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The University of Jordan School of Engineering Electri  .ngineering Department
EE483- Power System Protection Tutorial : Circuit Breaker Selection

Question # 1

A 100 MVA, 11 kV generator with X 1=0.2 pu is connected through a transformer, and line to a
busbar that supplies three identical motor as shown below and each motor has X ,, = 0.2 pu and X ,,
= (.25 pu on a base of 20 MVA, 33 kV. The bus voltage at the motors is 33 kV when a three-phase
fault occurs at the point F. Choose 100 MVA base and 11 kV base at the generator and calculate:

the subtransient current in the fault, / . )

the subtransient current in the circuit breaker B, [ 3.

the momentary current in the circuit breaker B, Igmom.

the current to be interrupted by circuit breaker B, Iz, in

(i) 2 cycles (K=1.4), (i) 3 cycles (K=1.2), (iii) 5 cycles (K=1.1), (iv) 8 cycles (K=1.0),

a0 o

A Té 0 X;ne = 30 ohm ET’E H:l——'@
11/66 KV 66/33 KV
100 MVA 100 MVA ] (:)
X, =0,10 Xr; 0,10 E
B [j :
Solution:
xg =j0.20 pu.
& - ; 0 s j1.088
X = ¥mi =3’fn2=3'm3=10-2><—93'=11-0 pu. TR
2 s
0 1@
xi, = X1 = Xma = Xmy = J0.25 X o5 = j1.25 pu. | i N
Tpy = Xy =j0.10 pu B|:|:| i .
F
00 . — ¥
Nine = 30 x ] 2 =-’0688 p. f' s
=0 TeoF :
_f’o’u'\_'_'_@-__‘
" Nn 1l0°
N & T, Line 2 s
1o° 0,20 j0.10  jo.688  jO.10 i 1l0°
B
B i
\ 4 .“ 1[_@3
1
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- = i0.255
“” 3919 ’
1)0°

= 75255

Base current for 33 KV circuit

=-j3.919 pu.

100 x 1000
Iy=————— =175 KA.
2 J3x33
| I¢| = 3.919 % 1.75 = 6.85 KA.

(b) Current through circuit breaker B is,
2 1
Jon=—4+——=-32,
®= 51" 71088 j2.919 pu

| 15| = 2.919 % 1.75 = 5.108 KA.

Y=~

(¢) Momentary current can be calculated by multiplying the symmetrical momentary current
by a factor of 1.6 to account for the presence of DC off-set current.

». Momentary current through breaker B
= 1.6 x 5.108 KA =8.17 KA.

(d) For computing the current to be interrupted by the breaker, motor *p (I =y 1-0) is now

replaced by Xp (I;n = j1.25 Du]. The equivalent circuit is shown in Fig. 8.13(c).

Xgq =J0.3012
Current to be interrupted by the breaker

= = - j3.32
It = Sos012 - JO0cPY

Allowance is made for the DC off-set value by multiplying with a factor of (i) 1.4 for 2

cycles (i) 1.2 for 3 cycles (iii) 1.1 for 5 cycles (iv) 1.0 for 8 cycles.

Therefore, current to be interrupted as:
(i) 1.4x3.32x1.75=8.134 KA
(if) 1.2 x3.32x1.75=6.972 KA
- (i) 1.1 x 3.32 x 1.75= 6.391 KA
(iv) 1.0x3.32 x1.75=5.81 KA.

2
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Question # 2 o
A generating station feeding a 220 KV system is shown below. Determine the total fault current,

f;ul{_level and fault current supplied by each generator for a three phase fault at the receiving end of
the line.

11Ky, 220KV
) - G1 3 &
G1 : 11 KV, 100 MVA, Xg1 = J0.15 O ’T: j42Q
G2 : 11KV, 15 MVA, x’, =jo. L
. _ 1_\' Mg =0 11Ky 220KV ja2 Q —<‘Faull
T1 : 100 MVA, xp, =j0.10, 11/220 KV G2 3 E
T2 : 75 MVA, xp, =j0.08, 11/220 KV Ta
Solution:
Let base MVA = 100, Base voltage = 11 KV.
x5, =j0.15, xpy =j0.10
il 100
Xy = J0125 X — = j0.166
" 10 g
Xpe = J0.08 X 7—50 =j0.106
= 342 % 1002 = j0.0867 pu.
Per unit reactance of each line [220)

Single line reactance diagram is shown below

j0.166 j0.272 j0.0867

i, +
110° ]
( l—) j0.173 |
220 220
= T |=26243 x| —
1 Iy X( 11 ) x( 11 ]
] =5248.6 Amp.
= 1 =_.]5'78pu “ ied by th T .
j0'173 Fault current supplied by the two generators

Base current for 220 KV side =5248.6 X (- j5.78) = 30.31| —90" KA

0272

I = gy 3034 ~90° KA
I, = 158 ~90° KA
0.25

= grg <3031 -90° KA

Iﬁ:"’. = 1453' -90° KA
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Question # 3

Two generating stations are connected together through transformers and a transmission linc as
shown below. If a three phase fault occurs as shown below, calculate the fault current,

€ @3

G1 : 11KV, 40 MVA, 15%

G2 : 11 KV, 20 MVA, 10% 11KV " 11 KV
G3 : 11KV, 20 MVA, 10% S
T, : 40 MVA, 1166 KV, 15% T, 7
T, : 40 MVA, 66/11 KV, 15%

Ty : 5 MVA, 11/6.6 KV, 8%
Line reactance = 40 ohm.

Solution:

Set Base MVA = 40, Base Voltage =11 KV
; Xy =j0.15 pu,

40
x,,=j—x0.10 =;0.20 pu
2= ) 20 J p
; 40 .
Xga = JO.10X 20 =j0.20 pu

xp; =Jj0.15 pu
X0 =jO.15 pu

: 0
xpg = J0.08 x 55— = j0.64 pu

. 4
Xy = J40 x(—sfg—z = j0.367 pu.
Circuit model for fault calculation is shown below.
1|0° _
= 7p729 =—/1-37pu
Buse current I = 2021000
ase current Iy = —___Jﬁx e i
= 2099.45 Amp
j0.15
|2;| = 1.37 x 2099.45 jogs
= 2.876 KA

j0.367

j0.15
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The University of Jordan School of Engineering
EE483- Power System Protection

Electrical Engineering Department
Tutorial : Neutral Earthing

A 115/13.2 kV Dyl transformer rated at 2SMVA has differential protection as indicated below. The
transformer is connected to a radial system, with the source on the 115 kV side. The minimum

operating current of the relays is 1 A. The transformer 13.2 kV winding is earthed via a resistor which

is set so that the current for a single-phase fault on its secondary terminals is equal to the nominal load

current. Draw the complete three-phase diagram and indicate on it the current values in all the

elements for:

?)) Find the value of the grounding resistance R.
ii

When a fault occurs at the middle of the winding on phase C, on the 13.2 kV side, assuming

that the transformer is not loaded. For both
Solution:

cases indicate if there is any relay operation.
Full load conditions

The full load conditions for the maximum load of the transformer are as follows:

25x10° 13.2x10° /43
1H(13.2k?] = m =1093.54, R="F __— -

=6.97Q
1093.46

Fault at the middle of 13.2 kV winding C
Since the transformer is earthed through a resistor that limits the current for faults at

the transformer 13.2 kV bushings to the rating of the winding, and since the fault is

at the middle of the winding, the fault current is then equal to half the rated value as
follows:

Ifau!r =(Inom(13.2kV))f'2:1093-47/2=546-7 A
The primary current within the delta winding is

o i (szz),ﬂl:m@
N] Nl I/l.

=846 5% 13'21’1‘5{5 i

prim Jault X

P
prim ‘\/SXVR

The differential relays do not operate since the current through their operating coils is only 0.6 A,
which is less than the 1A required for relay operation.

Supply - 25MVA
A 0o x Dyl

g1k A1 ]
06 éop R

0.6

=
L1

Conditions for a fault at the middle of the winding on phase C on the 13.2 kV side
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Question #2

I For the circuit shown in below, with an input voltage U = 230 V together with Ry = c0 (infinite),
and the switch S is open. The currents [;, [ , /3 and /rs are measured. For [, I, and /5 are as
given in Table 1-a, what will be the readings of /_, ch and U,?

Table 1-a
1, (A) L (A) 1, (A) Ies (A) I (A) U, (V)
0.7 0.7 0.7 0.0 0.0 0.0

1. For the circuit shown below, with an input voltage Uy = 230 V'together with R, = oo (infinite), ar}d
the switch S is closed. The currents [, I, I3, s, and Jj are measured. For /; and [, are as given in
Table 1-b, what will be the readings of /s, Ires, /j and Ioj and Up?

Table 1-b
5 (A) 5 (A) I (A) Lies (A) I1; (A) I (A) U, V)
1.15 1.1 2.25 0.0 2.25 2.25 133 J

I11. For the circuit shown below, with an input voltage U = 230 Vtogether with R, = 50 Q (infinite),
and the switch S is closed. The currents 1, [, I3, Ires, and I; are measured. For £, I, I3, Ires and [
are as given in Table 1-c, what will be the readings of /j, Iz, and U,?

Table 1-c¢
5L (A) L (A) 5L (A) Ires (A) 1 (A) Ii (A) Ire (A) U, V)
1.25 0.45 33 0.52 2.1 3.3 2.6 130

I,
i _/D sn . 1_} AL
+ L& u r L r
Y2 |,
A Jh'!\‘th. t_r'.— II"F.I.'_
h A YY) Y f_\_l'l'l’l'_
= T L N
U, s
R + | l
Im

[ 38}
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The University of Jordan EE-483: Power System Protection Term Due Submission:
Electrical Engineering Department Second Semester 2017/2018 Project 22/3/2018

Term Project-I
EE483-Project-OC Coordination-ETAP

LOYALTY OATH:

I signify by my signature below that all of the attached work on the Term Project for the course EE483 for
the 2™ Semester is that entirely of our own, and We did NOT seek assistance from any other classmate or

other personnel, or provide any assistance to any other classmate in the completion of this term project.

Name S.N. Signature
Name S.N. Signature
) Design the protective scheme of the power system shown below. It is required
Objective: to size all the CTs, define type of protection and relay setting.
Procedure: You can use ETAP software programs.
1. Draw the network with all the data as provided.
2. Run aload flow to determine your steady state conditions.
3. Perform short circuit analysis at different buses.
’ 4. Select and size all CT.
Steps: .
5. Connect relays where appropriate.
6. Carry out coordinating studies to adjust relay settings.
7. Check for relay operation for selected fault locations.
Report: Prepare a detailed report of your work.
Team Work: You may work in a group of two but no more.
s il March 22, 2018
Submission:
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S

200KVA 500KVA " 144KVA
L] [ ] [ ] :
[]
Line7 Line4 2 ' Z
F2 F1
sauce ~ Qrio | ORe [ Ors Ore
network : P H g o ' 144KVA
@_r-—l_ia lenes I: Line5 E =| Line2 E e
G T Z i 4 T2 :
F5 Fa F3
ORg QRB QRa
§ 200kVA| | 500KVA P, 144KVA
: ! ¢ Line3
_— —t | — : -~
Line9 Line6 ;

Protection of radially-connected network

Apply inverse definite minimum-time (IDMT) relay with normal inverse characteristic given as

0.14
0.02
I
(] =1

Where t = tripping time of relay, 7;, = time

t= Tp

Network parameters: G: 2MVA, 10%;

Ty:  2MVA, 11/3.3KV, 7%; T: 500KVA,
3.3/0.415KV, 6%; Lines 1, 2, 3: 0.02 Q/ph;
Line 5: 0.2Q/ph; Line 8: 0.2Q/ph; System MVA
base = 20MVA; Positive and negative sequence
impedances are assumed equal.

In this network, for a fault at the point Fj,
relays i1, Ro and R3 must not operate in less
than 0.5s.

Reactance of G = 1p.u; Reactance of Tj
0.7p.u; Reactance of Line 8 = 0.367p.u; Reac-
tance of Line 5 = 0.367p.u; Reactance of T,
2.4p.u; Reactance of Line 1 = 2.323p.u;

For example, the feeder relay and breaker, which
are downstream, should clear a feeder fault be-
fore the supply-side relay and breaker (upstream)
could trip. Generally, CTI of about 0.4 seconds
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Generator Differential Protection

Differential Protection for Y-Connected Generator

Star connected
allamalor stalor [+ |
winding -/mm
Rornator c1 B = earthng
pacer- T TR ——— R
varnure ) ¥ gy . PO Lo U—
[y N N
A} o i T - ce = Y
' ' Vo, aY
¥ TR oI =y =B
Pl it et
ey ’ 1
R ‘ oc :
. cc oc.,
i 1
: — ’FILW‘ :
. RC &
' HC :
Pl.'torﬂlya/
dlerenhal Mgy
Differential Protection for Delta Connected Generator
Cmita connectad aber et cr
stator madrg o heutial
L ST -: = p o1 | PReEmn
: g e
1! :
H oan W%
4 mi ] co =
g an
e L JV L] v
=
Mw.\ FPesemscsansnnsense=a- "
1] ]
: ioc :
k éoc éoc:
0L == Cperatng oo o
RC == Rastraming ood _: RC "AH‘ [ !
CEe —== Cucul bropher [ RC '
1 "C .‘\
Perantage
- = 1l Ngruniugi feimy
Opmcatng curent

Operstung regon

—

2 currenl

Rastraining
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Restricted Earth Fault Protection of a Gener ator

Generator Stator_
C.T gmse= : 770 —R
a0 +——L T f——J V
UV | ' | 70 =
MNeutm! ] [ o Y
point QP : T_W :
N 4——1’1\“— o B x| —t-t
v gy . ; — VL 'l
T:. : -— .-'1""0":
=TT T "Ogerating col
}
Al ==
Earthing L e j |
resaianee i o greig B
s N Restricted earth fault relay

Let us sce the effect of earth resistance on the % of the winding which remains
unprotected.
R Consider the carth
-.l....- a resistance R used to limit earth
fault current as shown

l N which is unprotected The value of the resistance
------------ R limits the earth faull current.

If the resistance R ois very
R Y small ie. the neutral is almost
solidly grounded, then the fault

- B current is very high. But high
Earth fault currents are not desirable
resistance hence small R is not preferred
- for the large machines.

For low resistance K, the value of R is selected such that full load current passes
through the neutral, for a full line to neutral voltage V.

In medium resistance R, the earth fault current is limited to about 200A for full
line to neutral voltage V, for a 60 MW machine.

In high resistance R, the earth fault current is limited to about 10 A. This is used
for distribution transformers and generator-transformer units,
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Now higher the value of carth resistance R, less is the carth fault current and less
percentage of winding gets protected. Large percentage of winding remamns

unprotected.
fLet v

l

R = Earth resistance

Full line to neutral voltage

f

Then the value of the resistance R s,
>
i

And the percentage of winding unprotected is given by,

R =

“s of winding unprolected = !%'1*100

Full load current of largest capacity generator

where I, = Minimum operating current in the primary of C.T.

If relay setting used is 15% then 1, is 15% of the full load current of the largest

machine and so on.

Unrestricted Earth Fault Protection Scheme

Generaior
'_"3’3'.‘2*1"1"!._ cr
Fo.m\
T U R
: 1 — b
WA, ; o ul
. T VT b
: I —-.-[v.
]
Eaming T o L reummmn— 2, 8
resistance . : TV
- _.-lhl ‘R‘
= —hmir'::_

Ganoraor
staior wncig -
\ H
TR P .Y
L) [} IUT R
cT : s
N ] M
4 ' : U1 v
Sahmg E : 4 &
— U 8 %
wentay TN AR === g = g
1 F;
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ineerin Electrical Engineering Department
Th;::;;“—";:)’ :rfSJ:Z?:; Protection ST Tutorial : Generator Protection
= Wi
Question # 1

A generator is protected by restricted earth fault protection. The generatm.' rati(r;gS T?I:‘ € :j}'f I;Zt;illlo
MVA. The percentage of winding protected against phase to ground fault is 85%. The refay &

is such that it trips for 20% out of balance. Calculate the resistance to be added in the neutral to
ground connection.

Solution:

[ - RatinginVA = 10x10°
Iy V3<13.2x10% = 437.386 A

3
V' = Line to neutral voltage = 5 o Bl 7621.02 V
3 J3

Relay setting is 207% out of balance ic. 20% of the rated current achivates the relay,

|, = 4387.386x20 = 87.477 A

100 = Minimum operating current

“o of winding unprotected = 15% as 85% is protected

15 = Ro_ 00 = Rx87.477 .00

v 7621.02 0 _ R = 130680

|
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Question # 2

A star connected 3-phase, 12 MVA, 11 kV alternator has a phase reactance of 10%. It is protected
by differential circulating scheme which is set to operate for fault current not less than 200 A.

Calculate the value of earthing resistance to be provided in order to ensure that only 15% of the
alternator winding remains unprotected.

Solution:

. - & = 12x10°
12x10° = V311101, _1 T FT0r « 629.8366 A
v o Yoo
Vi3
Y Reactance = %xlﬂﬂ
10 = 629.8366)()'
6350.8529

= 6350.8529 V

100
X = L83 N

. Reactance of unprotected winding= (% of unprotected winding) = (X)

15

= e—X

105719083 = pas120
v = voltage induced in unprotected winding
15

i = Fault current = 200 A

R 952.6279
Z = Impedance offered to the foult = +— =

: T2p0 = 476310
-t + j (reactance of unprotected winding)

7

2 = 1510 _ 2] = P+ 015127 = 47631 0
r =

=

47607 Q This is the earthing resistance required.
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Question # 3

The neutral point of a 11 KV altemator is carthed through a resistance of 12 €, the refay 8 i
operate when there is out of balance current of 0.8 A. The CTs have a ratio ?f. 200 a;
percentage of the winding is protected against earth faults? What must be the minimum value o
earthing resistance required to give 90% of protection to each phase?

Solution:
Vo=11kV R=12Q CTR = 2000/5 i, = 0.8 A = relay current

2000 - 082000
, = minimum operating line current (CT. primary) = #7587 5 = 320 A
V = line to neutral voltage = Sk = 112107 _ 43508529 V
3 3
R} 12x 320

o \‘\hndmg unpnm:clcd = ——i-:-ﬂlw - m"l&’ = 60.46.%

o, Winding protected = 100 - 60.46 = 39.53 %

_Thus with R = 12 £2 only 39.53 % winding is protected.

It is necessary to give 907 protection.
. _ R«
- % Winding unprotected = 100 - 90 = 10% _, 10% = v

x 100

R 320
| em—
W0 = G052 W_R = 198460

This is the minimum value of resistance to give 90% protection to the largest
machine.

Question #4

A 50 MVA, 33 kV, 3-phase synchronous generator is protected by differential protection scheme
using 1000/5 CTR. It is provided with restricted earth fault protection with the earthing resistance of
7.5 Q. Calculate the percentage of winding unprotected in each phase against earth faults if the
minimum operating current of the relay is 0.5 A.

Solution:
v . EL il RETS [N
V. =33kV R=7.5 CTR=1000/5 i,=0.5A =relay current i3 = 1905255V

1000 _ 0.5%1000

|, = minimum operating line current (CT. primary) = 5 5 = 100 A
-y RI1, 75100
« Winding unprotected = . 100 = Tou52 55 x 100 = 3.936%
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Question # 5

An alternator stator winding protected by a percentage differential relay is shown below. The relay

has 15% slope of characteristics (I;-1;) against (I;-1;)/2. The high resistance ground fault has

occurred near the grounded neutral end of the generator winding while the generator is carrying

load. The currents flowing at each end of the generator winding are also shown. Assuming CTR =
500/5, will the relay operate to trip the circuit breaker?

Solution:
300+PA M0+PA sve ,
5005 P - so0s 4 ornse, 15% Slope
i poroe B IT"" U{cr
L t —~ve
Fault 5ol torque
] 4
Operating
coil —
. BYH
2

[a, ‘b’

From the given current at two ends, let us calculate C.T. secondary
currents at two ends

. . 5 _
i|‘={300+j0)x-5-0—ﬂ-=3A i, = (34U+|0)x§m—-3.4ﬁ
The directions of currents are shown
e T e
T 7
'11% ‘iz
The current flowing through the relay coil is i; - .
il + 12 3"1‘3.4
il“'i2=3"3.4="0.4A ) = 5 =32 A

- y i +i
From the characteristics of 15 % slope, corresponding to = % 2 the out of balance

current required is,
" iy +1
e By 2 Slopex(-‘—mg-]
\

74 = 0.15x3.2= (048 A
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+vg 15% Slope

Thus i, - i, must be
more than 048 A ie.
above the line to
operate the relay but
actual point is located
below the line in
negative torque region.

Q
Hence the relay will not operate.
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