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. Power Flow  (24%)

(1) You are requested to evaluate the transmission capacity of Tai-
power system for year 1998 by the power flow software package.
Before the formulation of power flow model, you have 1o select the
systern swing bus and specify the PV and PO huses. (9%

{(8)  What are your criteria to sclect the swing bus?  (List two
Criteria. )

(b)  How do you specify the powes wjection (P Y into each PV

bus?  (List two power system analysis steps for this specifi-
cation,

(t}  What penerater operating  limits dees  the power flow solution
kave to comply with?  (More precizely, what operating limits
do gy nax and Qi refer 127}

(2)  Assume vour power flow model configuration, network parameters
and solution algorithm all contaie no ermor.  From the flat-start, vour
algorithin  converges  to your first power flow solution by the
Newton-Raphison  techniqgue.  Could the statcd  below happen  within

this fitst solution?  (Answer yos or no and give one most possible
reason  for each  subproblem.) (6%)

{a) Power injection P, into the swing bus < (),

(by  To eermin lines:
Lineflow > Line s.5. stability Iimit,

(3} Let bus 2 denote a load bus which is remote from the syitem
generation source.  Assume  you alrcady reached a reasonable
power flow solution. Now swich on the SC at hus 2.  Answer
ves or no Io each of the subproblem below (but you are not

requested 0 explain). (9%} ([ Zea +he %3_ g dhe  npet ]::.:zc]e‘}

(a) Does || increase?

(b}  Does the line charge . of fine 12 decrease?

¢}  Dwes the generator operation move towards the under-
excitation mode?
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Per Unit and Fault Analvsis {15%)

A synchronous  generator  is rated 300 MVA, 12KV, 60H:z, It is wye con-
nected, and its neumal s solidly grounded. The machine reactances  are

XZ =X:=020puand Xo=0,10 pu.  The generator  is operating  at

ralad] voltage at no load when a fault ocours at the pgemerator  lerminals,
[15%

{1y  Pind the raio of the shortcirevit curremt for a singie - line-to-ground
fault 10 the shortcircuit current for a three-phase  fault.

(2)  Find the ratio of the short-cireait cwrremt for a line-to-line faulf to
the short-circuit current for a three-phase  fault,

(3} Anp induciive reactance I8 to be inserted botween the neural of ihe
gemerator  and ground to limit the shortcircuit corrent for 2 single~
ling-to-ground  fault to that for a threephase fault, Determine (he
required valte of reactance in ofums.
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3. Overcurrent Profection.  (25%)
Within the sec:ﬁndar}r substation of Taipower sysiem,

(i}  What are the protection devicss in charge of the primary protection
of the following equipmenis (You are requested  fo give 2 types of
prolection relays to protect the 69 KV bus, give 4 relay types  to
protect 11,4 KV feeders, ete) (9%}

fa) GOV bus (D)

() 14KV feeder (4)

(¢} SC and PT both on the 114KV bus (2)
(y 114KV lateral (I}

(2}  The CT's installed for differential protection of the main transformer
rated 30 MVA 69/11.95KY with A — ¥ connection have the foliowing
specifications:

CT ratic on the 69KV side: 3INYSA
CT ratio on the 11.95KV side: 2000/5A
Curtent taps: 5-5, 5-5.5, 5-6.6, 5-7.3, 5-8. 5. 5-10
Choose one of the taps (and give vour calculation sieps). 3%)

(3)  Give two methods commonly adopted to overcome the maloperation
of transformer differential relay caused by in-rush carrent. (5%

(4)  Can wyou reduce the CT error of mulii-tap CT by the following
action?  (Answer yes or no only.) (&%)

{a) Choose 2 higher CT ratio, if permissible,
(b}  Chonse a higher relay pickur current, if permissible.
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Overvoltage Protection.  (15%)

Consider the junction between an overhead line and 2 substation  under-
ground cable.  Supposs & vpliage surge of step function form and  ampli-

tude 17, approaches this pnction along the overhead lime. Let 2,, £,
dengte the surge impedance of overhead line and cable respectively.

{1} Decide 2o 72, Zo=2Z2Z,0r Zo<7Z,, and give a mathematical for-
muia 1w explam your choice,

{2y  Let I"; denote the wvoltage of surpe that penstrates o the cable.
Decide o>V, Fa=¥, oo Vy;<F, and give a mathematical
formula to explain your choice,

{3)  Suppose the cable terminates at the substations main trapsformer
whose surge impedance 8 7, and £, 2., The above surge

([ ) penstrating the cable can cavse a high voltage ¢17,) ai the

transformer terminal.  Sketch the lattice diagram and estimaie 7,
under the worst coadidon.

Governor _and  Exciter (12%)

{1}  Write a mathematical formula o define governor droop R

(2}  How does the power utility specify the load referemce set poimt for
the governor?

(3}  Write a mathemaiical formula o define synchromous machine time
constant . 7%, '

Stality (9%)

A three-phase, 300MVA, 13.8KV, 60Hz, 16-pole synchromons  generator

has an inertia coostant H=2.5 puws. The generator 5 ipitially operating at
steady-siate  with P, =F,=1.0 and 6=20°. A threephase fauli ocowrs
at the generator fertmipals,  Determing the power angle eipht cycles affer
the fault occurs.  Assume that /A, remains constant at 1.0 pu.
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