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Fig. G36 The impedance of the MV network referred to the LV side of the MV/LV transformer
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P= pAl X=0.,15 L
= 22,5 (Cu)

= 36 (AD

(rm) = lenagth
(rmm ?) = cross section area

Cutler-Hammer

ANWVMIFERE RATING PHASE AMND

UL =257 IEC a=s g'EUTRAL 2EAR

AN
s AL — o inJa

225 25
400 il
630 25
1000 25
1200 25
1400 25
1550 25
1800 25
2250 .25
et 25

N

0e

4.25 (6.4 < 108.0)
5.50 (6.4 x 139.7)
6.25 (6.4 x 158.8)
3000 .25 x 8.00 (6.4 x 203.2)
3800 25 x 4.25 (6.4 x 108.0)
4500 25 x 5.50 (6.4 < 139.7)
— 25 x 6.25 (6.4 x 158.8)
5800 25 x 8.00 (6.4 x 203.2)
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= =225
= =S (AD L (rm) = length

= (rmirm ) = cross section area
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EPR/XI.PE 90 °C PVC 70 °C | 20 °C
23 6928 29212 18.51 ol
37.6448 35.202 290 41 PPN
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Part of Resistances Reactances
installation mQ mQ
Upstream R1=21cos ® 10° X1=21sin® 107
network cos ® =0,15 sin ® = 0,98
Zl= ug with P = Psc of upstream network in MVA

Transformer R2 = -W-%’-‘—Lf 10° X2=V Z22-R?2

7 = Usc , 2

100 S
S = apparent power Usc = short circuit voltage
of transformer in kVA of transformer in %

Cables R3=p é X3 = 0,08 L (3 & cables)

p=225(Cu)/36 (Al X3=0,12L (14 cable)
L (m), S (mm? L (m)

RS:pé X3=0,15L

p = 22,5 (Cu) / 36 (Al)
L (m), S (mm? L (m)

Woec = copper loss (W)

Circuit breaker
rapid R4 negligible X4 negligible
selective R4 negligible X4 negligible
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Psc = S00 NIV A

J e ady
20 kWV /S 420V
Pn = 1000 VA
a5 Je asde Jaas Vse =6%26
Single-core cables Pcua=— 13_.3 x 103
S m copper ————
4 x 240 mm-/phase

wratts

MNiadn circunt- a3
breaker P

Sa 10 aa3ss Slaas .E’

Busbars 10 m

e OO0 A5 Jaas \ \'
<>

Three- core cablf:

100 m
95 mmm-= copper B/B2

Three-— core g .15‘ \
20 m -
10 mmm-= coppe‘rl k

e
final circuits
e L \' \I \I‘
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Ra = 0.035 (mQ) , Xa = 0.351 (mQ)

Solud el b ghS 1000 Jgoeadl daww O oo 32l Jgdzdl (o Jgoeall dmilon -2

Rtr = 2.3 (mQ), Xtr = 10.8 (mQ)

p=23.7050 3 jo 5 sk 4x240 mm XLPE Jlal! G 24U olipolgoll &) sl 81 dnilon -3
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Xec=008x5=0.40 m2
Lellan) OSay @ aasd Y 355050 alals Axilaa

B akaill I A Akasll e Astilaall oonie=s oW

R =R, + Ry +R.=0.035+23+0.12 =24 (m£2)

K= Xag+ X+ Xc=0.351 + 103 +~ 0.4 =11.05(m)
1 B A=l o3 a3l LS O sSas

20 = 26 kA

420
I = =
=t V3JRZ, + X2, ~3V2.42 + 11.052

'gJYLS)C iyl aie )..aihu—_ll__il.uné_):_:-‘?

clile 2,5 WS (B/B1,10 m) a8l caniad dailas Jogs @
T b LS dleilas Cusat jia 100 Jsky 95 mmP sl S30H JusSU @

R., = 23.7x % =25mQ , Xc2=100x0.08=8mQ

(mQ)

Rp=Rp +Ru=25+24=274
(mQ)

X'['2 = X'|'| 1 Xcg =8 85+8=16.85

420

= = 7.54 kA
V3V27.4%2 + 16.852

S 420
2" V3JRZ, + X5,

dailas 22Uy B/B2 a)s5ill ol dailas Jlaaly: D dkadill e jueaill s Cililua g a3 lS o
DOl a3 i 20 Jsha ale 10 AN Jasl

Rcz = 23.7 x =2 = 47.4 mQ
Xe3=20x0.08=1.6 mQ
Ris=Rp+Ri:3=274+47.4=74.8 mQ

X=X+ X;3=1685+1.6=1845 mQ
420 420
= 3.15 kA

1 = =
S T V3JRZ; + X2, 3V74.82 + 18.452
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Isc3 max = Cmax * Uo / V3.Zsc

Ehd e Ugmmall opygb o dgzdl daid Uo o
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on bl Olailesg Ugoeally Jawgiall dgandl At dailon Fgama (S3lud Y bWl zy3ee (Je digi> i Zsc Jlasdl )l dal> dxiles O
mQ/pole R=0 X= 0.15luel oSep I JYI abldl dnilony JII alolilly & geall

Ogllaall Jgmall paill H15 Olusd 2ol Slasall BE Olusy guds @ JWI Jdall

el slal) 9 (J2) o3l Al 1B al) 5 FAea slBall caluo
L L NRe = p x L. TS

Slela it el Ne — 2. x K.
eI eoialt 5 W Boaat o8 P nE2/am ) T A lasa il Al oa W A a8 i o

. eNsn S ARa >k s (IBLEI Age 31 TS WIS 5 NS (J pan ) & S50 o

Baslitae Asalai (JB) 95 Apalad (JB) o3 Asalami (JB) o3 A el ——a® Xt
= = ooo

O.15

I I DL (R D5/ N

Jshaty g
— doio giadl 55 gl A<
20/0.4 kv '
Uee = 4% ekl J8Ls

2 x 185 mm?

sl a0

2 X 95 mm?2

Cu. 12 m x-“*n

Correction Factor
k=085 |

CB 1

AV alalall

a1 4 400 mm2 < Ll

» PE “ Al 1 J8G

50 mm?2
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Zsc=16.31mQ
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Upstreamrm
Nnetworlk
P1= SO0 MWVA

Transformernr
S=630 kKWVA
Usc=—<3<o
Li=—=a170WV
WVVe=—6500WVV
Connection
cables

Tr. to C.B.
S(1x<1SOmm~)
Cu, L=3m
Rapid C.B.

Connmnection
C.B./foutgoing
lime No . .2
bars (AL)
T2xTO0O0xSmm~
Pper phase
L=2=2rm

Rapid C._.B.

Conmnection
(cables)

main LWV panel
to sec. panel
T(Ix<xT1TE8SSmrm©)
Cu per phase
L=70m

JWE ol
SWE il LS Jan) 86 5 U] ddadl juuas e A5l bgSe JSU Olaslaally ilogliedl GQlusw pgds

Part of Resistances Reactances
inmnstallation [aalw] (2l

UUpstraaarm R1= 321 =" O, 15 = 10> A= A2 o O, 98 3 102
network soo soo

P1= S00 hMW.A R1= O.05 HMi= O.3=

Transforrmerr R 6S00 =< 212" » 10> ><2=\/{ x 211" (=275
S=630 kW.Aa e300~ 100 S307

Usc=a=a =275 >== 10.31

Ll ==311 0%

Connaection = 2= x 3 2 o, 1= = =

—ambhles =

Tr. to C.B. = H > = O.1=2

(121 SOrMmMm~©)

CTu, L =3rm

Rapid C.B. (=]

Connection = 20 2 = o,
C.B. oultgoing

limne No. =

bars (AL)

1T=1OO0<xSrmirm™

Per phase

L==vn

Rapid C.B._

CTonnaection
(cabla=s)

main LY panel
o sec. panal
TCIx=xTEaBSrmirm™©)
Cu per phase
L=70rm

M1-M2-M3 Jlasdl )LS 2890 S AWl dolaadl (o malll Hld Clus pgdl €S day
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Isc = Uo KA

—

V3 x VRt2+ Xt?

L

Resistances Reactances Isc
mQ mQ kA

at Rti= R1+R2+R3  Xt1= X1+X2+X3 410 21,2 kA
M1 Rti= 2,95 Xt1= 10,76 V3 V(2,952+ 10,762

at Rt2= RtI+R4+R5  Xt2= Xt1+X4+X5 — 410 — = 20,6 kA
M2 Rt2= 3,09 Xt2= 11,06 V3 V(3,09°+ 11,06%)

at Rt3= R2+R6+R7  Xt3= Xt2+X6+X7 ~ ———210 ~ - 10,4 kA
M3 Rt3= 11,6 Xt3= 19,46 V3 V(11,6°+ 19,467

- daldy OllasHe

Induction and Synchronous Machine ] dslaall @ sly) S -1

Reactance Values for Induction and Svnchronous Machine

X** Subtransient

Salient pole Gen 12 pole 0.16
14 pole 021

Synchronous motor 6 pole 0.15
8-14 pole 0.20

Induction motor above 600V 0.17

Induction motor below 600V 0.25

450 4SI1 yeal) Jlasdl S -2

O pmall 048 duud U1 LA OB dale §ygums dunii Jlaall Ldacy podly ol 9aS 450 ,gSIl B ymall Jaa3 Byl pad Jlac Eodg dlax 3
A g Hlaedl cpas ol o U3 BMsy lgdin I Jgzmall )08 (10 %25 (3o Jai C‘.\S)zdlji &yl 8yu8 §oazeo o813 Jges

Iscm=3.5 In 320l £} y>=old
Iscm=3.5(2 x In) ULgw OMemy caglido (nSyeel

ISCM=3.5(m In) bgwo Joa3 dgaliiall ©yoeall o M- Sukal

3B 3 W=l oda
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Distribution network Short-circuit apparent power Short-circuit apparent power
voltage Current European practice Current North-American practice

[kV] [MVA] [MVA]

7.2-12-17.5-24 500 500
36 1000 1500
52—-72.5 3000 5000

S dxlandl ddymal JUWI O3l § gl pods @3

Uz U

n

knet B N3 'Iknet

el goll -1 Lo

Wgell delanlly ugaelly Griadl Josedl e lely W gald dnilandl Glus ok
from 10% to 20% smooth rotor (isotropic machines)

from 15% to 30% salient pole rotor (anisotropic machine
- ->
<7, — <4 U
100 S,

Rated apparent power Sn
Rated voltage Un
Sub transient reactance X"d_
ChPEIN Bk

B 3 8 J14 omle_madll dgzr dad go 4 Sl Sl dgadl 5 cidedl Jasdl e 1y Jgmall dnilasd! Gl o2

ZTR — uk.°/o . U%n
100 S

n
Rated apparent power Sn e

Primary rated voltage Vln e

Secondary rated voltage V2n e

Short-circuit voltage Vk%




ﬂ.ﬁ.ﬂ)@ ubl.w

Rated apparent power Short-circuit voltage
S _[kVA]
= 6320
620 = S_= 1250
1250 < S_ = 2500
2500 < S_ = 6300
63200 < S_ = 25000

Glfiall_pb Oymeall -ila)

@ ol Sl Blal 6 J) 4 3l 5Ll O (B8] %25 ] 20 (30 Xd dogd o WaS Jany S 5338l b )3 Eigi> Al 3

lk
(Xl = W)

(Ik short-circuit without motor contribution)

IEC60909 &yl s Islis A1 as)gl doghanel K doxglll yhead paill )i Olusw o8 Jlie

S, = 500 MVA

Z e = DIOLCY

S, = 400 kVA
U=20/0.4 kV
Upo, = 4 %

Z,y=0.06Q

Ldad! A dmilesd! Ol 1Y gl

S, = 500 MVA
U= 20 kV

Vi _ N1 __ 12

V2 n
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Jawgiall dgadl W) dnslend! Glu - Lo

Z,= 0.32 m2

(a400) e
Z crvzore " (20000 Y 4-10 °<2 e Zepv = 4-10°2 MmO

Jexal) dailead! Ol -1 WG

%4 (S9lus sl CJgd oS 400 dauw 93 Jozmal Uk dod 3955 3luadl Joudnd! (p0

Zz,= 0.32 m2
Zopy = 4-10°3 M2

4 (400) S, = 400 kVA =
~ 100 400 -.10° 0.016<2 U= 20/0.4 kV Zy=0.0160

Upey = 4 %

padsuel! ded! L daslesd! Ol -1 lasly
0.061 mMQ) LS daslend! daid S g daiuand! OIS A o MBI Jolua o W HLiSL pgdl g

Z,= 0322 m2
Zepav = 4-103 mQ2
Z.=0.016 2
Zov=0.061 m2
Zow = 0.061 mg2
1
]

F 03) sbewldl die a8l HUS 3936 (§ (argarll pods Gl uay

S, = 500 MvVA
U= 20 kV Z,= 0.32 m<«

Zeyw = 4-102 mQ

Zr =16 mL2
U

I, = wat ]
f V3@ +Zaw +Zy)

U
= — e = 13.6kA
B A2 P e g o ) U,= 400 V

= 14.1kA
Zoyv= 0.061 M2

o
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-: MVA Method 4idgda -
Bl daliseall U Sl Wlailes ggaza (8,511 daglie lgud 0953 (I dxagdl disylall a3 (2 MVA iyl ¢ (uludl §
S8y Gyl &ylie MVA wghad Juas 13k
ol Juady clldly c¥slae S Jaa> e daiadDBMVA diybs Lol o¥slaall Jaa> § Olgasall yax Bdzg daslul @yall e
3 LS DBLal dayil) Gl dasd ST iy Vg, duasdl ddylall 3 WS 3T U] dgr oo Olailowdl 925 (5395200 (30 ) « MVA diybo
Lol da g dan g Oblus (p MVA diyb plasil dolusd) Oldeall 018 1, 8u>g S das,o

1
- 1>
Z ohms

= 1000 <X (KWV)2 < ¥ >
= (KWVD)2 < ¥ 3

MWV A
= . «>
Z pu

> 2l

admittance of a circuit
impedance in ohms
impedance in per unit
line to line voltage
short circuit KWV A
short circuit MV A

INFINITE BUS
.‘.

Isc v/Z

V3 (V3V)Isc
Z = 0,01 OHMS V3 Elsc

@ 13.8 KV VA SC
KVA SC

MVA sC

L FAULT

E =y3V

V3W3av)v/z
E2/2
€E2/2
1000 (KV) 2/ 2
KvZ2/2

I SC = SHORT CIRCUIT CURRENT IN AMPERES
E = LINE TO LINE VOLTAGE IN VOLTS

V = LINE TO NEUTRAL VOLTAGE IN VOLTS
Z = LINE TO NEUTRAL IMPEDANCE IN OHMS

MVA SC = SHORT CIRCUIT MVA

Fig. 1. One line diagram.
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49,20 Name Plate ©l>g oo oSen 4 LS doglae 0955 diciall lg3)ud 3955 il gallg W yally Y gzeal) duwddl
ol 955 JWLXpu

11[, “1 raterd
"'\ Pu

M (gen, motor, transf’ )=

MW dwddL

Aladiu) Caliall el Sllalg ¢ gL dagliall o o COULISH 4 jaall Slaglaal) 5685 QI 3
:eSUSIL Lalall M dad Gluald a6 Aslea)

M_,. :M
1Z.| (£2)
JWI gl e M Aoxd) L8 doydl Ol -2
Il e Ao 8y od 3150l Aiogo M Ul o A gacmal 428Kl Aoyl
Sl e Aoge g8 o Jlgill Abioge M Ul (30 e ozl 23Ka)l dasd
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,_MVA
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A, CONVERT TO MVA'S

_ﬁr @ 1500 MVA

—— 69 KV
X = 3.87 OHMS

I 1S MvAa

69/12 KV

_f.( X = 0.076
= 12 KV
l) T
’L 15 MVA
F "n

Xg = 0.2

W plUanl olia) MVA 35380) o] oluony p g
I 1500 l
l 1230 I

3 I 198

12 KV

E ,L 4[ 75 ]
MVAE = 228

®)

1500 X 1230
MV A = = 675
1.2 1500 + 1230

(this is the new MVA ;)

675 X 198
MV A1, 3 675 + 198

MVA1+4 == MVA!

153

+ MVA, = 153 + 75 =228
7 228 X 100(:)_11000A
12 V3 X 12 -
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SYSTEM
500 MVA

TRANSFORMER
50 MV A 50/0.1 =
2 X = 01

13.8KV

MOTOR
3 50 MVA 50/0.2 =
x; = 0.2

MVA {5 = MVA] x MVAZ / MVA, + MVA,
= 500 x 500/ 500 + 500 = 250
MVA1+3 = 250 + 250 = 500
Isc = 500 x 1000 V3 x 13.8 = 20900 AMPS

F1&F2 () dads wie JWI a0l sbygS plad Jlasl HLS Gl MVA dibyb aldseiwh @03 3 08) Jle

10 MVA

10% ®— 15 MVA 5%
5 MVA gé iFl vV VA 0000 iFZ
50 20 Q

7.5% . ]

Al g Lo 5 dauy 0 0y Wgog pnel g8 Lo 10 dauad T 03) Wge oo 2lud! dataseall (S

Impedance Z = 5+j20 ohms JaJ! Jas-g cJgd ghS 33 JI 11 opo Jgotd snel g3 Lo 15 daw Jgmog
- WS Jl
MVA »a8ll 8 JI (Janedl SLD § oYl Jasell iligSo aner g5 -1 JoI 8 glasell
- 03y Wgall
MVA1 = MVA/Sub-transient reactance of generator in per unit
MVA1 =10/0.1=100
G- ad ) Al gal)
Short Circuit of MVA of Generator-B MVA2 = MVA/Sub-transient reactance of generator in per unit

MVA2 =5/0.075=66.67




Short Circuit of MVA of Transformer MVA3 = MVA/Impedance in per unit

MVA3=15/0.05=300

Impedance Z = 5+j20 ohms
Z=sqrt(5*5+20*20)
Z= sqrt(25+400)
Z=sqrt(425)
Z=20.615 ohms
Cgd kS'33 Solun Jaul Jas e ugardl Of Loy
Short Circuit of MVA of Transmission Line MVA4 = KV2/Impedance in ohms

MVA4=33*33/20.615 = 52.83

LS MVA Jalases eyl ¢ SLD 3 095 JSU odel 89S iled! 8l 8,510l MVA 08 pliseil -1 4361 8 glasel!

.cu.bi @p}a 5A

Generators

Transformer

Transmission Line
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Silgdl (e OMuain Ol ge -1
Combined MVA1-2= MVA1 + MVA2 = 100 + 66.67 =166.67

GCenerators

Transformer

Tranmnsmission Line

MVA1-2 is in series with MVA-3

107.144

.
rd
52

Transmission Line

Total Short circuit MVA up to the fault F1= Combined MVA1-2-3= (MVA1-2 * MVA3)/ (MVA1-2
+ MVA3)

MVA1-2-3=(166.67 *300)/ (166.67 +300) =107.144
107 Soluw F1 Lis nadll )Ll Ol 13]
Total Short circuit MVA up to the fault F1=107.144

Short Circuit Current at F1 = Total Short circuit MVA up to the fault*1000/ (1.732 * KV)
=107.144*1000/ (1.732*33) =1874.58A




F2 o nall 35 olusmy o5 Alad) Colglasil iy

MvAl-2-3-9 Transmission Line

Total Short circuit MVA up to the fault F2= Combined MVA1-2-3-4= (MVA1-2-3* MVA4)/
(MVA1-2-3 + MVA4)

MVA1-2-3-4=(107.144*52.83)/ (107.144 +52.83) =35.38
e Total Short circuit MVA up to the fault F2=35.38

Short Circuit Current at F2 = Total Short circuit MVA up to the fault*1000/ (1.732 * KV)
=35.38*¥1000/ (1.732*33) =619A




Basic Point-to-Point &iyla

Basic Point-to-Point Method di ks Jaall )Ld Olused dwd JI Ol glasel!
AJW CYslaadl o Jgmeald SN Ll Gl -1

_ kVA x 1000
E_ X1.732

30 Transformer le LA,

kVA x 1000
E

10 Transformer lFLA =
L-L

Multiplier =

*0,
%o Ztransformer

W1 Jodzell o Jgoeall dalond! dasd Szl pghi-2

Table 1. Short-Circuit Currents Available from

Various Size Transformers

(Based upon actual field nameplate data or from utility transformer worst case
impedance)

Voitage Full o Short

and Impedancett Circuit

Phase (Nameplate) Amps

15 12175

1.5 18018

15 23706

15 34639

1.6 42472

1.6 66644

1.0 13879

1.0 23132

1.11 31259

1.07 43237

625 1.12 61960

833 83357

1388 124364

2082 . 66091

2776 ; 88121

4164 ; 132181

2000 5552 X 154211

6940 J 192764

75 90 ] 10035

135 ! 15053

150 181 16726

225 271 25088

300 361 33451

500 02 i 51463

750 903 2 28672

1000 1204 38230

1500 1806 ; 57345

2000 2408 J 66902

2500 3011 g 83628
" Single-phase wvalues are L-N values at transformer terminals These figures
are based on change in turns ratio between primary and secondary, 100,000
KVA primary, zero feet from terminals of transformer, 12 (2eX) and 1.5 (2eR)
multipliers for L-N vs. L-LL reactance and resistance values and transformer

X/Rratio = 3.

24




Impedance Data for Single-Phase Transformers
Suggested NormalRange Impedance Multip liers**
X/R Ratio of Percent For Line-to-Neutral
kVA for Impedance (%Z)* Faults
10 Calculation for %X for %R
250 1.1 1.2-60 06 0.75
375 14 1.2-65 06 0.75
50.0 16 1.2-64 06 0.75
750 18 1.2-66 06 0.75
1000 20 1.3-57 06 0.75
167.0 25 1.4-6.1 10 0.75
2500 36 19-68 10 0.75
3330 47 24-60 10 0.75
500.0 55 22-54 1.0 0.75

" National standards do not speafy %Z for single-phase transformers. Consult
manufacturer for valuesto use in calculation.

**Based on rated current of the winding (one-half nameplate kVAdivided by
secondary line-to-neutral voltage).

Jgoeall padll jld Clusd Gl Jgdd! of W1 Aalaoll pluseinsly pgdi-3

IS.C. = TransformerF.L.A. x Multiplier

Al WY slaedl (0(F) Factor desd Clusw pgdi-4

30 Faults f_1732xLxl3p
Cxnx EL-L

1@ Line-to-Line (L-L) Faults

X1 X
See Note 5 & Table 3 _2XLXl,

—CXHXEL.L

10 Line-to-Neutral (L-N) Faults

See Note 5 & Table 3 f=2XL XN
CxnxELy

Where:

L = length (feet) of conductor to the fault.

C = constant from Table 4 of “C" values for conductors and
Table 5 of “C” values for busway.

n = Number of conductors per phase (adjusts C value for
parallel runs)

| = Available <hort-circuit current in amperes at beginning
of circuit.

E = Voltage of circuit.
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Conductors & Busways "C" Values

Table 4."C"Values for Conduclors
Copper
AWG  Three Single Conductors

or Conduit
Steel Nonmagneiic
60OV 5k 600V 5K

v

389 - - 389

982

951 - -
1480 1478 1479
319 2347 2339 2344
2904 2961 2955 241 2049
71 3626 3730 3r19 3683 3709
4645 4498 4678 4664 4618 4646
5777 5493 SEGE 5766 5820 5717 5771
7187 [T 7301 7153 7271 7109 T202
BE26 B163 2110 B851 BE27 8981 8751 BaTT
10741 9700 11174 10749 10387 11022 10642 109639
12122 10849 12862 12343 11847 12636 12115 12661
13910 12183 14923 14183 13492 14688 13973 14659
15484 14280 13288 16813 15858 14565 16490 15541 16501
16671 14188 18506 17321 16234 18462 18064 16921 18154
18756 16828 15657 21391 19503 18315 20607 19314 20978
20093 18428 16484 23451 21718 19635 23633 23196 21349 23295
750 21766 19685 17686 2976 23702 21437 26432 25790 23750 29036 2976
1000 23478 21235 19006 28779 26109 23482 29665 29049 26608 32938 31920 29135
Nete: These values are equal 1o one over he impodance per foot and based upon resistance and reactance values found in [EEE Sid 241-1990 (Gray Bock), IEEE Recommended Practice for Electric Power
Systems in Commerical Buldings & IEEE Sid 242-1986 (Buff Book), IEEE Recommended Practics for Protection and Coordination of Industrial and Commercial Power Systems. Wheee resistance and neac-
tance values differ or are not avallable, the Buff Book values have been used. The values for ractance in determining the C Value at 5 KV & 15 KV are from the Gray Book only (Values for 14-10 AWG at 5 &V
and 14-8 AWG at 15 KV are not avalable and values for 3 AWG have been approximated).

Table 5. “C”Values for Busway
Ampacity Busway
Plug-in Feeder High Impedance
Copper Aluminum Copper Aluminum Copper
225 28700 23000 18700 12000 -
400 38900 34700 23900 21300 -
600 41000 38300 36500 31300 —
800 46100 57500 49300 44100 —
1000 69400 89300 62900 56200 15600
1200 94300 97100 76900 69900
1350 119000 104200 90100 84000
1600 129900 120500 101000 90900
2000 142900 135100 134200 125000 20400
2500 143800 156300 180500 166700
3000 144900 175400 204100 188700 23800
4000 — — 277800 256400 —
Note: These values are equal to one over the impedance per foot for
impedance in a survey of industry.




8 lee Uil JUJI Jgdard! (po of F dasd dnoglay a1 dslaad! (po(M) Multiplier ded Glusxs pgdi-5

M=

.
1+f

M f M
0.99 0.50 0.67
0.98 0.60 0.63
0.97 0.70 0.59
0.96 0.80 0.55
0.95 0.90 0.53
0.94 1.00 0.50
0.93 1.20 0.45
0.93 1.50 0.40
0.92 1.75 0.36
0.91 2.00 0.33
0.87 2.50 0.29
0.83 3.00 0.25
0.80 3.50 0.22
0.77 4.00 0.20
0.74 5.00 0.17
0.71 6.00 0.14

Point to Point Method ik sUygS amigs deglaia) padll )L Clus Jle
1- 03y Jls

Point to 4yl w3929 1 daddl e padll HLS Clusey 03 b ygSIl 229 93 doglaie JWI JSEII 0
Point method

kL/ 1 MVA, 5% , 13,8KV/ 480V

D S i
P

-1 Pé) daddl we _padll s Gblue-1
SOl (e bxis 1 daw 93 Jgeald FLC ©lue ol -2)’3?

IFL=P/(1.73*VL-L)

27




| F.L=1,000,000/ 1.73*480 = 1,202 A
FLC / 2% Aol Jgmall dis _nadll 515 olusny o -1L3l5
1S.C. 3 ph for point 1 = 1202 /0.05 = 24,506 A or 24.5 KA
1 08y sl o ral] HU5 dasd 00 0555 lidog Olel Jalas (§ Loy o 13]
=12 08) daddl s padll HLS Sblue-2

48 50 Soluy 81 Jsb O dzs Jliall ¢y

el 515 53 lado A1 Yolandl dal plasiuly 0585 g

F=(1.73*L*IS.C. 3 ph.) / (C*n*V L-L); F for the three-phase fault ~——-11]
F=(2*L*IS.C. L-L) / (C *n*V L-L); F for line to line fault —- 2]
F=(2*L*IS.C.L-N) / (C *n*V L-N); F for Line to Neutral fault ——-[3]

gl 1ig) pasll HLS ST 1)1as Bl d29Yl cry_pvad 3929 989 JoII Eoill plasuinly 0ol Bgu
B Ugb 9ol 9 dogoeunl @B sde pn 9 JWI Jgdadl ope lgedsuind Cguw Jo8II Jolae (25 C dasd Lol

Conductors & Busways "C" Values

Table 4. “C* Values for Conductors
Copper
AWG  Theee Single Conductors Theee-Conductor Cable
or Conduit Condult
Steel Steel
GO0V SRV
389 - - 389 -

981 982

1551 - 1557
2406 2389 2425
3751 36596 3812
45674 4577 4785
5736 5574 5930
7029 6759 7365
8544 7973 SOBS
10062 9390 1104
11804 11022 1333
13606 12543

14925 13644
1629 14769
17385 15678
18235 16366
19172 17492

v 1

Sl=|n|w|alo|e

el

1,000 25278 22539
Abuminum
4 237

376

559

951 950
1481 1476
346 23313
a ) 918 2904
71 3670 3626
4645 4575 4498
5777 5670 5493
7187 6968 6733
BE2S B467 8163
10741 10167 9700
12122 11460 10849
13910 13009 12193
15484 14280 13288
16671 15355 14188
18756 16828 15657
20093 16428 16454
217656 19685 17685
23478 21235 15006

.§§§§§§§55555w“”uaa




F=(173*L*IS.C. 3 ph) / (C*n*V L-L)
F = (1.73 *50 *24,506) / (28,303*5*480) = 0.031206
Multiplier (29 M dasd slmb 0985 IS da
M = 1/(1+F) = 0.969738.
2 03y daidl wie padll )3 Clusd 1 03) daidl die Gl 4adll W6 G M @i pgis s
1 S.C. 3 ph for point 2 = 24506* M = 24506*0.969738 = 23,764 A or 23.7 KA
13 o3y daditll wie_padll HU5 Gblus-3
dolrall § p3s2l @3 Giludl Jgazdl (o JEU C dad Gl ALl ilglasdl Jio pgits
F=(1.73 *L*1S.C. 3 phat point 2 )/ (C *n*V L-L)
F = (1.73 *100*23,764) / (16673*1*480) = 0.51370
M = 1/(1+F) = 1/1.51370 = 0.6606
I S.C 3 ph for point 3 = 23,764 *0.6606 = 15,699 A or 15.7 KA
Jold Jbe
F PBJ Sl Wis a8l HLS Cluad daliseod! Yolaa! (§5b pliseiwly ‘d one line diagramJW! JS&di o0

——— 13.8 KV
X = 0.151 ohms

~

O
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OHMIC METHOD

SYSTEM

1000 x (KV)2
KVA 1000 x (13.8) 2
500000

13.8KV FEEDER

0.151_OHMS

TRANSFORMER

1000 x (X P.U.) x (KV)Z

KVA
b = 1000 x 0.055 x (2.4)2

5000

= 0.063 OHMS

1000 x {XP.U.) x (KV)2
KVA,

1000 x 0.16 x (2.4)2
2500

= 0.369 OHMS

SYSTEM

TRANSF

Xy =0.380 OHMS @ 13.8KV

X, = 0.151 OHMS @ 13.8KV
X1 2 = 0531 OHMS @ 13.8KV

X4 2 = (0.531) x (0.03) @ 2.4KV (**)
= 0.016 OHMS @ 2.4KV

X3= 0.063 OHMS @ 2.4KV
Xg = 0.079 OHMS @ 2.4KV

—_—
MVAE = (KV) 2= (2.4)% = 72.8
Xg 0079

X4 =0.369 OHMS @ 2.4KV

Xg+m = (0.079) x (0.369) = 0.0656 OHMS
(0.079) + (0.369)

MVAE = (KV) 2 = (2.4) 2 - 88
Xg  0.0656

LA d = 2
OHMS ,, , = OHMS , o x (2.4/13.8)

3

= 0HMS1 8* (0.03)

3
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Base point KVA 500000 2% wis Per Unit Method diyb -: W36

PER UNIT METHOD
(500000 KVA BASE)
_ BASE KVA x (1)

P.U.
KVA S.C.
SYSTEM _ 500000 x 1

500000

X. .. _ (OHMS) x (BASE KVA)

P.U.
1000 x (KV) 2
13.8KV FEEDER X _ (0.151) x (500000)

(13.8)2 x 1000

X_ .. _ (X P.U.) x (BASE KVA)

P.U.
KVA
TRANSFORMER _(0.055) x (500000)

5000

X (XP.U) x (BASE KVA)
P.U. = KV Am

(0.16) x (500000)
2500

PER UNIT METHOD
BASE MVA =500

SYSTEM X4 = 1.000

Xz =0.396

XB= 5.500

Xg 6.896
MVAE = 500/6.896 = 72.6 MOTOR

WITHOUT

CONTRIBUTION

X4 = 32.000

N __(6.896) x (32.000)
F+M ™ (6.896) + (32.000)

500 WITH MOTOR
MVAEM =57 28 CONTRIBUTION




MVA Method 4i,b -: WG

MvAaA METHOD

13.8KV FEEDER

TRANSFORMER

MvA METHOD

|

9

- J
R

= 88.2

METHODS OHMIC PER UNIT MvVvA
FAULT CONDITION METHOD METHOD METHOD

FAULT @ 2.4KV BUS 72.8 MVA 72.6 MVA 72.6 MVA

WITHOUT MOTOR CONTRIBUTION

FAULT @ 2.4KV BUS 88MVA 88.2MVA

WITH MOTOR CONTRIBUTION
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Aluminium, Al - 400 V network
CSA per phase_ Length of cables (m)
conductor (mm?2)

2,5

Downstream short-circuit current (kA)

94 94 93 92 91
85 85 84 83 83
76 76 75 75 74
67 67 66 66 65
58 58 57 57 57
49 48 48 48
39 39 39 39
34 34 34 34
30 29 29 29
25 25 24 24
20 20 20 20
15 15 15 15
10 10 10 10
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Copper, Cu - 400 V network
CSA per phase  Length of cables (m)
conductor (mi

1,5

25

4

6

10

16

25

35

50

70

95

120

150

185

240

300

Downstream shortcircuit current (kA)

94 94 93 92 91
85 85 84 83 83
76 76 75 75 74
67 67 66 66 65
58 58 57 57 57
49 48 48 48 48
39 39 39 39
34 34 34 34
30 29 29 29
25 25 25 24
20 20 20 20 20
15 15 15 15 15
10 10 10 10 10
7 7 7 7 7

39
34
29
24
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Voltage = v3 *R* |
I, = 50kA
Ry = —

BRI

=0 =4618 mQ
V3«50 -

Reabie = 16.923 mQ (from cable database @ 20°C)

(R; + Rpie) = 21.541 mQ2

v
V3¢ (RAR )

I, =

. =10.72 kA
V3« 21.541
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