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Question # 1 (8 points) Show Your Calculations

A 132/11 kV, 10 MVA A-Y 3-phase transformer is protected by restricted earth fault protectiqn
scheme at the Y-side. The percentage of LV winding protected against phase to ground fault is
85%. The relay setting is such that it trips for 20% out of balance. Calculate:
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the neutral to ground conneelion.
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Question # 2 (14 points) Show Your Calculations

An 11kV/415V, IMVA 3-phase transformer is protected by a restricted ear'th fault (REF) relay
which is connected as shown in the diagram below. Assume that the CT resistances Rer a.nd the
connecting lead resistances, gy, can be neglected. Answer the following parts to this question:

I ‘,4 = 6 ’ 66 ;F/ A

i. For a LG fault from terminal A to earth of 2000 A fault 77 "= o PO
current, find the CTs secondary phasor currents, residual To= o A

5 current, neutral current, and the resultant current in the = 5o 6 b5 e, A
™ REF relay Iggr, I'y= g_ 6'[ ; A
Irer= A

ii. State if the relay should operate or not.
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i. Assume a fault of 2000 A fault current develops from the T = o) R
middle parts of the phase winding C of the transformer to B i
the transformer core which is connected to earth, find the | {'c= O o A
b. CTs secondary phasor currents, residual current, neutral | J, = @) S o A
current, and the resultant current in the REF relay Izzr, r= {‘ 7 5? A
ii. State if the relay should operate or not. Irer =l = 4 6 5'/'7 < A
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Question # 3 (34 points) ABET outcome “c” Assessment

Show Your Calculations

In the figure below, an incomplete schematic diagram of a
115/13.2 KV A-Y connected power transformer is shown. Current trans
on the 115 kV side and 2250/5 on the 13.2 kV side.

a. Identify the vector group of the A-Y connected transformer. (4pts)

b. Complete the three-phase wiring connection from current transformers to the

(9 pts)

protection arrangement for a 25 MVA,
formers (CT) ratio is 150/5

differential relay.

¢. Indicate on your completed schematic diagram the current distribution (both magnitude and

direction of flow) on the power transformer and in the relay circuit. (6 pts)
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d. Calculate for full-load condition (7 pts)

A

S U 3 e

"~ | the transformer HV and If:;n]lilne currents (7 and I;,) at L LY A-Side B2kY ‘:/.Side
_i'_ both sides. o A Ly = |2; 6 é : Iy = qu 3. S,A
i the C.T sec?ndary phase currents Iy and 1y I, =4.18 7K\ 1,=9.9% A
i Do ot wite curents oy and Iy on bob lef-andight- | 7 — gy 9 A (1, = 4.9y ¢
_i_v_. the operating current I pp Jio= o / A /
=
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Question # 4 (12 points)

For the

25 ;
e matchri\;l\;’?‘ 1‘1{‘5" 13.2kV Yd1 transformer shown below, it is required to set the (87T) differential relay
g translormer. If the CTs on both sides of the transformer are Y-

Show Your Calculations

connected,
25 MVA
/
15075 115132kV i
AR A
y Ydl _
» b I‘,,,NP:NS B
M’?t hmE—*. 1[),,1” 5’6th ) / :
ching i .6
- ! Transformer [2 c \\\ N D(M/__‘_> j
i _ — -

Identify the vector group of the matching transformer and draw its schematic diagram. Verify the vector
group and transformer connections using phasor diagrams.
b. Calculate for full-load conditions:

. | the pilot wire currents I"pyy and /5, on both left- T : L Ll)g; A
‘ X andpright-hand sides of t;}grelay. " Loy = g !3;‘“ Trv g ’
the appropriate turns ratio N, /N of the matching transformer which can be Noaen 8? . #
ii. | installed in the primary circuit of 115 kV CT side to compensate the m - 0 . 65/
magnitude and phase difference. : - n
Yehiny ' F b X " ] 1 ) Vv :
@ }LJ‘}(M;%(MW woulk be as felbws: [m/wte Aas Y |

A| .Al

® _25¥10° 195,64
W = G xisxe? T

rd
—TLV = 26)"/06 o /O/q YgA
(s x 32010 , .
£ & s Y.135A - = Tppv- / %L 50 ‘ |
= Z/ = T since CT3 2ty Yronnected
.55 A - pLV i

-
}

/ s M A - 2 £3 = 0‘,628?
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Question # § (22 goints)

Conside 5

on the nggﬁ_ZO dMVA’ 69/13.2-kv, Dy1 transformer whose connections are shown belc_)w. The'CTs

900 Side of the transformer have a ratio of 200/5, and those on the 13.2kV side a ratio of
/S. The diffe :

fault of 4500 Arential relays operate for a current equal to 20% of nominal current. If a line-line

Show Your Calculations

- nv 7Y% L

determine: oceurs between phases (b) and (c) in the secondary windings of the transformer,
) /0
20005 1A-i18 20 MVA, 69/13.2kV Dyl /
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a 5 " == 21 =50/
“Apnv o —
A1 — T
fl- - LH?ZA éop R 5 J
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opP ST .
1I qqu LIA —_— ; R o ——— ﬁa{) ﬁc, .2_1,‘3 |
opP = 96-¥R
1243 A- R ﬂ’ 21257
M ‘8 6 A e i =
pEe— : L=
“a the magnitude and direction of the phase currents in the LV- 1= L,Cg 70 A
a.| . G -
/ side windings. = —UE00 A
: _— . = O /7 _A
the magnitude and direction of the phase currents in the CT e
b. 2 ot I'y= A A
secondary of the LV-side windings. T = LA
the magnitude and direction of the line currents in the CT La- 1,” =20 gl
€| secondary of the LV—side windings L s=T e 50 A
y ) 1 c ]‘a i 2 g \//A
d the magnitude and direction of the phase currents in the HV— ;: : HaF 2‘{2.
il "2 i dings. )
side windings T —qa7. 7 A |
the magnitude and direction of the line currents in the HV- Ty-1p = -yat.2 |4 |
€ | side windings. Ig-Ic = Qa4 A
Vl\\ IC'I.4= '.L{q:f‘z A
the magnitude and direction of the phase currents in th W\ : ; Ll ;3 = é.ﬁ}g LA s
secondary of the HV—side windings. P e b A .
; I'e=1y 1243 A(; 5
he rel ti t \ §00p= 12 .5F A }
.| the relay operating currents = Py Y3 e
; f N s o
[ h.| the fault between phases b and ¢ causes relay; Y Operation™ y No Operaffo

\ 7 2 :
TLOP = (231('_—-)—!’ [*71./) //'/," 6 ‘ "
= 24-8-50=25.14A

Teop = CEJ+ 7595 - 2432 2574
, Y 1254
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