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Electrical Engineering Department
Tutorial #1: Fault Calculation

The University of Jordan School of Engineering

EE482-Power System Analysis I

Question # 1

For the distribution feeder, shown in Fig. Q1, use the per unit method to determine the magnitude of
the fault current (f.3,) in Amperes for a three phase fault at the feeder end. Use a system MVA

base of 100 MVA and a voltage base of 13.2 kV at the feeder.

115 kV/13.2 kV 3-ph
40 MVA Fault

115kV l Xr=15% | 13.2 kV
Ak |

&

MVA,=1500 MVA

5 km line Teapn
X = (0.306+j0.63) Q /km

Fig. Q1
Solution:
e SRV R R T T Y v T
MVA_, S MrA, 100 15
VR 132
X, = Xy X Xpgers oy Kooeotsony = MVZW = =172 0, = 0067x1.742=0.117 Q2 |
1
x, =X, x W e T35 100 o5 ¥ = X, XXy = 0.1875x1.742 = 0,327 Q

MVA,,, 100 40

Z,, 153+/315Q
Z o 17420
Zy0 = 0.70£64.1°x5 =3.5£64.1° Q= X, =2.03£64.1° pu
Zoyo = X oo+ Xy + 2y, = jO.117+ j0327+1.53+ j3.15=1.53+ j3.59 Q = 3.9£66.9° Q
Z =X 4 X +Z,,, = j0.067+ j0.188+0.88+ j1.81=0.88+ j2.07 pu = 2.24..66.9° pu

=0.88+ j1.81 pu

Z,0=(0306+0.63)x5=1.53+j3.15Q,= Z,,, =

eql pu sclpu Tipu Llpu
3
132x10" .7, :
;oo E__ B _TOLLOCV 10541, 66.9° 4
PRz 3.9£669°Q  3.9.66.9°Q
E, 1.0£0°V
R - =0.446£ - 66,9° pu
Lo = 7 = 22426690 s Xe= 0067 pu
Xr=
Iba_\‘e—lJ.ZkV = MVAM‘W = IOOX 1000 =43739 A E 0'1875 pu
V3V, 3x132 Zy = 0.88+/1.81 Pu
7 - 0.88 +2.07 Pu
= 2.24.£66.9° pu
Ip3pn = 0.446 pu
i
I,= 43739 A
Ippn="|1954.1 A
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Question #2:

. ) late the
For the system shown in Fig. Q2, and starting from the data that are g.lven, calcu
and single-line-ground fault in Amperes at the Buses 3, 2, and 1 using:

three-phase

a. The Ohmic method referring the system to the 115 kV bus.

b. The per-unit method.
Solution:

a. The Ohmic method
950 MVAsc, 115 kV

1
2 2
Z, = Mr:/ifl = (191553 =13.92 Q referred to 115V
¥ 115/13.2 kV
Y-Y 25 MVA
Zrmnsﬁznner = Zpu = Zbase 7% =48
V2 2
A = (5] =529 Q referred to 115kV
MVA-TX 25 13.2 kV
L -1% x 529 =25.39 Q referred to 115KV H:l 2
15y’
Z, =1.125x% T i 85.35 Q referred to 115kV
G
a. Three-Phase Fault 0
- 115x10° =
e [3(13.92 + 25.39 + 83.35)
=532.6 A referred to 115kV
=532.6x (ﬁ)
13.2
= 4640.2 A referred 10 13.2kV LB2kv 3
e 115%10°
foul® = [3(13.92 + 25.39)
=1689.0 A referred to 115kV A
115 Fig. Q2
=1689.0x (—)
13.2

=14714.8 A referred to 13.2kV

] _ 115x 10°
SfauliA Jg(] 3‘92)
= 4769.8 A referred to 115kV

The L-G Fault = 0, because the TX is not grounded

2
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b. The per-unit method

Let MV Abase = 25 MVA
kVbase = 13.2 kV at the primary feeder.

2 2
B bl = Vi = (115) = 529 Q referred to 115 kV
MVAbase 25

2 2
Lsva i = Vi = (13'2) =6.97 Q referred to 13.2kV
MVAbase 25
4.8
Zoy = 100~ 0.048 pu
MV4, _. = M, 030 =38 pu
MoMvA,, 25
Zop = R S pu
g MVA sc=put 38
1.125
ZL'-"c“p" = ‘6—'97— =0.1614 bu

a. Three-Phase Fault

N

|4 13.

vV, =—f =—""=1pu
Ty T2 F
VC—pn _ V('—pu 1 .0

I = = =
fault=C ZZ Ziwe vt Zoy +Z,  0.1614+0.0263 +0.048

, _ MVA,,, _ 25x1000
base-13.24¥ A KV, V3x13.2
Ifnull—C(A) =1 e * ase-3 20y = 4.24 pux1093.47A = 4638.6 A

=109347A

A
B e 132 &
v, V
s = e 1.0 =13.46 pu
e Y7z Z,+Z, 00263+0.048
L pose3air = MV Ay 2531000 195 474
o 3xky,, Y3x132 .
Iﬁ,,,/,-g(,;) = ]ﬁ,,,[,_g X ]base-lj.ZI.V = 1346 pux 109347 A= 147138A
VA—pn = VA = l‘E = 1]7”
VA—base 115
Vi Vi 1.0
3 CO o . SR . =38
Lt >z z, 002638 pu
MVA 25%1000
{ y = = —=—— =125.5A
base-115kV \/5)( kVane J§ . 1 15
Iﬁmh—A(A) = [jauh-(‘ X Ibuse—]J.ZkV = 38 pux 125.5A =47694A
3

=4.24 pu
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Question #3

A portion of an 11 kV radial system is shown in Fig.Q3. The §ystem may be qperated with one
rather than two source transformers under certain operating conditions. Assume high voltage bus of
transformer is an infinite bus. Protection system for three-phase and line-to-line faults has to be
designed. Transformer and Transmission line reactances in ohms are referred to the 11 kV side as
shown in the Fig. Q3. Calculate the maximum fault currents (Inax) and minimum fault currents
(I,«,’,,,,‘,,,') at bus 1-5.

js0 @
3360 ©) ©)
7Y

Bl B2
F j9.6 j6.4 L
-D—B{—n-‘l
j5.0
Fig. Q3 i

Solution Hints:

1. Maximum fault current will occur for a three-phase with both transformers in service.
2. Minimum fault in this case is assumed for a line-to-line fault. A line-to-line fault produces a

fault current equal to NE) / 2 times the three-phase fault. Also the minimum fault current happens
for line-to-line faults with one transformer in service.

The maximum and minimum fault currents are given below for faults at bus 1-5

Fault Fault at Bus
Level 1 2 3 4 5
Max Fault Current (A) 2540 525 343 240 162
Min Fault Current (A) 1100 377 262 190 132
Max Fault Current (A) Min Fault Current (A)
| v | 1x10%/43 4 11x10°/+3
I = - =2540 4 I4,|=0.866x =0.866x ———1"—=1100 4
l f3phl| lzeql | 5 I /LLII eql 5 %
3 , 3/ i
I-’n h2|= V| L=y /£=525A |IﬂL2|=0.866x s =0.866x_~———nxm “/5.-_377,4 ;
PN Z 2| (25+9.6) Zop (5+9.6) :
3 y 3/ 5
1 spis] = | = 103y |1 12| = 0866 —0866x OB o, :
130 Z 3| (25+9.6+6.4) Y Z,3 (5+9.6+6.4) ;
v 11x10°/43 4 11x10°/43 ;
- = =240 4 =0.866 =0.866 x ———————— =190 4
|113ph4l Zons (2.5+9.6+6.4+8) |If“-4l Dt Z s * (5+9.6+64+8)
: v 11x10°/4/3
|7 35 = Vs 11x10°/V3 =162.4 |15, 5| = 0.866x =0.866 L'l =132 4
/3P Zs| (25+49.6+64+8+12.8) Z s (5+9.6+64+8+128)
4
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¥ Fault Calculation ¢

— ?-Ph fauh‘-

L-G fault-
Lr—_—-:l.—!. fault-

. ’n;{et‘ main PMh o')e a,nj power de'@m: Geuefa

o Thtee.  main tmoes o fault =

Y beibu tion.

bion — Tramsmission

7’

Sowrce ——)Load C‘a”écl ;{awﬂ..s"rcam.

loagd ——» Sowvte calleo( ” ap—shem-”

L4

”[,au Tension Class
"Low Vo l'fage, class -

ove called : ”Meptium Valtage Class.
= “Extra High lef'ajf:f

« The valfarjes YooV , 330V, yisy  ode ca!IEanR

% The Ual’raje,s 1 KV 533KV

30KV = “High Veltage > 220K

W : ”soh'o“j jfaunafed-l,
AYL oy
&l 5K

ﬁj’w Xy = (o-306 +jo-63) 3/ Km
%’FJQ‘Q — T svh
Rated Volfage Xon®Xic. s WA= (T Vi Toc .
Vool % L Xso = i/
Tscp
From mvly & KV, one com find Tp 52

2 & MVAL
~ (fﬁ‘tl ) Ib 5 Vi
MVA b

S T the CFFG’(?L"Vc &WﬂS r"a,'f'a‘
the phast velfages

Ill.a'na-ll'ne‘ Vo H’ag&sl
; 7?Mf7€amaf Ratio Rutin,

» Turac Ratio: Rativ 01?

X, = BKm » (otbjod) T 5 K .53 +j315 A
M -
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B - WAL o gapa 15206 - g0z GR Y
1T N Lo Tz =——

Snew 0 ; 0 oR Lz jol8FPV
XT,,W - XT(OL ’ggne: = 0075 % ')_[1,%' = 0 1315 P Eﬂ;ru ‘J;—;—_’_. |
3 ol i

|
|
|
|

{
i
1

* Xsc, Con be Fawna! bj o we Fhods * b

)

. M&'H‘IOJ. [l) . VA ) 1500 - ’9 Pl)
P~ Mg > Xsg = 18 =
. nethod (2): 2 2 |
L Vi)~ o dlB - B8l
[tevnatively: X = KVo)” - 2 —_—
SRt 5¢ T MvAse 1600 . 2.8 _ jo.06F PU
i = £5¢ 77 32.2 BTN
Zl’yv anﬂ(v Joo

ke
*P(oo}e for Xs‘g—d— M‘%‘

S‘ - ISC

0 — s¢

SSD = \/ﬂ, Jﬂfj 3 \/ﬂ}:li— = %5 P0
]

|
oy = Y s S = m
] T/I,, ‘FU 2
The eguimlwf circu}f as fa“auls: 2

. { - 0.33—."2‘07 U
Zeg = JXs¢ wjXTtZL :p.qu 55" oo

-669" py
LU g
7 ey 22448 e

5 } T [Tc) = 195%1A
P T Jogxlo. = 4373:9A = Tar Le x Tl A
b: T

MVAD
V) [3 xi3.2x10
I3 Vi

A J
J;;V 195904 19541A

Tsc
34

-y x 122
e My > BT : 115
Ty = A s Tt vy
HY 3 Vit A
y %, - 92434
o A oo Vb, _ 122 Hy
vV 15
’ “hay
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for 'gu\'d'@ Bus @

Q|

6
. MvAsc _ Q%o x10°  _
sc??@; 3 Vi G x50’

anether e thod ke find. Is:_?r@'-

\ = 7.36F RV
ISC;? - 0 -106+0142
l""""aé ~4317.8A
If’gl_zw 75 x13:2%00

Lo Fault @ Bus ®

I - _/
5;;@ 0.{054-04‘121'0 6us

o Usirg ohmic concepl’
® @

% 959

324

3
Xse¢ = 0105 x I-H -~ 0-|82Fn
O'|q1 )(f'?q:o.?]‘qj’

X+
8?

)(L'>

. 126 v e

(704

= 1-06 eU

uzsq.H A
—
Tse J'Ysc

= Tscp = 3.36F x 43278
o _ . FIKA- 7
i
= 1}29,_1.05 x 43758

|y g36IA . F

‘Faf 'Faul‘f@ B“S@?
- 122070 L yp.7) KA

Ts('@ T To-182f
T = Y. FIK = 4794 .3 A
% - 87 —
I ‘322”0 Z A
C@ o- l?!?-ro}}li L{?L{q L{ :
B2d/5 g g4) A

'I'sb

o wzm;,.,mzs joios
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% for L-1 79&1:4”'5 El
&y XSC XL ILL ] “/‘b'

= : X =XL+X$(;
2
) | & 2 (Xu+ %) 7 .
. = Vel - /3 Pk 5%__13,
- e XL = ILL"- 2-—‘-—‘)@ 2 )@; au _
L T, =0-8661%
XS( XL
e r/I {’.«, 0( Ly i [ec-{—
%M—'% it Calcu}a”ims ané Cons:'alﬁf the 5‘_‘]“5"“ "Fa son 9
n Tau
Hhe loads.
Mseo for L-G Fanlt: .
K oo :
IL(;'*Ia.'fl;\z"'Iag =%>(1;++J;‘+J'“),TL5. |
4t +ve seg aefwork. ¥ |
Here € nee -ve seg- nefeor - % @) |
Jero Seg' e frork . 2 |
@
.if the sgstem 15 Dalanced ;hen we o S
just have +ve seg: ne fwor K - s .
[ S : L
The +VE 5817- A/cwarK ”&IV&V‘! ]Z;" %t

+ 2
J)(;c : Xr ? %@ _“______.\.

T = Ig*‘:ﬁ: + TE
T 2Tl e
since the s am OfC:
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-'h[ the previons cCircuit wag Closed 5 Ten he

cugrent

5]

is found bg_;. Ty~ 3T, = 3P
SE +IZ+IE
vr L-6 fanlt %
e e conpection for LG Foult @ Pus@ , The cenneclion for 1-6faull® g s()
s followws:, as follows

o Mote:
2 Re,flcchnj the impedonce to

N T 2
> Reflecting e impedence o the High wituge side, it will incense (®a).

¥ Review:  +resg —ve se.

Y- loadl

% /3
A- load ! l

5 e

Z %;_,_

Gen. 1‘/‘: G ) i
z Z

Trows.

B B Py,

J X

328

the Low wltage side 5 it will deceease (/a?) .

Fero 5€4

Za
]

CIF b'*_ﬂft s/c on the A-side l°r2
if Y- type ¢ connect gzn if it

i$ Yloma

i
B
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Q ‘ w”
._g_‘ for F 13- G represent a olistribution sbstation” ©

'Fo( swbstation e will use e’ shorfrut &/SII.L_’ I % |
< ;'”47(6 bus

Caﬂﬂ(t/ed T il e

@)
WV ® " @ @ @ 5,
"@"LF I - |
l Ima
Tmaz Tmax 1—;,.4,;..,, o :
%/ S i‘:: jﬁl‘ﬂ jml“ min

ont {rwsf’imef Connt’ch’o(-

' a .
T (6 found erhen e in Sexvice.

1“M$Fd(r‘l8f§
Tmax @ Pund  when Both 1r
3
© = IM :2540/\ oﬂd‘f‘ﬁ'.
Hae 1.8 ”;fmin 18 found for FLL
3 ‘ .
1;‘.-.@. e "',sz'lc,o.fqn.‘g = 525A with one Tx in S&VICE
. ' 3
O_ w2 _ _
5L, = “’"f/f;.u“- FH3 A - B o B
pr 7@ Ll = 37FA.
I4’® —ad o 9o A @ ?;:"/6& B - 262 A
max ;,c,,,,q.;fg.u«g—g 1}8 = é:ﬁ_w-_éq X 5 J_’ i
y ¥ _ wxiodT %
50 - 19 Ly TR e = 0A
mak  264+9.6+6-448+12-3 5 - wxothE Wy

mir 549,646 4+8+28 2

x The minimum amrent js rcf(esmfea( bj 1-1 fault current
since it is smaller than 2ok Pault current . (ie I -086x%, e

X fower S’jsfems Pratection :
. The Relay Hhat connected to the CT has a Sjmbdf ¥ il el 1o D
hat is on over —cunrent erﬂg_

.%mﬂe Transformer: —r prinacy has lacge ol tums -
‘——*Sewnda/j has small #of turns.
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X fr\s‘l’ s Lkme'.ﬁ Trows Fo (MEN" !
Capacitor Covtl

Bhaa L

e Voltage Transformer
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SEP-Rely = :fnfclhgw' ¢ lectonic Pevice -

latar”. |

* Disconnect Qwitch =~ “Isola » E

v v . T med v 2770 |

o Rememberx : Wi- i .ﬂ\.[; = I |

¥(o/tnae  Tromsformey¥:
; 1 olil/t'o(E’/’
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e —————————
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Reactance - %2/2
[ed 7 &E
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Cl i @ 1 Resonancet
B £ L ‘

wl = wCC,-rCz)

G =
V2=Y%s gg Ci+Cy 7 C? J“(Cﬁcz)

@ High Freg it wil act
AC //L?F". (fszWL) —7:‘ d(f&, le‘\ -'I’h_c’

e
_;'—> L = wﬂ- C"f'C}) §r
P}m!C S]'\'!H'- r
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University of Jordan Faculty of Engineering & Technology Electrical Engineerin D.e artment
EE482: Power System Analysis (2) Tutorial #1 Fault Calculation

Question #1: iy

For the power system shown below, use either the OhmicPU method to calculate the maximum 3-
phase fault currents at buses 1, 2, 3, 4 and 5. For the PU method use an MVA base S, of 100 MVA
and a base voltage V,of 13.8 kV at bus # 1.

1\
(‘ /2 L 138/ 13.8kV
Mo R A ® @ @ @ O
N . o 0.7 >k~ 1.0 2.0 1.0 O]
Bpdc ke T (3o
Seme tgad s Ko 222 pmamier
= N (4] Min 200 MVA  li33/ 3.8k
. 3 X 15 MVA
S X @ S i
a0 )i'c 150A  200A 100 A
Bus # o® @ @ @ ®
Ifmax (A)
Question # 2:

For the system shown below, use the per unit method to find the fault line currents in Amperes seen
on the HV side of the transformer with those seen by at the fault location (LV side) for:

a. Three phase fault, Ir3p-.v and Irspi.av-
b. Line-to-line fault, /r;; 1y and Iprr gy,

c. Line-to-ground fault, Ir;G..y and Ir G pv.

Use an MV Apase= 50 MVA and kVbase=13.8 kV at the HV side of the transformer . '

. MVAsc=300 MVA 138K

50 MVA
X=8%

i

2400V

Fault
Location
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~¥Question # 3: .

For the system shown below, consider a base MVA=1.25 MVA, then calculate:
a) The short-circuit MVA at the 11 kV bus, M VAsec.
b) The system short circuit impedance X;. in Ohms and p.u.
¢) Total system impedance in Ohms and p.u. from the source to the IQOO V bus, Xz
d) Three-phase fault current in Amperes at the 1000 V bus using Ohmic method, Ir-1000v-
€) Verify the three-phase fault current calculation at the 1000 V bus using the p.u. method.

i

11 kV
en

1.2 MVA

X=5.5%
I.=25KkA )

|1000 \%

f

Question # 4:

A solid line-to-ground fault on phase A is is represented by the arrow at the point F near Bus Ain
the power system shown below. The per unit +Ve, -Ve and zero-sequence reactances of the
Generator, Transformers and Transmission line is given in the Table.

Draw the +Ve, -Ve and zero-sequence networks for the entire system. E
. Find the LG fault current Iz at the fault point F in pu.

. Determine the current in Amperes that flow on both sides of the Dyl transformer T1 and the

Yd11 transformer T2. The bases at the Generator location are 13.2 kV and 100 MVA.

. Indicate which relay(s) operate on the occurrence of the fault.

VAR I

Reactance | G | 11

L

X4 0.1570.11 | 0.4

~_X>,—10.15[0.11 [ 0.4 | 0.3
1.2

Xo 0.09 | 0.11
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X Twtorial #1 -

Fault Calewlations “powt 27 4
it cqy = |-0L3v
. ‘l 2, ('foi) = las = oz =09 (58 = =
W I .
/Xsc . D . e W Y Xsa - (1?8) - h
(W 250 (Lv) e

‘Po( mMay ‘Pa.ul'l' cwreat: Vool / 1'01 = _thdg.m
i B xi0’ _ 12.3 x10 /3 = 9742- 7A:
Tyv B g = e pandlE ittty

T TZoab+o T2t
Ip - 13:3x10Y)8 ,4132.'1’#' o 123x008 3 ey 3A. i

0. F+0-90% +0.F fo 0. Fr0 50710 FHlt2

O ®
# > | _©® jﬁ
;riusm) 66?)2. Tig0. 0 |27 F11624-3 | 12413

* * *
_Cizj Xse Xr MVA & );o;ﬂ = 6 PU-
X _ '_l____ - olé? PU-
-0 S
o X.r = 0.08 PU
- - Y05 PU
:[:; - 0![6?1"0-03 _ Hz;,y qA ?I‘F =0. 866 I_Fg Pl‘ -
50 x10® = 12028A =7 Ty =
T Tt e q21%.84
(w) r x24oo

T2 = SHFIGA ~
2= Toyx 22 o> Ty~ SIS 7

’3‘3xla
¢ Xt 3,1(0),_._____5___ = 523 FU-

Pt

T
)

o

Xe Xt

Xg(‘ X1
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e

Conhn‘\\kt ‘

@‘d a) M\/A{,sl-%Ml/A

c)

MVA

=3 Y T
=z (25¢) (1K)
- YZ.6 MVA

b)

= iy = ATE BRI

in PU-

in chm!

Y™ 0.026 +a.055 = 008l LU

Xy = 0-020+

e B

L

=002140-044 = 9.0 5 »
—_—

d) dir‘dj ohmic Me*ka(;{'.

{pooV
)

o-0dip. OOV

e) using PV method :

1-opv

o032l 0:055

J'f-)-CH JU°” /A J ]‘2 B J.D'g

w00//2

> 1Tl = “oos

l

Xse = avApy
L,
Ty
=> ch -0 a)’m\

2
- fooo & B 2_‘2‘
Zbc W) ].25 w1dt

Xt = (0-055) (0:8) = o.04Yn

. 38823 A = &K4

:ﬁ

A
= Iﬁ —ol..alslxms . 221.7A

b = VF o0 "
Tl = 7a17 «12.35 =8ABA = §AKA.
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Conhnu&&
; . Z_?
b) ﬁaf o LG\‘F@MH @ Po:m‘ F. 0
[-
Z' = ot +)* 2 =Joit N 7@ =-8lPU-
Z" = joll +jol6 =) 026 g ;
=(jont) #(JjI'8) = Jjo-lo2 |
(1) #( i .
= () _ 3 . 1*/82- Py
216 - LAR e
c) g;_’ nsing Current Pivision
70 T I{a} - 16( I-G - 1.6 PU
or 1. ————-——'I‘G-’_o‘” S [
Brapa 1% p1- 06 = 2 JLED
I, = /logxlO = EHE A
/3 xilGrlv e
=> Pa( T
o) .
Z16 b Y¥.5pU o T - 0259 X !lslf;‘
()
T = (H5)x(502)
& o = (116 = 19680-FA
- QA () ’{
v WL
= for T2 !
(e)_
T,5=3T "= 033 PU Y 16966)(”9 |
(LV)
Lo =(0-33)x(502)
(L”” o >Ga = 3.5 A
7, = 16566 A" (W)
CHY)
* ;
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* for Example 6 i s Jioles :

-—

—_—

s Two- phase fault: (ps.c)

, Thiee - phase Fault :

*)'?:{F :;1’2‘/8:::;:’;” emf’m'nj the Dot in the prima’y 5 then itis leaving the

o !

ot in the Sec nd . ' . '

e 3); +‘ﬂ¢—:‘/ Ceuﬂ'dd; Ie‘:gfd the 1707L in fhe ana.fj, then it 46 &d‘i’a{mj fh{
Dot in the secondady -

| e Joinle fault:
% Phase @daﬁs Liscoves™ -'):: ) foonlt -

. -G Aault:
it Fault Releg dis@rer” i AT
3 i Un padonced T

%Cv’if&fia of Chaasiry CT's ¢

be low the Kael poiﬂ’r value .

? T/o'/{*gg opers te

by 4he CT.
9 Ceruf hase. onN Max. lom( Seem J e
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The Universit of Jordan
EE482: Power System

2 Analysis (2)
Question # ],

The conductor of one saCTanda VT
phase of a three-phase transmisgi . " VA, has a
: . SMiss; 345 kV, 600 MVA, has .5 and the
con?elc‘te(.l to it. The VT 'S_COT"WCth between the line alr?g ;:;Z:c};:satsl}?f\:; in f—“ig, 1. The CT ratio 15 120032
alio 1s 3000:1 . Determine the CT secondary Current and v secondary voltage.

4 nt
Electrical Engineering Department
Tutorial #2: CT-VT

| —an
i)

w1

s Fig. 1
The vT Secondary voltage jg:

V' - 345/\[§x 10°

3000 =664Y)
The current flowing through the line is:
6 o

Frad DRI 1004.2.4 4

V3x345%10°
Therefore the CT secondary current js-
;_100424x5

1200

Question # 2;

i hile the
; ; CVTis 100 V, w
Consider the single-phase CVT shown in Fig. 2. The open circuit voltage requllfemzntcozf ts}:;h st there s e phgse
line voltage connected across terminal A is 100 kV. Find the values of C ‘ar:juctance (L) of the transformer is 1
displacement between the line voltage and the output of the CVT. The leakage in

mH and the supply frequency is 50 Hz.
A

I

le'\ L ]

00:1
Ve
ek } E

ider the circuit of Fig. 2. The open-circuit voltage across C; is given by
Consider T '
wC, +1/joC 4
’ 1/ JjoC, /joC, I 2

Fig.2

e "t i i il ]Cl'efOl'C,

C =10C, =C,=9C
lOOxIOO=IOOX]03E—]—é"':>C1+C2 I 2 1

1 2

hi irement, we have
/Again from the phase shift requir l . o
! C, = =10c,=—2 =, =1013,
L= = =g (21 50)

2

® (C,+Cz)

C, =9C, —9x10132uF = C, =91189 pF
-
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Question # 3,

The circuit | S
The circu;t OI?SFall;!? 1:’:1;:“1%3%??;% fault on the "f"e, with fault current magnitude of 16 kA at 0°.
CT Winding BeSitiani e 0 34;&;}C1 00 CTs. Given the following;
Burden resistance for Y ‘

phase relay R, = ¢
Burden resistance for E/F relay R, :10 5955'(2) = ' i o; it
Leed Resistance (One leed) R, = 0.224' Q I S

£

Calculate,
a.  the current seen by the seconda ‘ ’
s of th ] o “fiars
b. the total connected resistance ngn by t‘;eC ;;r}’lalls]; CT,R et E?Ll_dfi_..—m =
g. ;)he C'ﬁ Se(gg‘ndary Voltage for phase to ground faulé Vr F
s oes the C et
get Saturated at the aboye LG fault current? R
Solution =
a.  Secondary Fault Current
los=1/CTR =16000/(1000/5) =16000/200 = 80 A.
b. Total connected resistance seen by the phase CT
RTQR(‘*‘RN""RE‘FRL ’
Rr=0342+050+ 0.59+0.448 =183 0.
¢.  CT secondary voltage for ground fault:
I,.l‘ = Ins RT
V= 80%1.88=150.4v~150V fault. This saturation would
ault.

A CT with a saturation voltage of 100 V would experience substantial saturation for this
cause a large reduction in the current delivered

Question #4:

A distribution feeder has 600 /5 C |
as shown in Fig. Q3. i
: - lead resistanc
a. Calculate the voltage developed across CT if the phase relay burden resistance Zg =0.10Q, the lea
0.5002, and the CT resistance Rs = 0.40Q.
b.  Will this fault current lead to CT saturation?
c. Ifnot, at what fault level, the CT will saturate?

- A occurs at £
00 CT with a knee point 100 Volt. A three phase fault of I; = 10200
eR =

CTR 600:5 \
F

M\
T 4T

= 00 A -
=102 Fig. Q4

O/CR

\-?‘

Solution:
Effective impedance seen by the CT J
=(0.40+(0.5)+0.10)
=1.0
Vs =1 x]

=(10200/120)x1.0 =85V

Not Saturated. |
t is 100 V the CT will saturate at 100 V corresponding to
is

Since, the knee poin
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x Example Z 0 slides: 3

X ﬂforfa!#z :

SUBKY
00 MVA
P

1204/6,

-gll Assume Y- . connected

CTR =222 = =
T '.-.—-—l— = .—AL. = M‘
VTR V2 T M 1
iy c{aaxm‘ - ﬁ;_li__ﬁ
7 x 35107
IL o {00 'J’I - ‘1:’_'_2_{_4_'
Tec = R 1260 "

Veec = %%ﬁo‘s g e
_ﬂi - 46 \/H
‘(rc‘g,‘ e f_i__"__-
o4 %
'y
—C%'-l J00KV. VA
Zc>7ZC g g . J_
HV C‘n?

i1 Sa
@ (e sononce : L QZCI"'CZ-l which wil

| A
‘m Gl S
fram e ‘ —

_:/0"32MF~"'3 i
iy = wz\.)_, (3)2x 1675 O Continue
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= gmmeﬂ'@: Vp= S Va OS%
S'O,V“A‘) 3 u):

0K =~ ) xtooK . T
LN . ke By e o 0wl Bl
ShAS e CHC}' g ! Q Cz—_cﬂlS’S/“F-

¥ 3¢ d *

—Q—?J %Co nnec+eol Tx.

Kec= Ii’llmﬂ? ?E/Fi%:k )

1}“ = ./:‘:0_0_2-)(5 ':.8.9—&

1000
Q& gecono(Mj Ws‘noll'ft‘_’) ?CA”’-“"“'?%;
rg.ok: QeleA rcsisf'mce'(o-%b)- -
Rep' £/F reloy resistance (0-59). 5

/'e'rdfal = ,RC +< QL‘*‘?P"‘ *‘QE/F

= .83~
= 0.3U2+ Jx 0224 +a'6+‘0'6q =

V,rec = S0 x).88 = 150 volt-

" * *
@'{ 00 Tp =I0200A -
6 7
] . 4

T, = _IL-_._- __/_0_2_.0—9-: 85/:\
e O

5

- 0. B+01+0Y4 = 1

V= (7)x (Rr) = 85 velt:

T e T b - b A ST e e P
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The University of Jordan School of Engineering Electrical Engineering Department

EE482-Power System Analysis 11 Tutorial #3: IDMT OC Relay

Question # 1:

The current plug (tap) settings (CTS) of a GEC 5-A overcurrent relay can be varied from 1 Ato 12 A and the
TMS can be varied from 0.5 to 10 as shown in Fig. 1. If the input current to the overcurrent relay is 10 A,
determine the relay operating time for the following current tap setting (CTS) and time dial setting (TDS):

(a) CTS = 1.0 and TDS = ;

(b) CTS =2.0 and TDS = 1.5;

20 o L)
(c) CTS =2.0 and TDS =7, i
17 -
(d) CTS = 3.0 and TDS = 7; and By
w14r
(e)CTS =120 and TDS = 1. "2713;; ;
53 Jp ety
Use the overcurrent relay characteristics ,g"vg‘ ;
g8
A o g1
t, =TDSx +B g
ir -1 4
g.
t, is the pickup or operating time 8} et i ——
00511522533544555566577.588588.510
1, is the ratio of [[{/|L| M

A=282,B=0.1217andp=2.0 Fig. 1

Solution:

(a) CTS=1.0, then L=|[{/||=10. Therefore,

b =0.5x(1(2)§'21 +0.1217)=0.2033sec

(b) CTS=2.0, then L={IMNL=S- Therefore,

t, = i.Sx( e +0.1217J:1.9455<:c

84—1

(c) CTS=2.0, then L=|I{/|,|=5. Therefore,

t, = 7x( 228'2 0.1217)=9.0769sec
5 =1

(d) CTS=3.0, then IL=|I{/|I,|=3.33. Therefore,

t,= 7x(—-£$;—2—+0.1217) =20.418sec
3.33° -1

(e) CTS=12.0, then I=|I{/\,|<1. Therefore, the relay does not operate.
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Question #2; An overcurrent relay of rating 5 A is connected

The calculated short-circuit current through a feeder is 1200 A.
for the protection of the feeder through a 600/5 A CT as shown

| 600/5 A -
O | =7 y

[

1

'] sa _

' DM T [=1200 A

in Fig. 2.

PS =50%, TMS=0.8 Fig.2

Calculate the operating time of the relay when it has a plug setting (PS) of 50% and time multiple setting

(TMS) of 0.8. The characteristic of the relay is as follows:

PSM 1.3 2 4 6 10 20

Time (sec) 30 10 6.5 35 3 22

Solution:

I =PSxI, ,=05x5=254

pickup rated

r _ 4, 1200 _
Il CTR  600/5

]f-refay l 0 . .
PSM = T__ = E =4 = operating time at TMS=11is6.5 s

pickup

Actual operating time 7, =6.5xTMS >, =6.5x08=5.25s

Question #3:
Figure 3 shows a radial distribution system having identical IDMT overcurrent at A, B and C. For a time delay
step (A?) of 0.5 s, calculate the time multiplier seftings (TMS) at A and B.

A B C
200/5 A 200/5 A F I 100/5 A
Fa' [1 Fa'A) aL ] Fa¥al
@ T | 1 T I T r.3 | LJ T l T ?
5A 5A 5A
IDMT IDM T IDMT 1=1000 A
CS=5A CS=25A C5=25A
TMS=" TMS = TMS=0.1
Fig. 3
The characteristic of the IDMT relay is as follows:
PSM 2 3 5 10 20

Time (sec) 10 6 4.5 3 2

| —
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Solution:

For relay C,
TMSc=01, 1. . = Iy 100 I
C~pickup = 2'5 A [(—rela'|' = a4 — —0 =504 PSM( = L = E)- =20
CTRC ]00/5 IC—pl[‘ﬂlp 25
> operating time at TMS = 1is 2 s
Actual operating time of relay C is t,= 2xTMS =t =2x0.1=02s
L : :
For relay B,
B I 1 I .

Lay =254 Ty == =120 o5 4 popy, = 2o = 2210

CTR. 200/5 Toopiehp 25
=>» operating time at TMS =1 is 3 s

0.7

Actual operating time of relay B is 7,=0.2+0.5=0.7s=3xTMS > TMS; = =3 =0.233

For relay A,

I ! P
IA—plclmp = 5 A ]A—ﬂ'm’ar = f = 1000 - 25 A PSMA = A-relay = 25 = 5
* " CTR, 200/5 I 5

A= pickup

= operating time at TMS =11is4.5 s

1.2
Actual operating time of relay A is ,= 0.2 +0.5+0.5=12s = 45xTMS >TMS, = i3 =0.266

W

Question #4:

A 20 MVA Transformer which is used to operate at 30% overload feeds an 11 kV busbar through a circuit
breaker (CB) as shown in Fig. 4. The transformer CB is equipped with a 1000/5 CT and the feeder CB with
400/5 CT and both CTs feed IDMT relays having the following characteristics

PSM 2 3 5 10 15 20

Time (sec) 10 6 4.1 3 2.5 22

The relay on the feeder CB has PS = 125% and TMS = 0.3. If a fault current of 5000 A flows from the
transformer to the feeder, determine

operating time of feeder relay.

b. Suggest suitable PS and TMS of the transformer relay to ensure adequate discrimination of 0.5 s
between the transformer relay and feeder relay.

11 kV
1000/5
AP : 400/5 A

|l s5a 5A
IDMT IDM T I =35000 A
pPS=1? PS=125%
T™MS =? TMS = 0.3

Fig. 4
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Solution:

For Feeder relay

TMSrecter = 0.3, PS = 125% P I ppeerpickup = PS X Lpieg =1.25x5=6.25 4

')

10

I 0 I er—relay 2-
LB g P o DG 0
CTRp 40075 I 6.25

Feeder—relay —

Feeder—pickup

=» operating timeat TMS=11is3s
Actual operating time of the Feeder relay is £, =3xTMS 21, = Ix0.3=095%

For Transformer relay, / =Paxl

Transformer— pickup rated

S 6
Transformer overload current, [, =13x —%4 =13 el

o
v, J3x11x10°

_ I Transformer—overload 1365
Transformer—relay CTR 100 O /, 5

=1365 4

a =6.8254

Transformer

I

Transformer-relay

Since the transformer relay must not operate to overload current, PS e > |

relay-rated

6.825

| —— 5 >1.365 or136.5%, the PS are restricted to standard values in steps of 25%, so the

nearest value but higher than 136.5% is 150% 2 PSp_ ... =150%

1 PS Rl =15%5=754

Transformer—pickup — Transformer rated

— Ij'—ﬂ'ansjb:mer—rela_v - 5000 /(] 000/5) _ —2_-5- -

PSM ;. . =
Transformer I 7.5 7.5

3.3

Transformer— pickup

Operating time corresponding to PSM 5, ., 0mer = 3.3 and TMS=1 from the PSM-time curve is

t,=5.6 s, Actual operating time of transformer relay is £,= 0.9 +0.5=1.4s=3xTMS

4
-) TMSTmns_Ibrmer = -15'—6 = 0‘25
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B{(—@‘foda‘#? X '

E,?_'_{ Ud}(’, that it caufo( be jl'veﬂ a1 egl«mﬁw’\ Far‘ i‘[—"
or the chavactershcs table  for ﬂ-,w[;,\j tp.
Heve  om Bjuaf!'dn s given.

tp = TR x[ﬁéi-Zi +o./21?]

v

(@) CTe=| & T08= 14

I - % . 10.4p = tp=o020355eL
- Teickwp [

X so on Fr  the other portfs .- - |

€ CTe=12 & TIR=1
since TI,= ,’7; < 1 =sithe fegj oloes NOT opeate.
J

* ” o
I
g‘i{ PS =507 = 2.5A 6% 2
TMS =0 3 ?
Tp-= .
?(ahan that (Or’fISfﬂrtols fs 'H’“S s Lp 12004 i
l‘s;_ve/n (@T'Mg 1) ¢ %F"B’(;;Mf ’ - " :
T_JA/ ,OA—>>5'0 FgM_%—;E—é‘
e givea @ TMS=].
—is Tabe 8 & B
e 1P s = 6.5 sec. =» @t%w; £65 x0-8=5.2 se.
g, Pom=Y
* gj UlSiAj fhe C’;ﬂahad‘-
= ,_.?_— 0.3 = Usee .
/050/) =
7 X ¥
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AT (CI) =058 | ) ——» the cuireat SEOM
L, Co,,m(,,‘na‘fidr\ pIM = J;e ﬁj the 1€ ﬂﬁ’—
Taterval. \—o the cM/MfIc*f/nj

Need o find TS, & 083 @

i ap - X Ti
. 7[)df s Tj = /d{d‘: =504 - if Z'JP(PSU
5

= .T;f _ hOo 50 - 20
~E ig 2.5 25 —_—
& -H«z,;bl&' b =2 SE€C for PSM =20 @ ”

or Q -

so for TS =el =~ do: 2R &0l F

AT
. ?or 123 ('
b, = top. +0.5= 0. 7€ e e
2 fonA
PSMB = %-_:\;_;. < E;f_/;_&i/i’: /0 l’of = ?f&c de" PS."V"-':’O
B .

R A r \’\
top, = tof +0.5+0.6 = .5 Ser- \;\JA 5024
A ¥ 0 5=e-28
T
F

7
PS’MA ? € ’-?5/’5 : : o‘i
1PﬂM ’H*L fab}ﬁ op’IIG.\'& ] /f‘] i

L 2(5# o ot scunrr @ pamf
= ‘/ 6 * 28 A will werk.
X X "
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G Gt

i
CTIomMT

pgy= 2 PRI =157
TS, 7 TME= 02

/
17
T

5000/
“ 5000 _ S T : A __:525A
If = T —Gh0A. 5 PN =7 Tpike e 1125 A 5 .
s s s =l
PgM' = g%% =10 == ’t?(d,v‘ Fhe -faHC: }o‘D -?KEC F(

bop = Flrsm)x TMS, = 3 x0.8 = 4.4 sec..

topy = 0-9 +0.5 = |.4seC.
¢ _ 5090 - 9g) . =3 PSM;= ELA
Iy = 1000/ Py,
csince i} opefate @ 301 overloud 5 Then'
IP2 s 13 X 1;:/1 (
SFEL e A
Ty, 2 Sl = LOXW = {0k

W 3 x1xi03

= . . @Iefan"&"ﬂ.'
Eor Tk [ |0 = /L”A = 13646 - £.82A.
1 009
As & P&f‘“hﬁe’" K

; 8-82 1007 = 1364/
/‘ PS; = —X : - |
f e ?‘l’aﬂo{ﬂfof(s we choose 150/- :

9 AT Secondery |
Sd Naud Ipz - 1'5 XE

g T = 1.5 x 1000 = 1500 A 7 in Priij
2 _—

. Miw Cafcwlﬂbﬂﬂj PSM, . Psmg = % = £.3
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The Universi
‘——%I%‘mﬂ“‘ School of Engineering Electrical Engineering Department
: Power System Analysis (2) Tutorial #4 — OC Coordination
Question # 1;
Consid . -
er the 11-kV radial system shown in Fig 1-a. Assume that all loads have the same power

f . . i
zlilctor. I?et.ermme relay settings to protect the system assuming relay type CO-7 (with
Characteristics shown in Fig 1-b) is used.

ey L f 0 g § 0 ]
— faaaaWiVs DO\ fa'aa'al M-
(} T = e
C.T.R=400/5 l_—l C.T.R=200/5 \_\ C.T.R=200/5 '_—l
L3 =6.75 MVA L2=2.5 MVA L1 =4 MVA
ISC3= 3200A ISG2= 3000A Isc1= 2500 A

Fig.1-a: An Example Radial System

7 TTrTT [\\\ T TITTIT I THTT llﬂ‘ T I T ‘l ll ll
= ‘ypical lime curves
= \\\ type CO-T 3
= over current relay | =
6 1 50 1 =]
: \\\ \\ NRENLE
E Current tap setings: o
= \ 456.7.8.10.12 p
5 E amperes =
R IRWN ;
g = \ \ Time dial setting 3
< ‘E TN ! 3
[ : \\\ 10 \\ =
e = 9 ;
g E \ & - NN =
g E \\ 7] \ \\'\\\\ E
& E 6 \\ N T =
= RN RN N E
2E L 4] i : e M=
e [~
E \ \3 \\\\\:\\:\:
_:. \ ~ '\ \\ o e
N SN N e e N e N 2
Py sieng e < S]] F———
- 1 [~ Tt
E a1 E
OEL 1110 ......u.-mﬁmﬁﬁ.u AN
1 2 3 4 5 6 7 8 910 12 14161820

Current as a multiple of tap setting

Fig. 1-b: CO-7 Time-Delay Overcurrent Relay Characteristics

4x10° 2.5x108 6.75%10°

— —209.95A I,= =13122A I, = =35428A
1= Blixio?) 2 Jslixio’) > Blixe?)

The normal currents through the sections are calculated as
IZI =II =209.95A 132 =I21+I2 =341.16A IS=132 +I3 =695.44A
With the current transformer ratios given, the normal relay currents are

209.92 _ 34116 _ 695.44

_853A i
200 's

——— —— —

5 5 5
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C.T.S.) or pickup current in such a manner thy,

ings :
e current tap settings ( frelay, the current tap settings available afe

relay does not trip under normal currents. For this type 0
4,5,6,7,8,10, and 12 amperes. 25 A we thus . N

iti i lay is 3
e For position 1, the normal current 111 the.re D i
e For I;;osition 2, the normal relay current is 8.53 A, and we choose (C.T.S.)

o Similarly for position 3, (CTSB= 10 A.

tting higher than the normal

We can now obtain th

current.

Observe that we have chosen the nearest 5€
tting (T.D.S.)- We utilize

o di by the time dial se
indicated by the relay at 1 on a short

entional delay .
the relays. The current 1n

The next task is to select the int ]
d to coordinate

the short-circuit currents calculate

circuit at 1 is
2500
i, =——=625A
7 (200
5
pickup or C.T.S. value, we have

s 825 _jo42

(CTS), 6
We choose the lowest T.D.S. for this relay for fastest action. Thus

1
TDS) =3

Expressed as a multiple of the

e
By reference to the relay characteristic, we get the operating time for relay 1 for a fault at 1 as

T, =0.15s
1

To set the relay at 2 responding to a fault at 1, we allow 0.1 second for breaker operation and an

error margin of 0.3 second in addition to Ty, . Thus,
L, = T, +0.140.3=0.55s

The short circuit for a fault at 1 as a multiple of the CTS.at2is

i
sq 62.5 _ 6.25
(CTS), 10

From the characteristics for 0.55-second operating time and 6.25 ratio, we get (T.D.S.); = 2.
The final steps involve setting the relay at 3. For a fault at bus 2, the short-circuit current is 3000 A,

for which relay 2 responds in a time 722 obtained as follows:

isc, _ 3000 _ .
(CT.S), (_2_03} 5
5
Tp=050s

For the (T.D.S.); = 2, we get from the relay’s characteristic,

Thus allowing the same margin for relay 3 to respond to a fault at 2, as for relay 2 responding to a

fault at 1, we have
Ty =T +0.1+0.3 =090s

The current in the relay expressed as a rr_lultiple of pickup is

I
sc, 390 335
(C.TS); (go_o_)o

5

Thus for 73 = 0.90, and the above ratio, we get from the relay’s characteristic, (T.D.S.)y= 2.5

ulations did not account for load starting currents that can be as high as

We note here that our calc
ues. In practice, this should be accounted for.

five to seven times rated val

2

Scanned by CamScanner



Question # 2.

RQI‘\}‘ 'y .
1Y Coordinatj .
ation on radiy) feeders using Use Extremely

For the raqj
1al powe .o
buses 1.5 are giverf 1S ys’? m shown i, Fig. 2.1 the CTR of the CTs and the relay current settings at
Amperes, Also, the o able 2.1. Th? relay current setting (CS) are given in % and in primary
» P& Mimmum and maximum faults at buses 1-5 are given in Table 2.2.

Inverse Relay Characteristics

Design a
n :
overcurrent protection for the above radial feeder using Extremely Inverse Relay

Characteristics:

( 28.2
=
M? -1

Le. find the TDS considering a coordination time interval set to 0.4 s, and a TDS of relay at bus 5
(RS) set to TDS5 = 1.0.

+0.1217)><TDS

" 138/13.8kv TR AR L PR R T
15 MVA
Z,=0.08 p.u. @ @ @ @ ®
0.7 -t 1.0 oo} 2.0 >k 1.0 0
o A0 -0
Short Circuit Leve 50 A
Max 250 MVA
Min 200 MVA 138 / 13.8kV
15 MVA
Z,=0.08 p.u.
3
; | i
Bk 150 Sa 200 AL 10D AL, & e

i S s - A LA e At

Figure 2.1: Radial system considered for relay overcurrent relay coordination study.

Table 2.1: CT Ratio and Relay Current Settings

L(]}c‘::‘iz;n Maximum Load Selectefi Relay Curre;i;snit;il;g
Bus Current (A) CT Ratio | Percent CarentiA)

1 500 800/5 75 % 600

2 350 500/5 100 % 500

3 150 200/5 100 % 200

4 50 100/5 75 % 75

5 50 100/5 75 % 75

Table 2.2: Fault Current Calculations

Fault Location | Minim Fault | Maximum Fault
Bus Current (A) Current (A)
1 4049 6274
2 2986 4045
3 2172 2683
4 1406 1603
5 1195 1335
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Solution: is that for any relay X backing up the next

The principle of backup protection with O/C relays
downstream relay Y, relay X must pick up:

i ini 1t current seen by Y. -
e s should have picked

0.4 s after Y
b. For the maximum fault current seen by Y but not sooner than

up for that current.
. 28.2 i
Extremely Inverse overcurrent characteristic: f, = YRR

)x DS

1. Choosing relay 5 (R5) parameters
Isfmax = 1335 A, Ispnin = 1195 A, Ispickup = 75 A, TDS5=1.0

ty= 4282 +0.1217 [x1.0= [ 28'22 +0.1217]><1.0=0.21s
(1335 3 (17.8Y -1
75
2. Choosing relay 4 (R4) parameters

14fmax = 1603 A, I4jm,,, 1406 A 14p1ckup — 75 A TDS4—?
The operating time of relay 5 (R5) for spma = 1335A is 0.21 s. The relay 4 (R4) will pickup

for Jsfnax. The operating time of relay 4 (R4) is:
tps = 0.21+0.4=0.61 s.

Ly = —%—+0.1217 xTDS, =0.61= 2822 +0.1217}<TDS4
(@] By (7.8 -
75
0.61

0.61=0.21xTDS, =1T1DS,= 02]*29 =7TDS, =3

The actual operating time of relay 4 (R4) for Isjma, and TDS4=3.0 is:

t,= —2&2—+O.1217)x3 =0.63s

078y -
The operating time of relay 4 (R4) for Iypma = 1603A is:

f | e 1207 | DS, =(__%+0.1217)x3=0.55s
(1603 N (21.37) -1
75

The operating time of relay 4 (R4) for Lyfmin = 1406A is:

__ 282 01217 |x1DS, -[(2 L +01217]><3 0.20x3=0.60s

B —
7 1406)2 = 37) -
75
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3. i
Choolsmg rel;y 3 (R3) Parameters
3 =
fimar = 2683 A Bpin = 2172 A, Dypicyp = 200 A, IDS:=?
The operating
g time of relay 4 (R4) for Iy, = 1603A is 0.55 s. The relay 3 (R3) will pickup

for Zyfma. The :
* operat i .
p3=0.5 5+0.4=0p.95 ;ng time of relay 4 (R4) is:

.| 282 -
» = ooy T 01217 [XTIDS, =095 =| ——5—+0.1217 |< IDS,
[__ ) » (80157 -1
200

0.95=0.568x TDS, = TDS, = 00—596-55 =167 =1DS,=17

The actual operating time of relay 3 (R3) for Jyfmqes and 7DS3=1.7 is:

t,,,=(——28'2 +01217Jx17=(}568x170-0965s
@®.o0157 -1 R T
The o;/;erating time of relay 3 (R3) for Jzfma = 2683A is:
t,=|—282 401217 |xDs, =(————28'22 +O.1217]><1.7 = 0.485
(@) _3 (13.415) -1
200 )
The operating time of relay 3 (R3) for fypin = 2172A is:
\
f = __2§%_+0.1217 < TDS, =[——28;22—+0.1217)x1.7 =0.363x1.7=0.62s
(;1_72) i (21.37) -1
200

4. Choosing relay 2 (R2) parameters
Dyfar = 4045 A, Lyginin = 2986 A, Dypickup = 500 A, TDS,=?

The operating time of relay 2 (R2) for I3mq = 2683A is 0.48 s. The relay 2 (R2) will pickup
for Iimax. The operating time of relay 2 (R2) is:
t; =0.48+0.4=0.88 s.

= o2 — 401217 |xTDS, =>0.88= (—25%*+0.1217)xm52
2683) _, (5.366) -1
500
0.38
0.88=1136xTDS, =TDS,=1--=077 =1DS, =08

The actual operating time of relay 2 (R2) for Iyfmax and TDS2=0.8 is:

, = _2—8'22—-+0.1217 x0.8=1.136x0.8=0.90s
(5.366) -1
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The operating time of relay 2 (R2) for Jomar = 4pashas:

=[—282 01217 |xIDS, =(—————+0-1217)X

t, = 2
” ( 4045)2 i (8.09) -1
500
The operating time of relay 2 (R2} for Iypmin = 2986A 1s:

. . * = 0.84
282 01217 |xDs, =((?927—82)22——1+0.1217Jx0.9—0.935><0.9 0.84s

P2 =
(2986) =
500

5. Choosing relay 1 (R1) parameters
Ilfma.x =6274 A, Ilfmr'n =4049 A, 11Pi5k”P =600 A, TDS,=?

The operating time of relay 2 (R2) for fyma: = 4045A is 0.5 s. The relay 1 (R1) will pickup
for Ifmax. The operating time of relay 1 (R1) is:
£p1 = 0.5+0.4=0.9 s.

= 22 101217 |«TDS, =09=(—22 401217 |<7Ds,
4045) _ (6.74) -1
600
0.9=0.756xTDS, = TDS, =% =1.19 =7D§, =1.2
The actual operating time of relay 1 (R1) for Lpmar and 7DS;=1.2 is:

= —2 40,1217 |x1.2=0.756x1.2 = 0.908s
(6.74) -1

The operating time of relay 2 (R2) for Jjjma = 6274A is:

28.2
(10.46) -1

“[—282 01217 |x1Ds, =[

t
# ( 6274\ i,
600

The operating time of relay 1 (R1) for Jysmin = 4049A is:

+0.1217)x1.2 =0.46s

282 01217 |x1Ds =(L'2+0.1217Jx1.2=0.755x1.2=0.905s

¢
! ( 4049J2 =~ (6.748)" -1
600
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r‘\ . . .
Relny —Table 2.3: CT Ratio and Relay CS and TD Settings

Location Sc'é,crmd Relay Current Setting Time Dial Setting
Bus Rati Percent Primary Secondary
___T“‘—-—alo Current (A) Current (A) TDS
30055 | 75% 600 3.75 1.2
-——-?___ 500/5 100 % 500 5 0.8
— 200/5 | 100 % 200 5 1.7
: 100/5 | 75°% 75 3.75 3
100/5 75 % 75 3.75 1
10° —r
{ ——Relay R5 [
‘] = Relay R4 [']
Relay R3 |-
— Relay R2 | |
— Relay R1
10‘ Lodsziosizsn o
& [y
& b N
'.-
10°
10"

Fault Current - Amps
Fig. 2.2: overcurrent relay operating characteristic of R1-R5
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Fe—rm ]

10" % ;
10 1013354 ] =
Fauk Current - Amps = ud Fauh Curert - Ampé
10’ sr 3 :
——— Relay RS [ s :
™ RelsyRd [ iy
¥ ] i I
10 fozeone: : % P
O D 21 WOk U O NN 10 I ORI DU R S0 1O 0 45 re e |
.'E ¥ , i i
10° |z A b it | t
= : I 0.93
...... 2 | :9-"
b
10" : : A “
] . | 10
10° e 1603A 10 st o 10’ 16034 10*
urrent - Amps i y Favh Cument - Amps
.
; I
g
;: -
[ H
| (7]
8 .
« i
* R
0.88s 0.9s
: [0.48s -t 0.5
: i i | i i i
10 i ] 1i 4 i £ 3
10° 10 26834 10° 10! ' 40454 10'
Fault Current - Amps Fault Current - Amps
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Question # 3.

Figure 3 shoy

S a
characteristic o Network ¢

hat j »
nd PS% are given zyi.’r()tected by Normal Inverse Overcurrent IDMT relays whose t-I relay
te—2 -3 ursm
lo%gPSM) | NS
%)
PSo..
S%: 50%, 75%, 1009 ) Ipickup

» 125%, 150%, 175% and 200%.
13.8kV

Bus 2

js6Q

CB, 100:5 j649Q

The mini ? Fig. 3.
mum and maximum fault currents are given in Table 3-a.

Ta R T
ble 3-a: Minimum and Maximum Fault Currents

] Bus No. 1 2 3 4 & ¥ 1
ke Imum Fault Current (A), L, 1380 472.6 328.6 2379 165.1
aximum Fault Current (A), Ja 3187 658 431 301 203 |

a. Select the plug setting multiplier (PSM) and time dial settings (TMS) for the relays R4, Rs, R,, and R; of
the above system and fill the results in Table Q3-b, by evaluating the minimum CT pickup current
({ pickyp )» the plug setting multiplier (PSM), plug setting (PS%) and time setting multiplier (TMS). Set the

TMS of Ry at its minimum TMS=0.5. Use a grading margin (coordination time) of 0.3 seconds.

b. Sketch the o/c characteristics of the four relays on a ¢-/ characteristic.

Table Q3-b: PS and TSM of O/C Relays

Parameter R, R; R; R, \
CT ratio 100:5 100:5 50:5 50:5 |
PS % i
T™MS 05 |

Solution:
The principle of backup protection with O/C relays is that for any relay X backing up the next
downstream relay Y, relay X must pick up:

a. For one third of the minimum fault current seen by Y.
b. For the maximum fault current seen by Y but not sooner than 0.4 s after Y should have picked

up for that current.

Setting for Relay Ry: This relay must operate for a current above 165.1 A (the minimum fault current at Bus-
5). However for reliability, we must set this relay such that it picks up a current that is one third of the

minimum, i.e.,

I 1651
[} e, fmm - ke 0
pickupé — T - T = 55'03 4
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For a CT ratio of 50:5, the pickup current at the secondary of the CT W1

¢ =125%.

_Tpws 5503 _ o o peoy =3 x100=110% => Select PS%s 125%
= =5, 5

I S it 3
Pkt T CTR,  50/5

.. Pick up Current (Effective Current)
I}y =50x1.25 = 62.5 4 (Secondary current) or £ p,op
This means if the CT primary current exceeds 62.5 A (6.25 A secondary
after some time delay. ) lavs. The
Since the relay Ry is located at the end of the network, i.e. does not coordinate with downstream relays.

TMS is restricted to a minimum of % for electro-mechanical relays =TMS.=0.5.

_ . ent X PS
SRAEM omnasy S_u;r xrll 25 = 6.25 A (Secondary current)

current), relay will start operating

Setting for Relay Ry: This relay must provide backup for Ry. Therefore it must pick up the mm1_r_mgrgsc‘;:f?;
seen by relay R,. We therefore choose the same CT ratio CTR¢=50:5 and pick up current It?"c‘“‘n"r y t R
determine the TMS;, we must provide a discrimination time of 0.3 s. This time is Pm“defi such ah 3
operates 0.3 s after the highest (not lowest) fault current seen by Ry. Therefore, R3 operates in no less than
0.3 s after every possible fault seen by R..

For a maximum fault immediately after Bus 4, it will see a fault current that is equal to the fault current seen
by Bus 4. Therefore the highest fault current seen by R, is 301 A (see Table 1). The current seen by both
secondary of CTS of relay R; and R, for this fault will be

~Lrnae 301

I - =30.14
SmaxGeat T CTR,  50/5

If max 4 30-1 S, 5 . -

Hence, PSM , = ——— = —— = 4.82. The tripping time with TMS,= 0.5 is
pickup4
3.0 3.0 .
fy=—————x , =—————x0.5=22s, therefore for any failure of Ry, relay R; must operate
log(PSM ,) log(4.82)

at2.2+03=25s.
Since relay Rj also has PSM;= 1.25 (6.25 A), we can calculate the TMS; from

b =—0_rms, =20 _xTMs, =430xTMS, =255
log(PSM ;) log(4.82)

= TMS, = Zz% =0.569 = Let TMS, = 0.6

= TMS;= 0.6. This gives an operating time of

b= —n&———xTM 3 =——%i~(-)—x0.6 = 2.64 s . This maintains a minimum discrimination time of
log(PSM,;) log(4.82)

0.3s.
Setting for Relay R;: This relay must provide a backup for relay Rj. The smallest fault current seen by R, to
provide a backup for R is 237.9 A (see Table 1). For reliable operation, we choose one-third of this current,

i.e., 79.3 A. For a CTR,=100:5.

. _Lywins/3_2379/3 _ 193 440 4 psos=
pickup(sec)2 CTR2 100 / 5 1 OO/ 5

= Select PS%,=100%.We now have to determine TMS; of R; from the maximum fault current seen by R;

Ll x100 =79.3%

10
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Bl e o i i s

S

R R

it

N

Then, PSM, for this faultis PSM 5 2 (

nt seen b :
geta PSM. Y Ryis 431
sof A. Then, at Rs, for a CT ratio of CTRy=50:5 and a PSs= 6.25 A, we

( fmax}} 431
Psm, <1CTR: | 5075

3 ="/ _

) =6.9.
Pickup3 6.25 For the above P, SM;=6.9 and a TMS; =0.6, the operating time of relay

3.0

Li=—u—"¥ 3.0
X TMS, = x0.6=2.15

log(PsM,) 10g(6.9)

Thus, relay R
) sh Sl s
¥ Rz should add discrimination time of 0.3 s., i.¢., the operating time should be 2.15+ 0.3 =2.45 s.

ow relay R, i
Y Rz 18 a backup for relay Ry and therefore, it will see the same fault current of 431 A.

I fmax3J 431
CIR, ) 100/5

=431
Ipickupz 5
For this value of PSM,, we get a TMS, from
3.0 3.0
ty=————xTMS, =— >~ _xTMS, =4.7 =2
log(PSM, ) 2 = Tog(@31) X 2 3xTMS, =245s

2.45
= IMS, =3--=0518= Let IMS, = 0.6

This gives an operating time of ¢, = et xTMS, = .3 x0.6=2.84s
log(PSM,) log(4.31)

Setting for Relay R: This relay must provide a backup for relay R,. The smallest fault current seen by R, to
provide a backup for R; is 328.6 A. For reliable operation, we choose one-third of this current, i.e., 109.5 A.

A CT ratio CTR,;=100:5 is suitable.
For a CTR=100:5.

I.../3
hledi = swn3 /3 _328.6/3 _109.5 _5.48 A= PS% =28 100 =100.5%
pickup CTR, 100/5  100/5 5

1

= Select PS%;=125% (PS; =5x1.25=6.25 A).

We now have to determine TMS; of R; from the maximum fault current seen by R,. Thus we choose the
same CT ratio and PS% for this relay as well. The maximum fault current seen by R, is 658 A. Then, at R,,

for a CT ratio of CTR,=100/5 and a PS; of (5x100=5.00 A), we get

[ 1 f max 2 J 65 8
CTR 100/5
2 X e / =6.58. For PSM,=6.58 and TMS,=0.6, the operating time of relay R, is

PSM, =

Ipt'chlp2
t =_i'0—-x i =-L'O-~x0.6=2.25.
log(PSM,) log(6.58)
Thus relay R, should add discrimination time of 0.3 s., i.e., the operating time should be 2.2 +0.3=2.5s.
Now relay R, is a backup for relay R; and therefore it will see the same maximum fault current of 658 A.

Then for the same P$§%,=6.25

11
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[{f_-_nn-u ] 658
PSM | = CTR, = ALl =5.26. Then, TMS, can be calculated from
1 6.25
2.5
=30 ms, =—>0 . us, = 4.16xTMS, =2.5 s = TMS, =0 =060.
log(PSM ) log(5.26) :
Table Q3-b: PS and TSM of O/C Relays
Parameter R, R; R Ry
CT ratio 100:5 100:5 50:5 50:5
PS % 125% 100% 125% 125%
™S 0.6 0.6 0.6 0.5

12
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University of Jordan Faculty of Engineering & Technology Electrical Engineerin_g Department
EE785-Advanced Power System Protection Tutorial #5: Transformer Protection

Problem # 1

Consider a A/Y-connected, 20-MVA, 33/11-kV  transformer ~with differential protection
applied, for the current transformer ratios shown in Fig. P1. Calculate:

a. the relay currents on full load.

b. the minimum relay current setting to allow 125 percent ovetload.

33KV 2000/5A
300/5A
L0000 o e ey T & o a a
— |:l l
e [f |
i !
Fig. P1

Solution:
The primary line current is given by

20x10°

Js =34991A
? {3 ]33x10%) ‘

5
Ip = 349.9l(ﬁJ= 5.832A

The secondary line current is
20x10°

T, e =1049.73 A
B uxi0’)

The C.T. current in the secondary side is

5
i, =1049.73 [3=45454
00 .

20
Note that we multiply by V3 to obtain the values on the line side of the A-connected C.T.’s. The

relay current on normal load is therefore
i, =i

5 =l = 5.832-4545=1.287A
With 1.25 overload ratio, the relay setting should be
I, =(1.25(1.287) =1.61A
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Problem # 2

For the Avil transformer shown in Fig. 1?4, there
secondary equal to -30°. So, an auxiliary curret
secondary circuit of 11 kV current transformer St

Determine:
a. the primary (z66r) and secondary (I.115) currents of the AY-connected transformer when the

transformer is delivering its rated MVA.

b. the currents seen by the CTs on the A-connecté
the currents seen by the Y-connected secondary (cray-ss IcBY-s:
transformer.

c. the line current of the primary Y-side
current of the secondary A-side of the matching transformer (Is.march-L)-

is a phase angle difference between primary and
ent transformer (matching) is installed in the
de to compensate the magnitude and phase.

d primary (Icraa-ss IcBa-s, and Icrcas) side and
and Icrey-s) side of the

of the matching transformer (Ip.maren-r) and of the line

P-match

d. the turns ratio of the matching transformer

S—match

e. the currents seen by each relay (retayas IretayB, and I,eiqyc) under normal conditions.

Solution:
1. = (vax1000)/ (Y3 x 66 K7 )= (25x1000)/ (V3 x 66)=218.7 4
L., 2187 _(25x1000)/(y3x66)
I = LesP . — - — e —
TS T CTR, 400/5 80 80 273 4

Icraas=Icmsas=Icreas =273 A
1,.., = (Mvax1000)/(3x11k7)= (25x1000)/ (V3 x11)1312.2 4
1 13122
I _ s _ _
CHMES e CTR, 150045 o

Icray.s= Icmys= Icroy.s = 4.37 A — (Input to the matching transformer)

For equilibrium of differential relay:-

i":t’ ;]r}put cum;nt of matching transformer is Jqcs.p = 4.37 A. Therefore, the output current of the
ching transformer (input to the differential relay) must be equal yarcns = 2.73 A.

nSfOl’m igi

’l}\l;e turns ra}tno of the matching transformer Np,,,.s/ Nsmatch = Ismatch-ph! IPmatch-ph-
P-match _. S—-match-ph = ISmmch-L /‘\/5 _ 2.73/'\[5 ] .58

NS-match IP-mmc‘h—ph IPf'inlch-L - _4?7- = m" = 036
= ISmmch-L =1.58 4.
Lefay,; = Icr,m-s “Is_,,mmh_L =273-2713=04
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25 MVA, Ay11

400:5 I 66/11 kv I 1500:5
e ¢ d LS Pt
e Lo | oo ’

Y
D 3y oy SR

3
Jr Yvy
3

w |

»

4

v E_. Restricted earth <> U b march-L
4 fault relay ey

— Phase correcting
auxiliary current
transformers ’

I S-match-L
S

I CTAA-S a IS—muk‘h—L
» a

>

b

I

C R
|l¢>l Il’,pl Differential relay

Fig. P4: Transformer Differential Protection

Problem # 3

Design the protection of a three-phase, 50-MVA, 230/34.5 kV power transformer, Fig. P3, using
available standard CT ratios. The high-voltage side is Y-connected and the low-voltage side is A-
connected. Specify the CT ratios, and show the three phase wiring diagram indicating the CT
polarities. Determine the currents in the transformer and the CTs. Specify the rating of an
autotransformer, if one is needed.

1284 R — 836.7 A
— Pl
- T =
—
rs1 A 4.65A
}
Pa— | t: ; E - ! |
= 3 )
CT1. 26008 ot E €T, 90s

L4 6EA !
3 i
P
P \
[

_ 4

YT .
= SAL DS o o n UG
—__”‘_M_‘ Fecemage - oittersntial relays
Autolrarnborimis
1.02:1

Fig P3: Y- A transformer protection

el e, s

N s e pncmpr
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de and low-

Solution: he high-voltage si

When the transformer is carrying
voltage side are

rated load, the line currents oOn t

50,000 _ p554
V3(230)

50,000 _ciora
J3(34.5)

The CTs on the low-voltage side are Y-connected, and the
The current in the leads flowing to the percentage-differential rela

secondary current and is given by
S
Lvima=836.7| — | =4.65A
LVlead ( 90 O)

The current in the leads to the relay from the low-voltage side must be balanced b)_/ an eqlgal current
in the leads connected to the A-connected CTs on the high-voltage side. This requires a CT

secondary current equal to

IH\' =

Iy=

s side is 900/5.

i ted for thi
CT ratio selecte | to the CT

y on this side is equa

Icteec= iﬁ =268 A

V3

To obtain a CT secondary current of 2.68 A, the CT ratio of the high-voltage CTs is chosen as
=46.8

.12
CTmatio= S

The nearest available standard CT ratio is 250/5. If this CT ratio is selected, the CT secondary
currents will actually be

5
Icreec=1255 (ﬁ) =251A

-

Therefore, the currents in the leads to the A-connected CTs from the percentage-differential relays

will be
Fviea= V3(2.51) =435

It is seen that the currents in the leads on both sides of the percentage-differential relay are not
balanced. This condition cannot just be ignored because it could lead to improper tripping of the
circuit breaker for an external fault. This problem can be solved by using an autotransformer as
shown in Fig. P3. The autotransformer should have a turns ratio of

N, —i§-5—=107
momnbTET 435

In the design of the transformer protection of Problem 3, the magnetizing current of the transformer has been
assumed to be negligible. This is a reasonable assumption during normal operating conditions because the
magnetizing current is a small percentage of the rated load current. However, when a transformer is being
energized, it may draw a large magnetizing inrush current that soon decays with time to its normal value,
The inrush current flows only in the primary, causing an unbalance in current, and the differential relay will
interpret this an internal fault and will pick up to trip the circuit breakers. To prevent the protection system
from operating and tripping the transformer during its energization, percentage-differential relaying with
harmonic restraint is recommended. This is based on the fact that the magnetizing inrush current has high
harmonic content, whereas the fault current consists mainly of fundamental frequency sinusoid. Thus, the
current supplied to the restraining coil consists of the fundamental and harmonic components of the normal
restraining current of (/4 + 15)/2, plus another signal proportional to the harmonic content of the differential
current (1, — 15)/2. Only the fundamental frequency of the differential current is supplied to the operating coil

of the relay.
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Problem # 4

A 3-phase 200 kV{\. 11/0.4 kV 3-phase transformer is connected as AY as shown in Fig. P4. The
CT on the 0.4 kV side has a CTR of 500/5 and the CT on the 11 kV side has a CTR of 10/5.

An earth fault of I =750 A fault current occurred on the blue phase within the protection zon. If
the load current is negligible, find the following:

B 10/5 POWER TRANSFORMER 500/5 -
e I |k [T% -?:_:': T ;
6 I'y _;":j Iy | hi—= "7;'!_'_!; %—r:—-? T B
S s vie 04 Y
¥ o e con ]

ettt NpioLTWIRES

ﬂ i RELAY

‘!1,1, Iy 1w {

] o E

| ey

Fig. P4

1. | the LV red phase winding current, J, 0 A
2. | the LV yellow phase winding current, Iy 0 A
3. | the LV blue phase winding current, I, 750 A
4, the HV red phase winding current, Iz 0 A
5. | the HV yellow phase winding current, Iy 0 A
6. | the HV blue phase winding current, Ig 1515 A
7. the HV red phase line current, Jg;, 1575 A
8. the HV yellow phase line current, Iy, 0 A
9. the HV blue phase line current, Ip; 1575 A
10. | the HV red phase CT current, I'g 787 A
11. | the HV yellow phase CT current, I'y 0 A
12. | the HV blue phase CT current, I's 787 A
13. | the LV red phase CT current, I', 0 A
14. | the LV yellow phase CT current, /', 0 A
15. | the LV blue phase CT current, I’ 0 A
16. | the red phase differential current, I’ (7.87) A
17. | the yellow phase differential current, I' 0 A
18. | the blue phase differential current, I's (7.87) A

wn
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Problem # 5

A three-phase step-down transformer bank is rated 10 MVA and 69/13.8kV. The high-voltage side
is Y-connected, and the low-voltage side is A-connected. Sketch the developed three-phase wiring
diagram for the protection of the transformer bank using differential relays. Show all CT ratings,
connections, and polarities. Also show the values of the current in the lines, leads, relay windings,

and transformer windings. Indicate the connections and ratings of any autotransformer that may be
needed.

Problem # 6

Repeat Problem # 2 for the protection of a three-phase power transformer rated 100 MVA and

230/69kV. Assume that the transformer windings are Y-connected in both the primary and
secondary sides.

Scanned by CamScanner



% ﬁ%ﬂ(l‘ﬂl#g .

]
¢ =yoo/ 1 = o3 /)
¥ 2 20x10 20 A- So choafe CTQ . / \ ﬁ/ {3
= _,.__—-;;3, this will 1€34
V3x33x ot C{R z /ﬂﬂd/l e T = 0-8%5
);axm = 1050A enw “
o e =
i V3 rnxlo

181 5 we neaddo prens®

Trese CTRS will vesall  JX=0.876 5 L% e seffings o the ey

Scanned by CamScanner



Also choosing (TRyy = p0of5 TR, = wayal .
it enll reswtts T -I¢ =S8 II»II-HSIA
alse wneed te [nCEASE fhe settings of ﬂﬂ&rel
oR. monipulate fhe (TR'S so ﬁm& they o

o A Hn(dutjl/\ Hhe fé'!g)' |

V€

:
. 53'—’{-4‘51-3A- Canﬂ'otﬂf 15/ aV&(/ﬂaa{
_1.96x 1.3 =16A = +}“S is the qug
= f{&lgj - P e ‘H‘C_ Qe}éL
CorAl

. R ; |

) A2

¢ B9 : I

il

=> Connection df the = \/4/01'1

Va

Scanned by CamScanner



[ prpom A |

6 ,

06 x10 : EZ] |

s IHFL V7 xébrin’ ;2__’_8; |
= [Ip-T|

ljn ~37]= 2137 2____“

- gE_YL_g = 1212.2A = /2;.]

-
* #L f;‘wma

= 3B - Y TR
(1] = 25 =437

‘fO( dre ma{‘c‘r\'\v\j J‘rams{:dfmu'! (AYIIJ

L%
My - _q__i:_? = 2.77
N2 [BEF ==
3
fGMVAKV.
Grid l?it(v I
A=
o@?\\/A X=107.
TaKe [ToMVA as Buse value-
—K-}Pa( 3’—{’;\ 7%#”
fw.l.a_i‘i"f— - 594.86 A
V3 xll x10% o B 5 I
j;C = ——i'-" "_'/0 PU =MVA$c(PU)' o 62“{8 6'A
t

lo K

whr L-G Boult:

0 1o _ _1_ .
X ILG'I - 'ZI() = g* ? i % ’ES.PL‘.
1o (% I"” T, = 521486 A.
i x 1f the system s caha”j 3ﬂml€£{ & the Fwh

X occor @ the  Feqminal olP e !’TMI#NM&V’

e e line o Ground conrert appraches
Jo the theee phase Pulb corrent .

Scanned by CamScanner



X (onsiol&(‘ 2-ph 79MH". [ ‘{
8 I:;F(—-—" T |
57 aumosssy
i L —fI

N1
.__-.% n G

o Toyuy = 200 X 10 = 983.6 A
V3 x 400
b the Tans Ratio
v T Vi g o= dovo - gz Vew
;1-/; - I| V2PL| 110%3- \/LL I,
= A’_ I3 x N00e = y7.6 T, =L
‘fﬂo 7

Scanned by CamScanner



x % K

)/&9?1%(&\1‘:‘0\] Q&ﬁgj .
Siffeteaticd /dcﬂ warlls only B internal fanlts , But in certuin cage ;
.o’F very high ex fornal fanlt the CT conld have safwation

L there cosuledl be & cutrent  pass Hwongh  the relay leacl it
o5 wor K ,ﬁu‘} it il ;jvt’. wrong (Pao(jnjs.

—*7“'\& fCCona( Slo‘oe
to Sah/& the ,Dfouem

of External Fault.

@ @ Mo h’:fflrg_

Scanned by CamScanner



Problem # 7

A 115/13.2kV Dyl transformer rated at 25MVA 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:

(1) Find the value of the grounding resistance R.
(i)  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 cases indicate if there is any relay operation.
Solution:

Full load conditions

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

¢ 3
Iy =209 00354, go132X10743
J3x13.x10° YT

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:

=6.97Q

Loty =(Tnom(13.2¢v1)/2=1093.47/2=546.7 A
The primary current within the delta winding is

T L) N, _V /43
prim Jault Nl > Nl Vl

S =546.5x 13'2]/1‘5{5/2=ISJA

prim ‘\/5 - VR =

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 Load

15075 2250/

B mL. l oo s
06A j
e
R R
I a1
06 Py R

s A
Io,a }‘“’lo,e

Conditions for a fault at the middle of the winding on phase C on the 13.2 kV side
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University of Jordan Faculty of Engineering & Technology Electrical Engineering Department

EE785-Advanced Power System Protection Tutorial #6:Distance Protection

Question # 1:

Consider the system of Fig. Q1 where the values given are impedance in per-unit. Draw the per-

phase equivalent circuit and find the impedance as seen by the impedance relay looking into the
circuit for the following cases:

a. normal load conditions, Z,
b. 3-phase fault at Fy, Zz @,Y
¢. 3-phase fault at F», Zpp J/

Q

Plot the impedance as seen by the impedance relay on the R-X diagram.

Q M0.02+701 g2 002401  Fif 1.0+50.1

Relay
Fig. Q1
0.02+0.1 0.024j0.1
Solution: ! - /] "
The per-ph ircuit is sh T 1.040.1
per-phase circuit is shown.
v AN N
_ v
The desired impedance is £ = i
V .
(a) Under normal load, Zn=—1—=1.04+10.3pu P o
V . TR
(b) For a fault at Fi, ZF1 =7=0-04+JO-2P” R R o T o
/ aore o o2 bk
L At ! RESE R R
ol I T O I TG O O
Tt 11T 1 R
0.1 02 0.3 04 05060708 09 10 1.1
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Question #2:

T itive sequence impedances of
il nsmission system as shown 1n F{g- Q2. The posi - um peak |
Comter 520 e 30 sl TS T Pt
supplied by the line 1-2 is 110 MVA with a lagging POWs - il to arc length. Design a
1=500 A occurs midway of the line 1-2 and line spacn}g‘of 3.5mis eq :
distance protection system using Mho relays by determining the following:
Maximum load current
Suitable CT ratio. Secondary standard 5 A.
Suitable VT ratio. Secondary standard 67 V.
Line impedance measured by the relay.
Load impedance measured by the relay.
Zones 1, 2, and 3 setting of relay R12.
Value of arc resistance at fault point in .
Show graphically, whether or not relay will clear the fault instantaneously.

SR Mo a0 op

1 Maximum Peak 2

Load=110 MVA
'C]"r:“'ﬁ_ 0.8 PF lag | B
P Ve ¥ > { e I A AR
_.51 Y l T I
R23

132kV
Fig. Q2
Solution:
a. Maximum load current
S 6
L H0x10" _ _ 481134

1 max =
tmex = [BVLL ~ 3132x10°
b. CT ratio

500

Choose CT. =T=100:1

¢. VT ratio
V 132x10°
V, = =" =762102V =76.21kV
S 3

Choose VTR ---—7--6627—lO =1137.46:1

d. Line impedance measured by the relay

V, CIR CTR
Z line—-sec ondary = X = Lifine X
1, VIR VIR
100
Z. =Z, x—-=2, %0.0879
line—sec ondary line 11 37' 46 line

Thus the impedances of the two lines as seen by the relay R12 are approximately

Line 1-2 Z,, = (3+ j40)x 0.0879 = 0.26+ j3.52
Line 2-3 Z,, = (7+ j30)x0.0879 = 0.615 + j2.64
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¢.  Load impeq
The maximum lc?ad ?;czzeen by the relay.
. 3 p an;z with 0.9 power factor lagging is
load =T Zcos™(0.8) = /6-21x10° 76.21x10°
I (0.8) i L3690 =T (08+06)
=158.4436.9°Q = 126.7 + j95.1Q
;oad =4, xgﬁ =7
' load - primary VTR = £ oad-primary % 0.0879
Zioas =158.4£36.9° Qx0.0879 = 13.9.436.9° Q
=126.7+ j95.1 Qx 40 =11.1+ /184 Q
nso1 7
=13.9437.1°Q
f. Zones 1,2, and 3 setting of relay R12.
The zone 1 setting of the relay R12 must under reach the line 1-2, so that the setting should be
Z,=08xZ,=08x(026+;3.52) Q=021+ ;2.82Q=2.83£85.7°Q
The zone 2 setting should reach past terminal 2 of the line 1-2. Zone 2 is usually set at about
1.2xthe length of the line being protected.
Zone 2 for R12 is therefore set at
Z,,=12xZ,=12x(026+ j3.52) =031+ j4.22 Q=42,/85.8°Q
The zone 3 setting should reach beyond the longest line connected to bus 2. Thus the zone-3
setting must be
Z: o =0 L IRE,,
=(0.26 + j3.52) +1.2x(0.615+ j2.64) =1.0+ j6.69 Q2 =6.76£81.5° Q
X &
g. Value of arc resistance at fault point in .
The empirical fault arc resistance is given by:
4
Where
L is the length of arc (m) in still air
I is the fault current in A.
4
] 1
- 2,9x]0”x3 5 _ 101500 1690
500~ 6005.6
R..=169%0.0879=1.486 Q -
R
Show graphically, whether or not relay will clear the fault instantaneously. - 1

The total impedance seen by the relay up to the fault point is Z/,
Z, =05xZ}, + R, =05%x(0.26 + j3.52)+1.486
Z, =0.13+1.486+ j1.76 =1.62 + j1.76 Q = 2.39247.4°Q 176

'
R yre

The fault lays lies in the zone 1, so it will be cleare
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Question # 3:
elow. Lines 1-2, 2-3 and 2-4 are

dance of the transmission lines is
ncy condition is 50 MVA.

Consider the portion of a 138 kV transmission system shown b
respectively 64, 64, and 96 km long. The positive sequence 1mpe
(0.05 + j 0.5) Q/km. The maximum load carried by line 1-2 under emerge

- one settin
Design a 3-zone step distance relaying system to the extent of determining fo; fIIUZOt]:‘AeeSZe s givg
which are the impedance values in terms of CT and VT secondary quantities. 11 ez i
points on the R-X plane through which the zone circles of the relay characteristics must pass.

o ® O

B23

B12 B2l @

B34

B24

Solution:
The positive sequence impedances of the three lines are:

Line 1-2 Z12=32+;3200Q
Line 2-3 723=32+;3200
Line 2-4 Z24=48+7480Q

Since distance relays depend on the ratio of voltage to current (Z=V7I), both a CT and VT are
needed for each phase. The maximum load current is

6
__—_.__S_OX_IO____. =209.2 4

V3 x138x10°
Then, select a CT ratio of CTR=CTR = ?—g—o =40 which will produce about 5 A in the secondary

L max

winding under maximum loading conditions (209.2/200/5=5.23 A).

The system voltage to neutral is:

= ]—M =79.67 kV
V3
The industry standard for VT secondary voltage is 67 V for line-to-neutral voltages. Consequently,
select a VT ratio (VTR) of
79.67x10°  1189.1

67 1

V

ph

VT =

Denoting primary voltage of VT at bus 1 as ¥, and the primary current of the CT as I,, then the
impedance measured by the relay is given by

V, CTR CTR
Zline—secandary i X = Ly K

I, VIR VIR

P
. _ VL1891V, 40
Ip

| -z
line=sec ondary Ip / 40

2o = D X0.0336
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Line 1.2 Z12

| =011+51.10
Lfne2-3 Z23=0.1]+jl 10
Line 2-4 ‘

724=0.16 +i1.60

The i :
maximum load Impedance assuming a power factor of 0.8 lagging is
vV

2yt P o 0.8) 79.67x10° 79.67x10° .
oa O /369° =" _(0.8+ 0.6
- 209.2 ? 2002 0tI06)
=380.8336.9° Q0 =304.6 + Jj228.5Q |
The load impedance seen by the relay is
CIR
Zload—sccandmy =Z load - primary ® ?ﬁ

Z tond—secondary = (304.6 + j228.5) x

40 =102+ ;7.7Q
1189.1

The zone 1 setting of the relay R12 must under reach the line 1-2, so that the setting should be
Zr-—:etring-:onel = 0'8 x Z!fne—sccana’my =0.8x (0'] 1 + .11 . l) = 0088 + .]0'88 Q

D

The zone 2 setting should reach past terminal 2 of the line 1-2. Zone 2 is usually set at about
1.2xthe length of the line being protected.

Zone 2 for R12 is therefore set at

Zr—se.rzing—:one2 =1.2x Zline—sccondafy =1.2x (01 1+ .]] 'I) = 013 + j] 32Q

The zone 3 setting should reach beyond the longest line connected to bus 2. Thus the zone-3 setting
must be

L}
Zr-sﬂu'ng—:onﬁ = Z]z + I 2 X Z

longest—iine=secondary

= (0.11+ j1.1)+1.2x (0.16 + 1.6) = 0302 + j3.02 Q
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~
@ﬁ @
A ~ B32
B12 P, @
L Sonc e
N |
B42
& Zone 2 s okl i e
9 Zone 3 J
(a) Zone of protection of protection of Distance (or impedance) relays.
; R12 . i
g : A : : . ,
E= '
&0 RI2 :{3 R23t '
S =3 + 4 sy oo
g T, : R4
2 Ry S W Lod !

©

©)

® @

(b) Time delay and operating time for R12, R23 and R24

\

\

Line impedance
locus
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Question # 4
A 345 kV transmiss;
: MIssion network j
shown in Fig. Q4. The CT and V]"l(“ ° -pmteCted by distance protection with Mho characteristics as
data for the system g, s ratios of B12 are CTR=1500:5 and VTR=3000:1, respectively. The line

1500 A at 0.95 p lagging_ n below. The maximum load carried by line 1-2 under emergency condition is
%WM‘“DM%% Zij | Line Positive Sequence Impedance
NI ENEL
Designa a3

-zone step distance protection system using Mho relays to the extent of determining for

Bl12t : . -
he zone setting which are the impedance values by determining the following:

Z'12=08+/50Q
Z3,=08+/50Q
Z'4=053+330Q
Z'=03+j5Q

Za= 0.64+ j4=4.05280.9° Q

a.| impedance measured by the relay Z'; for lines 1-2, 2-3, 2-4 and 3-1

b.| impedance settings of B12 for Zones 1,2,and 3, Z 1, Z 2 and Zs Z = 0.96+ j6=6.08280.9° Q

Z3=1.55+8.96=9.07.£80.9° Q

c. | the load equivalent impedance in Ohm Z;=132.8218.2° Q
d.| the load equivalent impedance as seen by the distance relay Zy retay = 13.28£18.2° Q
e.| Will any of the relays trip during this condition? Yes / NO

B42

Fig.Q4a. Protection of a loop system using distance protection. Fig.Q4b. Mho relay characteristics for the three zones
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Solution:
Using the CT ratio of 1500:5 and PT ratio of 3000:1 at B12, the impedance seen by B12 is:

Z = I/!(L—N) Q

]12

Using the CT and PT ratios mentioned above we have

3000
Vl(L-N)/[_-rJ A
2= =—0
I /(1500) 10

12 T

Now we set Zone-1 of B12 relay for 80% reach, i.e., 80% of line 1-2 (secondary) impedz;nce. Therefore

=0.64+ j4 =4.05,80.9°Q

Z, =0.80x 84’1150
The setting for Zone-2 for B12 relay, with a reach of 120%, is

8+ 7
J30 _ 096+ 76 =6.08.80.9°Q

ZrZ =].2X

From Table Q2, we see that line 2-4 has a larger impedance than line 2-3. Therefore we set B12 for Zone-3
as 100% of line 1-2 and 120% of line 2-4. Therefore

8+150+ y 8+ 750
10 0
Suppose now the bus voltage at Bus-1 is 345 kV and the maximum current for an emergency loading

condition is 1500 A. Then we have

Z, =1x 1.2 =1.55+ j8.96 = 9.07./80.9° Q

3
Z'=£=ixM=13.28418.2° Q
10 10 1500Z—182°

Since this impedance exceeds the Zone-3 trip setting, the impedance during the emergency loading condition
is outside the trip settings of any of the zones. Therefore none of the relays will trip. Moreover, the
impedance during normal loading condition will be even less and hence it will be further away from the trip

regions.
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University of Jordan Faculty of Engineering & Technology Electrical Engineering Department
EE482: Power System Analysis (2) Tutorial #7: Economic Dispatch

Question # 1:

The fuel-cost functions in $/h for two 800 MW thermal plants are given by
C) =400 + 6.0P, + 0.004P?

Cy =500+ BP, + ')fP,_',2
where P; and P, are in MW,

a. The incremental cost of power A is $8/MWh when the total power demand is 550 MW.
Neglecting losses, determine the optimal generation of each plant.

b. The incremental cost of power A is $10/MWh when the total power demand is 1300 MW.
Neglecting losses, determine the optimal generation of each plant.

c. From the results of (a) and (b) find the fuel-cost coefficients Fand y of the second plant.

Solution:
dCy
d_P] =64 0.008P; = A
dCy
=S 29P, = A
b, B+ 2vP,

(a) For A = 8, and Pp = 550 MW, we have

8—6
= - =950 MW
i 0.008

P, = Pp — P, = 500 — 250 = 300 MW
(b) For A = 10, and Pp = 1300 MW, we have

10—6
P = 3008

P, = Pp — P, = 1300 — 500 = 800 MW

(c) The incremental cost of power for plant 2 are given by

B+ 27(300) = 8
B+ 27(800) = 10

Solving the above equations, we find 3 = 6.8, and v = 0.002

Scanned by CamScanner

B



Question # 2:

The fuel-cost functions in $/h for three thermal plants are given by

C, = 350 + 7.20P; +0.0040F}
C, = 500 + 7.30P; +0.0025F3
Cs = 600 + 6.74P3 + 0.0030F5

where Py, P, and P; are in MW, The governors are sct such that generators shareltllle lctl)ad equally.
Neglecting line losses and generator limits, find the total cost in $/h when the total load 1s

(i) PD =450 MW
(i) PD = 745 MW
(iii) PD = 1335 MW

Solution:

(1) ForPp=450MW, P =P =P;= %{—’ = 150 MW. The total fuel cost 1s

C, = 350 + 7.20(150) + 0.004(150) + 500 + 7.3(150) + 0.0025(150)* +
600 + 6.74(150) + 0.003(150)? = 4,849.75 $/h

(i) For Pp = T45 MW, P, = P, = P; = T3 MW. The total fuel cost is
C, = 350 4+ 7.20 (‘:5)+0 004 (7:5) + 5004 7.3 (7;5)+00025 (7;5)
2
+600 +6.74 (735) +0.003 (’.’;ﬁ) —7,310.46 §/h

(iii) For Pp = 1335 MW, P; = Po» = P3 = 445 MW. The total fuel cost is

C, = 350 + 7.20(445) + 0.004(445)2 + 500 + 7.3(445) + 0.0025(445)% +
600 + 6.74(445) + 0.003(445)2 = 12,783.04 $/h
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Question # 3:

i\Iegl.ecting lipe losses and generator
oading condition i Question # 2

a. by analytica] technique.

limi : .
1ts, determine the optimal scheduling of generation for each

. find the savines ;
Ings in $/h for each case compared to the costs in Question # 2 when the

generators shared load equally.

Solution:

(@) () For Pp = 450 MW, from (7.33), A is found to be

72 .3 ;
_ 450+ 550 + o5 + o006

A
1 1
o008 + ooz + o006
450 + 3483.333
= = 8.0 §/MWh
491.666 a
Substituting for A in the coordination equation, the optimal dispatch is
_ 80-72
17 2(0.002)
80-73
PB=—=140
2~ 2(0.0025)
8.0 — 6.7
o AR
2(0.003)

(a) (ii) For Pp = 745 MW, from (7.33), A is found to be

5 333
RCLRE L B

491.666
Substituting for A in the coordination equation, the optimal dispatch is
86—72
Ph=——-=175
17 2(0.004)
86—-17.3
P2 = —
2(0.0025)
8.6 —6.74
= — =310
Fs 2(0.003)

(a) (ii1) For Pp = 1335 MW, from (7.33), A 15 found to be
_ 1335 + 3483.333 — 9.8 §/MWh

491.666
Substituting for A in the coordination equation, the optimal dispatch is
98-172
O M PR
& 2(0.004) ?
P 98—-73
27 2(0.0025)
9.8 —-6.74
= —— =510
Fs 2(0.003)
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total fuel cost
(6)i) For P, = 100 MW, P; = 140 MW, and Ps = 210 MW, the

1S

0)% +
Ct = 350 + 7.20(100) + 0.004(100)? + 500 + 7.3(140) + 0.0025(140)
600 + 6.74(210) + 0.003(210)2 = 4,828.70 $/h

Compared to Question #2 (i), when the generators shared load equally,
the saving is 4,849.75 - 4,828.70 = 21.05 $/h.

(©)() For P, = 175 MW, P, = 260 MW, and P = 310 MW, the total fuel cost
1S

Ct = 350 + 7.20(175) + 0.004(175)? + 500 + 7.3(260) + 0.0025(260)2 +
© 600 +6.74(310) + 0.003(310)2 = 7,277.20 $/h

Compared to Question #2 (ii), when the generators shared load equally,
the saving is 7,310.46 - 7,277.20 = 33.25 $/h.

(c)(i1) For P, = 325 MW, P, = 500 MW, and P; = 510 MW, the total fuel
cost 1s

Ci = 350 + 7.20(325) + 0.004(325)° + 500 + 7.3(500) + 0.0025(500)2 +
600 + 6.74(510) + 0.003(510) = 12,705.20 $/h

Compared to Question #2 (iii), when the generators shared load equally,
the saving is 12,783.04 - 12,705.20 = 77.84 $/h.
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Question # 4:

Repeat Questi b o
peat Question # 3 (a), but this time consider the following generator limits (in MW)

122 < P, < 400
260 < P, < 600

50 < Py < 445
Solution:

{\r}\%“"s.‘im #3, in part (a) (i), the optimal dispatch are P; = 100 MW, P, = 140 MW, and P; =210
Th : .Slnce Py and P, are less that their lower limit, these plants are pegged at their lower limits.
atis, Py =122, and P, = 260 MW. Therefore, Py = 450 - (122 + 260) = 68 MW.

In Question # 3, in part (a) (ii), the optimal dispatch are Py = 175 MW, P =260 MW, and P; =310
MW, which are within the plants generation limits.

In Question # 3, in part (a) (iii), the optimal dispatch are P, = 325 MW, P, = 500 MW, and P; =510
MW. Since P3 exceed its upper limit, this plant is pegged at P, = 445. Therefore, a load of 1335 -
445 = 890 MW must be shared between plants 1 and 2, with equal incremental fuel cost give by

7.2 7.3
K e 890 + 5508 T Goos
1 1
+5.00s T Goos
890 + 2360
= ————— =10 $§/MWh
325 8
Substituting for A in the coordination equation, the optimal dispatch is
_10-72
' 7 2(0.004)
10-17.3
P = ———— =540
27 2(0.0025)

Since P; and P; are within their limits the above result is the optimal dispatch.
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University of Jordan Faculty of Engineering & Technology Electrical Engineering Department
EE482: Power System Analysis (2) Examples: Power System Stability 2" Semester 2014-2015

Example # 1:

A transmission line is acting as an interconnector between two constant voltage networks as shown
in Fig. E1. Determine graphically or otherwise the maximum additional load which can be suddenly
applied to this interconnector already carrying 50 MW if the power angle equation is P, =100sin3.

Solution:

P, =100sind, =50 =3, =30° 0.5236 rad
Accelerating Area is A and decelerating area is A,.

8
A = j(P, ~100sin8)dd = P, (8, —&,)+100(cos8, —cos3,) ? Fig. E1
5, ¢
3,
4, = I(l()OsinB — P,)d8 = -100(cos 5, —cos8,)- P (5, -35,)
5] Pl (4 A b .
For limiting case & =&nax = 1-4. 3 \
Moreover, P, =100sin3, . 1 /I
Equating areas A; and A 5
and substituting these values we get the equation o & & o N
o O 02
4, =4,

B3, —38,)+100(cos 8, —cos8,)=—-100(cos(n —5,) —cos3,)- B (n-5,-8,)

B3, - B8, +100c0s3, ~100c0s8, = —100(cos(r).cos(8, ) + sin(m).sin(3,))+100cos(3,) - B (n—35,)+ P83,
- P38, +100co0sd, —100cosd, =100cos(8,) +100cos(8,) - B (n-35,)

—100sin(3,)5, —100cos 8, =100cos(8, ) —100sin(8,)(n -8, )

—sin(8,)3,, —cos8, = cos(8,)—sin(8,)(n-3,)

sin(8,)(m —8,)—sin(8,)8, +cosd, = cos(§,) +cosd,

cosd, +co0sd, =(n—5, -3, )sin§,

The angles &, and 8, in this equation are in radians.
The equation can be solved by hit and trail. The results is 8 =1.054179=60.4°.
cosd, +cosd, = (n-8, - 8, )sin8, =(5,,, —8,)sind,

I:._coe(do)moo(m ) —a— (pl-d1-do)sin{d1) Pg

i A
=16 < b d
) —
£ e Py
% 14
& —e—
g "]
% 13 ~ a
£z
&1
% Po
8 11 5

1 0

40 45 50 65 60 65 70 T
a 60 8l 8max
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Example # 2: I—V
os T i tem are:
¢ Sys hown in FigJ E2, the per unit value of the sys ; o . )
F;rih; 2S 3;:6?[1/51 :\;nﬂlgu@ 0.2 plll) X,= X,= 0.4 pu. The system 18 gper ating ln}fth?er;n:;iﬁl]i
P P;o = 1’.5 ;u wh;an oné of the lines is suddenly switched out. Predict whether the sys

stable or not. If the system is stable find the maximum value of d attains.

=1£0° pu
E/S Ve p
A B8

_ .
o . . . e
B 5T

Distance
Protection Protection
Fig. E2
F, _ LV, sind = EV, sind = Lt Rl sin5=—1-:2—sin5=3sin5
X, i g X 04x0.4 0.4
& X, + <+
X, +X, 04+04

P (8,)=3sind, =1.5= 8, =30° (0.524 radians)
when one line is switched out

P = EV, Gind = EV, SinG = 1.2x1
;. X+ X, 02+04

P. =P/(8,)=2sind, =1.5= 0, = 48.6° (0.848 radians)

P, =P/(3,)=2sind, =1.5= 8, =131.4°(0.2.293 radians)

sin 6 =£sin5 =2sind
0.6

A= T(ﬁ ~2sin8)dd = P(8, —3,)+ 2(cosd, —cosd,)
= ?5(0.848 —0.524)+ 2(cos(48.6°) — cos(30°) = 0.0773
- —— T(Z sind — P, )6 = ~2(cos 8, — cosd, ) P(5,.. —8,)
= -z(cos(l 31.4°) - cos(48.6°))—1.5(2.293 - 0.848) = 0.0478
since Agmax (0.478) > A, (0.0773), the system is stable.
A, = 6f(z sind - P, )dd = —2(cos3,, — cos8,) - P8, - 8,)=—2(cos(3,,) — cos(3,)) - 1.5(3,, - 3,)
5

= —2(cos(3,,) — cos(48.6°)) —1.5(3,, — 0.848)
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3§

s

4, = [ (2sin8 - p)gp -
3

= -2(cos(8m) - cos(Bs)) - 1.5(5,,, = 55)

= —2(cos(6m)-cos(48.6°))—1.5(5m -0.848)

~2(cos 8, —cosd )— PR3, -8,)

~2(cos(3, )- c05(48.6°))-1.5(3,, - 0.848) = 0.0773

1.58, +2cos(8, ) =1.5x0.848+2 cos(48.6°)—0.0773

1.58, +2 cos(d,)=2.52

&1

45
47
49
51
53
55
57
59
60

60.3

60.5
61
63
65
67

68.5
69
70
72
74
75

81
0.785398
0.820305
0.855211
0.890118
0.925025
0.959931
0.994838
1.029744
1.047198
1.052434
1.055924
1.064651
1.099557
1.134464
1.169371
1.195551
1.204277

1.22173
1.256637
1.291544
1.308997

2.592311
2.594454
2.594935
2.593818
2.591167

2.58705
2.581535
2.574693
2.570796
2.569568
2.568733
2.566596
2.557317
2.546933
2.535518
2.5626328
2.523152
2.516636

2.50299

2.48859
2481133

Electric Output
power (2 lines)

26

25

cos(d0)+cos(d1),(pi-d1-do)sin(d1)

2.45

24

ectric Output
: power (1 line)
Psl-—--f-. A2 -
A
' 1 i
b
b
] 1 :
R
60 6s 6m
—e—1.502+2c0s(d2) —=—2.52|
0—_.—._*““\‘
40 45 50 55 60 65 70 75 80
d1

2.517
2.517
2.517
2.517
2.517
2.517
2.517
2.517
2.517
2.517
2.517
2.517
2.517
2.517
2.517
2.517
2.517
2.517
2.517
2.517
2.517

Scanned by CamScanner



Example # 3: .
A generator is transferring power to a load throug =
sin® . The initial power 18 P,, pu when

a short line as shown in Fig. E3. The power

-phase fault occurs at the
angle equation is P, = £,

terminals of generator.

i s : itical clearing time.
a. Use equal are criterion to find equation for critical clearing angle and the cr1

- = A and fo=50Hz.
b. Find the critical clearing time angle 8cc if Prax =2 and P, =1.0 pu. H=6 MIMV. Jo

Solution:

5
4 =[P ds=P,5.-8,)
5,

o
A2 = j (Pmac Sin 6 - Pm )a'8 = _Pmax (COS Smax - COS 6C)_ Pm (8max - 5!.‘ )
5,

For sta‘;Jility A=A4,.
Pm (5c il 60) = _Pmax (COS 6max —Cos 6:) - Pm (Bmax - 80)

but 8o =n-6, and P, =P, sind,

Pm (66 - 60) = Pmax COS 6(‘ - Pmax COS amax - Pm (TE - 80 - 86‘)
P, (8 -8, )sind, =P, coss,—P,, cosd_ —P (15, 3, )sin 8,

Pmax (6(_, . 6a)Sin 80 = Pmax cos 8:‘ + Rnax 00580 i ‘Pmax (Tt = 80 - 8c)Sin 6o
(6. -8,)sind, =cosd_+cosd, —(n—8, —§_)sin3,
cosd_ =(n—23,)sind, —cos§,

f(n-25,)sin3, —cos3,

8, =cos

During fault, power transfer is zero.

=
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MESD
dr =En=0=P,_ sins,
2

E{E='ﬂ?—:9 RnaxSins

i)

P
do)=n
(dw) ot
w [P
do = o
Jdo= [

ds P

m—ms=m,=—;=ﬂ"’t:>d6=—’"tdt
3 t
jd&:j%tdt
) 0
3(t)=—¢*+8

P
att=t, =>8=3,=8 =—"11+3,

P oo [P
O

T

o m

b. Ppax = 2 and P,, =1.0 pu. H=6 MJ/MVA and f,=50Hz.
H 6

, P.=P_sind, =1.0=2sind, = 5, = 30° (0.5236 rad)
nf, 7mx50

=M =

5.  cos[(r~ 25, )sin5, —cos5, | = COS_I[(TE —2x0.5236)sin30° - cos 300]

5, =79.6° 1.389 rad

2H 2x6
= -6,)= 1.389-0.52336
t.=0.257s

t. =12.85 cycles of 50 Hz
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Example # 4:

A balanced 3-phase fault occuirs at middle point of line 2 when the power transfer is 1.5 pu in the
system. The system data are |E| = 1.2 pu, | V| = 1.0 pu, X4'= 0.2 pu, X;= X5= 0.4 pu.

a. Determine whether the system is stable for a sustained fault.

b. The fault is cleared at & = 60°. s the system stable? If so find the maximum rotor swing.

¢. Find the critical clearing angle

P

¢ «— P, Pre-fault
P, Post-fault
. ; P, during fault
Infinitebus  p :
" ’4
|E| |V|-1.0p.u. ’
|-
o b
o ; a

- t
# 0 5 & 5. ,,

Solution:

a. Pre-fault condition
Transfer reactance Xe,= 0.2+0.4//0,4=0.4 pu

P = £V sind = ———gl?V‘:(—XsinS = %smﬁ = %—i—sinﬁ =3sind
o X412 0.2 + ——— 5
X, +X, 04+04
b. During-fault condition
P 1.2x1

€

5 sind=1.2sind
AT .
m—]._mmn\_ AT
0

. w0 = & % :

—(TUT0

, Y

Since the initial load is 1.5 pu , and the maximum possible value of power transfer during faut is
condition is 1,2 pu, therefore stability is impossible for a sustained fault.

¢. Post-fault condition

pr= 1.2x1
02+04

1.55, +2cos(d,) =2.225 = 8, =1.848 rad (105.9°)

sin & =£sin6 =2sind
0.6

PG5, ~8,)+P,, cosd —P_ cosd, _ 1.5(2.293 - 0.524) + 2 c0s(2.293) — 1.2 c0s(0.524)

‘plmax _‘p2max 2—1.2

cosd,, =

8., =1.196rad (68.6°)
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