, number of shuni
¢lements, the slack bus number, voltage magnitude of slack bus (angle is generally
taken as 0%, tolerance limit, base MVA, and maximum permissible mumber of
iterations.

Generator bus data: For every PV bus i, the data required includes the bus

number, active power generation Pg;, the specified voltage magmtudel -’Pl minimum
reactive power limit Qi mi, and maximum reactive power limit Qjmax-

Load data: For all loads the data required includes the the bus number, active
power demand Pp;, and the reactive power demand Qpj.-

‘Transmission line data: For every transmission line connected between buses

i and k the data includes the starting bus number i, ending bus number k,.resistance of

the line, reactance of the line and the half line charging admittance. — . WO ol b

Transformer data:

TFor every transformer connected between buses i and k the data to be given includes:
the starting bus number /, ending bus pumber k, resistance of the transformer,
reactance of the transformer, and the off nominal turns-ratio a.

Shunt element data: The data needed for the shunt element includes the bus

number where element is connected, and the shunt admittance (Gsh +j Ban)-

GAUSS — SEIDEL (GS) METHOD

The GS method is an iterative algorithm for solving non linear algebraic equations. -~ — — —

An inital solution vector is assumed, chosen from past experiences, statistical data or

from practical considerations. At every subsequent iteration, the solution is updated




till convergence is reached. The GS methed applied to power flow problem is as

discussed below.

ot . c
Case (a): Systems with PQ buses only: ( p{,"_ ,Cg {,‘,) g \-\] \ ¥ %

" Initially assume all buses to be PQ type buses, except the slack bus. This means that

~= " (n-1) complex bus voltages have to be determined. For ease of programming, the
slack bus is generally numbered as bus-1. PV buses are numbered in sequence and PQ
buses are ordered next in sequence. This makes programming easier, compared o
random ordering of buses. Consider the expression for the complex power at bus-i,

given from (7), as:

s;=vi(§f ¥, V,.]
F=1

This can be written as

5=V (ZI;— V,—] as)
i=1
Since S, =P;—jQ;, we get,
-P'_jQi_ -
i i=1
So that,
B-jo_Y, ¥V, + il 9 as
V. i=1
y Jei
Rearranging the terms, we get, .
1 |r-jo, ¥ _ /
v.—Y_ —Vw,—-—ZY”Vj VA2 3 n an
if i ji=1

j=i

Equation (17) is an implicit equation since the unknown variable, appears on both

-~ — —— — — — — — —sides of the equation. Hence, it needs to be-solved by an iterative technique. Starting
____ from an initial estimate of all bus voltages, in the RHS of (17) the most recent values
of the bus voltages is substituted. One iteration of the method involves computation of

all the bus voltages. In Gauss—Seidel method, the value of the updated voltages are

used in the computation of subsequent voltages in the same iteration, thus speeding up




convergence. Iterations are carried out till the magnitudes of all bus voltages do not

change by more than the tolerance value. Thus the algorithm for GS method is as

under:

o i-_ﬁéﬁéierdata-fc;rthe gwen systemas;eqmred e S

é}gorithm for GS method

2.

3.

. Compute all line flows.”

Formulate the bus admittance matrix Ypus. This is generally done by the e
rule of inspection.

Assume initial voltages for all buses, 2,3,...n. In practical power systems,

the magnitude of the bus voltages is close to 1.0 p.u. Hence, the complcx/
m taken o be 10.20°

This is normally refered as the fIat start solution.

——
Update the voltages. In any (k+1)" iteration, from (17) the voltages are
given by

ot i1 n
pon = LIEZJG Sy v - S 79| viesn 08 o
Ly =

Here note that when computation is carried out for bus-i, updated values
are already available for buses 2.3....(G-1) in the current (k+I1)" iteration.
Hence these values are used. For buses'(iH ).....n, values from previous,

K iterationareused. b gt

Continue iterations till

=l — v <e vi=23,.n an <

l A I/i(k-i-I)

Where, £ is the tolerance value. Generally it is customary to use a value of
B e e e e it

0.0001 pu.
Compute slack bus power after voltages have converged using (15)

[assuming bus 1 is slack bus].

5 =P - iQ _=_K‘[ZYU-V,—} el

'

(209)

8. The complex power loss in the line is given bv Sy + Sw. The total loss in

the system is calculated by summing the loss over all the lines.

10




Case (b): Systems with PV buses also present: '
At PV buses, the magnitude of voltage and not the reactive power is specified. Hence
it is needed to first make an estimate of Q; to be used in (18). From (15) we have

T T Q=—Im {V e V,} S i Y e s ey

* Where Jot stands for the imaginary part. Atany (k-+1)" iteration, at the PV bus-i,

i-1 n
g =T {(V.-"")‘ SLVE @Ry XL V,-‘*’} @y
J=1 J=i

The steps for i PV bus are as follows:
1. Compute O using (21)
2. Calculate V; using (18) with Q; = Q1*”
3. Since [¥]| is specified at the PV bus, the magnitude of V; obtained in sicp 2
has to be modified and set to the specified value ]V,.. srl . Therefore,
A A P2 @2)

The voltage computation for PQ buses does not change.

Case (¢): Systems with PV buses with reactive power generation Jimits specified:

In the previous algorithm if the Q limit at the voltage controlled bus is violated during -

any iteration, i.e Q;("”ﬁ computed using (21) is either less than Q; mia OF greater than '

Qi max, it means that the voltage cannot be maintained at the specified value due to

lack of reactive power support. This bus is then treated as a PQ bus in the (k+] i '

iteration and the voltage is calculated with the value of Q; set as follows:
If Qi < Qimin HQi> Qimax
Then Qi = Qi min. Then Q; = Qimaz.

, . 2 09)
If in the subsequent iteration, if Q; falls within the limits, then the bus can be switched
~ back to PV status. - e e e =

Acceleration of convergence

It is found that in GS method of load flow, the number of iterations increase with

increase in the size of the system. The number of iterations required can be reduced if

11




the correction in voltage at each bus is accelerated, by multiplying with a consiant @,
called the acceleration factor. In the (k+1) iteration we can let

V& (accelerate d) = V0 + a (74 - 7,0) 24

~ where @ is a real number. When @ =1, the value of ¥;**" is the computed value. If

-~ 1< < 2; then the value computed is extrapclated Generaliy o.-is taken between 1.2

to 1.6, for GS load flow procedure. At PQ buses (pure load buses) if the vnltage % R

magnitude violates the limit, it simply means that the specified reactive power

demand cannot be supplied, with the voltage maintained within acceptable Hmits.

Examples on GS load flow analysis:

Example-1: Obtain the voltage at bus 2 for the simple system shown in Fig 2, using
the Gauss—Seidel method, if V=124 o’ pu.

_LS—11€'!

}(o 2.9

02“0'5"']1

Fig : System of Example 1

Solufion:

Here the capacitor at bus 2, injects a reactive power of 1.0 pu. The cormplex power -

injection at bus 2 is

S;=jl.0—(0.5+]j 1.0)=—0.5 pu. B B e 2 ——J 2.

X120 d° s
2 j2
YBUS"[ ) ]
j2 -jz

Y, (X4
Since V is specified it is a constant through all the iterations. Let the inifial voliage at

bus2, 72 =1+j0.0=120"pu.

12
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7 =—l'"[1.40 (2% 140")]

=
=1.0-j0.25=1.030776 £— 14.036°

Sy 0 = 10307,76A4036" Il

= 094118 —j 0.23529 =0 070145 £/ —14.036°

it sk [ =L —(ijuo“)}

—j2 | 0.970145/14.036°
— 0.9375—j0.249999 =0.970261 £-14.931°

L[ -0.5
Ve | —{j2x1£0°
? 7 j2]0.970261£14.931° Y )]

=(0.933612 —j 0.248963 = 0.966237 Af14.931°

LT —0.5
e | —— =2 x120°
? "~ j2|0.966237.214.931° Y )}

=0.933335-j 0.25 =0.966237 £-14.995°

Since the difference in the voltage magnitudes is less than 10 pu, the iterations can
be stopped. To compute line flow

V-V 140 - 0.966237 £ —14.995°
. e L

S .

=0.517472 £ -14.931°
S, =Vl = 1£0°x0.517472 £ 14931°
=0.5+0.133329 pu '

Vv, -V,  0966237£-14.995" ~1£0°
¥y jo.5

I =

=0.517472 £-194.93°
Szl“‘VI -_~05+]00p11

The totai loss in the lme is glven by

Si2 + Szi =j0. 133329 pu
Obviously, it is observed that there is no real power loss, since the line has no

resistance.
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-« Example-2:

For the power system shown in fig. below, wiih the data as given in tables below,

Power System of Example 2

Line data of example 2
R | X |
2

SB | EB @ | @

0.10 | 0.40
0.15 | 0.60
0.05]020} -
0051026 -
010040 -
0051020 -

| B | DD | pt | et [ et
Wb N

Bus data of example 2

Po | Qo | Po | Qo | Vel
BusNo- | oy | o) | o) | ) | Gou) |
1 - - - - 1.02{0°} —F
2 - - 10.60]0.30 - - |-
3 1.0 - - - 1.04 ) - |—=
4 - - | 0.40]0.10 - -
5 - - 10.60{020 - - |—

Solution: In this example, we have,

« Bus1 is slack bus, Bus 2, 4, 5°2re PQ buses, and Bus 3 is PV bus

e The lines do not have half line charging admittances

P>+ jQ2 =P +jQc2 —(Pp2 +jQp2) =— 0.6 - j0.3

obtain the bus voltages at the end of first iteration, by applying GS method.

14




P5+jQs =Pg3 + Qa3 — (Pp3 +jQo3) = 1.0+ Qa3
Similarly Py + jQs =—0.4—30.1, Ps+jQs=—0.6—j0.2
The Yy formed by the rule of inspection is given by:

,,,,,, oo -1 215685 |.-058823 | 004500 | -039215 | -1.17647 |
-i8.62744 | +j2.35294 +j1.56862 | +i4.70588
| 058823 | -2.35293 | -1.17647 | -0.58823 | 0.0400 {

+{2.35294 | 5j9.41176 | +j4.70588 | +j2.35294 |
0.0+0.0 | -1.17647 | 2.35294 | 0.0+j0.0 | -1.17647

Yo = +i4.70588 | §9.41176 +{4.70588
039215 | -0.58823 | 0.040.0 | 0.98038 | 0.0+j0.0
+{1.56862 | +{2.35294 4i3.92156
C1.17647 | 0.0j0.0 | -L.17647 | 0.0+4j0.0 | 2.35294
+]4.70588 +j4.70588 .j0.41176

The voltages at all PQ buses are assumed to be equal to 1+0.0 pu. The slack bus
voltage is taken to be ¥’ =1.02+j0.0 in all iferations. ]

v =Yi[-P’—,E:’-Q—"-Isl V-V V- B Pl =T V}
2 2

_ 1 [Z06+703 1 458803 + 2.35298) x 1.02.00°)
Y, | 1.0-70.0

—{-1.17647 + j4.70588) x 1.04.20° | - {(-0.58823 +j2.35294) x 1.0.£0° 1
= 0.98140 £ -3.0665° = 0.97999 —j0.0525

Bus 3 is a PV bus. Hence, we must first calculate Q. This can be done as under:
L= IV3| i (G, 5ind,, — By, cos &)+ lel (G, 5indy, — By, cosdy,)
+ " (G sinds, — By o8y ) +P5| ] (Gaa sindsq — By cos 5s)
+ !V3[ IVs‘ (Gss sind,5 — Bjscos 535)
We note that 8; = 0% 8,=-3.0665% 83=0% 8 =0° and &= 0°
5 B3 =053 =0u=083=0"(Buw=8-8); On= 3.0665°
Q; = 1.04 [1.02 (0.0+j0.0) + 09814 {-1.17647 = sin(3. 0665°) —4.70588

Xcos(3 0665%)}+1.04{-9.41176 xc0s(0°)}+1.0 {0.0 +j0.0}+1.0{-4. 70538xcos(0°)}]
' =1.04 [*4 6735 +9.78823 —470588] = 0.42520d4pu.

Vz‘ :'V_‘[ jQ} —¥5 V -7, Vz - ¥, V4 Y Vso]

15




1 HO St D {-1.7647 + j4.70588) x (0.98140.2 —3.0665°)}
Y, | 1.04- ;00

{11767 + j470588)x (1.£0")]]
o — 1.05569 £3.077°= 1.0541 +j0.05666 pu-— ~ — ——— — ~ ERRER e S~

__Since it is a PV bus, the voltage magnitude is adjusted to specified valueand ¥y’ is

computed as: ¥} =1.04.£3.077°pu

1P - 3
V:=——[—f—.,{‘~’-“——m et V]
Y.l ¥

_ L =04+ 701 f 530915+ 1.56862)x 1.02.20°)
Y, | 1.0-j0.0

—{(-0.58823 + j2.35294) x(0.981402~3.0665")} ]

_ 045293 - j3.8366 _, 955715 £ _7.303° pu= 0.94796-}0.12149
0.98038 — j3.92156 :

1|PB—-jo o
Vsl""}”‘[ sVaJ_' 5‘_1’511"1 —Ysz’/z]“l';sll;_yﬂV;]
55 5

o 1 [Z06+702 ) 17647 + j4.70588)x1.02£0°)
Y, | 1.0-j0.0
117647 + j4.70588)x1.04.£3.077°}]
= 0994618 /—1.56° = 0.994249 —j0.027

Thus at end of 1% iteration, we have,

V;=1.0220°pu V,=098140 ~-3.066" pu
V3=1.042£3.077" pu V4 =0.955715 £ -7.303° pu
and Vs=0.994618 £ -1.56" pu

Example-3:
Obtain the load flow solution at the end of first iteration of the system with data as
~ given below. The solution is to be obiained for the following cases . e —
(i)  All buses except bus I are PO Buses
(ii)  Bus 2 is a PV bus whose voltage magnitude is specified as 1.04 pu

(iii) Bus 2 is PV bus, with voltage magnitude specified as 1.04 and 0.255(<1.0
piL

16




Fig. System for Example 3

Table: Line data of example 3

R X
SB 1 EB | ou | u
1 2 0.05 0.15
1 3 0.10 0.30
) 3 0.15 0.45
2 4 0.10 | 0.30
3 4 0.05 0.15

Table: Bus data of example 3

B Qi Vi
Bus No. (o (o)
1 = o 1.0420°
2 05 | —02 o
3 -101] 03 =
4 —03 ]| -01 =

Solution: Note that the data is directly in terms of injected powers at the buses. The

bus admittance matrix is formed by inspection as under:

3.0-9.0 | 20+j6.0 | —1.0+j3.0 0
Yor = | 720460 3666 —j11.0 | —0.666 +j2.0 | 1.0 +j3.0
BUS ™ 710 +3.0 | —0.666 +i2.0 | 3.666—3j11.0 | 2.0 +j6.0
0 1.0+j3.0 | —2.0+j6.0 | 3.0-j9.0

‘Case(i): All buses e;Lcépt bus 1 are PQ Buses -
Assume all initial voltages to be 1.0 £ 0° pu.

I I _JTQ o
v :Y;{J_V?,;_ym Ve oY ¥y =Y, V;’]

17




gl [M_{(_z.m j6.0)x(1.0420°)}

Y, | 1.0— j0.0
—{0.666 + 20)x L0207 )} {-1.0+73.0) «(1.020°)]
1713 L 1 ot s R : i
Iq:é[ﬂ;;{gi_:zl_ﬂ;:y_uyzr— );3.4_1140_] 7 S e e

1 [-10-j05 ;
= 122000 f )0+ j3.0)x(1.04200°
Y, [ 1.0 - j0.0 ane El=0 )

{0666 + j2.0)x (1.02014.£2.605°)} - {(-2.0 + j6.0)x (L.0.20°)f

= 1.03108 £—4.831°

V: =_1__[;P4__GL'QL__Y4! A V;—Yu V;]
Y, [

_ 1 |03+)01 & 494
Iy = [1_0 o0 {( 1.0+ JS.O)X(1.02014.£2.605 )}
~{F2.0+ j6.0)x(1.03108£ ~4.8317)}]

=1.02467 £—0.51°

Hence
v =104 £0°pu ¥} =1.02014 £2.605° pu

V! =1.03108 £-4831°pu ¥} =1.02467£-0.51° pu

Case(ii): Bus 2 is a PV bus whose voltage magnitude is specified as 1.04 pu

We first compute Q.
Qz= IVZI“V!I (Gaysindy — By cosd,, ) + [Pa (Gsind,, - By c05d5,)

+[V3] (G, 8in8y5 — By cos 8,y ) + V] (G sindyy — Bag cosds,)]

— 1,04 [1.04 {~6.0} + 1.04 {11.0}+1.0{~ 2.0} + 1.0 {-3.0}= 0208 pu.

e P A DL 1 e e o, e s e _
VZI=};[—1-0—4{5——{(—2-0+16.0)X(1.04£0 )} i e A I A e £ S R i S

{066 + 720)x 0207 )}~ {-1.0+3.0) x(1.020°)]

=1.051288 +j0.033883
The voltage magnitude is adjusted to 1.04. Hence V)=104.£1846°
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— {10+ j3.0)x 1.0420.07)}

- [um— j0.5
3

|
i 0.666 + 2.0)x (1.04.1.846 ) {20 + 76.0)x 020°}]
T =1.035587 £—4.951° pu.

‘¢ 7, [10-j00
{20+ 76.0)x(1.0355872-4.951°)}]
=0.9985.~/—-0.178°
Hence at end of 1% iteration we have:
7! =1.04 £0°pu 7! =1.04 £1.846° pu
¥} =1.035587 £-4.951°pu V! =0.9985 £ -0.178° pu
Case (iii):Bus 2 is PV bus, with voltage magnitude specified as 1.04 & 0.25<Q»<1 pu.
I£ 0.25 < Q; < 1.0 pu then the computed value of Q, = 0.208 is less than the lower
limit. Hence, Qs is set equal to 0.25 pu. Iterations are carried out with this value of Q2.
The voltage magnitude at bus 2 can no longer be maintained at 1.04. Hence, there is

no necessity to adjust for the voltage magnitude. Proceeding as before we obtain at

the end of first iteration,
7! =104 £0°pu V) =1.05645 .~ 1.849" pu
Vv, =1.038546 Z£-4.933"pu V! =1.081446 £ 4.896° pu

Limitations of GS load flow analysis:

GS method is very useful for very small systems. Tt is easily adoptable, it can be
peneralized and it is very efficient for systems having less number of buses.
However, GS LFA fails to converge in systems with one or more of the features as
under:

+  Systems having large number of radial lines

- Systems with short and long lines terminating on the same bus

«  Systems having negative values of transfer admittances

» Systems with heavily loaded lines, etc.

GS method successfully converges in the absence of the above problems. However,
convergence also depends on various other set of factors such as: selection of slack
bus, initial solution, acceleration factor, tplerance limit, level of accuracy of results
needed, type and quality of computer/ software used, etc.
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