EE-362 Power Systems Analysis

Exercise 6.4 — Short-Circuit Current and Dimensioning in
Medium-Low-Voltage Networks

For the electrical network represented in Figure 1, you must:

1. Define and verify the characteristics of the medium-voltage (MV) line cable (EPR
insulation), taking into account a maximum intervention time of 350 ms for circuit breaker
I1 after a three-phase short circuit.

2. Determine the direct and inverse impedances of the medium-voltage network.

3. Define and verify the characteristics of the low-voltage (LV) line cable (EPR insulation),
considering a maximum intervention time of 150 ms for circuit breaker 13 after a three-
phase short circuit.

4. Calculate the three-phase short-circuit current for circuit breakers I5 and define its
characteristics in terms of breaking and re-closing capacities.

Medium-Voltage Network Data (MV):
e Nominal voltage: 20 kV
e Neutral state of the network: isolated
e Short-circuit power: 350 MVA
e Ratio RMV/XMV =0

Transformer MV /LV Data (attached data):
e Nominal power: 500 kVA
e Nominal transformation ratio: 20/0.4 kV
e Winding connection: Delta (20 kV winding) — Star grounded (0.4 kV winding)
e Oil-cooled.
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Figure 2 — Grid Schematics
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Figure 1 — y Factor as a function of the ratio Rg¢/X¢c of the short-circuit impedance Zgc .
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Characteristics of low voltage cables (0.4kV) with EPR insulation ( K = 143)

Conductor Maximum Amperage [A]
cross-section | 30°Cin | at 30°C in at 20 °C buried tube at 20°C buried
[mm?2] air air tube p=1 p=15 p=1 p=15
1.5 24 20 22 21 35 32
2.5 33 28 29 27 45 39
4 45 37 37 35 58 51
0 58 48 47 44 73 64
10 80 66 03 59 97 85
16 107 88 82 77 125 110
25 135 117 108 100 160 141
35 169 144 132 121 191 169
50 207 175 166 150 226 199
70 268 222 204 184 277 244
95 328 269 242 217 331 292
120 383 312 274 251 377 332
150 444 355 324 287 420 370
185 510 417 364 323 476 419
240 607 490 427 379 550 484
300 703 - 484 429 620 546
400 823 - 564 500 700 616
Conductor cross- | Resistance [ohm/km] at 70°C Reactance [ohm/km)] at 50°C
section [mm?2)] Dc ca unipolar multipolar
1.5 15.9 15.9 0.147 0.106
2.5 9.55 9.55 0.186 0.098
4 5.92 5.92 0.129 0.097
6 3.95 3.95 0.121 0.092
10 2.29 2.29 0.111 0.086
16 1.45 1.45 0.103 0.081
25 0.93 0.93 0.097 0.080
35 0.66 0.66 0.093 0.077
50 0.46 0.46 0.090 0.076
70 0.33 0.33 0.086 0.074
95 0.25 0.25 0.085 0.074
120 0.193 0.194 0.081 -
150 0.154 0.156 0.081 -
185 0.127 0.129 0.081 -
240 0.096 0.099 0.080 -
300 0.090 0.092 0.080 -
400 0.086 0.087 0.080 -
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Characteristics of medium voltage cables (20kV) with EPR insulation (K = 143)

Section Specific Resistance | Reactance | Specific Capacity Maximum
[mm2] [Ohm/km] [Ohm/km] [WF [ km ] Current Value [A]

25 0.929 0.15 0.18 157

35 0.670 0.14 0.17 190

50 0.495 0.13 0.19 228

70 0.344 0.13 0.21 284

95 0.248 0.12 0.23 346

120 0.198 0.12 0.25 399
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MV /LV transformer data
TPRE - V SERIE <= 24 KV
rmnm CEI-UNEL 21010 | [Tensione II* a vuoto 400 V. Regolozione MT  +/. 5% Gruppo veftor. Dyn11
‘Reduced losses SEA Secondary vollage Teppings Vecior group
‘Pertes redultes SEA Tension secondaire Regoiabon Gorupe vettore!
SEA abge: veriuste a5 Kiemmiasche Schaligruppe
DAT ELETTRIC! ELECTRICAL DATA - DONNEES ELECTRIQUES - ELEKTRISCHE DATEN CEI 14-13 - DIN 42500 - CENELEC WD 428.1 51 TAB."B*
Pot. KVA (50) 100 160 250 (315) 400 (500) 630 630 (800) 1000 1250 1600 2000 2500 3150
Wie wan 150 250 360 520 510 740 740 1040 900 1090 1300 1600 2000 2400 3000 3600
Wee (75 °C) watt 850 1400 1850 2600 3500 3650 4900 5200 5600 7000 9000 10600 13000 16000 21000 25500
Vee (75°C) % 4 4 4 4 4 4 4 é é é é é 6 ) 6
loo % 1.9 1.5 1.3 1,1 1 0.9 09 08 08 0.8 0,7 0.6 05 0,5 0,5 0,5
Lwa aB(A) 46 48 50 52 54 54 56 56 58 58 59 60 62 64 66
lLpa I1mil  asa) 41 42 44 46 48 48 49 49 49 50 50 51 51 52 55
u coshil a4 % 98.04 9838 OB64 9877 9874 GB9)  G8EE 9902 9898 99 9898 9903  99.07  WOM 9905 9908
(75°C) A% 9835 OB44 OBA5 9895 9896 G008 9908 9917 9915 9917 9916 992 9921 9925 992 9925
2/4 % 96.57 QB8] 9898 9907 9913 9918 9922 992 9028 I W3  9I2 %9 WM WA 937
y ocosfiDg 4% 91.83 982 9849 9863 9861 988  OAJ76 RO  OCRAY 9BAS OAA7 9893 9897 9AYY 985 9398
(75°C) 34 % 98,17 9849 9872 9684 9885 GBO8 OA97 G008 9006 Y908 W07 Wl WIS W6 W13 9916
214 % OB4] 9868 G887 0897 9903 9000 9913 9018 992 9922 W2 9925 WM WH W7 93
u cosfiDg aan 9756 9798 983 08456 9843 OMAS  GAA)  GB78  9A73 9875 9873 9879 9684 9886 9881 9888
(75°C) e % 9795 983 8% 8.7 9871 G885 GBAS G896 G894 9890 98,95 99 9904 W06 W02 906
274 % 9822 OB52 GA73 9884 OBO1 A9 9903 9908 991  WI2 %12 W16 919 92 . W18 %2
le/in 12 s A 105 10 9.5 9 8 8 [ 75 75 ¥ 14 12 72 7
T soc. 006 007 008 008 1] 012 014 015 D16 018 02 o0x% 02 ax 03 03
In II° A 72 144 231 361 455 817 122 909 907 1155 1443 1804 2309 2887 08 4547
lcc A 1800 3600 5775 9025 11375 14425 180S0 22725 15150 19250 24050 30067 38483 48117 0133 75783
Rl (75 °C) b 1.7 1.4 116 1.0¢ 111 09 098 083 0ee 088 s 085 081 08 084 081
X1 % 362 A5 183 386 384 39 88 an 593 59¢ 593 594 595 595 594 595
DV cosfil a4 % 177 147 1.23 (A1) 18 0% 106 Q9 1.07 1.06 108 1.03 099  0%8 102 099
cosfing a4 % 34 29 276 266 272 28 262 25  3s) 35 as2 348 345 344 347 345
cosfiD8 ara % 55 Aw A2 A8 A a EAL) 304 43 4% AW 433 4,31 43 43 431
Qo KVAR 09 14 1.9 2.4 29 32 a) a4 a5 58 6.2 6.6 68 85 07 13,6
Qrl KVAR 1.4 al 52 8.4 104 139 17 22 346 438 56 689 89.1 1112 134 1748
DAT TECNICI TECHNICAL DATA - DONNES TECHNIQUES - TECHNISCHE DATEN
Pot. KVA (50) 100 160 250 (315) 400 (500) &30 &30 (800) 1000 1250 1600 2000 2500 3150
DIMENSIONI OVERALL DIMENSIONS - DIMENSIONS - MASE
L mm. 1200 1150 1270 1380 1400 1500 1550 1570 1450 - 1950 2020 2020 2700
w mm___ 570 740 720 800 750 910 830 900 960 1020 1050 1150 1250 1260 1300 1500
[0 /1260 1300 1410 1400 1500 1560 1620 1680 1570 1720 1760 1850 2020 2170 2220 2420
u mm 910 850 940 1200 1220 1450 1400 1450 _ 1570 1620 1730 1850 1940 2000 2150 _ 2420
Wl m 1210 1230 1290 1330 1450 1500 1520 1585 1480 1590 1640 1640 1800 1960 1980 2150
W2 ren 810 830 %0 930 1060 1100 1120 1200 1080 1190 1240 1240 1400 150 &0 1750
il mm 420 520 520 520 670 670 670 670 670 610 620 820 820 1020 1070 1070
[ mm. 100 125 125 125 125 125 125 128 125 125 150 150 150 20 20 20
T mm 45 40 40 A0 a0 40 « 40 40 «“O o0 &0 &0 0 0 0
PESI o WEIGHTS - MASSE GEWICH!
Tol, kg 440 600 800 1050 1250 1420 _ 1650 1970 1950 _ 2250 2750 3200 3700 4300 5300 6400
ol Kg 0 85 130 160 190 220 240 280 20 «0 &0 - &% &0 950 1150
PE_ X 250 <00 520 700 83 000 100 1350 1300 1450 100 1900 2270 2500 9% 38
CONSERVATORE - OL CONSERVATOR EAMETICO - HERMETICALLY-SEALED
AVE(??E‘ CONSERVATEUR - AUSDEMNUNGSGEF ASS HEAMETIQUE - HERMETISCHE NG
L w w

H1
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Q1 - Define and verify the characteristics of the Lyv line in medium voltage cable (EPR
insulation) taking into account a maximum intervention time of 350 ms of the I1 circuit
breakers after a three-phase short circuit.

In order to define the characteristics of the line connecting the MV network and the T1
transformer, it must be taken into account that the line must guarantee the full power supply of
the transformer. So, the maximum operating current of the line is simply:

. Sr, _ 500" 103vA — 1444
Lk ‘/§V;1MT \V3-20-103V '

From the table of characteristics of medium-voltage cables, we will choose the cable Almv =
25mm?, whose maximum current value is 157 A. On the other hand, the minimum cross-section
of the cable L= 25mm? Ayy necessary to satisfy the Joule integral (IZ.At < K%A?) is:

ALMV _

min

To determine the minimum cable cross-section of the Ly line it is first necessary to determine
the maximum short-circuit current for this cable which corresponds to the 3-ph short-circuit
current of the MV network.

T SMT  350-10°VA

_ _ = 10.1kA
cc,3ph \/§VnMT \/§ -20-103V

To determine the Ai“nlvl[x , the coefficient K = 143 (EPR insulation of the cable) must be taken into

account:

v _ (1) At [(10.1-1034)2 - 0.35s

min K2 1432 = 41.8mm2

Therefore, the cross-section to choose for the Lyy cable is AXMV = 50mm?.

For the chosen cable, here are the electrical parameters:

. . Q
resistance per unit length: 1,,,; = 0.495 —
. Q
reactance per unit length: xp,; = 0.13 p

Capacity per unit length: ¢, = 0.19 %
And the electrical parameters for Lyv cable:

Longitudinal resistance: rimv = (0.495 % 3km = 1.4850)
Longitudinal reactance: X"V = 0.13——3km = 0.390

Shunt Capacity: ¢tV = 0.19 25 3km = 0.57yF
km
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Q2 - Determine the impedances at the direct sequence, inverse of the medium voltage
network

With the knowledge of the short-circuit power of the MV network (SMT = 350MVA), and
consequently of the 3-ph short-circuit current of the MV network (Icﬂzgph = 10.1kA), we can

calculate the absolute value of the short-circuit impedance of the MV network:

Y P S AP
“0 o VBIML L, V3-101-10%4

The hypothesis RMY /XMV = 0 allows us to determine the complex value of the short-circuit
impedance of the MV network:

ZMV =0+ j1.140
Therefore, we can determine the forward and inverse sequence impedances of the MV network:

ZMV = ZMV — MV — () 4 j1.14Q

Q3 — Define and verify the characteristics of the L;yv low-voltage cable line (EPR
insulation), taking into account a maximum intervention time of 150 ms of the I3 circuit
breaker after a three-phase short circuit.

As with the Lyv line, in order to define the characteristics of the Liyv line connecting the T
transformer to the AG bus, it must be taken into account that the line must guarantee the full
power supply of the AG bus. Therefore, the maximum operating current of this line is simply
associated with the nominal power of the transformer T} and the nominal voltage at the secondary
of this machine:

re ST 500-10%VA

= = =721.74
"B V3400V

From the table of characteristics of low voltage cables, we will choose the cable A*BT = 400mm?
with an installation at a maximum temperature of 30 °C in air (first column of the table of
characteristics of low voltage cables, 0.4kV, with EPR insulation) because it has a maximum
current intensity of 823 A.

On the other hand, the minimum cross-section of the cable Liv necessary to satisfy the Joule
integral (:IZ.At < K%A?) is

L L
i of the cable of the Liy line it is first necessary to

determine the maximum short-circuit current for this cable which corresponds to the short-circuit
current 3-ph in correspondence of the circuit breaker I3 (i.e., just downstream of the transformer

I
Th) Ici,3ph :

To determine the minimum cross-section A
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bt
_13 Vn

ICC,3ph = \/§Z_ I3
d

. . . > 1 .
It is therefore necessaty to determine the impedance Z;*of the direct sequence upstream of the
circuit breaker Is.

Upstream of this circuit breaker, we have the T, transformer, the Lywv line and the MV network.

Therefore, the Z ;3 is simply given by the sum of the direct sequence impedances of the transformer
T, the Ly line and the MV network.

I3 _ sMV" sLyy" 5T1"
232 =27y +ZM +Z}

WARNING: the I;2,)

impedances of the transformer Ti, the Lyv line and the MV network must be related to the
secondary of the transformer T1.

p is calculated on the low voltage side of Ti, so the direct sequence

With knowledge of the transformation ratio of Ty (k = 20KV 50), we can calculate ZYT and
0.4VEkV d
ZM
_ ZMj1.140
mMy" _“d . . _
o ZMMve oyt x (1.485 + j0.39)Q
L _“a _ 'Lmy Lyy _ _ , 10—
zM = Tk 2 = o2 = (0.59 +0.16) - 10730

To determine Z_gln, we must use the characteristics of the transformers in the table "MV/LV
transformer data" and recall that, for the T transformer with the connections of the triangle
winding (20kV winding) — earth-bound star (0.4 kV winding), we have that:

ST ST ST STy
Zd - Zi - ZO - ch

For a machine of 500 kV A, we have:

Ve = 4%
P = 4900 W

o : Ty .
Therefore, the short-circuit voltage (in V) at the secondary of the transformer (VCC1 ) is:

vE" = 0.04- 400V = 16V

cc

Through the knowledge of the nominal current of the transformer at the secondary level
(I;1 = 721.7A) and the definition of the short-circuit voltage of a transformer (V;;1 =
V3Z I ), we can calculate the module of the short-circuit impedance:

g Ve 16V

= ;= =12.8-1073Q
VB V3-72174
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. - . . r T P
The real part of the impedance Z} is associated with the losses P, because P, = 3R.: (I,')
therefore:

b

o ph 4900W
1

= = =3.14-1073Q
cc ny 2 .
3 (151 ) 3-(721.7A)?

The imaginary part of the impedance Z, Z} is:

" n 2 n 2
X = \/ (z2) - (R) =/(128-10730)7 — (3.14- 1030)? = 12.41- 10730
And the complex impedance Z Zé
7N =7 = (3.14 + j12.41) - 10730

. =1 )
We can therefore calculate the complex impedance Z, d3 of the direct sequence upstream of the
circuit breaker I3

I3 _ sMV" sLyv" 5T1"
232 =27y +ZM +Z}

= j0.46-1073Q + (0.59 + j0.16) - 10730 + (3.14 + j12.41) - 10730
= (3.73 +j13.03) - 1073Q

And also the module |Z*| = /(3.73-1073Q) + (13.03 - 103Q)2 = 13.55 - 10730
The module of the 3-ph short-circuit current in correspondence with the 13 circuit breaker is:

s B ant 3 400V
cc,3ph \/§ZC§3 \/§ -13.55:-10-3Q

= 170434

Therefore, the minimum cross-section of the Liv cable necessary to satisfy the Joule integral
(I2.At < K2A?) is (it should be remembered that in the data of the exercise we have a maximum
intervention time of 150ms of the circuit breaker I5 after a three-phase short circuit):

2
o |(Isp) At 70434070155 ,
Ain = K2 = (143)? = 46.1mm

Consequently, the cross-section A"V = 400mm? is more than sufficient to satisfy the thermal
verification of the Joule integral for a 3-ph short circuit in correspondence with the circuit breaker
Is.

For the chosen cable, here are the electrical parameters:

. . Q
" resistance per unit length: 13,,,; = 0.087 p—

. Q
" reactance per unit length: x;,,,; = 0.080 p
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And the electrical parameters for Liy cable:

* Longitudinal resistance: riwv = 0.087%0.1km =8.7-1073Q

* Longitudinal reactance: X"V = 0.080~—0.1km = 8- 10730}

Q4 - Calculate the three-phase short-circuit current for Is circuit breakers and define its
characteristics in terms of breaking and restoring capacity. (0.75/4 pts).

For the breaking and restoring capacity of I, it is first necessary to determine the maximum short-
circuit current corresponding to this circuit breaker, which corresponds to the short-circuit current
3-ph corresponding to the end of the Ly cable:

LV
_15 ‘/Tl

Icc,3ph = W
d

. . . > 1 . .
It is therefore necessary to determine the impedance Z ;°of the direct sequence in correspondence
to Is. Upstream of this circuit breaker, we have:

o theline Liy,

e the T} transformer,
o the Ly line and

o the MV network.

Therefore, the Z dIS is simply given by the sum of the direct sequence impedances of the Ly cable,
the T1 transformer, the Luv line and the MV network. It should be noted that the sum of the
direct sequence impedances of the transformer T1, the Lyv line and the MV network has already

. . =1
been calculated when the short-circuit current for the circuit breaker 13 has been calculated (Z a3 )

. =1 . L.
We can therefore calculate the complex impedance Z dsof direct sequence upstream of the circuit
breaker I

755 =MV + M + )+ Z5Y = 20 + Z5V==Z7 + (r' + jxt)

= (3.73 +13.03) - 1073Q + (8.7 +j8) - 10730 = (12.43 + j21.03) - 1073Q

And also, the module |Z,%| = /(12.43 - 1073Q)2 + (21.03 - 1073Q)2 = 24.43 - 1073Q

The module of the 3-ph short-circuit current in correspondence with the I5 circuit breaker is:

s, oW MOV ey
cc,3ph \/gzés \/§ - 24.43-10-3(Q)
Therefore, the breaking capacity of the I5 circuit breaker must be greater than [ clcs.3ph

PC,, > 9453A.

Pag. 10



EE-362 Power Systems Analysis

. . 51 . .
For the restoring power, the factor y for the impedance Z,;°must be determined. First, we need

. L 51
to calculate the ratio between the real and imaginary part of Z° :

Ry 1243-107%Q

= = 0.59
Xd’5 21.03-1073Q

Through Fig. 2, we have that y's ~ 1.2. Therefore, the peak current for a 3-ph short circuit in
correspondence to the Is circuit breaker is:

LS aespn = VX515, = V2 - 1.2 94534 = 160424

cc,3ph
. o I
Therefore, the restoring power of the I5 circuit breaker must be greater than I, : ak,3ph

PR, > 160424,
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