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ARAHAN KEPADA CALON :

Sila pastikan bahawa kertas peperiksaan ini mengandungi 11 muka surat bercetak dan ENAM
{6) soalan sebelum anda memulakan peperikuaan ini.

Jawab LIMA (5) soalan sahaja.

Agihan markah bagi soalan diberikan di sut sebelah kanan soalan berkenaan.

Jawab semua soalan di dalam Bahasa Malays:a.
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Suatu punca voltan seimbang, sambungan Y, jujukan positif
membekalkan voltan talian V " 480.,0° V kepada beban A seimbang

dengan ZA - 30.40° Q/fasa. Impedan talian antara punca dan beban
ialah Z. - 1£85° Q/fasa.

Kira:

A balanced, positive-sequence, Y - connected voltage source with line voltage
A" b " 480£0° volts is applied to a balanced A- connected load with

Z AT 30£40° Q/phase. The line impedance between the source and load is
Z. - 1485° Q/phase.
Calculate:

(a) semua arus talian,
the line currents, (40%)

(b) semua arus fasa beban A, dan
the A -load currents, and (35%)

(c) semua voltan pada terminal beban.
the voltages at the load terminals. (25%)

(a) Nyatakan TIGA pendekatan yang sering digunakan untuk
memudahkan analisis sisfem kuasa tiga fasa seimbang,

State three approaches commoniy used to simplify the analysis of a balanced

three-phase power system.
(25%)

...3/-
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Rajah 82 menunjukkan gambarajah talian tunggal sistem kuasa

tiga fasa mudah dengzn empat (4) bas. Penjana tiga fasa

berkadar 4160 kVA, 2.4 kV, X',= 20%. Transformer tiga fasa

T1 mempunyai kadaran 5000 kKVA, 2.4/24 kV, X = 5% manakala
bank transformer Ty terdiri dari tiga transformer satu fasa
serbasama, dengan kadar setiap satu bersamaan 1500 KkVA,
13.8/12 kV, X = 5%. 1Beban dianggapkan terdiri dari impedan
tetap Zp = 10 + j30 Q. Panjang talian penghantaran ialah 200 km
dengan impedan siri 0.5C/kim. Pilih kadaran penjana sebagai nilai
asas rujukan. Lakarkan gambsrajah reaktan dengan semua reaktan
ditandakan dalam per unit.

Figure S2 shows a single-line diagram of a simple four-bus three-phase power
system. The three-phase generaior is rated 4160 kVA, 2.4 kV, X';i = 20%.
The three-phase transformer "1 is rated 5000 kVA, 2.4/24 kV, X = 5% and the
transformer bank T2 is made up of three identical single-phase transformers
each rated 1500 kVA, 13.812 kV, X = 5%. The load is ussumed to be
consisting of a constant impeclance of Z;, = 10 + j30 §2.  The transmission line
length is 200 km with series impedance of 0.552%km. Select the generator rating
as reference base value. Draw the reactance diagram with all reactances marked
in per unit,

(75%)

Nota: Pertukaran asas Impedan
Note: Change of base of impedance

asas kV, asas kVA |
. i 2 ———
Per umit Z pary = per unit 2 1ama ( asas KV ) (asas kVA )

base kV base kVA ..
. 5 3 2
Per unit Z pew = per unit Z o1g ( base k\r;]: base kVA )
old
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Figure S2 {Rajah S2)

Talian tiga fasa teralih, 60 Hz, 25°C dijarakkan secara mendatar antara
pengalir fasa, Talian penghantsran dengan panjang 200 km terdiri dari dua
berkas pengalir per fasa dan pengalir adalah 795,000 cmil ACSR 26/2
pintalan. Ruang berkas d ialah 4¢ ¢m dengan jarak 10 m antara titik tengah
pengalir terberkas, seperti dituajukkan dalam Rajah S3. Ciri-ciri pengahr
'ACSR boleh didapati dalam Jadusl 1.

Kira:

A compietely transposed 60 - Hz, 25°C three-phase line has flat horizontal phase spacing.
The transmission line has a length of 200 km consisting of two bundled conductors per
phase and the condiuctors are 795,000 cmil ACSR 26/2 stranding. Bundle spacing is 40
cm with 10 m between adjucent buncle center, as shown in Figure S3. Characteristics of
ACSR conductors are attached in Table 1.

Calculate:

(a) Reaktan induktif dalam £2/m per fasa.
Inductive reactance in $2/m per phase. (25%)

(b) Reaktan kapasitif dalam Q-m per fasa.
Capacitive reactance in §3-m per phase. (25%)

...5/-
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(¢) Jumliah rintangan talian per fasa.
Total line resistance per phase. (10%)

(d) Jumlah reaktan induktif talian per fasa.
Total line inductive reactance per phase. (20%)

(e) Jumlah reaktan kapasitif talian per fasa.
Total line capacitive reactance per phase. (20%)

| d | | d

Figure §3 (Rzjah 83)
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Jadual |

Table A.4 Characteristics of aluminum cable,.steel;reinforced (Aluminum,Company of America)-~ACSR

LT

ES Hx: X lenductive X} S
Resctance Capacite
(Chwns per Reactumce
Aluminum Steel 73 R tOhms per Cond per Mite)  Conductor par { {Megohems Do
Copper Geometnc | Approx, Mile at 1 Ft_ | Conductor
Equivalent” Weight | Mesn | Cusent 26°C (77°F) Smalt Currents $0°C (122°F) Current Apgrox. Specing por Mile. sy
Cugular Suand Strand | Outside j Cieplar { Uiimete | (Pounds } Radius | Canving 75% Capacity} Al Corraris) | 1 F1t Spacing)
Code ity ' Diameter | Dismeter | Misor | Strength |  per 3t 00Hz } Capaci
Word | Aluminum (Inches) (inches) | (inches) | AWSG. ﬁm‘ Mie) | (Fom) | (Ampm) § dc | 254z | %0Hz | 80Hz | dc | 25Hz | 5OHz | 80MH2 80Hz 0Hz
Jome 2516000) 76 | .. 0.1813 1 19 | 00849 1.880 61 700 0081t 0.0450 0.3y 0.075%
Toasher  |2312000) 76 | . 01744 [ 19 { 00814 | 1302 57300 0.0008° 0.0482 0342 00767
Kt 21870000 72| 4 01735 71 oms57 1.738 490800 0.0820 0.0511 0.348 [Xerp: ]
Bombed (27560001 84 | 4 0607 | 18 § 0.008t 1.782 80300 00688 0.0506 0.344 00774
Chagicqr 1781000] 84 | 4 0.1456 19 { 00874 .802 &i 000 0053¢ O $.388 0.0802
Falcon 1590000] 54 | 3 01216 19 1 01030 1.545 1000000 { 56000 | 10777 | 0.060 1380 {00587 | 0.0588 ] 0.0590 | 0.0691 ] 0.0848 { 0.0656 } 0.0875 | 0.0884 0.359 0.0814
Parror 1610800 5¢ | 3 01673 18 | 0.1004 1508 250000 | 53200 | 10237 g:m 1340 [0.0818 | 0.0819 { 0.0821 | 0.0622 §0.0880 { 0.089C | 0.0710 10.0720 0.382 0.0821
Phover 14310001 54 | 3 01628 19 | 00977 1.485 900000 | $0400 8809 1300 § 00652 [ 0.0853 | 0.0885 } 0.0658 §0.0718 | 0.0729 | 0.0748 ] 0.0760 0.385 0.0830
Martin 1351000 54 3 0.1582 19 | 0.0949 1424 850000 | 47800 9180 1250 100891 | 00892 { 0.0894 | 0.0895 §0.0781 | 0.0771 | 0.0792 | 0.0803 0.388 0.0838
Fsssa §1272000f 54 | 3 0.1535 ¢ 19 | 0.092 1.382 0000 | 44300 8621 1200 £ 0073 §0.0735 {00737 { 0.6738 § 0.0808 § 6.0819 | 0.0840 | 0.065! 0372 0.0847
Geuckie 1192800 34 3 01486 § 12 | 00892 1338 730000 | ¢3100 8082 1160 §0.0783 00784 | 0.07868 | 0.0788 J 0.0862 | 0.0872 | 0.0854 | 0.0563 0378 00887
Finch 1113000} 54 | 3 | 03436 | 18 | 00882 1293 TOO000 | 40200 | 7544 ©.0839 { 0.0840 | 0.0842 | 00844 §0.0024 | 0.0935 | 0.0957 {0.0962 0.380 00867
Caprlanis 103301 B4 | 3 ! 01384 71 01384 1248 B800D0 1 37100 § 701 ©.0003 1 00005 | 0.0007 | 00905 § 0.0894 10.1005 | 0.1025 | 0.1036 0.385 0.0878
Lupdient seanind w1 3 G.1329 T & 043 iRt BODCOG | 34T F405 15 Z 00973 (00080 | 00N 102 1AIOMIGIORR 1D 1115104128 0390 H0080
Canary 900000 64 § 3 | 01281 7 | o120 1.4 S88000 | 32300 i 6112 J0 §0.104 0304 O30 O preslonseforirnionms 0383 00838
Copne srasani el 3 1 01 71 o3 1148 550000 | 31400 | 5840 950 §0.107 0107 [0107 |0.108 JO.1178]0.1188]0.1216 (01228 0.39% 0.0803
Congor TREOG] S | 3 | 0izis 7§ ssns 1082 OO0 | sasin 1 n Y o0 g5.0I7 12018 fore fovie Ipswmmlaisealasasalenam 0.401 00817
el 7950001 26 | 2 0.1749 7 ] 01360 1.108 500000 | 31200 5770 | 0.0375 900 §0.817 JO17 {01317 (0117 JC.1288]01288 1 0.1288 [0.1288 0.3%% 0091z
Mallard 795000f 30 | 2 | 01628 | 19 | 00877 1.140 $00000 | 35400 | 8317 | 0.0383 310 §o.117 (10137 {0117 (o117 Foi2esfnizes f01288 {01288 0.393 00904
Crow 715500( 54 | 3 | onm 7 ) 1.038 450000 | 26300 | 4855 | 00348 820 102 10a% lown 10132 §orea2]01452 01472 ]0.1482 0.407 0.0932
Stadting 718500| 26 | 2 | 01859 7 1.061 450000 | 28100 | 5183 | 00388 840 0131 1013 {0331 0131 J0.1442 [0.1442 ] 0.1442 {0.1442 0.405 0.0628
Redwing 718800F 30 § 2 | 01544 | 19 1.08! 450000 | 34800 | 5865 | 00372 840 §0131 013 {03131 {0131 J0.1442 01442 | 0.1442 0.1442 0.399 0.0920
Fiamingo | 668800} 54 { 3 } Onin 7 1 419000 | 24500 | 4527 | o033 800 J0140 [0140 [0141 G141 §OI541 | 01571 | 0.1591 [0.180F o412 00343
Rook . 836000 54 § 3 | 01085 7} Ci085 1 0377 400000 | 23000 § 4319 | 00328 770 Jo147 0147 [0148 [0148 J0.1618 | 0.1638 | 0.1878 | 0.1658 a4 0.0950
Grosbeak | 836000f 26 | 2 | G.1see 71 01218 | 0930 00000 | 25060 | 4618 | cou38 790 §031e7 [o147 §ote7 [0147 0461803313 0.1818]0.1013 0412 00848
Egmt 636000] 30 { 2 { 01458 | 19 | 0.0874 1.019 400000 | 31800 | 5213 | 0.035Y 780 04 (0147 ;0147 0147 3081801818 0.9813 01918 0408 0.0037
Poacock 805000 | 54 3 0.1089 7 { 01058 0953 080G | 22500 4109 § 0.0821 70 fot84 10155 10155 10155 B01098]0.1715 ] 0.1766 {0.4776 0417 0.0957
Sepny 805000f 28 | 2 | 01525 1} 0nes | oss8 SPO800 | 24900 { 4391 | 0087 200 J0184 fo1se {0184 Joisd Joim0joir20}01720 f0v70 0418 0.0053
Dove 5586001 26 | 2 | 0O.1483 1) 0438 | O$37 | 550000 | 22 2072, O & 730 §0188 iotes 10168 0165 §C.1848[0.1850 {0.1858 01082 0.420 00085
Enghe 556500| 30 | 2 | 01382 71 01382 | 0853 360000 | 77200 | 4888 | 0.0326 730 30366 10168 jO166 0 i5E §OIRes | 0.1858 § 0.9555 ;01058 2418 00887
Howk 477000) 28 | 2 | 0338 71 01054 | 0858 300000 | 19330 | 2482 | 00290 870 J0196 joise joise joiss Jorte 0430 0.0088
Hen' 477000 30 [ 2 | o.1281 7 1 0426t 0883 300000 | 23300 { 3933 | 0.0304 $7¢ Joise [0.19¢ J0iss 0198 fo2e 0424 0.0830
iois 387600{ 26 § 2 0.1238 71 0098y 0783 | 266000 i 16190 2885 | 00284 80 10235 0.441 01016
Lk’ 3975001 30 | 2 | 04151 § 7| 0ns1 | €08 { 260000 | 19980 | 3277 | ocary’| w00 JO23 Same a¢ dc 0w Same ¥ do 242 01006
Linnot 33400} 26 | 2 Q1138 7 1 00855 0.721 40 14080 2442 | 00244 §30 J0.278 0.508 0.451 9.1039
Cricle 3384301 30§ 2 | 01 7| oapse | o an 17040 | 2774 | 00260 530 {0278 2.308 0.445 01032
Oatnch 00000 | 26 H 0.1073 7 | 00835 0.880 188700 | 12680 2178 | 00330 40 jomm 0.54% DALS 0.1067
Prow FOS061 30§ 2 1 01000 7] oo | 700 138700 | 15430 | 2473 | 0.0244- 500 josn 0342 0.982 0.5048
Paricige | 268800 2¢ | 2 | 01013 7| co7es | 084z 1260 | 1936 | 007 480 §0.350 385 0.48% 0.1074

*Based on copper §7%. aluminum 61% conductvity.
tFor conducior at 75°C. air a1 25°C. wind 1.4 miles pes hour (2 fi/sec). frequency = B0OHz.
$"Current Approx, 75% Capacity” it 75% of the “Approx. Curtent Canrying Capacity in Amgs™ and is approximately the curment which will produce 50°C conductor temp. (25°C rise) with 25°C aiv tamp.. wind 1.4 milas par hour
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Dalam memodelkin talian penghantaran, talian boleh

dimodelkan bergantung kepada jaraknya. Nyatakan TIGA
kategori talian penghantaran dan jarak masing-masing dalam
kilometer.

In modeling the transmission lines, lines can be modeled in terms of
length. State THREL categories of transmission lines and their
corresponding length in kilometer.

Jelaskan secara ringkis konsep beban impedan pusuan (SIL)
yang digunakan dalam sistem kuasa.

Expiain briefly the corcepi of surge impedance loading (SIL) used in power

systems.
(20%)

Parameter ABCD suatu talian tiga fasa teralih jarak sederhana, 50
-Hz 345-kV, diberikan seperti berikut:

The ABCD parameters of a completely transposed, three-phase 50-Hz, 345-kV
medium length line are as follows:

A = 0.9706 £0.159° per unit
B=7020,8478°Q

C=8277x10"% 2 90.08° S
D = 0.9706 £0.159° per unit

..8/-
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Talian ini membekalkan suatu beban penuh 700 MW beroperasi
dengan faktor kuasa 0.9% mendahulu pada voltan talian 95% dari
voltan terkadar. Hitungkan:

This line is supplying a full locd of 700 MW at 0.99 leading power factor at 95% of
rated voltage. Calculate the folowing:

(i)  Voltan talian Vg, arus talian 15, dan kuasa nyata P; hujung
hantaran,
Sending-end line voltage, Vy, line current I, and real power P;.

(if) Peratusan regulasi voltan.
Percent voltage regulation.

(iii) Efisiensi talian penghantaran pada beban penubh.
Tramsmission-line efficiency at full load.
(70%)

(i) Dalam  konfigurasi sistem kuasa umum, Kkonsep
fundamental ialah pembahagian sistem kepada zon
perlindungan. Terangkan secara ringkas konsep zon
perlindungan ini.

In a more general power system configuration, a fundamental concept is the
division of a system into protective zones or zones of protection. State this
concept in short.

(ii) Takrifkan phrasa sistem perlindungan utama dan sistem
perlindungan kedua.

Define the terms primary und backup protection systems.
(10%)

..9/-
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(b)
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Talian penghantaran atas satu fasa, tanpa hilang mempunyai impedan
ciri Zo = 400 Q, kelajuas gelombang vy = 3 x 103 m/s, dan panjang

4 = 30 km disambunglhan kepada kabel satu fasa, tanpa hilang

dengan impedan ciri Zg = 100 Q, kelajuan gelombang vg = 2 x 108
m/s, dan panjang ¢y = 20 km. Pada hujung hantaran talian A, satu
voltan unit langkah denmgin magnitud E volt dikenakan dari punca dc
dengan rintangan diri dalaman Zg = Zs. Hujung terimaan talian B
ditamatkan dengan ZR = 2 Zg = 200 Q. Lakarkan gambarajah kekisi
{pantulan) untuk 0 <t <6T.

A single-phase lossless overhead line with characteristic impedance of Z4 = 400 Q,
velocity »ofwave‘ vg =3x 103 mss, and length % = 30 km is connected to a single
Dhase lossless cable with characteristic impedance Zg = 100 Q, wave velocity vg =
2x 108 m/s, and length g = 20 km. At the sending end of line 4, a step voltage
of magnitude E volts is applied and Z; = Z4. At the receiving end ofline B,
Zr=22p =200 2 Draw the lattice diagram for 0 <t <6T.

(50%)

Andai kata sebuah motor induksi tiga fasa, sambungan Y, 500 hp,
50-Hz, 4.16-kV mempunyai efisiensi beban penuh 88%, faktor kuasa
0.7S menyusul. Motor iri disambungkan kepada bas penyuap. Anda
dikehendaki membetuikan fuktor kuasa beban motor ini menjadi 0.90
menyusul menggunakan hank kapasitor disambungkan pada terminal
beban. Hitungkan:

Assume that a three-phase 530-hp, 50-Hz, 4.16-kV Y-connected induction motor
has a full-load efficiency of 88%, a lagging power factor of 0.75, and is connected
to a feeder. Ifis desired to correct the power factor of the load to a lagging power
Jactor of 0.9 by connecting thr:e capacitors at the load. Calculate:

...10/-
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(i) Kadaran bank kapasitor dalam kVARS.

The rating of the capacitor bank in kVARS.

(ii) Kapasitan dalam mikrofarad setiap unit (fasa) jika bank
kapasitor disambungkan dalam delta (A).

The capacitance in micr-ofarads of each unit if the capacitors are connected in
delta( A).
(50%)

Tiga transformer satu fasa membentuk suatu bank transformer pengagihan
Y - A untuk membekalkan kuasa kepada beban tiga fasa seimbang
sambungan Y yang menyerap 100 kVA kuasa kompleks pada faktor kuasa
0.8 menyusul dan beroperasi pada voltan talian terkadar sisi keluaran
(sekunder) transformer. Anggapkan ketiga-tiga transformer satu fasa
mempunyai kadaran serbasama dan setiap satu berkadar 75 kVA,

12,470/415 V.

Three single-phase transformers are connectedin ¥ - A to supply power to a balanced
three-phase Y~cornected 200-kVA load with a 0.8 lagging power factor operating at rated
line voltage of output side transformer. Assume that the three single-phase transformers
have equal ratings and each is rated «t 75 kVA, 12.470/415 V.

. 11/-
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Lakarkan gambarajah skematik menunjukkan sambungan bank
transformer.

Draw the schernatic diagram showing the connection. |
(25%)

Tentukan nilai-nilai voltar. dan arus fasa dan talian dalam kedua-dua
belitan bank transformer (yisi utama dan sisi sekunder).

Determine ihe values of phase .ad line voitage and current in both primary and
secondary-side of the transforiner bank.
(75%)

= 030000 -



