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Question # 1 (5 points)

Draw the protection zones for the following power system (Gen, TX, Motor, TL, etc) taking into
consideration zones overlaps. \

T WYY YT e

Question # 2 (3 points)

A 100 hp, 480 V, 0.85 PF, motor consumes 88 kW at full load condition. If the motor is not
allowed to work beyond full-load condition, select:

a. | the appropriate CT ratio with 5 A secondary CIR=| |60 ,46 -~ A
b. | the current tap setting of the I[FC53 OC relay CS = e i A
i i 7 q)’/
e For the IFC53, the available ampere-tap (AT) settings are 0.5, 0.6,0.7, 0.8, 1, 1.2, 1.5, 2, 2.5, 3,
4,5&6A.
' e Use CTs with Ratios: 100/5, 150/5, 200/5, 250/5, 400/5, 600/5, 800/5,

‘ ~PF. " asov
P-8oK=r7 I U b

T, - gz)tlf)g :’zq'l)"/_\ X"ﬂ-(gq
(3 x480xp-85 T

«;{f%g . ke wppropriate CTR
i Q/ 50/4
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Question # 3 (8 points)

The single-line diagram of a small power .
20%, X0 = 4%, Xa=5%

system along with its parameters is shown below.

Generator: 100 MVA, 20 k\./'; X=X= i
Transformer Tx: 100 MVA, 20A/220Y kV; X*= x_— XO :} 8 (;:
Transformer T2: 100 MVA, 20A/220Y kV; xt=X=X" =1lU0% .
Transmission line: on base of 100 MVA, 220 kV the reactar})ce ar
From 4 to P: X* = X" = 20%, X" =50%
From B to P: X* = X = 10%, X" =30%

VA, = (00 MVA :
VA, = | _ T, ] " .
, £ 13 | -
Generator OHE % ] 5¢ Switch open
\Auint ol Y A

If the pre-fault voltage at point P is 220 kV, determine the fault current in per unit and,ifi amperes if

2. AUl

i A

a line-to-ground fault occurs at point P. l//
o % B [1- |Eh v
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Question # 4 (3 points)

g Y'con_“e(’ted synchronous generator has sequence reactances X° = 0.09, X* = 0.22 and X" =
0.36 all in P.u. The neutral point of the generator is grounded through a reactance of 0.09 p.u.

The generator is running on no-load with rated terminal voltage when it suffers unsymmetrical
fault. The fault currents out of the generator are

1,=00pu 1,=3752150°pu 1, =3.75/30° pu—

Determine:
P> £y
LL
a. \ the type of the fault. (@' LL W LLL }G

b.

The voltage of the neutral point of the generator with ( Vn\= o . ?3% v
L respect to the ground.
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Question # 5 (4 points) ne B and back on line C.

) ) ing out of i NG ©
i. The circuit shown below has wg-_m:lmﬁ—fﬂul’t Oflé),‘—kég,o in d show the directions of current
Choose the current through line B to be as the reference line

flow through the CTs and relays, then calculate:

_—

a. | the currents through the OC phase relays

b. | the current through the EF relay, I

I/,\f“U s

RO
: ] t
ti. IfaLLG fault occurred on phases B and C with Is = b it 8 ) s
10£150° kA and Ic= 10£30° kA, show the directions 51.N 51-C 51-B 51-A
of current flow through the CTs and relays, then
calculate:
= (0] ¢ A
a. | the currents through the OC phase relays Ii=1 jo8 %{\.l?.o . B
.= /00 A3 Al
b. | the current through the EF relay, I 1= /00 X0 0 / A
soo,'s_.
e— A
Ip 5005
. e ~—®
7Y B
v
: 7l
____._l I 50059 4
e~ C
Y5
c
\
I A e
bloal ol
/; ------- T (O |

B |
51N 51-C S1B 51-A
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uestion # 6 (5 oints

Assume that a CT pag rated current ratio of 600/54. The impedance of the secondary winding Z; = =
0.1 + 0.5 Q) and the burden impedance Z, = 6.8 +

Zy=6.8 + j1.5 Q. The lead impedance is negligible. T}‘;e ~
core X-section area 4 = 2.8x10” m?. The CT must operate at maximum primary current of 1500 A.
The core is built from silicon ste

el with a 60 Hz frequency magnetization characteristics as shown
below. If the lower limit of saturation occurs at B,, = 1.2 T, calculate:

the secondar current, /g

the voltage induced on the secondary coil, ¥, = 39 "8 B ’I\Té-)/ a
determine whether or not the CT will saturate 5 'es /
the secondar exciting current, /, fe= : % =
the CT percentage error, & £= /ﬂjg?___
500
Zs= 0.\4j0.5
' 100 =
246515 . Z =
-7 1 ! 600:5 - s
A=2.8xi0 ™ 3 5005 I /// i
e 450 5 s 7 — =
= v £ 10 — 77 =
:‘{;fl‘ﬂ - rg o A g 14005 — —
14 1 7
£ 60172 § e
g’: ‘ i 2 | § == / * :!:10015
& 1 ES s H 1505
t ll y 4 17 nlu5
Yy B 4 j
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i i T outcome c Assessment
S T d five loads at busbars (1 - 5). The

2 . i : . 1 an -
A simple 11 kV radial system, with a single infeed at bl_ls ) se (S characteristics
sysem is protected with numerical 0/C relays Ri— R4 with standard inver (S

t —( 01 }XTMS

p - [0.02 -1
i . ted for CTs 1 -4, as
Based on the maximum load current in the feeder, the CT ratios hav:rzz;r:)\sa:rlle;elow- If the IQ_A-,S of

shown below. The maximum fault current (max) at the buses 1- 5
R4 is set at 0.05 and thc@-ading time AT is 0.3 seg, find

2 3 ;

1
I3 ) 200/1
. 2501 l 200/1 | zfo%q I_r—l ﬂﬁ)
Ry

5
AN L
1,=25A N R, I,=18A " 1.=16A I,.s=160A

1.,=17A

Lpma= 3600 A Inex=1400 A =840 A T LTI
’ o~ - S S
%PSs= 80./;/ - ¥
a. | the %PS settings for relays R4, R3, Rz, and Ri :2?;2: %\% /;? /
%PSi= DU M (e
TMSs= 0.05
b. | the TMS settings for relays Rs, Rz, and Ri %ﬁiz g ‘ff Z// /
™MS= . 238 ./

E
- - ‘U ------- ¥
Ij‘oﬂ"ﬁmlx‘qg/ ......................
............... 0'3’
0958, Ay KM e NaC ER e R :
LA 0
.................................. a1 _(,‘:
bop = 9. FBISCC = “rpuageep, | 85
t. ST (o-"\'?
9P = YLu/ g 000l Xo-167 :0,66? :
(’Lﬁq%—/’! —-;_":"‘-:_—:)O' b)" 3—1_;‘— .
- 0. g63sec. o = T, -0y,
_:_—_:;,S '1‘9()‘ = @ oz ——
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Question # 8 (10 points)

; B, is operated by a
For the 66 kV power system shown below, the feeder protection bieal;rufanld E/Fp overcurrent
modern digital relay programmed with Standard Inverse (SI), Instantan
protection scheme.

\/ ‘ . Instantaneoustrip R
" —
cnt ;

| (.-‘ T_‘ ]

Ll |
1
H
]
CB:  SA CB 5 A ; :
System I—D— a'al —D— £ l
575 l sly OMVA
Ry gt oy I,=5000A R A=l 1,=2500A
o I'isn=7A = S Ia=TA

S1 pickup range: 1-12 A

INST,
o INST pickup range: 6 - 144 Rewi o Fom=7A

The fault level at the location of CB; is 5000A. Strong faults (above 2500A) will be cleared by the i
-

i Standard Inversetrip §

instantaneous overcurrent element of Rjv;. Weaker faults towards the end of the feeder (< 2500A)
will be cleared by the SI element of Rsj.

* Relay Rsp is the backup to Rsn and has SI element only.

e The pickup current for Rsn element must be set for 4SMVA or 50% above the maximum load
current.

The pickup current of Rsp is equivalent to 60MVA.

The TSM of Rsp is set to 0.1 s. _-R

CTi and CT are rated at 4SMVA and 60MVA, respectively. N 0600 ¢ v
CTI=0J3s.

» 2600
Relays: € % Lot I g i

Standard Inverse (SI) = ¢ = 7-% x TSM

0.02 = 1

e Slpickuprange: 1-12 A, Step=0.5 A

e TMSrange: 0.1 -1, Step =0.05

¢ Instantaneous pickup range: 6 - 144 A, Step=1 A
CT’s:

a. Secondary: SA

b. CTRs to select: 100/5, 250/5, 400/5, 600/5, 800/5

i, Calculate:
oo /'5/ I”
. CTR, = A
a.
the CT ratios for CTy and C7>. CTR, = 6 00 /6 = : >
I'pn = % Wondary) A,
b. | the pickup currents for the instantaneous OC - Yoo ‘-><(.primary) AN
element of Rivn and the SI element of Rsyy I'psn = [ 5 aA5secondary) A
H0O / (primary) A
c. | the pickup current for the SI element of Rsp. Ipsp= | Y6 7/(secondary) A
SUO 7 Aprimary) A
d. | the TSM: for Rsp to have a discrimination time of
0.3s for a fault of 2500 A. )
(sec).
ii. Draw the ¢-I characteristics for both relays. g

M =4.b PYA|=6776
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