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QUESTION ONE

a)  What is the effect of load p.f. on regulation of a transmission line? {2.5 mks}
\

b) State the four key characteristic features that are required of all protection schemes {4 mks}

P %r\ 3-4 overhead line has resistance and reactance per phase of 582 and 20 © respectively. The load at

Gﬁ“ht*o% the receiving end is 25 MW ac 33kV and a p.f, of 0.8 lagging. Find the capacity of synchroaous
s condenser required for this load condidon if it is connected at the receiving end and the line voltages

at botl ends are maintained at 3".‘_kV. {5.5 mks}
d) Whatis the justification in negle tng line capacitance in shost transmission lines? {2 mks}
QUESTION TWO
@) What is Edetric Power supply gusters? Draw a single line diagram of a typieal a.c. power supply scheme.

(5 mks}
L) b) A 34 transmission line 200 km as the following constants:
\A Resistance/, h se/lem=0.160
Reacrance/phase/km=0.25 Q.

& Shunt adrruttance/phase/km=1 51045,

Calculate by ngorous method the sending end valtage and current when the line is delivenng a load
of 20MW a1 0.8 p.f. lagging. Th : receiving end voltage is kept constant at 110 IV, {9mks}
OUESTION THREE &
)

a) Discuss the requirements ofis.\us fa_cigi_ﬂeggt;; supply syst_cwn:n{G mks}

by Deduce an expression for voltage regulation of a short transmussion line, giving the vector diagram.

8 mks} o ey
Je- :
+ QUESTION FOUR ke \u/M

a) Discuss condiions necessary for successful parallel operation of transformers {5 mks}
b) Explain the constructon and vorking of Brown-Boven regulator with a neat sketch {9 mks}
—— e

- ¥ QUESTION FIVE

a) The present trend is towards o «. for generaton and distribution and de. for rransmussion. Discuss rhfli\_

reasons for 1t {4 roks} )

b) Tests on 31.5MVA, 132/331 " star/dela 3-phase transformer gave the following tesults (foss valugs
piven are fer dinn o) b

%H 4 by A 3;@}355, 50._‘[-[2, 16 km long overhead line supplies 1000 KW at 11kV, 0y

gt

[
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-open circuit rest: 33KV, 5,54, 2LKW ot
’sllwr_a‘“l_tift 13.2KV, 137.84, 100KW. C:Jﬁ:ulatc
L. Equivalent circuit parameters refered to LV side {3 mks}
u.  Efficiency at full load and half of full load with unit p.f. {4 mks}
. Regulation at full load with 0.8 p.f lagging. {3 mks}
é/QUEST[OL\_' SIX.
) Discuss the importance of voltage regulation in modern power systems {4 inks}

£ lagging, The line

km. ¢ leulage the

resistance is 0.03Q per phase per km and line inductance is 0.7 mH per phas
- = e e _ L2
sending end voltage, voltage regulation and efficiency of transmission {7 o

t

€) A lonp fransext=’ i une is opon circuite ] ar therer 4 end WAl diese i aay current ir. the line at

the sending? Laplain your anuwer {3 mhke}

v QUESTION SEVEN

) Discuss the terms woftage seguiation and fransmission efficiency as applied to transiission line {3 mks}

b) A 3-phase, 50Hz transmission line 100km long delivers 20MW ac 0.9 p.f lagging and ac 110 KV, The

g deliy p gging IKV. The

resistance and reactance of the line per phase are 028 and 0.4
admittance is 2.5¢1 0% Siemens /km/phase. Calculate:

nvely while capacitance

1. The current and voltage ar the sending end

1. Efficiency of transmission. Use nominal T method {11 mks}
nominal 1 method §
\\\& onthie end,
,R Boune ehance
e
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G SRR
QUESTION OIYF: Q\&K "

at is the effect cfload:}nh Icgu.lat.i; of a transmi

rate the [our key chatacteristic feanes thar are requited of all protention scher

4 3-¢ overhead line has resistance and reactance per phase of 5Q and 20 Q tespectively. The |5
the receiving end is 25 MW ar 33k and a p.f. of 0.8 lagging, Find the capaci £

condenser requi i ition if it is co
at both ends arc maintained ar 33 kV. {5.5 mks

d) Whatis the justification in neglecting line capacitanide in short wansmission lines? {2 mics)

% ‘{)gi;;:E!mu—Paw% gstem? Diraw 3 single line diagram of a typical a.c. power supply scheme.
; J}f’r ! by
\"\)u W/ A 3-§ transmission line 200 kr has the following constants:
A .
b Resistnce/phase/km=0.160
Reactance /phase/km=0 75 £
Shunt admittance/phasc/km=1.5x1(-5.
] o

Colzulas: by rigomus_m.tﬂ'u::'. e sending eixd waliwge aod current when the lime is deliwedig 3 loa!
of 20MV at 0.8 p.£. lagging. The receiving end voltage is kepe constant ac 110 Ky {9mks}
%ﬂl@il‘{ﬁ.ﬁ
/‘%) Discuss the requirements of 2 satisfactory clectric supply system {6 mls}
= p

) cduce an lon {or vo abion asho RLSTOLS S € vecl agram.
h/ D EXpressy f ltlge t‘:gul of hott sTrussion lin th tor di;
L/ = g‘vujg T

QUESTION FOUR v/
ﬁcuss conditions necessary for successful parallel operation of transformers {5 mks}
lain :

Explai mmm and working of Brown-Bover regulator with a peat sketch {9 mks 2e

The present trend s tmvuds a.c for generadon and distribution and de for uﬁmission. Discuss the
ceasons for it {4 mies} ; ’

€5ty an 3L5MV‘\.,‘ 132/33@ smx/dl'.!m 3 -h o
1“. . “-phase transformer 1
/ P o) i j gave the founw:mg results (loss values

B
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-open circuit test 33KV, 5.5A, 21KW
| -short circuit test 132KV, 137.84, 100KW, Caleuate ¥ -
i Equivalent circuit paramerers refered to LV side {3 mles} =

ii.  Efficiency at full load and half of full load with unit p-E {4 mks}

. Regulation ar full load with 0.8 p.flagging. {3 mLGV

QUESTION $¥
) Discuss the importance of voltage regulation in modern power systerns {4 mks} ¢
\))K::hast, 50 Hz, 16 km long overhead line supplics 1000 KW at 11kV, 0.8 £ lyping” The line A
( resistance is 0.03Q per phase per km sad linc inductance is 0.7 mH per phase per ko calculate ‘the

sending end voltage, voltage regulation and efficency of transmission {7 mks)

A long transmission line is open circuited at the receiving end. Will there be any casrent in th - Hoe a
the sending? Explain your answer. {3 mks} K i

QUESTION SEVEN
; /ﬁ)/DfsCms the terms iz regalation and fransission officengy w3 applied o transemission line {3 mks)
())/A 3-phase, 50Hz Iﬁmﬁnission line 100km loag delivers 20MW at 0.9 p-E lagging and at 110 KV. The

| resistance and reactince of the line per phase are 020 and 0.4Q respectively while capacitance
admittence is 2.5 104 Siemens /km/phase. Calculate:
i The current and voltage st the sending end
i . Efficiency of transmission. Use naminal T method {11 mis}
14 ' —thé end
Boune chanee
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) Whacs the etfect of load p-foon regulation ol o raosnussion liner 1 mk!
bj Seate the tour key charactersue feacures that ace required af all protection schemes {4 mks|

Qand 20 2 respectvely. The load ac

the recewing end s 25 MW at 33kV and a p.f of 0.8 lagging. Find the capacity of synchronous

¢) A 3-poverhead Une has vesistance and reactance per phase of

condenser requuced for this lead conditon if its conneered at che veceiving end and the line voltages

at both ends ave mainained ac 33 KV 15 niks)

) Describe any forr equipment found/required in a teans former sub-station 4 mks]

a) Seare foue deswable chavactenstics of msulavng materials used 0 cables [4 mks!
bl State any duee advantages ol reactors in contenl of shoe circuit currents {3 mkst
ob A 3ey tansnussion bne 200 kim has the following constants

Wesismnee/phase/ km =016

e

tance/phase/km=0.23 O

se/km=1 5% [0S

Shunt admuttined /|

Caleulate by agorous method thé sending end voltage and current when the line is L‘Iuh\'u‘iug a load

of UMW ac 0.8 p.t. lagging, The receiving end voltage s kepe constane ac [10 KV, {7mks} .

State duve advartayes and tee dadiantases ot sl et breakees 16 mks!

b Deduce an expression tor volmge cegulanon of a shovr wansoussion line, v the vecior diagemm
|

18 mks

OUESTION QLR

1 Lixplan the v plewamenanr i a e breaker 14 miks!
: i i

B Eeplan the covsreaenon and wirkiog ot Beown-Boven ceaulior with a neat skerel Phimks |

1

Lletine the weom fad 12l

Phe presvar ceead s rowards e Lor geneeanon and distabunon aod o for nnlnsmi’s:mm, Dscuss

feiaonis Tor 4 imks ) 8 ] i y
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15) tsoonn SLAMN AL 132/33KY srae/del 23 ¢ wansformer gave the foHc'\:'ing resules (loss values
given are tor 3 phases)

-open circuir test 33V, 3,54, 21RW
-short civeuit tese: 132KV, 13784, 100KW. Caleulate

| Equivalent civeuic parameters refered to LY side |3 mks!

1 Eittictency ac bull load and half of full Load waeh winit plot4 mks)

I Regularion ac full load with 0.8 p.f lagaing. {3 mks}

QU

1ON SIN

svstems {4 mks)

1) Discuss the unportance of volmge regulation in modern power

by A load of 000K at U8 pot lagging s ceceved at the end of a 3-phase Lne 20 km long. The
I

sunce and reactance of each conductor ace |

and U282 pev k. if the ceceiving end line
voltage s omaincmed ac Lk, calculae:

Sending end voluage {2 mks)

iy ; s ;
it Veweinuige cogulation 123 ks

vy elficiener 12,5 mks)

A long teansmussion line s open cireuited ac the reeeving end. Wil cheee be anv current in the line a

e sendimg? Fxplan vour answer, 13 mk

\\/

A St two advantages and owo disadvantages :.Efy;gn:- protecuen devizes 4 mks!

T 3-phase, S0Hz wansmussion line [km long delivers UMW ar 09 p-b lgging and ar Lo KN The

vesistance and veactance of the line per phase

- 0.28 qad 04D pespecrively w hile capainee
adimitinee 1s

23 1 siemens/kn/ phase. Caleulare
Ie curvent wnd voliage at the sendma end < L

u Ffficieney of wansnssion Use nomial F mcthod 1 miks |

Ve b

5
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4
@A Len f[bv"’j wt‘rf‘

% 7
Ewis'noz\lowa &Y wde Ls
7id —l%d
- - g miestes!®
a)  Whatis 11% effect of load p.f. on remﬁ)ﬂunu uFa transmussion hne’ {2.5 mks} * r,__.i"w\ e
——

Ate the [c key ch b d of < chermes g4 .
)( V‘b ;‘,‘\ h ey ¢ al‘ﬁ»l}%&_ &m ures that are u:‘ﬁu:e o au:ot_ e ehemerg ?«s }Qn’v__ o
\5 Rrecell xRy e (st o
A 3-¢ overhead lmc has reqlwmc% and reactance per phase of

%9 and 20 rcspn:ctjvel}h The load at
5 rﬁ?ﬁmng end is "S/LB,W it 33kV and a p.f. of 08 lagging. Find the capacity of synchronouvs
cgﬂwcd for this loed condition if itis connected at the receiving Lnd and the line volrages

W W
at both ends are maintained at 33 kV. {5.5 mks} %“I%T—M ? \m?,’*'-}
oy

d) AWhat is the ;usuﬁcaucn in neglecting line capacitance in shon transmission lines? {2 mks} ™ gl
Saedh T Qo ID0Lee  0und howt (w0 Ly L2000l i
AJESTI 1 SN Wfﬁ_&ﬂ‘ G«“_Arb: Ut o nmincp :;b o iig :

Lonkuyante st ERvte (ehnahne) frown ‘j‘-ﬂﬁ""’g‘ﬁ"““““ B Covmpmer b rusnad-ef. 2T\
i) \\‘;\;h_lh,f;ﬁwgiqw% 22 Diraw a single line diagram of @ typical a.c. power a?ppl, schetfie, ot % L
£l ) %, 5
{5 mks} - “_\_&)Phs% o€ eeka'e.  Aamssy o) ) \\k

~ T Y
(:3/ A 34 transmission line 200 km has the following constants: Govihn ﬁm ‘h i T

Ve = vitecW T2 *\ﬂ—i_kl &\V\\’\\ﬁ
- _w_TZ cewn (- ¥ \o- g (71
5 oswdF2 = % /E/QI

Resistance/phase/km=0.168
Ruactam(u/‘phascl/krﬂ:UQE Q

Shunt admittance/phase/km=1.9x10§.

Calculate oy rigorous method the sending end voltage and current \V\;LE{! the line is delivering a load \JCi]l’:‘L:"
of 20MW at 0.8 p £ lagging. The receiving end voltage 1s kept consrant at 110 KV, ‘)n:k:) %
QUESTION THREE "

o &t‘w ) //’ wnﬁ\@

(CET Deduce an expression for voltage regulauoq of a shorr ransmission line, giving the vector dnp-ram

2) Discuss the requirements of a satisfactory electric supply system {6 mks}

{8 mks} e
QUESTION FOUR riovene K S
B gper Lo =

a) Discuss condibons necessary for successful parallel operation of transformers {5 mks} -+ ifu\(\:; s e

. . . dengeds Croatd be (nvily g
b)  Explain the constucnon and working of Brown-Boven regulator with a neat skerch {9 miks) \-a 2 'L-.L.«-d (A7

- VI LA L

BSTION EIVE A ¥l e

B peos §hnould s Yo
A ;V\;'f\q 534
weigg

a) The present trend is towards a.c. for genem&{\ and distribution and d¢ for ransmission. Discuss L?oc
- ~ [ pogln Corrstonek Lo e @ gentediv
reasons for it {4 mks} ] \#Yr\" SGDV\\T\W BC s ca-r\fw-! L ‘w\«“ei R e Sank
O Gink, rand o0 bavitrtd e pronoen® frens cJam
' star/delra 3-phase transformer gave the following results (loss values doc ey b bt

W Linad L

b) Tests on 31.5MVA,132/33]
i ‘given are for 3 phases):

tath §z = |* ‘L}*— = -

(SN V\S&T"L Zﬁ*d}%

!/ resistance is 0.0362 per pi]asc m and line inductance is OT@_IE&_LD hase per km. calculate
sending end vatrage, voltage regulation and efﬁciency of waismission {7 o) <o

y Efficiency of ransmission. Use nominal T method {11 mks}
L
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-open circuit test: 33KV, 5.54, 21TKW
-short circuit tese; 13.2KV, 137.84, 100KW. Calculate
i, Equivalent circuit parameters refered to LV side {3 mks}
i.  Efficiency at full load and half of full ioad with unit p.f. {4 mks}

lii.  Regulation at full load with 0.8 p.f lagging, {3 mks}

A
UESTION SIX
e
) Discuss the importance of voltage rcEJJ:Ltion in modern power systems {4 mks} e ‘\’"I‘ f)t‘f:ﬂ 5 1(;9.&5_7
b) Al phase, 50 Hz, 16 km lox% g‘i:' ead line supplies 1000 KW at 11KV, 0.8 p.f. la la_ggm"t The ].va,j

v aLrey A

¢) A long transmission line is open circuited at the receiving end. Will there be
he sending? Explai it wer. {3 mk
IM:M 0 your answer. {3 mks}

y current i
ESLTION SEVEN
l/f Discuss the tecnis woltage regrdation and transarission efficiensy as applied to transmission line {3 mks)

b) A 3-phase, 50Hz transmission line 10 Lopg delivers 20MW (0.9 p.1, lagging and at 110 KV, The
/ Lesisrance and 1eacrance oF the lme per ph:\se are 0.20 and 04Q/¢specrwe}5 while capacitance
= T

adrmittance is 2.5 lG ‘nct] ens/km/phase. Cale culdte:

The cu.‘ch and uulmgc at the sending end

S ‘
- = T ‘_-—l., (ra
othe end TR
Mg b
Boune chanee T 5
58 oo og
-

e
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the direc| nnof[w.- a
flow of active and :
G P& Pylowes 8w o G
= i
Plows from Ato B
| Qfowsfom AteB
-—‘/
i A | P
® R -1‘9“ squm A B
wholiwl _\){—k.u. {roa B v
(1}
igure 1
{6 mark
b) A three phase, 50 Hz, <1 es 10lW, ihe power factor being 0.75 lagging
and efficiency 95%. At 2
terminals and-power
5 similar 83 V capaci
(8 marks)
&5 5
i ~ L
S~QUESTION TWO ) e ‘y+/
/. (@)  Consider the circ\f’t_in Figure Q2. Given the following values: i \36
/ B Von =10020° A 7 /$
o Far =50£180° 4 B
. o> e &4 e+ 2
DY Ve =50£180° A "
v . =
S e Z.=8+4100 2 0= 117
| - zZ z e =Zw=Zn=j40
i o =2, j e
VB 7
13 o
@ /,Lu
E s [Cxp. S8 SEROW
\ SEUOY. 0- U= T
g0
S
o L9
v % 1
P @ 1L,\g ol
A . bxs
it v s ,*(L, T Mn=(TT 2 10 marks)
- & v, H Bt b iy

Bl

B g

3
o e
o o=l
L o
.
== * S S Eremes e TR
WA BL2IT owmsyﬁmsn””sva{ssmzamms ACADEMIC YEARB’»AMNAI‘IO‘@ES
J e W__ﬂ_m N :
1
s
-(9'mﬁuj
_(Smar'l-u)
S
‘. ¥ ng,ureQ';;shc.wsthe single .med:agmmeufa}plms expmnﬁéemnf
/aachgenem!.onshasaﬁnnns uwnwpar.]ty E‘m&:hcwhortm'ﬁcurrmiﬁ@mﬂ ﬂowmtos
W cump]eterphaseshur!mmiat!’{ - :
=0
: =i i 25 I))A.Thcph‘zsasaqﬂmg_g_c_lﬁillﬁ Cnlcuiafzthezem,pognve a:ndneganve sk
g enc.ecom onents of the currents.
\r . seque .P mqﬂh«‘ gaimy. ' ”L]L"[ (,Em)
g 9 =
'\_ & S dv‘\,é" o 3 /f'} [
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QUESTION THREE i

{z} Figure Q3 shows
ezch generator is t
a solid three-phas= s

of a three-pha
apacity. Find the <

MVA 20MVA
30% =08 -

Figure Q3 Single line Gagramme
{(6m

(b) An ideal watimeter has a zero-impedance current coil and an infim’c-impedance pote
coil and the meter reads P=VI cos(a-B). Conside: the following ba: mced 3-¢ situatic
shown in Figure Q3b.

|

3-phase
source

sequence
abe

o
i

3-phase

_‘| ..
J Toad

2 [T

2
Figure Q3b

(i) Prove that the top wattmeter reads Py=VyIjcos(w+30%)
(ii) Prove that the battom wattmeter reads Py=VyIpcos(y 30%)
(iii) Show that A + P, =¥,J,~3cospr

(iv) Show that B —

=VL1L‘J§5inW=%

UESTION ==
@ ec-phase currents L, Is and L can be representzd using symmetr ~al >omponents I
and I;. Derive equations expressing: AN 4 Ve
o Io, I and Iy in terms of L, I, and I
(i) L.Iyand I.interms of I, T and I3 Ny =
T Mo

Bm
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éz@‘ a2
a0 L
L Give twc. reasons why req-urs are LSI:&I ina pDWEr system

b} Prove -haz a

UESFION 4 o

220 kY.

(a) C nsuiv:r the 3-phas; syste.m m?g 10 at bus 2z S;mw] 00 MVA m:l Vum

YA 38TmS :
One3-phase TMVA, Transfomer
. INETHWA
R I—n-n)mmmgs

- - ; Z\x,“_} at «'ll.l ﬁ)ur buses { ;6 values toial)
(i) gmw the _poanrvz sequpn:fe equ.wa]ent circuit for the § given system Iocating all the four
- -buses.
(1) C(;mv:n all mpedancz data pmwom into per unit, and E!mar those values in the ¢ircuit in
B (1) e,

Tir TR

Onc}-pbase 13 MVA Tanifimer

+ v - BEvASS0RVY
.Lnunfmn;mg,

= e A
b3 ja) C}e.lcuiaxg the fanlt l:u;—rants I, 1i and Tz (switch dosed).by: naicn}atmg corseet values for Br and
SR first: 3

(3 mariks)

Page3of 3
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{h) A balanced siar connecied load takes 60 A from a balanced 3-phase, 4-wire supply. [T the
fuses in the Y and B phascs are removed, find the symmetrical components of the line
currents:

1) before the fuses are removed
{i1) afier the fuses are removed
{6 marks)

QUESTION FIVE L~
(a) A star connceted load consists of three equal resistors of 1 Q resistance. The load =
assumed to be connected to an unsymmetrical 3-phase supply, whose magnitudes of line
voltages are V=208 V, V=360 V and V=416 V. Find the magnitude of the current in

1y phase ‘a’ using symmetrical component method. (Note: Tt RtV =0

{10 marks)
(b) (i) Explain the causes of unsymmetrical and unbalanced suppl in power systems
(ii} Explain the measures taken in transmission lines to ensure that the supply is =
symmetrical and balanced
(4 marks)

QUESTION SIX -~
(2) Derive ar =xpression for fault current for double line-to-ground fault by symmzt -z
coraponerts method,
(10 rarks)

wail be 5 mrent in the Lue
(4 marke!
SE N o
Explain the functions of a circuilt breaker (1 marks)
Name four types «f circuii breakers (2 marks)
Give advantages and disadvantages of the circuit b eakers given in (ii).
(4 marks)
(b) Explain the following terms as used in power systems
@) Bushing
(ii)  Instrument transformer:
(iii} Bus-bars
(iv)  Isolators
o (% marks)
%
Z
gl
L
Wiy <
ELC 372 Power Systems | 2007/2008 Examinations.
sinyiwer any five of the given seven questions. All questions carry equal marks
OTESTION THRER
g
(a) Explain the following erms:
(1) Geometric mean radius (GMR) of a wire
(i3) Equivalent geometrical spacing of conductors.
(4 marks)
(h) Deterraine the equivalent geometric spacing of conductors A, B and C spaced a5 piow::
distance between A and I3 is d;; B and C is dy; and A and Cis ds. :
{2 marks)

{c) A single phase'a.c. system supplies 2 load of 200 kW and if this system is convertes (6 3-
phase, 3-wire a.c. system by running a third similar conductor, calculate the 3-phare load that
can now be supplied if the voltage between the conductors is the same. Assume the pewer
factor and transmission efficicacy o be the same in the two cases.

{8 marks)

QUESTIGN FOUR

(a) A losg trhnsmission lize is open circuited at the receiving end. Explain whether there will
begry current in the line at the sending end.
{3 marks)
(b) A single-phase transmission line has two parallel conductors 3 m apart, the radius afeach
cosductor being | cm. Calculate the loop inductance per km length of the line if 'he
material of the conductoar is:
) copper
(ii)  stecl with relative permeability of 100
5 marks)
(c) A3phase, 50 Hz, 66 ¥ uverhead line conductor are placed in a horizontal plane. The
cenductor dancter is 1.25 cm. I the Line length is 100 hin, «ssuming complaic
transposition of the ling, waleulnic:
() capacitance pet piise,
{ii)  Charging curres. ;= phase.

o marks)
QUESTION FIVE .

{#) Whatis the importance of short circuit caleulations?

are. 41 marky
{b) Explein why & re..org,used in the power systems P Beke
.rks)

sumbers of turns. T
< are terminatr

(¢) A 4-windinp ideal transformer has windings with the foilow
turns, N.=300 tums, N3=2000 trns, N;=3000 turns. The v
1. Source V;=1000 £0° V.
2. impedance Z3 =102
3. impedance Z3 =40-j30Q
4. impedance E.a, =000
(i} Draw e circuit diagram, defining all circuit currents and voltages
(i} Solve for all winding currents and voltafies
(i) Calculate the complex pawer into winding 1
(i¥) Calculate the winding power out of winding 2,3 and 4,
(i Suppose Vips=1000V and Iipae=100 A, Calculate Vapuse, Vivsse, Vabase, Tibmer [atise:
Tatuse, Stase, Sabuses Sbase AN Sqpese.

(11 marks)
Page20f3

ELC 372 Pawer Systems 1, 2007/2008 Examinatiens.
Answer any five of the given seven guestions. All guestions carry equal marks

QUESTION ONE -

(a) For given threz impedances in a network, connected in star, derive the dehia connected

impedances that would replace the star hut maintzin the currents and voliages 1o the points of
conneclion.
(6 marks)
(1) Assume a balanced 3-phase volizge source with Vap = E£0°, and phase sequence abe.
(i) Compule and locate on phasor-diagram Vb, Ve . Ves . Van, Vin and Veo.
(ii) Connect the three-phase source terminals (abc) to a balanced delta load such
thatZy =Za Y. s
(iii) For the diagram i (ii) compute the load currents [ , Ipand f,_ and add them to your
diagram. -
{iv) Determiue the wye impedance, Zy , (intemms of Zy =2 <y ) that could be used
to replace the delta so that the line currents would remain unchanged, in both

magnitude and phase.
(8 marks)

QUESTION TWO

(a) Explain why electical power trausmitted over a long distance 1 done at high voltage.
(2 marks)
(b) What is the percentage savmg in.coppet iceder of Uit line voliage i 9 2 wire de system is
raised Tom 220V to 503 ¥ for the same power transmitted over the same distance and baving
the same power foss? =

¢ n'ls.:!.s)
(¢) Consider the circuit in Figure Q2. Surmose Vag =100£0°. Vi = 50180°,

=Zbe =Zea = dm = 4
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Figure Q2
(1) Calcula:z fa Y ibandfc without using symmetrical components,
(ii) Caleulate o 16 and I using symmetrical components.
“ {8 marks;
X.d \)e’
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Answer any five of the given seven questions. All questions carry equal =o',
QUES&T]UN SIX
v k SR
(a) Prove LhntA—A'-% =l
l+a*
(2 marks)
(b} Consider the power syster terminated as showa in Figure Q¢ Derive the appropriate
interconnections hetween sequence networks.
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/ Figure Q6
(12 marks)
OUESTION SEVEN
J
=V Dothe scqﬂencu components physically exizt v a 3-phase 7 Explain
§ (3 marks)
(0) Consider the system in figure Q7. Detive Thavenin ecuivaler. sequence networks looidng
in & bus 1.
©
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(21 ma ~ks)
Page 3 of 3




s

QUESTION ONE

A three-bus system 15 given in the hgure below The ratmgs of the varinus campanents are as
listed hereunder:

Generator 150 MVA, 13.8kV, x =015 pu

Generator 2: 40 MVA, 132kV, x=02p u

Generator 3: 30 MVA, 11 kV, x = 0.25 p.u.
Transformier 1: 45 MVA, 11/110 (A/Y) KV, x = 0.1 p.u,
Transformer 2: 25 MVA, 12.5/115 (8/Y) kV, x = 0.15 pu
Transformer 3: 40 MVA, 12.5/115 (8/Y) kV, x = 0.1 p.u,

The line impedances are indicated on the diagram. Determine impedance dizgram based on 50
MVA and 13.8 kV as base quantities in Generator #1

T

QUESTION TWQ

Determine the sending-end voltage, current and power factor of single phasa 50 Hz, 762 LV
transmission line delivering 12 MW at 0.8 p.f. lagging. The line constants are R = 25 ohm,
inductance = 200 mH and capacitance between lines = 2.5 pE Alse delennine the voltage
regulation and efficiency of the line.

UESTION THREE

Determine the efficiency and voltage regulation of a three-phase, 50 H

150 km long
transmission line having three conductors spaced 3.5 m delta formation when (e receiving end
delivers 25 MVA at 120 kV and 09 p. lagging. The resistance of the condu-1ar is 0.25 Qfkm
and the effective diameter is 0.75 cm, Neglect leakage and use:

(i) Nominal-T equivalent line model

e —.
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(i) PMominal-n equivaieni hine incdel

QUESTION FOUR . “
Shawn below is a 35 LV aebwork supplying three step substanors & 8 E

a 5 S e &
generating station 5. The whole netwark 15 made of aluminum conductor having a cioss- v 5
sectional area of 120 mm (7 = 7.27 Q/km. 1, = 0507 Q/km) The lengths of the netwark o
sections (in km} and the substation loads are indicated on the diagram. Determine power fiow
along the line sections and the maximum vollage drop under normal operating conditions,
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