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Transformer (20%)

AL

It the axcitmg current of a single-phase  transformer can be expre.ssed as
ip(t) =Ty sinwt +7,55in 3wd + f,.sin Swi, find the carrents .00

and (,(f}) in the circuit as shown when, { 10%)

)y %, 13 opened;
(2) 5, is closed.

Assume  that the core losses and magnetizing currents are neglected, the
men ratios’ of 7, and T, are @, and @, the equivalent impadances of

Iy and T referred to their secondaries are 7, and 75, and the load
current and voltage are f; and V' ;. Find the expressions of /°, and
/7, using the given parameters. (10%)
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3. Transmission  Line (12%)

For a 345 KV wansmission line, let /A denote the length of a line ele-
ment, z Ax dengte the series impedance of this elemental length of the
ling, and y S denotz  its shunt admittance. Also et

Assume R, 3, € are known wvalpes, and the total length of this ling

i 100 km. Give a mathematical formula to calculate cach of the follow-

ng:

(1)  Swrge impendance (7.7 of this ling, (4%)

(Z)  Propagation speed {1} In mewr per second of the lighining wave
sttuck on this ling, {4%)

(3} Suige impedance loading (SIL) of this line. (4%

4. EQLMLM&;&, (10%)

A threg-phase  synchronous gencrator is connected 0 a step-up
three-phase  fransformer T ,, which is connected to a o km-long  trapsimis-

sion line. At the far end of the line, a step-down transformer bank 7.
5 connected. The secondary  of T . sopplies two imotor loads A, and
M The raings of the various types of equipment are

Generator: 10 MVA; 12 kV; X = 20%; wye
Tl 5 MVA; 12/69 k‘af; X = 10%; della-wye
2t 5 MVA; 69/4.16 kV; X = 10%; wye-delia
My 2000 VA 416 kV; X = 20%; wye
M, 1000 EVA; 4.16 kV; X = 20%; wye
Transmission line; X = 0.32 {¥km

(a) Draw the per-phase equivalent circuit of the system showing alf
reaCtances in per unit and the base voliages used at various parts
of the network. Choose the generator ratings as bases in the
generator  Circuit.

(h) For a three-phase fault on the low-voltage terminals of transformer
T2, calculate the short-circuit current in amperes smpplied by the

generatol  assuming that all internal voltages are 1.0 ZO° pu.
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3. Power Flow (12%)

Fegq 5&2 = 0.25 4§ Nz
= { o
ERRTL: — Tsab - Ve = 1o f &
e
St Spa= 1o+ 505

(1) Give the bus-admitance matrix for the above pOWeCE  uysletm,
{4%)
{2) Predict the power flow solution (9,.&4,}, by giving vour choice
among the following, which, you consider, is closest to the exact

solution,

fay (<107 |, 0.65)
) (157, 0.65)
{cy {20 | 0.5
{dy {-10% ., G.50)
ey (-157 ,  0.50

f) 207, 0.50 (&)
Remark: O 5111 0 cos O
87 0.087 0.9%95
107 0.174 0.985
157 (1.259 0,966
26° 0.342 0.940

257 0423 0.906




v & ¥ X 8 @ B &

NESTE_ P () _ ¥ amtAmR AR
Ttk WM 2fo3 w7 HE ¢ = «EENE [ERE] AR

6. Ecopomic Operatign {10%)

Congsider a system of 1wo generators as follows

Pe1 Q | Pes

Po, = 3eomw Foz = Famw

The incremental cost and the line loss are  given

dc

gl
= = 0.007 P, +4.1 dollars/MWh

-P.l'n.c-,- = ﬂ.l]ﬂl {PGE_- 5':']3 Mw

Assume  the penalty facior of Folis 1.0,

(a)  find the penalty facior expression  of /., i terms of P...
(3%) .

{b) tind the optimal F.,, P.,, and £ 4z without considering generator
output  limits, (7 %)
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Voltage Contral (12%)
V.18, Vs L5,
#il 2 H#H3

Gl T1
Ot

[

5[ 5.:'. 55
Figure |
Complex power: 5, =5,=05;

Capacity and voltage ratings of Gl: 1000 KW ar 380V
Voltage rating of Ti: 380V 22KV

Figure 1 depicts the artificial power sgystem of Tansni Line of Taipei Mass
Rapid Transit {(MRT}. As shown, under the emergency condition (e.g.
under the power cut of Taipower), the MRT emergency generalor s
gwitched into the above system to pick up the railway load. To simplify
our digcussion, the system  load were evenly lumped into 3 bus loads:
Sy 5. oand S5 The 22EV line is an underground cable with a length

of 10 km. After the geperator i3 swiched imto the gystem, the system
steady  state  wvoltge arc:

Va> ., > 25KV > 22K

which wviolates the voltage linuiation.

(1) Suggest  your approaches to solve this voltage violalion problem, by
giving your multiple choices among the following:

{a) Install a synchronous condenser at bus 3,

(b}  Install a ecapacitor bank in seres with T1,

(c) Install a series reactor at bus 2,

{d) Replace T1 with a transformer having ULTC,

(e} Replace T1 with a regulating transformer,

([} Adjust AVR of G,

(g)  Operate G1 inlo the under-excitation mode, (B%)

{2)  Give the echnical limiiations of your approaches (i.e., [or each
gpproach  you suggested, list ong techmeal [limitationy. (4%)
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Protective Relay (24%)

The following are devices commonly applied to the implementation of com-
plex relaying schemes (which will be specified later):

{a&) Potential transformer
(by  Current transiormer

(¢)  Tmpedance relay (to detect |2 . }
(dy  Directional relay

()  Semsor to detecl capacitive Z
()  Undervoltage relay

(gy  Overcurrent relay

{h} Harmonic filter
{1) L-C voltage divider

(i) Line trap
{k)  Transmitter
i) Receiver

Select the devices among (a} ~ (1), which are applicable to implementa- -
tion of the following complex relaying schemes (ie,, give your multiple
cheices among {3} — (1) for each of the following schemes);

(1)  Pilot relaying with microwave as the the communication medium,
2} MHO reiay,

(3} Generator  loss-of-excitation  relay,

{4y  Transformer differential relay. {16%)
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Eigure 2

Figure 2 depicts the simgle-line diagram of a 13.8 KV system. The line
i in .U, values (with 10 MVA as the sysiem base) are also
given in the diagram. The protective relays for breakers Bl amd B2 are
both CO-7 relays. The relay settings for breaker B2 are:

For B2: CTS
TDS

10A
1.1

Decide the relay settings for Bl by giving your multiple choices amonyg
the following ( Note: CT ratio for CO-7 at Bl is 800:5 )

@ CTS =124, TDS =03
) CTS =124, TDS = L.3
) CTS =8A, TDS =0.5
(@ CTIS =8A. TDS = 1.3
{8%)




