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Example 1

A three-phase, wye-connected system is rated at S0MVA and 120KV, Expres

phase apparent power as a per unit value referred to:
a) The three-phase system as MVA as base, and
b) The per-phase system MVA as base.
Solution

a) For the three-phase system MVA as base,

S ¢ =O0MVA V B(iney = 120KV
S :
Spu 3¢ = —doal ﬂ = O.SPH
Spag 50
b) For the per phase base
KS . /]
Sprg =220 =2 _ 1667074

o )

VB(ime) _ 120k

- = 069.28kV
T/’B (phase) — \Ilg \/g
g = 2 e - - 0.8 pu
Pl 3016.67
Example 2

Find the per unit value for X,

El

ations

| 3¢

LT ‘ ectrical Engineering Department
Tutorials #f 1: Per Uljll Calcul Summer Semester 2018-2019

s 40MVA of three-

X7, and X if the base values are 11kV and 60MVA.

|

O3+t

ection of the network.

Solution
Step 1: Draw the s

' ST

| T ememe
————————— ~¢~7 \
——————————— \ \
-------- ST X=200 | 3 —:
60 MVA ¢ i | I 3 )
1KY | @——%}: o o
X6=0-3 | S S e e S 30 MVA
Bl o Bt 60 MVA 132/33KV
12/132k Yr=10%
Xr1=10%

2: Find the base value 0

Step
SB = GOAH/A
VBl = 11]\'V
Vy Ly = By =12167
Vg = —T/—'—X B 12
1
4 33 121kV =3025k1

= —X

————"—XI/ A

Vs = V ¢ 132
2

f the voltage for each section.

\



Step 3: Find the Per unit values o
Transformer T1and T2
—=—=ormer T1 and T2

their rated values, their p.u reactance o, "
Since both transformer voltage base are the same as
60MVA are:

N 2
old \* Y e
Zyer =790 | Vs ] X{S; j
u pu

Ty unew vold
Ve s

f each component

' i ide of T1
X =0.1x 12 X a0 =0.12pu :: Looking at the LV side
B 11) 60

132 )2 e of T2
Ko =0T (132 ) x(@j = 0.24 pu :: Looking at the HV side ot
Fy AR —— -

OR 30

i The per unit value for the transformer i‘mpedancels,tvhg same whet‘hgr rt IS seenl

| HV or LV side of the transformer- one of the adVént:age’Aof per unit system.._=)v-
: o ) : ciinetre b i e e o
\

- - - -
- e e - -

-—— - ——

- -

Line Impedance

Sj the impedance given in actual value, we have to find the b
ince

(Ve) _(21K] _ o 4ae)
Xr(bm‘e’) = S * 60M

B

Line Im edance

the impedance given in actual value, we have to fing the base value for
Since

ase value for the impedance.

the impedance.
(V) _O28)] 51000
XT(bnse) = SB * 60M
Xf(ncnm/) = _20_ = 0082}7”
XT(P”) - XT(_bﬂsL') 244_ ————————————————————————
e Note that the line impedance has only the resistive Valu_e.- ----------- >

]
l j is ; )
: Therefore the complex power conjugate valye Is the same since ¢ jg equal to o ',
e e . y
NSNS

- . o

-
—— s ok
- e e 't



Example 3
The i
Ne-line djaq.
MVA ang 2 28°8m of thyog
Plhse ; pas
lncludinq thez l(:‘ \g . he gen'er(atorpog,\;vdOr SYStem 15 shovin below, Setect a C?j{‘&?o;\ i
‘ ad impedance Marked {n pe |‘|a ¥/ an impedance diagram Y
2I=-unit,
50 My
A0 MV A
221220 kv 220111 ¥V
X=10% % = 6.0%
T
1 1

2 T2 4
Line 1 %!,',,
220 kV

90 MVA T
22 kV 3 3
T ( Line 2
C 110 kV
X =64.430Q 40 MVA
2‘;(/)1“1"(\)/ Qv 410/ 105;/
X =6.4% X =8.0%
Solution

Step 1: Draw the zone in the circuit diagram

—————————— ——————

i
{5 edance

|Load
T e
06 pfla
10.45 WY

o



- T

Step 3: Fing the per ynit value

Generator and Transformer

Since generator

& transformer voltage base are the same ag their rateq values, thejr p
F€actance on 3 109 Mva

I/o/d 2 'SHmr
chu' B, Zold B B
pu bu [/ new ?OM
B B

' new
ne )d LS‘B
Z Hew — Z ol ]
Pu

pu 9 old
|~ B

100
Z:7~0.18

‘% = 0.21)1/ |
) 100
100 Zot = 0.064(~j =0.16py
22" =010 — |=0.2pu 40
& . 100
& new _ OOS(_) = 0_2})1/
233 =006 =2 |=0.15pn 25 10
Motor
2 = 66.5MV4
S — 100MVA Sy =6 _
e Ve —10.45k7
|| 157 B
B
7z o.ldtor =0.18 -
nao I/;]a' ) ‘—‘-%
ol
Znew — Z:,]j-or X V};’mr SB
niotor .
2 S il
1045) _1_9(1) =0.25pt
:0.18><(T 60.5,
e Line 2
g
Line Impedance "
Line 1 S, =1001\ﬂf-4‘ \110’\')1 _pio
I = 220]\'1" ) Q/,B_Q_— =W
S‘:— = lOOf\ﬂ':‘l . Zarmc?‘ SZB | 6/5-&;0-54})“
g Uv )2 (220]\-)- = 4849 —;/a;fﬂhl,: 121
Z = —’3-2_— = W Zh',w'l(}’") ZBImtz
Blinel — SB =
48.4
Z

— u
actual m = 0 1P
Z]mtl(P“) - ZB[mcl




Load

S35 =STMVA V, =1045kV pf = 0.6/agging

0 =cos"0.6=53.13°
S3¢1ona =57/53.13°MVA4

v (10.45k)

siiond © STMZ53.13°

;W) (k)
load (base) SB 1007 .

Z load (act) — S

Z

_ Zioaaqeery _ 11495+ j1.5327Q

A

=1.1495 + j1.53270Q

load (pu) ~
Zload (base) 1 2 ].Q

Step 4: Draw the per unit impedance diagram.

Xr1=j0.2p.u Z1=0.10p.u Xr2=]0.15p.u

Xe=0.2p.u

r—-’Um—‘—

Q)

Xr3=]0.16pu  7,,=j0.54p.u X14=j0.20p.u

Zioas= 0.95+1.267

=0.95+ j1.267 pu

Example 4

Zmotor=10.25p-1

Using base values of 30kVA and 240V in the generator side, draw the per unit circuit, and
determine the per unit impedances and the per unit source voltage. Then calculate the load
Transformer winding resistance and shunt admittance

current both in per unit and in amperes.
branches are neglected.

Xm2=0.1pu

T
T2
; Xiine=2Q
30 kVA G 3f | line \ B!
Ve=220L 0%V Exd | / 3 EL JI
30 kVA

240/480V 20 kVA
XT1=0.1pu 460/115V

—P>
Z,:4=0.9+j0.2Q

(\’0{6 \C

- G



Solution

Step 1: Draw the zone in the network.

—
- S g b
————

Step 2: Draw the per unit circuit

— 01

> :%

Step 3: Find the base values

S5 for the entire network is 30kVA- Findthe hase voltages and impedances of each zone.

r 2
ZB — LB_
S
240°
. 4807
Vg, = _I_-_;_ Vg = -@ x 240 =480V ZBz = _-.T = 7.68CQ2
T 240 30k
115 120°
s =120V Z, =——=048Q
Vs 160 x 480 =1207 B =30k
Find base current in zone 3 [!:to calculate the load current later]
S 30k
I, =—2=—=2504
Vy; 120

Step 4: Find the per unit values

sV _2:0L0°
Ty = -—
Ve 240

=09167£0°pu

ruow _ yroid _
X =X7" =0.1pu

Xy = 2228 = —2— = 02604
line( pu) 232 = 7 68 =uU.s pu

30 -
% [ 7—0} —0.1378pu  :: calculation using base value .




2
,o.'d nen
rnm rOsd J B X SB {m
- =Xp; X : 1
A T2 V new S ()
B B

=0.1x [115} [30] 0.1378pu  :: calculation using voltage ratio
120 20

Zload 0.9+ jO.2
ZB3 048
Step 5: Find the load current

Zk\sd{pﬂ) =

=1.875+ j0.4167 pu

- = 0_43954—26.01"1)11
fhm,(pﬂ) _ ]:(Pu) — s(pu) .
Z, reral{ pu) ]'10‘7‘1 = 'I""‘m’ {pu) < IE 3
p:(ph) =0.4395/-26.01°% 25
= j'(‘lrrl +‘1 +Ar )) Z‘aad(p_‘ = 109-94 - 26-0103‘1
0.9167.70°
T (010260270, 1378) + (1.875 =

+ j0.4167)
0.9167./0°

-
2.086£26.01°
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A power syste i
system network is shown be The generators ¢
B ik ' | clow, The penerators at buses I and 2 are represented by their
- i sources with their reactances in per unit on a 100-MVA base. The lines are b
'*Cs\ . Al MY ‘I‘. MM VAT ‘ ' e |
On| ’ l(L)I(\)ll[_\( ;y VA '“”‘}Fl Where series reactances and shunt reactances are also cxpressed in per unit
.1/\ /?\ A base. The loads at buses 3 and 4 are expressed in MW and Mvar
a. Ass { age magnitude of - uni , '
! \m;nng 1 \'(jll.\g(. magnitude of 1.0 per unit at buses 3 and 4, convert the loads to per unit
impedancees. Convert network impedances to admittances and obtain the bus admittance matrix
by inspection, . o
’. o " ~ - . — # . . . re o A/
b. Use th_u 1lll'l(.ll(?l‘| Y ylhus(zdam) to obtain the bus admittance matrix. The function argument
zdata is a matrix containing the line bus numbers, resistance and reactance. .
5 1 2
\ .
SOLUTION: e o
j0.25 \
535 |

The load impedance in per unit is found from

7, —Jj4 M —=—j4
7= 'VI;L'Q a0 Zp— M a 7-— I";:uIQ gl = N0 £
S, Sh Iha .
Zy = (1.0)° = 0.9412 4 j0.235:
8= 1_-7—0-25 = 0. + 70.2353 pu j0.2
D) . .
Z4 = “L_)r = 0.4706 + j0.11765 pu ‘J“::L ST S
2=gdia 100 MW 4525 Mvar 200 MW +50 Mvar

Converting all impedances to admittances results in the admittance diagram shown below
{ |

The self admittances are 1 Y
1 —— - —*]-

Yy = —j4 + j0.25 — j4 — j10 — j2.5 = —520.25 ‘ O \ _m \_C/
ety —opp—i

1
Yoo = —j5 + j0.25 — j4 — 6.25 = —j15
Yag = (1 — j0.25) + 50.25 — j10 — j5 =1 — j15
Y1 = (2 — j0.5) + j0.25 — j2.5 — j6.25 — j5 =2 — jl4 '

Therefore, the bus admittance matrix is

—3520.25  j4 410 j2.5 . )
Tus = 410 0 1—-3715 jb I—j0.25 pu 2 — j0.50 pu
- i6.25 5 2—jl4
j2.5  j6.25  j5 2—3 ' ' . ,
From the impedance diagram the following data is constructed for use with the function Y=ybus(Z)
The result is
z=0 1 O 0.25
0 i 0 -4.0
0 2 0 O-g
0 2 0 -4. Y = . . )
o 3 0 -4.0 0 -20.251 0 + 4.001 0 +10.001 %:%2%11
0o 3 0.9412 0.2353 0 + 4.00i 0 -15.001 0 . - 5'00'1
¢ 4 4 4.9 +10.00i 0 { -15.00i e
0 4  0.4706 8.;276 g e e 0+ 6.251 5 + £.00i 5 -14.001
i 2 0 .
1 3 0 0.10
1 4 0 0.40
2 4 0 0.16
3 4 0 0.20]1;

Y=ybus(z)



>roblem #2 . g3 .
Problem # 2 arc impedances in per unit oy,
a baSQ

em network is shown below. The values marked
(ering buscs 1 and 2 arc
Iy = 0.69 — 71.36 pu

on.

A power syst
of 100 MVA. The currents ¢n

Iy = 1,38 =~ §2.72 pu : ‘
Determine the bus admittance matrix Ypus by inspecti

 Use the function Y = ybus(zdata) to obtain the !Jus .
admittance matrix. The function argument zdata is a 0
matrix containing the line bus numbers, resistance I

Write the necessary MATLAB

and reactance.
commands to obtain the bus voltages.

SOLUTION:

Converting all impedances to admittances results
in the admittance diagram shown below.

The self admittances are

Yir = —j2 + (10 — 520) + (10— j30) = 20 — 552
Vo3 = —j1 + (10 = j20) + (16 — j32) = 26 — j53
Ya3 = (2 - j1) + (10— 730) + (16 — 532) = 28 — §63

Therefore, the bus admittance matrix is

, [ 20-3752  —10+ 520 —10+ 530
}buszzl —10+520 26— 753 —164 ;39
—10+530 ~16+ 532 28— 463

Todobtain the bus admittance matrix using Y = ybus(Z)
and the bus voltages, we use the following commands ,

z=00 1 9. 0.5
g g 8.2 1.0 Y=ybus(z)
1 5 0‘ 0.2 I=[i.38—j*2 79- «
{3 oo o =T\1; T 9B9i.gg; g,
2 3 0.01c 0:025] ; Vm=abS(V)

Phase = 180/pi*angle 4p)

26.0000-53 e ~10.0000+3 ;
1 -16.09 53.0004 ~16.00p o- 0001
- 00+32. 0905 00+32. 0005

1.0293 28.0000-¢ :
1.0217 1.459¢6 - 0001
1.0001 0.9905

== =0.0150



Problem #3

Calculate the bus admittance matrix Yy i

shown below.,
T L T

I [ i
_frm—dw,——rv‘f‘ﬁ—*lh————-f"“rfr—‘/k——'
J0233 00465 o122 (0244 L0 60845

\d the bus impedance matrix Zaos for the power system

SOLUTION:

The voltage sources can be ; y
converted to current sources, and 00349 ’ e Z v
the series impedances between a3 R .

C':\Ch bus can be replaced by a 0930 i P N
single admittance, resulting in the

system shown below. Note that 6, € i e X
we have labeled each bus with a :

number.

I

it are:

tances in this circu

The admit

== A 24%A7—

oY)



N

Vo= l =0.3537 — j0.9425 p
@ T 7. 00349+ j0.930
Y = ——1-——-‘—‘ : = 0.0064 — j0.2149 pu
Zys 0.140+ j4.65
L : —0.0201 — j0.5369 pu
T Z,, 00697+ j1.860
The bus admittance matrix Yias 15: )
—Ira'l"Yb'*'Yd —Ya _Yb
Y, = = Y +Y +71; -Y
| L -Y, Y,+Y. +7,

©1.0288— j4.3646 —0.3265+1.6355 —0.3430+ j1.786¢
Y, =|-03265+j1.6355 0.6952—j3.9590 —0.3486+ 71.786
| —0.3486+ j1.7866 —0.3486+ j1.7866  0.7036— j3.738]

The bus impedance matrix Z yys 1S:
=% ~
0.1532+ j0.6048 0.1068+ j0.4875 0.1181+ j0.5172
Z,,.=)|0.1068+ j0.4875 0.1251+ j0.7046 0.1045+ j0.5642
01181+ 705172 0.1045+ j0.5642 0.1479 + j0.7670




The power system below shows , one-line ¢;
generator G\ 1s supplying a Constant 13 g8 | |
pF lagging, and that |oad M; is
admittance matrix Yy, for this sys

MVA))

agram of 4 g

al Bug [ |
Consuming | e

tem. (Noge.

mple powey
oad M, g cor
A at 0,99 PF |
assume that (he System byse appare

Region | :

| Region 2 I

| I Region 3
[

[

G o . Tz 5 .
Y%HE\D\D \_;E\D . ¥
AX YA i

Ly impedance:

R=5q

G| ratings: T') ratings: =R
30 MVA a5 }\-IVA . 7 mling“ /”2 fu”ﬂg.\: M, ratings:
13.8 KV 132115 kv 30 MVA 20 MVA 10MVA
R=0.1pu R.;—O()] 120/12.5 kv 12,5 kv 125k
X<=10pn \,_O' pu R =10.01pu R=01pu  R=01pu

1y up X=0.10pu X=0.08pu Xg= 11 pu Xe=11p
SOLUTION:

The system base apparent POWer is spase = 30 MVA, and the system base voltages in each region are:
Vi =13.8kV

- L r
. (115 LV) - =(M_) (13.8 kV) =120 kv

base2 T 13.2 kV 132 kV
s (125 kV)V i =(12'5 kV)(120 kV) =125 KV
base3 120 V) B2 120kV

The base impedance of Region 2 is:

(Vi) (120,000 V' ss00

S3p, bace 30,000,000 VA -

The per unit resistancé and reactance of Gj are already on the proper base:
Z,=01+]1 0 pu

it resistance and reactance of T, are: .
The per unit resistance { Vg—m-\- , Sm\
per-unit Z_ = per-unit Zen l - J k 5., J
13.2 1{‘\")2 ( 30.000 kV A_) = 0.00784+ j0.0784 pu
13.8 kv/ 135000 kVA.

unit resistance and reactance of th !
Z_5+J08 0104 + jO0HTPY
ol s on the right base:

Z

baze2 —

z.,=(0.01 +j0-10)[_\

e fransmission line are:
The per

g , are already
- unit resis:mme and reactance of T»ar
e 70 =0.01+ j0.08 pu )
. eactance of My ar g

¢ racistance and T ) o
The per unit resistanc : [39_999.9}—) _0.15+j165P0

12.5 kv}- -
Z.,1=(0-1+-f1-1)(m7 30,000 KVA.

1suming 20 My A at 0,85
cading, Calculate (he bus



— T VML"/JJ 0'6)«/(
© T,

esistance and reactance of M) are:
12,5 kV)*( 30,000 kVA
Zyr = (0.1+ jl.l)(lz‘s I;V.) ( 10.000 kVAJ =0.304 3,30 -
esulting per-phase cquivalent circuit is;
Ty Line 7,

The per unit 1

The r

00784 000784 j0.0417 0.0104 0,08

0.1

If the impedances of the transmission line and the
are cc_mverted to their Norton equivalents, and al
resulting circuit is: |

0 T, Line T

T 2 @
T ﬁl — P P

¥, =0.6915 - j4.8090

t.ransformers are combined, all voltage sources
Impedances are converted to admittances, the

Y __=0.0990 - @ S i
- 0.0990 - 70.9901 Yoy, = 0.0546 - j0.6011 Hn=0.0273 - 03003

M, J‘] dp[ M,

For power flow studies, we ignore the self admittances of each node. There are only two busses in
this circuit, so the bus admittance matrix will appear as follows:

0.6915— j4.8999 —0.6915+ j4.8999
bes 1 _0.6915+ j4.8999  0.6915— j4.8999
The loads on this power system are:

P, =(20 MVA)(0.85)=17 MW = 0.567 pu
0., =(20 MVA)sin[ cos™(0.85) ]=10.5 MVAR = 0.350 pu

P, =(10 MVA)(0.9)=9 MW = 0.300 pu
03 = (10 MVA) sin[—cos ™ (0.9) ] = ~4.36 MYAR =—0.143 pu
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Problem # 1

A 69-kV, three-phase short transmission line is 16 km long. The line has a per phase series

impedance of 0.125 +j0.4375 Q per km. Determine:
a. the sending end voltage,
b. the voltage regulation,
¢. the sending end power, and
d. the transmission efficiency when the line delivers
1. 70 MVA, 0.8 lagging power factor at 64 kV.
ii. 120 MW, unity power factor at 64 kV.

Solution:

The line impedance is Z = (0:125 +0:4375)(16) =2 +j7 Q
The receiving end voltage per phase is

Vi =220 _ 550504200 kv

V3

() The complex power at the receiving end is

The current per phase is given by
Speag) = 70/cos™1 0.8 = T0/36.87° = 56 + j42 MVA
Sh(se) _ 70000/ — 36.87°
3V 3% 36.9504/0°
The sending end voltage is
Vs = VR + ZIp = 36.9504£0° + (2 + 57)(631.477£ — 36.87°)(10~3)
= 40.708£3.9137° kV
The sending end line-to-line voltage magnitude is
VeL-)l = V3 |Vs| = 70.508 kv
The sending end power is
= 3VgI% =3 x 40.708/3.9137 x 631.477/36.87° % 10~3
= 58.393 MW 4 550.374 Mvar
= 77.1185/40.7837° MVA

oltage regulation is
v ¢ 70.508 — 64

Ip = = 631.477/ — 36.87° A

Ss(3¢)

% 100 = 10.169%

Percent VI =

Transmission line efficiency is
56

Pray) _ 22 % 100 = 95.90%
1= Pgag 539 S
: lex power at the receiving end is
(b) The i(_)nl’lg().l()g = 120 + j0 MVA
,512(253 rent per phase is givpn by
The 120000£0° _ 1082.5320° A
3 % 36.9504£0°
Itage is . ' . i .
V: 3(505041()“ + (24 57)(1082.53£0°)(107%)
_ 30.8427/10.96397 KV
d ];c_t(;-lilue voltage magnitude is
gen 1

S;Z(.’M') =
In= "3V}

. d
nding i
T‘l;; SVR +Z1n

The sendin



WVstt-1)l = V3 |Vs| = 69.0096 kv
The sending end power is

Ss(ag) = 3Vt = 3 x 39.8427/10.9639 x 1082.53/0° % 10~2

= 127.031 MW + 724.609 Mvar

= 129.393/10.9639° MVA
Voltage regulation is

- 69.0006 — 64
Percent V R — 22-0096 — 64

X 100 = 7.8275%
64
Transmission line efficiency is
n— LREe) 120

N = X 100 = 94.485Y,
Psagy  127.031 7



%

A 23
0-
Kn] alld ’ three_p
Usin A ber p) "35¢ transmission Ii
& g the Nom; ase gy, mission line has a per phas{ ; |
b. the trangp; Al T mog ]|t Admittance of y =./'314X]0-) siemens PEr T
* the sepg: 1881on |i, ¢l, determine
C. the Vo]td"]g end VolteaABCD constants.
d. the Se age regu]atiolge and current,
€. the tr;:]dm_ end poW;;. and
1. 2005111135i0n efﬁcieln
i g MVA, 0384 ncy when the line delivers
- 306 M , unit gging power factor at 220 KV.
S Y power factor at 220 kV.
Solution:

The line §
impedance and shunt admittance are

Z = (0.05 + 50.45)(80) = 4 + 536 Q2

Y =(j -6
(j3.4 x 1075)(80) = j0.272 x 1072 siemens
The ABCD constants of the nominal 77 model are

_ zy (4 + j36)(j0.272 x 107°
A=(lk— )=(1+ I 5 )y — 0.0951 + 50.000544

B=Z=4+336
Z
c=Y(1+ —%) — §0.0002713

The receiving 2nd voltage per phase i

220/0°
Vp=—F7"= 127/0° kV
R 73

ower at the receiving end 15

(a) The complex P
53(34,) = 200[605"1 0.8 = 200[36.870 — 160 + j120 MVA
The current P phase 15 given by
0
S;?(Bqﬁ) _ 2000004 — 3657 _ ooy 861/ — 30657 A
In="3Vg = % 127L0°
The sending end voltage is
0544)(127£0°) + (4 + 736)

i0.00
vs = AT T (2a861 % 10-3/-36.87°) = 140.1051/5.704° KV
line—tO—liﬂe voltage magnitude 15

Vs = J/3|Vs| = 242.67 -

The sending end current 15
| /] pIpn= j0.0002713)( 1«
° ot (524-864L~36.8; )=5

127000£0°) + (0.9951 + j0.000544)
1 02.38/—33.60° A

Th sending end poWer s
e
oo = 3 X 1
goan = 2V gaamo MW E 4134.018 Mvar
~ 11.16/39.396° MVA

40.105125.704 x 502.38£33.60" x 10-3

. fz= 0:05%)
ganries 'mpedanﬁe The line i5 8

:0:45 €2 per
0 km long.

-



Voltage regulation is

242.6y .,
3 il ¥ 6
Percent V /¢ —. 0005T — 220

o= X 100 — 10,847y,

Transnussion line eﬁic:enc_y 18

‘L;(:}Gﬁ) J Gli. 1 ; .)‘ = . . 0)2! (7]
(b,) IT‘ > ' 1 a 1 er

at the recejvin gend is

SR(38) = 306£0° = 306 + 70 MvA
The current per phase is given by

S /e
R(3¢) 3060000 A B
Ip= 222 - FO0L0° 803.402/0
TV T3y 127/0° e
The sending end voltage is

Vs =AVr+ Bl = 0,905 +70.000544) (127 /¢

)+ (4 + 736)
| (803.402 x 108 Ay 132.807/12.6° v
The sending eng line-to-Jine voltage magmtude 15

“@'(L*L)I = \,@II”S’ = 230029 kV
The sending enq Current jg

Is =, 4 DIp = ( j0.0002713)(1270001’00

( 803.402/¢°
S

)+ (0.9951 =3

ek 70.000544)
- =799, 2.5°
The sending Power j 862/2.5° 5

Biorir
S3¢) = 3l S=3y 132.807,

12.6 799 862/ 2.5°
- ) —<.5% x 10-3
= 313.742 MW - Jb5.9 Mgy ’
Itage regulatwu 1S 318‘68510 = 4

% X 100 — 97.539%




Problem # 3

T \ ;
he ABCD const ctcrm‘ne

ants of g {hy ' e are
ofa three-phase, 345-kV (ransmission |ine ares

A= D = 0.98182+ :1'“.””‘24/17
B = 14.035 - _758.‘.)47
C = j0.00061137

The line delj
e d(,ll.vu‘s 400 MVA at 0.8 lagging power factor al 345 kV. D
e ending end quantities.
c. ﬂ\e voltage regulation, and
- the transmission efficiency.

The receiving end voltage per phase is

345/0°
Vi = \3/13_0 — 190.18620° kV

(a) The complex power at the receiving end 1s

Sh@ae) = 400£cos™! 0.8 = 400/36.8T" = 320 + j240 MVA

The current per phase is given by

Shiaey  400000L —3687° _ 560 309/ — 36877 A

Ip= =
3 % 199.186/0°

R = y
3Ve

The sending end voltage 1s e

Vg = AVg + BIp =0.98182 + 50.0012447)(199.18610") + (4.035 + j58.947)
(668.392 % 10-3/—36.87°) = 293.449/7.766° KV
The sending end line-to-line voltage magnitude is

WVsa—-ny| = V3 |Vg] = 387.025 KV

The sending end current 15

Ig = CVg+DIp= (j0.00061 137)(199.186£0°) + (0.98182 + §0.0012447)
(669.302/—36.87°) = 502.201/—27.3256° A

The sending end power 15

— 3% 223.449/7.766 X 592.201/27.3256° x 107>
_ 924.872 MW + j228.2563 Mvar

— 307.041/35.0916° MVA

Ss(aé) = 3Vsls

Voltage regulation i
387.025 _ q45
percent VIt = U-'-3515§545 % 100 = 14.2589%

Transmission line efficiency 1S

PR(3¢) _ 32

0



Problcm #d
\

= ‘ansmission line are
The ABCp constants of a lossless three-phase, 500-kV 'T’*“

A =D = 0.86+ j0

B =0+ 7130.2

C = 50.002
a4 Obtaj, the
0.8 lagg
0 improye
'ansmission

sending end quantigjes and the voltage reg

ing power factor at 500 k.
the line per
line. Ag gy,

ulation when line deljyers 1000 My A at

Ibrnmnce, series ca

pacitors are installed at both ends j
esult of this, the con

pensated ABCD constants become,

; 1.
‘4/ BI 1 _%jJYVC A B ] [ 1 _§]XC ]
& BiSle 5 ¢ DJlo

n each phase of the

constants, :

ities and the voltage regulation when line delivers 1000 Mv A
"©148ging power factor at 500 kv.

Sqution:

() The Teceving epg voltage per phase is

500/0°
Vi =

= m—

= 288.675/0°
5 288.675/0 kv
(@) The complex power 4¢ the Tecetving enq js
SR(3¢) = IOOOZCO.S‘&l

The currept Per phase is gjyen

0-8 = 1000/36 g7
by
I = SRs9) _ 1000000, _ 36.87°

3V T 3% 288.67520° = 1547/ — 36870 ,
The sending epd Voltage js

=800+ j600 My

Vs =avi + gy, _ (0.86)(288.675 /9o

)+ (7130.2)
(11547 s 10‘31-36.87") = 359.2/19 56940 kv
The sending end lme-to-line Voltage magnitude i

WVst—1) = V3 - 622.153 Ly
The sending end cupyept 1s

Is = CVy+ D1, — (jo.aoz)(zssmzo")

*(0.86)
(1154.7"Z~36.87") = 794.64?Z~1.3322a A
The sending enqd power is

SS(S;'S) =3Vsli =3 x 359.2119.5626 X

= 800 MW+j228.253

Mvar
= 831.925115.924O

Mva
Voltage regulation is

692.153 — 500
Percent V2 = 086 90

500 100 = 44,6g7,



A pr "4 Const
Slantg o,
C’ D'} = [ =310 e
0o ? 0] [ 0.86

” J . 9.2 1
JOO()2 0.8¢ ] { \71"“()() 096 191
0 . \}n“(mz J(')h( ,(z\
J0.005% 06

A > 101 the ey .
Voltage i NABCD constants result in

Vs = Ay,
“AVYR+ Bl -
R (0.9(3)(288.675[0”) + (j39.2)

- 1 N
The sending eng line-t ( 154.7 x 1073/ -36.87°) = 306.434£6.7865° ¥V
0-line voltage magnitude is

D ‘VS(L—L-)\ =+/3 |Vs| = 530.759 kV
I = (50.002)(288675£0°) + (0.96)

- (1154.7/—36.87°) = 801.142/—5.6515" A
The sending end power is

IS = G"’rR

-3
o ' I3 10
Ss(ag) = 3VsIg = 3 x 306.434£6.7865 % 801.142/5.6515" *

— 800 MW + j176.448 Mvar
— 8190.227/12.438° MVA
Voltage regulation is

530.759 _ 500 5748%
; _Zoo6 7 x 100 =102t ¢
Percent VR 500



- Problem # §

A three-phase 420-kV, 60-HZ transmission
line is energized with 420 kV at the sending
voltage at the receiving end is 700 kV, and tl

line is 463 km lon
end. When the loa

g and may

d at the recej
1€ per phase sending end curre

be asg
u
V. me' OSS‘QSS_ T
Ing end ig re S

v 0
nt 1S 646.64900 A’ed, “\(‘.
a. Find the phase constant finra

dians per Km and the surge impedance Z, in (.
b. Ideal reactors are to be installed at the receiving end to keep Vs | = Vel = 420 kv when loag i
removed. Determine the reactance per phase and the required three-phase MVAR.
Solution:
(2) The sending end ang recerving end voltages per phase are
Vs = 240 242.487 kv
§=—==1242.487
V3
Vign = 220

‘With load removed [ — 0,

. 242.487 = (cos BL)(404.145 )
Bl=53.13° 927295 Radjag
1
646.6 — j -
N i iy (sin53.13 )(404 145)103
(b) For Vg =

VR, the required inductor react is oj
) anCe 1S
sin(53.13°) 500 stven by
— s i A =
Xish =1 cos(53.13%) (°00) = 1000 q

The three-phase shunt reactoy rating i

Q3¢, _ (I(Vl,ra!cd)g . (420)2

“A[Lsh

1000 = 176.4 Muay




oo T

Problem # 6
A three
-phase p '
for a dist power of 36( . .ion VINe®
1S " )00 : is
; tance of 300K, g MW is (o be transmitted via f e Gical 60- 7t qurge
impedance are oj N From a preliminars 1UED, M four ident®® e cf potant the
given by f# = 94 ! :nmnury line design, the fine PN . oty %a5€ on n
9:46%10™ radian/Km and Zc = 143¢2, rCSPC(;“;/C‘ » Y for €ac
C

practical li
ne loadabili
ilit erd
y criteria determine the suitable rmm'ma\ yoltagt

transmissi .
mission line. Assume V=1.0 g0
s=1.0 pu, V=0.9 pu, and the power angle 07 £ L

Solution:

] 180 o
B = (9.46 10~1)(300)(—) = 16.26

The n : i
eal power per transmission circuit is

3600
Pe=ege = 900 MW
From the practical line loadability given by(5.97), we have

(1.0) (0.9) (SIL) (o ,
W 5111(36.87( )

Thus
SIL = 466.66 MW

KVi, =/ (ZSID) = N| (343)(466.66) = 400 Y



100 Electrical Power Systems

— 14
and also Vpu - Zpu ]pu (5.8
The power consumed by the load at its rated voltage can also be

expressed by per-unit
impedance. The three-phase complex load power can be given as:

Sluml(Bq)) =3 VplmseIL ..(5.9)
Here Sioad(3g) = three-phase complex load power

Vihase = Phase voltage

I; = complex conjugate of per-phase load current I,

The phase load current can be given as:

‘/phase (510)

Z,

L, =

where Z; is load impedance per phase.
Substituting I, from eqn. (5.10) in eqn. (5.9), we get,

‘/phase
Sload(3¢) = 3. Vphase ZL

2
Sload(3¢) - ZI’:

2 ..(56.11)
_ 3| ‘/phase| (
Sload(30)

: -unit can be given as
Also, load impedance 1n per-A .(5.12)
J

_ 2y
Zpu——Z‘B—

12), we obtain
m eqn. (5.11) and 2

] .ll Z fro

..(5.13)
Zpu— S;oad (39 (KV)B
(519
= &% qsc‘
|VL_Ll =3 ‘Vp;]'
o 3| Vipsel 2= 1V
phase we get
o (513 and B
Using ¢4 |VL_L\2 w&
Zpu = ’Z’KV/)%- Slond(3¢) (515)



