Benha University
Faculty of Engineering (Shoubra)
Electrical Engineering Department

Final Term Exam (Model Answer)
Date: 12/01/2019
Advanced Studies in Electrical Power System Analysis

Postgraduate (master) e Duration: 3 Hours
e Answer all the following questions. e Number of questions: 4
o [|llustrate your answers with sketches when necessary. e Total Mark: 60 Marks

e The exam consists of two pages.

Q.1 [15 marks] Achieved ILOS al, a2, a3, a4, a5, b1, b2, b4, b5, b7, bi1, c1, d1, d2, d8

Fig.1 shows the one-line diagram of a simple three —bus power system with generators
at buses 1 and 3. The magnitude of voltage at bus 1 is adjusted to 1.05 pu. Voltage
magnitude at bus 3 is fixed at 1.04 pu with a real power generation of 200 MW. A load
consisting of 400 MW and 250 MVAR is taken from bus 2. Line impedances are marked
In per unit on a 100MVA base and the line charging susceptances are neglected. Obtain
the power flow solution by the Gauss-Seidel method (two iterations only) including line

flows and line losses.

{a) Lince impedances arc comverted to admittances
o 1
T 0.02 4 F0.04

Similarly, 113 = 10 — 530 and 423 = 16 — 532, The addmittances are marked on the
network shown in Figure 6. 10,

At the P-OQ buses, the complex loads expressed in per units are

iz = 1“—_12[]

sgh = (2566 +F110.3) _ 5 565 — 51.102 pu
100
en _ _(138.6 + j45.2) _ .
St = 106 = —1.38€ — 70.452 pu

Since the actual admittances are readily available in Figure &.10, for hand calcu-
lation, we uwse (6.28). Bus 1 is taken as reference bus (slack bus). Starting from
an initial estimae of V'% = 1.0 + 70.0 and V& = 1.0 + 0.0, V5 and V3 are
computed from 6.28) as follows

Pracs __ pepash
'"3‘_,‘3%?_2_‘ + p12Vi + yaa Ve
=

iz + W23

]_,.rﬂfl} —

1
1z = 10 — 520 2

— 2%

w1z = L1 — F30 g — 16 — 532 4 . P1D2
| I MIvar
Slack Bus 3
1 = 1.05£0° I :I‘
1386 45.2
BV Blvar
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_ T iads e + (10= 20)(L05 + j0) + (16 — 732)(1.0 + j0)

(26 - 752)
= 1.9825 — §0.0310
and
Ps —JQ""" (1)
+n3V1 +yaly
g w
)
Y1z + Y23
0L 4 (10 - 530)(1.05 +50) + (16 — j32)(09825 — 0.0310)
(26 - j62)
= 1.0011 - j0.0353
For the second iteration we have
L0 _ %’f"ﬁ% + (10 = 520)(1.05 +50) + (16 — §32)(1.0011 — 50.0353)
O -
(26 - §52)
= 0.9816 — j0.0520
and
= 1.336+0.452 “y . s '
@) _ Tootig;0.0353 T (10 = 730)(1.05 4 50) + (16 — 532)(0.9816 — 70.052)
@) =
(26 - j62)

= 1.0008 — 0.0459

The process is continued and a solution is ccnverged with an accuracy of 5 x 1077
perunit in seven iterations as given below.

Vi) = 0.0808 - j0.0578 1 = 10004  j0.0488
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Vit — 0.9803 — j0.0504 VY = 1.0002 — j0.0497
v — 0.8801 — j0.0598 V™ = 1.0001 — §0.0499
vl — p.9801 — 50.0599 V™ = 10000 — §0.0500

VT = 0.9800 — 0O.0600 V" = 1.0000 — §0.0500
The final solulion is

Vo = 0.9800 — 70.0600 = 0.98183/ —3.5035" pno
Vo = 10000 — 70.0500 = 100125/ —2.8624°% puo

{b} With the knowledge of all bus voltages, the slack bus power is obtained from
(6.27)

Py — 56 = V7 [WVilwiz + ms) — (n2Va + 1naba)]
= 1.06[1.05{20 — §50) — (10 — §20){0.98 — §.06) —
(10 — 730){1.0 — 50.05)|
= 4.005 — 51.89D

or the slack bus real and reactive powers are Fy = 4.095 pu = 400.5 MW and
1 = 1.890 pu = 189 Mvar.

(c) To find the line flows, first the lime currents are computed. With line charging
capacitors neglected, the line currents are

Iyg = y2(V1 — Va) = (10 — 520)[(1.05 + 70} — (0.98 — 0.06)] = 1.9 — ;0.8

Iy = —Is = —1.9 + 0.8

s = ya(Va — V3) = (10 — 730)[(1.05 + O] — (1.0 — 50.05)] =2.0 — 51.0
I3y = —Qa = —2.0 + j10

Iz = yaa(Va — V3) = (16 — 732)[(D.98 — FO.06) — (1 — j0.05)] = —.64 + 5.48

I3a = —Ta3 =064 — 7048
The line Aows are

Sig = Villy = (1.05 4 50.0)(1 9 + 50.8) = 1.995 + j0.84 pu
= 199.5 MW 4 j84.0 Mvar

Sgp = Voli, = (0.98 — j0.06)(—1.9 — 50.8) = —1.91 — 70.67 pu
= —191.0 MW — j67.0 Mhar
Sz = WVidly = (1.05+ 70.0)(2 0 + 51.0) = 2.1 + 51.05 pu
= 210.00 MW + 7105.0 Mvar
3
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Sg1 = V3l = (10 = j0.05){—2.0 — 51.0) = —2.05 — j0.90 pu
= —205.0 MW — j90.0 Mvar

Sz = Valgg = (0,98 — j0.06)(—0.656 — 70.48) = —0.656 — j0.432 pu
= —(5.6 MW — j43.2 Mvar

Sag = ¥alg; = (1.0 — j0.05)(0.64 + jOAR) = 0.664 + 70.448 pu
= 664 MW + 744.8 Mvar

and the line lossas are

Sr g = Sy Sy — B.5 MW 4+ j17.0 Mvar
Spa= Sia+ 8y =50 MW + §15.0 Mvar
Spoa= S+ S32 =08 MW + 7160 Mvar

The power Jow diagram is shown in Figore 6,11, where real power direction is
lrl::lh:_amd by — and the reactive power direction is indicated by . The vahes
within parentheses are the real and reactive lesses in the line.

1 199.5
4040.5 : (8.5) 19_1_“12
* : (17.0) —t f—

I
& B4.0 570 | 2566
| 2100 205 . 664 5.6

0 = Bl s BE L
—f (15} — — (1.6) ——= 1 1102
105.0 30.0 44 8 43.2
T 1
138.6 45.2
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Q.2 [15 marks] Achieved ILOS al, a3, a4, a5, b1, b2, b4, b5, b7, b11, c1, c3, d1, d8
The one line diagram of a simple three-bus power system is shown in Fig.2. Each

generator is represented by an emf behind the transient reactance. All impedances are
expressed in per unit on a common 100 MVA base, and for simplicity, resistances are
neglected. The following assumptions are made: (i) Shunt capacitances are neglected
and the system is considered on no-load. (ii) All generators are running at their rated
voltage and rated frequency with their emfs in phase. Determine the fault current, the
bus voltages, and the line currents during the fault when a balanced three phase fault

with fault impedance Zr = 0.16 per unit occurs on Bus 3.

_ 'I_'l:n ﬁnui Thévenm impedance viewed from the faulted bus (bus 3), we convert
the delta formed by buses 123 to an equivalent Y as shown

_ (40.125)(j0.15)

A =
1s 70.525 70.0357143
(;0.125)(§0.25)
E _— “;l A — B
28 70,595 10.0595238
5
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_ (40.15){j0.25)
B 40.525
Combining the paralle] branches, the positive-sequence Thévenin impedance is

1 _ (i0.2857143)(§0.3005238) o oo ioge
Zan = 50.5852381 v

= j0.1486714 + 70.0714286 = 50.22
This 1= shown in Figure 10, 18(a).

Z, = j0.07T14286

#0.22 022
R a] o B 5]
L
" i
{a) Positive-sequence network (b) Negative-segquence network

Reducthon of the positve sequence thevenin equivalent network

Since the negative-sequence impedance of each element is the same as the positive-
sequence impedance, we have
Zh = Zh = j1.22
To find Thévenin impedance viewed from the fanlted bus (bus 3), we convert

the del:a formed by buses 123 to an equivalent Y as shown

(j0.30)(j0.38) .
= = J0.077D642
<1 13625 J0UTIE
_ (30.30)(§0.7125)
Zoy = 71.3625 = §0.1568807
(50.35)(50.7125) .
= = j0.1830257
Zas 31.3625 J
Combining the parallcl branches, the zero-sequence Thévenin impedance is
o _ [j0.4770542)(j0.2568807) = . 1 oaiore
433 = 50.7330449 +7
= j0.1669725 + j0.1830275 = j0.35
6
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F0.07T064 70.156881
A0, 183026

Zero seguence network diagram for problem (2]

30.35
v o

Zero sequence network for probibenn ()

(a) Balanced three-phase fault at bas 3,

Aszsuming the no-load generated emfs are equal to 1,0 par unit, the fult cor-
rent is

F2(F) = Vw10
Zun+ 2y 3022 501
= E20.1.—90" A

—73.1258 puo

(b) Single line-to-ground fault at bus 3,
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LA
Zh+ Zh+ I + 324
_ 1.0 -
T 022 4 $0.22 = 70.35 + 3(0.1)
The faull carrend is

HESIHE R

c) A double line to ground fault ot bus 3 through a fault impedance Z=j0.1 per
it

B=1=0=

1_||'II
1= 30} - 1 = —~2.6017 pu

1= 252 FAE 5 0,2 $0.35+4 0.3
' 0.22
233+ E’L+%,+_Lazf e8Izt
The megative-segquence component of corrent from (10.87) is

Vitgy — Z8ali 1 (j0.22)(=-42.6017)
I§ "““ELJE;:— 30,92 = 71.9438 M

The zero-sequence component of carrent from (10.86) is
Vitny — 2513 _ 1= (40.22)(-72.6017) _

o _ - = 50.6579
Iy =70 13z, j035+j03 e
and the phase currents arc

ﬁ 1 1 F0.6579 ]
T1=110a" a —jﬂ.ﬁﬂl?} = | 4.058/165.09°

Ig 1 a a* 71.943% 4058 14.07°
The failt current 15

LiF) = Ik + I} = 19732/ 90°
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(.3 [20 marks] Achieved ILOS al, a4, a5, b1, b2, b4, b5, b7, b11, c1, d1, d8

a) For the network shown in Fig. 3, the reactance of each element is j0.2 pu. Select node
1 as the reference and form the incidence matrices: A, A, K, B, B, C, and C (14 marks)

b) Form the network matrices Y., Ye and Z oo - (6 marks)
Load «ff—m -’f&_i;ﬁj —— Load
Y 3
L] a3 i - §

S J N

L.
L,

(G
"x._l'./'J

Fig. 3: Power system network
No. of elements, ¢ = 5
No. of nodes, n = 4
No.ofbuses=n—-1=4-1=3
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Connected graph of power system.

-
() &
1
Q) (ref.)
Oriented graph of power system.
=

-

Tree of power system with tree branches, T [1, 2, 3].

No.of branches. b=n—-1=4—-1=3
No. oflinks, f—e—b=e—(n—1)=e—n+1=5—3=2
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Element node incidence matrix, {‘SL}

"N o 1 2 3
1 1 1 0 0
2 | 0 | 0
A
(A] 3 0 0 1 1
4 1 0 -1
5 1 1 0
Bus incidence matrix, (A)
e \(n 1)
1 2 3
.
I I 0 0 Branches A,
2 0 -1 0o r A
A —
4 I 0 ) Links
(A
5 1 -1 0 -

Bus cut set incidence matrix, (B)

e \Basic cut sets

A B C
0 0 )
: . Branches
2 0 1 0 (B, or U,)
[Bl= 0 0 1 )
R Links
4 1 1 1
} (B,
5 | 1 0

With our best wishes
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Augmented cut set incidence matrix, (B}

Basic : Tie
e\ e cut sets : cut sets
A B cC!D E
1 0 0 E 0 0
i 2 0 1 0 ;0 0 ~Branches U. 1 O
[B]l= 1 J "
3 0 1 1 _: 0 0 — -
- . . I
- 1 1 1
4 1 1 1 ' 1 L Links By ; U
5 -1 1 0 ! 0 1.

Tree of power system

Basic loop incidence matrix, (C)

Basic loops

D E
1 1
2 -1 —1 ¢ Branches C
[€l= 5 1 0 _
4 ! 0 L Links Ug
5 0 .

12
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Q.4 [10 marks] Achieved ILOS al, a4, b1, b2, b5, c1, d1
Write the performance equation of a three-phase element in impedance and admittance

form for the following cases: (i) Balanced excitation (Stationary and Rotating element).
(if) Unbalanced excitation (Stationary and Rotating element).
Balanced excitation

The exeitation of any three-phase element is balanced when the source
voltages or souree current= of all phases are equal in magnitude and dis-

placed from each other by 120 For balanced excitation,
1 r B r R | | T
[ ] t : i {
i - | ] ! } S H 2
1 “re o X Irea i 1 E
e 2 —— ' & e 2 | et % S I 7_-5 H { 7' o
P i e | T | & = aanicl Doyt = I ra ! = Poa® | Toa
—E A - |-- | e ;
H S i ' : H
[ &Sa:d i & 7 | = | a E
1 - - i—— . p—
where
“y —— gd(2w N} _— l_2 -+ "Q \/:1
It followsthata® = 1, a? 4+ a 4+ 1 = 0O.anda* - a2 The phase voltages
and phase currents are balanced if the excitation of a balanced three-
phase element is balanced Thern, the performance egquation. in imped-
ance form, for a stationary element is
I i T TN B 5 ]
- 3 — T [}
1 | 1 i | Zpe | Tpng | Txnae ; 1 .
= et [ T i
- . I o o fo.m ! . . § 2 , T
a =l o | z |4='pq { The . Tha Zoa bk - @ i el (5.3-1)
(4 ‘“—. —E Y Ny, -~ ' -'V ! o
2 < ; : “»a “rao “~re | Lo
_ | S K o =" M
and for a rotating element is
f ’—— =
1 1 . 1
i
i =2 zZabs | |= |
i i
2 - 2 = 2 ' - i
| aFcs—t= a |ess = @ | The (5.3.2)
- f— '
a3 a v R

Both sides of egqunation (5.3.1) can be premultiplied by the conjugate
transpose of
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that is,

to obtain

13, <. 2,0 gy - ey m a BT
S 36y, =32k, g ;o {5,:5.3)

IDrviding by 3. equation (5.3.3) becomes

,a i . b ey ] . m ‘a

"re T €pg “Zpa 2pa)pa

where (25, — 270} is the positive sequence impedance, which 1s designated
1) P i - : .

by 2,7 I'hus, a balanced three-phase element with balanced excitation

can be treated as a single-phase element in network problems. The
power in the element is equal to three times the power per phase.
In a similar manner, equation (5.3.2) can be reduced to

m2

a L o8 — o 2.ml1l ‘G
"pe T €pg (22q =t a'Zpe t azr'q)'pv

where 25, + a?z]} + az]} is the positive sequence impedance.
I'he performance equation, in admittance form, for a stationary

clement is

a S L 2, -]

e Jpq (yxvq SZE !/,,,,)f rq
and for a rotating element is

L 1
The: Tidme = (y;q + agy;'q =+ a.’/;‘:)l';q

L nbalanced excitation

When the excitation is unbalanced, the performance equation of a three-
phase element can be reduced to three independent equations by diago-
nalizing the impedance matrix 232°.  Using a complex transformation
matrix 77 then the phase variables are expressed in terms of a new set of

variables as follows:

,,u.b.r o g0k

Uiy w = Tell ;

ARG 22 00 [ - 9

i Py © = Tey? {(H.3.1)

a.h.e ..k

rq Z T’P;

The complex power in the element is

Npe = Ppg + jQpe = {(i;'qb.( ts:(,;:m

Substituting from equations (5.3.1),

Swe = LRI T TRl (5.3.5)
14
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The complex power in terms of the ¢, j, k sequence variables is
8., = 1 e (5.3.6)

If the complex pewers §,, and S, re equal, that is, the selected trans-
formation T is puwer-invanant, thex, from equationg (3.3.3) and (5.3.6),

THT = U = TUL¥

[hus T 18 a unitary satrix
Substituting from equations (5.3.4) the performance equation (5.2.2)
becomes

(l)k+e;’}k) _zdbCTz‘)R (:)37)

q

Both sides of equation (5.3.7) can be premulriplied by (T*)¢ to obtain
i =
It follows that

|;k - (T*) abcT (338)

A similar transformation can be obtained for the performance equation in

1ts admittance form.
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