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Susol MCCB for DC Application

Susol

» Susol MCCB is sutable for DC application such as
Photovoltaic Circuit Breaker, UPS and datacenter Susal

» DC short circuit test tested by VDE A

 Higher nominal voltage range up to 1000 VDC

» Rated Current : 16A~800A

* No of Pole: 2/3/4Pole

« Available for AC/DC application

TD100 TD160 TS100 TS160 TS250 TS400 TS630 TS800
Frame size (AF) 100 160 100 160 250 400 630 800
Rated current, In(A) 16, 20, 25,
40, 50, 63, 125, 160
32,40,50, 100, 125, 160 100, 125, 160 300, 400 500, 630 700, 800
80, 100 200, 250
63, 80, 100
No. of Poles (Pole) 2,3,4 2,3,4 2,3,4 2,3,4 2,3,4 2,3,4 2,34 2,3,4
Rating (DC) 1000V 4P 4P 4P 4P 4P 4P 4P 4P
750V 3P 3P 3P 3P 3P 3P 3P 3P
500V 2P 2P 2P 2P 2P 2P 2P 2P
Rated service _Type N/H/L N/ H/L N/ H/L N/H|L N|/H|L N/H/L N/H/ L N/ HL
breaking 1000V (4P) 42 | 65100 42 | 65 100 50 | 85 |100 50|85 |100 50 | 85100 50 | 85|100 50 | 85 100 50 | 85 [100
(DC) 750V (3P) 42 | 65100 42 | 65 100 50 | 85 |100 50 |85 [100 50 | 85100 50 | 85100 50 | 85 {100 50 | 85 [100
500V (2P) 42 | 65100 42 | 65 100 50 | 85 |100 50 |85 |100 50 | 85100 50 | 85100 50 | 85 [100 50 | 85 [100
Trip unit
FTU (fixed-thermal,
® 6 6 06 6 &6 06 6 6 © © © © © © ©¢ © © © © © o o o
fixed-magnetic)
FMU (adjustable-thermal,

fixed-magnetic)
ATU (adjustable-thermal,
adjustable-magnetic)

Exemplary circuit diagrams

Y - AR 0T 1R R N SAEIE NN
3 3 P P P 3 3 & P & & & &

I e T e ]
DC500V (2P) DC750V (3P) DC1000V (4P)
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How to calculate short-circuit current value

Various short-circuit

The purpose of calculating short circuit values
« Selection of circuit breakers, fuse.

« Adjusting metering devices

» Consideration for mechanical resistance

» Consideration for thermal resistance

Various value of short-circuit current should be
applied to the tests for upper factors.
Symmetrical current for AC and asymmetrical
current for DC are used for classifying short
circuit current.

Their differences should be essentially
considered in the basic step of making network
plan.

Symmetrical short-circuit current real value

Short-circuit current is composed of AC and
DC as it shows on <Fig.1>. The short-circuit
which indicates the real value of AC is called
as symmetrical short-current real value, |
(rms)sym. This current is the essential factor of
selecting MCCB, ACB, fuse.

AC+ DC
(asymmetrical short-circuit current)

<Fig.1> Composition of short-circuit current

Maximum asymmetrical short-circuit
current real value: | (rms)asym

The short-circuit which indicates the real value
of DC is called as asymmetrical short-circuit
current real value.

And this current value is changeable upon the
short-circuit closing phase.

This current value is treated for checking the
thermal resistant strength of wrings, CT and
etc.

With symmetrical short-circuit current real
value and short-circuit power factor, we can
achieve the value, « from <Fig.5>.

and maximum asymmetrical short-circuit
current real value is calculated with this
formula.

| (rms)asym= al (rms)sym

3-phases average asymmetrical short-
circuit current real value: | (rms)ave

Each phase is different in its input current
value in 3 phases circuit. So that AC rate for 3
phases is different. This value is the average of
asymmetrical short-circuit current of 3 phases.
And with symmetrical short-circuit current real
value and short-circuit power factor, we can
achieve the value, B, and 3-phases average
asymmetrical short circuit current real value is
calculated with this formula.

| (rms)ave= £ 1 (rms)sym

Maximum asymmetrical short-circuit
current instantaneous value: Imax

Each phase has different instantaneous current
value. And when asymmetrical short-circuit
current shows its maximum instantaneous
value, the current value is called as maximum
asymmetrical short-circuit current instantaneous
value. This current is to test the mechanical
strength of serial equipments.

And with symmetrical short-circuit current real
value and short-circuit power factor, we can
achieve the value, ¥ and maximum asymmetrical
short-circuit current instantaneous value is
calculated with this formula.

Imax= yl (rms)sym

Network impedance for calculating short-
circuit current value

Bellows should be considered for the
calculation as the impedance components
affecting circuit to trouble spot from short-
circuit power.

a. Primary part impedance of incoming
transformer It's calculated from the short-
circuit current data which is provided by
power supplier. Calculated value can be
regarded as reactance.

b. Impedance of incoming transformer Its
amount is upon the capacity of transformer
and primary voltage. Generally this
impedance can be regarded as reactance
and refer to <Table.4>, <Table.5>.
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How to calculate short-circuit current value

Various short-circuit

c. Reactance of motor

Motor works as generator and supply short
circuit current in the condition of an accident
circuit such as <Fig.2>.

Generation factor of firm motor should be
considered in a low voltage circuit where a
circuit breaker operates quickly and in a high
voltage circuit for the selection of fuse.
Reactance of motor can be regarded in the
range of 25% normally.

d. Distribution impedance
Impedance of cable and busduct do control
short-circuit remarkably in low voltage
network. Refer to <Table.5>, <Table.6>.

e. Others

MCCB, ACB CT are equipments for the
network of low voltage.

The impedance of these equipment which is
calculated from short-circuit current value
should be considered.

Generally, the impedance of those equipment
is that of rated current (normal condition), if
operators apply that impedance value,
bigger reactance value may be applied to
calculated short-circuit current value.

Interphase
voltage
Between RS

Between ST

Between TR

R current ~—"~—"\]
Scurrent — ~——"

T current

400V 30kW.
Short-circuit

ZﬁK}Smer\/\/\A

B27Amax /426Amax

\ { 560Amax
+

<Fig.2> Short-circuit of motor

A-7-54
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How to calculate short-circuit current value

With percent impedance

Ohm formula (@), percent impedance formula
(%), unit formula (per unit) can be applied to
calculate short-circuit current value.

Ohm formula[ Q]

Short-circuit current value is calculated by
converting into ohm value [ Q]

Percent impedance formula (%) Each
impedance is converted into the impedance
of base value and base voltage.

And the required amount for electric demand

should be shown as percent unit.
And apply that value in ohm formula.

Unit formula

The base value equals 1.0. and all value of
network shows in the way of decimal system.
Applying any of upper calculation formulas to
achieve short-circuit current value, it shows
equal value. To select a certain formula for
doing it, operator can select one of those
formula which is proper to oneself. Below is
percent impedance formula.

Finding base value
The rated current of transformer shall be the
base value.

Base capacity Ps= Pr [kVA]

Base voltage Ve= Vr [V]

Pr
Base current ls= I = —— x 10°[A
=h= ey 1OTA
Vee Ve
Psx10°" Prx10°

[el]

Base impedance Zs=

Short-circuit capacity
or breaking capacity
Q[MVA] —1%X1

PT[KVA]  %Zr=%R1+1%XT

-N [—1%X
Buslduct X3 ! (1 ¢
Cable
Cable el = e Rs-n[Q]+Xs~n[Q]
Ra[QI+X4[Q] %Rs~n+!%Xs5~n
%R 4+!%Xa Sum capacity Pu[kVA]
F Pum[KVA]=1.5X (KW output)

<Fig.3> Base value

Converting impedance into base value
a. Primary part impedance of transformer: %Xi

o, Ps o,
YoXi= W>< 100 [%]

Q: Primary part short-circuit capacity

b. Impedance of transformer: %ZT
It generally indicates as percent impedance.
If base capacity is equal to transformer
capacity, %ZT can be used as it is. When
base capacity is not equal to transformer

capacity, convert values by this formula.
Pr Ps

%Zr  %Zs

%: value converted by base value

1phase transformer should converted into
the value of 3 phase transformer, And the

percent impedance is equal to % X
calculated urgent value.

c. Reactance of motor: %Xm
Transformer capacity shows the value in kW,
so it is converted into unit, kVA.
(kVA value) =1.5x (Output of motor, kW)
%Xm= 25% Converting it from base capacity
Pu Ps

%Xm ~ %Xm

(Converting formula for different capacity)

d. Impedance of busduct, cable
Cable: Area of cross-section & length
Busduct: Rated current

In <Fig.5>, <Fig.6>
Zc = (Q per each unit length) x (length) [ Q ]
Convert this value into % value.

Zc

Zs

(% converting formula)

Yolc =

2cables in same dimension, it's recommendable
to divide the length by 2.
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How to calculate short-circuit current value

Preparing a impedance map In case of 1 phase short-circuit
Prepare impedance map according to the . V3
impedance value from (2). Various electricity ~ Curent value from (5) multiplied by =5~
suppliers like source, motor have same electric V3

potential in impedance map. Each short-circuit current value (18 )= o

As you find it on <Fig.4> (a), extend it from the (3phases short-circuit current) x a (or 7)
unlimited bus to fault point, draw impedance

map.
B e O
= - « : coefficient of maximum asymmetrical current real value
Calculating impedance 5 :coeficint of 8 phases average asymmelical curent el vl
. . .  : coefficient of maximum asymmetrical current instantaneous value
Calculate impedance as <Fig.4 (b)> in 7
impedance map < Fig.4 (a)> e
%Z = %R +j %X . ™~
N a i
%Z = v/(%R)%+ (%X)? TN T
o *\~¥
1= 01 02 03 04 05 06 07 08 09 1.0
Calculating symmetrical short-circuit o CECERETEIED
current real value
<Fig.5>
Unlimited
j%Xmn bus

%Rn

%Xn Unlimited

%R bus

%X

<Fig.4> Base value

Calculating various short-circuit current

value
IF(3¢)= IF (rms)sym (32)
Psx 102
= ———-—x100
J3Ve s %Z
_ s
= o7 x100[A]

Calculate various short-circuit current value
with a, 8, ¥ values from <Fig.5> like

%R

%L

3 phases average asymmetrical real value

Ir (rms)ave= Bl (rms)sym

Maximum average asymmetrical real value

Ir (rms)asym= Q Ir (rms)sym

Maximum asymmetrical instantaneous value
lrmax= 7l (rms)sym

short-circuit power factor cos ¢ =

A-7-56
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How to calculate short-circuit current value

With a simple formula

For its special cases, calculating exact value
should be needed, in the other hand, for the
practical use, we recommend simple formula.

Finding a base value

It shall be the rated current of transformer.
Ps= PT [kVA]
Ve= VT [V]
le= IT [A]
VTe[Q]
*= PTx103

i Short-circuit capacity QIMVA]
YoX1

Pr{KVA] %Zr=%R+] %XT-/V'T

Sum capacity PM [kVA]n EA
Average capacity [kW]

_ PukVA]

" nx15

<Fig.6> Base value

Short-circuit current from incoming circuit

Disregard the impedance value of primary part
of transformer. Calculate short-circuit current
value according to <Fig.7>.

(If the impedance value of primary part of
transformer is considered, calculate the current
value as below formula)

s

I (R)= x 100[A
)= ooRr XXy Al
oy — _ Ps 0
%X = g X 1001%]

If the value of %R is not clear, %Zr=%T+

I
h(R)= o/ xisoox, X 100IA]

) Low voltage line

1o
Distribution )
0] gresit l Fault point

Symmetrical | o

200V

shortaieut | s | Ref) Only regard 420V
impedance
vawe Al | ©| P
@ r
i to fault point = —
[T AT
© —
NRRRYZZsssoars
ey
|
0 ‘
000 300 400 500 0 710 00 500 100 100 120 50 400 10 100 170 0 0020

Capacity of 3 phases transformer{ KVA]

Ref 1) Calculation in the random voltage E Voltage line
which is mostly close to E shall be selected to
calculate it .

i.e. in case of 220V, (200V line value)=+200/220

Ref 2) Calculation for a certain impedance Zt (%)
Impedance line which is mostly close to Zt (%)
shall be selected to calculate it.

i.e. 420V, Zt= 4.5%
%Z=4% Line value (or 5% line) x 4 (or 5)/4.5

Ref 3) When the value is out of lines or over 200VA or
below 100kA, multiply 10 times to the calculated
values.

<Fig.7> Transformer capacity and short-circuit current

Short-circuit current to motor
Ia (M)= 4 x X (Rated current of motor)

Symmetrical short-circuit current at point A
la=la (R)+|A (M)

Decreasing coefficient caused by busduct
[+ la

10VT

Calculate decreasing coefficient from <Fig.10>

Obtaining the value of

Decreasing short-circuit current by
reactance

When there’s 1phase transformer in a certain
circuit, calculate it in the base of reactance.
Regarding the reactance as pre-impedance at
source part at point of <Fig.8>,
Xe Es

V3le
Reactance C~D: Xo[ Q] (impedance of 1 ¢ T)

%oX1
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Calculating the value of Xo/Xc and decreasing
coefficient d from the reactance of <Fig.9>.
Current at point D lb=d - Ic
Impedance of 1 phase transformer Xo= X (1) %
a. Short-circuit current at Ec voltage base

Ib (rms)sym - 3¢ =d - lc (rms)sym - 3@

b. Short-circuit current at Eo voltage base
Io (rMms)sym - 38 =d - lc ((s)sym - 39 x Ec/Eo

14 How to apply

X Find coefficient 'd" using

8 XofXc at same current value

d z; | Reactance. [ 113 phase short-circuit
C 3 xde) @ When C, D have same electric potential

05— Io(rms)sym@d®lc(rms)sym
o4f— @ In case of Point C : Ec[V], Point D : Eo[V]
o3 3 phases - Ec/Eo - (rms)sym
02 Xo[2
| I [11] phase short-circuit [ 1] x3/2

| -

0.001 001 01 1 10 100

<Fig.9> Decreasing coefficient of short-circuit
current by reactance: d

Coefficient d for cables

/o

10V+

Decreasing coefficient b value is calculated from
<Fig.13>. For insulator drawn wrings, we can find
the value directly from <Fig.13>.

Calculating the value of

Calculating symmetrical short-circuit
current real value

Ir (rms)sym= b x Io[D]

Various short-circuit current

In case of having short-circuit current power
factor, find «, 8, ¥ from <Fig.5>, If not find 3 values
from <Table.1>

» 3 phases short-circuit asymmetrical current
average value
Ir (rms)ave= Blr (rms)sym
» Maximum asymmetrical real value
Ir (rms)ave=alr (rms)sym
» Maximum asymmetrical instantaneous value
Ir (rms)ave=7Ir (rms)sym

<Table.2> a, 3, ¥ values when short circuit power factor
value is not definite.

5 - Variables
picoro B
Maximum | short-circuit | asymmetrical
real value asymmetrical | asymmetrical | -t R
(A) real value current
average value value
2500 1.0 1.0 1.48
2501~5000 1.08 1.02 1.64
5001~1000 1.13 1.07 1.94
1001~15000 1.18 1.09 2.05
15001~25000 1.25 1.18 217
25000 1.33 1.17 2.29

1 phase short-circuit

(Each current):? x 3 phases short-circuit current

xy (ora)
10 i
o 1500A @_M
08 1200A
1000A 0mm | 50mm
0 \ T o
05 gzzi L7.5mm 67.5mm
04
600A
03 200 /(
02 00
0.1 |
0 ‘
1 10 100 1000 10000 108
Q -Al
10-E
General busduct
Busduct
Ratings | Resistance | Reactance | Impedance
(A) Size [mm] R % 7
Material [@/m] [/m] [/m] [9/m]
200 3x25 241x10* | 1.312x10*| 2.74x10*
400 6x40 |0.751x10*| 1.02x10* | 1.267 x10*
600 6x50 |0.607x10*| 0.91x10* | 1.094x10*
c 800 6x75 0.412x10* | 0.72x10* | 0.830x10*
. 1000 | 6x100 |0.315x10*| 0.60x10* | 0.678 % 10*
1200 | 6x125 |0.261x10*|0.516x10*| 0.578 x10*
1500 | 6x150 |0.221x10*|0.449x10*| 0.500 x 10*
2000 | 6x125x2 [0.129x10* | 0.79x10* | 0.800% 10*

<Fig.10> Decreasing coefficient of general busduct (Cu)

10 1

1000

3=
mZ=2

1000050000

6 oo
N \ 125mme
08 jagmm:
Wi \ e
06
ey e s st N\
50mm? \\\
38mm?
Somm? AN
22mm
1 AN
8mm?
55mm?
i
01 10 10 100 1000 10000 50000
., Q -Al
10-E

<Fig.12> Decreasing coefficient b in cable (600V V)
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How to calculate short-circuit current value
Calculation example

Calculation1) Short-circuit current value will be achieved by simple formula and percent impedance
formula for <Fig.13>

1000MVA

750kVA
20kV/420V 50Hz

%X=4.8
%Z=5.0%
2 50/{%R=1.40

: 14mm V: 2><100mm? V: 2x100mm21 s l s l s l
ame ame ame
S0 10m RC‘1 o as left one as left one as left one

Xci
R
lV 125mm? IV:1206mm?|  |V: 125mm? XzzIV:125mm2 IV : 125mm?
2 2
20KVA 50m Rcz 20m 50m 0m 0m
1QT Mz

420/100V

%Z=0% General load
%X=1.68
{%R i3
120kW 140kW 100kW 115kW

\ )

<Fig.13>
Percent impedance formula
(1) Base value e. Impedance of cable
Ps =750kVA Ve = 420V Converting impedance of whole metal
le=1031A Zs= 0.237Q tube
[2x100mm? 10m]
(2) Each impedance oiR..— 0.00018x10, 1 _ o
a. Reactance at primary part of transformer 7ot 0.237 x 2 x100=0.38 [%]
0.00013x10 1
YoXer= —== 202 x —— x100=0.27 [%]
YoXi1= 1000 %10 X 100=0.075 [%] 0.237 2

b. Impedance of transformer [125mm*  20m]
%Rr= 1.4% %Ree= 0:00014X20 » 100- 1.18 [%]

%Xr= 4.8% 0.237
%Xco= 0-00018X20 » 100- 1,09 [%]
c. 12 Trimpedance 0.237
115%750 . 1 [250mm? 50m]
%Rn ==X = 216 [%] %% R 070%0%; 50 100=1.47 [%]
o 1.68x750 1 _ °
oXn = =0y X = 815 1% %= O00013X50 100~ 2.74 [%]
d. Reactance of transformer [14mme 30m]
750 ~ o/m.._ 0.00013x30 _ 9
% Xint = 120x15 x 25=104 [%] YoRce= 0237 x100=16.45 [%]
750 0.00015x 30 o
YoXmp = ———— = 9 YoXcs= =929 % 100=1.88 [*%
o X2 14015 x 25=89 [%] oXcs 0257 [%]
750
0, _ _ 0,
YoXms = 100x15 x25=125 [/o]
750
O, - - p— 0,
YoXms = 115x15 x25=108.7 [/o]
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(8) Preparing a impedance map
Connect short-circuit supplier to the unlimited
bus.

Unlimited bus

<Fig.14>

Calculating impedance
Calculate it in serial/parallel type formula

<Fig.15>

a. Fault point F+ b. Fault point F-

39.06
j5.53 j37.55
%Z= /(257)+ (653  %Zo= /(39.06)+ (37.55)
=6.1[%] =54.2[%]
(5) Calculation of asymmetrical short-circuit
current
a. Fault point F+
1031
Ir1 (rms)sym = 61 % 100= 16900[A]
cos g =257 = 0.422

b. Fault point F2 (1 phase circuit)
1031

IF2 (rms)sym = 54.0 =1902[A] -+ (at 100V)
_ 1031 420
542 x100 ><1—00_7989[A]~~~ (at 420V)

IF2 (rms)sym is short-circuit current.
Therefore, convert it into 1 phase short-circuit
current.

IF2 (rms)1 @ sym= 7989 xﬁ: 6919[A]
39.06 2
COS @ »= 540 0.72

(6) Various short-circuit current
Calculate a, 8, ¥ from <Fig.5>.

a. Fault point F+
cos@= 0.422
e=1.05 p=13 »=174
I (rms)ave= 1.03 x 16900= 17407 [A]
Ir1 (rms)asym= 1.05 x 16900= 17745 [A]
Irmax= 1.74 x 16900= 29406 [A]

b. Fault point F-
cos@2= 0.72
e=1.0 p=148
Ire1 @ (rms)asym= 1.0 x 6919 [A]
Ir:1 @ max= 1.48 x 6919= 10240 [A]

Simple calculation formula

(1) Base value
Ps = 750kVA Ve = 420V
le= 1031A Zs = 0.237 Q

(2) Short-circuit current of incoming circuit
Disregard the impedance of primary part of
transformer
In <Fig.7> lam= 20500 A

(8) Short-circuit current of motor
Sum of motor capacity=
(120+140+100+115) x 1.5= 713 [kVA]
= —13 % 4= 3920 [A]
V3x420

(4) Symmetrical short-circuit current at point A
la= 20500+3920= 24420 [A]

A-7-60
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e 125mm? 20m

Il 20x22850
10E =~ 10x420

Ir (rms) sym= 0.785 x 244850= 17940 [A]

How to calculate short-circuit current value
Calculation example

(5) Decreasing short-circuit current for cable (6) Various short-circuit current
a. At point F+ Find a, 8, v from <Table.1>
* 2x100mm? 10m a. At point F+
2x100mm? 10m= 100mm? 5m a=125 p=113 y=217
Il 20%24420 IF1 (rms)ave= 1.13 x 17940= 20272 [A]
10E= 10x420 - 221 IF1 (rms)asym= 1.25 x 17940= 22425 [A]
Coefficient b= 0.935 IFimax=2.17 x 17940= 38930 [A]
Short-circuit current value at point C b. At point F-
Ic (rms)sym= 0.935 x 24420= 22850 [A] =113 =194

IF21 ¢ (rms)asym=1.13 x 7076= 7945 [A]
IF21 ¢ max= 1.94 x 7076= 13727 [A]
=108.9

<Table.2> Comparison of short-circuit

Fault point Fi F2
b. At point F: Symmetrical Percentimpedance | < | oo ioa
o 14mm? 30m short-circuit calculation value
[le 30x24420 current real Simple formula 17940A | 7076A
10E - 10x420 ~ 174.4 value calculation value 106% | 102%
Coefficient b= 0.249 3 phases e peence | 17407
Io (rms)3 @ sym= 0.24 x 24420= 6080 [A] average caedation vale
asymmetrical . 20272A
current real Simple formula
« Decreasing by the reactance (1 ¢ Tr)dp value calculation value 116%
Convert the value of ‘%X of 12 Tr to -
base capacity Maximum Percentimpedance | 1,7 45x | g910A
Xo= 750 % 2/20= 75% asymmetrical calculation value
t real A
Impedance of primary partat 1 Tr 3;;’:2" £ Simple formula 22425A | 7995A
| calculation value 126% | 115%
b 1031 .
= x100 = 6080 < 100[%]
Convert Xoto equivalent 3 phases, and
Xo/2 _ 750 x 2 x 6080 —2921
Xa  20x2x1031x100

Coefficient d of <Fig.9> d=0.32

Ir2 (Ms)3 ¢ sym=0.32 x 6080=1945[A] (400V)
=0.32 x 6080 x 420/100
=817 [A] (100V)

V3

. 2 (rms)1 @ sym= 8171 ><7 =7076 [A]
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How to calculate short-circuit current value

Short-circuit current value will be achieved by
simple formula for <Fig.16>

71=0.25%(1000kVA)

A
72=0.01%(1000kVA)

Tr2 500kVA 6.6/3.3kV
73=4%

&)
&)
K
o
@ 100kW( M ) 200kW
(&) Tr2100kVA 3.3kv/220V

O Za=2.5%
i

J>> 20kWu=8A5%<L> 1000kVA (L> 1000kVA

écos =0.8 iZS—LO% ébﬂ.o%

<Fig.16>

(1) Calculate rated current at each point
(@ Rated current I at point A

500[kVA] x 1000

o= = 43.7[A]
V3x6.6[kV] x 1000
@ Rated current s at point B
- 100[kVA] x 1000 = 17.5[A]
V3x3.3[kV] x 1000
hoe 20[kW] x 1000 = 7720A]

"~ /3x220[V] x0.85% 0.8

(2) Put 1000k VA for base capacity and calculate
short-circuit current at each point.
@ Short-circuit current Isa at point A
a) Impedance Map

Incoming 25%

7=0.25(%)

b) Short-circuit Isa

1000[kVA] x 1000 x 100
JoueOOOLVAIXT000X100 005
V/3x6.6[kV] x 1000 0.25%
* Breaking capacity of breaker [MVA]
MVA= 3 short-circuit current[kA] line to
line voltage[kV]

@ Short-circuit current at point B: Iss
a) Impedance Map
* Serial sum of impedance
Ztot= 0.25+0.01+8= 8.26[ %]

Incoming 0.25%

* tot
Cable0019s = 0-25+0.01+8
= 8.26[%]
Tr 500kVA ZTr = £X1000_ gjqp)

500
(Convert it by 1,000kVA)

b) Short-circuit current lsc
. 1000[kVA] x 1000 x 100 = 2118[A]
V/3x3.3[kV] x 1000 x 8.26
x Breaking capacity of breaker [MVA]

MVA= /3 short-circuit current [kA]
line to line voltage[kV]

® Short-circuit current at point C: Isc
a) Impedance Map

By point B Cable Cable
8.26% 1.0% 1.0%
1000 1000 1000
25 X700 = 25% 40 X350 = 2000% < 40 X5 = 8000%
Tr 20kwW 5kW

x Parallel sum of impedance

1

1 1 1
33.26 12001 * 8001

Z= = 32.58 [%]

b) Short-circuit current Isc

o 1000LKVA] X 1000X 100 _ g var

v 3%220[V] x32.58[%)]

Calculation formula

Transformer capacity

/3 x Rated voltage

Transformer capacity x 100
+/3x Rated voltage x %Z

Rated current In =

Short-circuit current Is =
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How to calculate short-circuit current value
Combination of transformer and impedance

<Table. 3> Combination of transformer and impedance

Transformer 3 phases transformer
Impedance 6.3kV/210V Qil Tr. |6.3kV/210V Mold Tr.| 20kV/420V Mold Tr. | 20kV/420V Oil Tr.
Transformer capacity (VA) | ZT[%] | RT[%]| XT[%]| ZT[%] |RT[%] | XT[%]| ZT[%] | RT[%]| XT[%]| ZT[%] | RT[%]| XT[%]
20 219 1.94 | 1.03
30 245|192 | 158 | 4.7 | 227 | 412
50 247|159 | 1.89 | 4.7 1.94 | 428
75 2.35| 167 | 1.66 | 4.4 1.56 | 4.11
100 254|165 | 1.96 | 4.6 15| 424
150 264 | 164 | 2.07 | 42 1.29 4.0
200 28| 159 | 231 | 45 117 | 435
300 3.26| 1.46 | 292 | 45 1.2 | 4.33
500 3.61| 133 | 3.36| 47 | 0.08 | 469 | 50 | 1.56 | 476 | 6.0 1.0 | 5.92
750 42| 1.55 3.9 | 6.0 0.8 | 595| 5.0 | 1.40| 480 | 6.0 0.9 | 5.93
1000 50 135|482 | 7.0 07| 696 | 50 | 1.26 | 4.84 | 6.0 0.8 | 5.95
1500 51| 122 | 495 | 7.0 06 | 6.97| 55 12 | 537 | 7.0 | 0.75 | 6.96
2000 5.0 12| 485 | 75 | 065 | 747 | 55 111539 | 7.0 0.7 | 6.96

<Table. 4> Example of transformer impedance

<Table. 5> Example of cable impedance
(600 vinyl cable)

Impedance of cable 1m ( Q)
. Interqal Internal Resistance
Cable | insulation vinyl tube | Insulator (2)

dimension | WIN8 O yiing of | wiring in /

sf(::(ka)lkteu%fe steel tube | building cable

el Gl and duct 1meter
2 1.6mm 0.0089
@ 2mm 0.0056
¢ 3.2mm| 0.00020 | 0.00012 | 0.00031 | 0.0022
5.5mm? 0.0033
8mm? 0.0023
14mm? 0.0013
22mm? 0.00082
30mme 0.00015 | 0.00010 | 0.00026 0.00062
38mm? 0.00048
50mm? 0.00037
60mm? 0.00030
80mm? 0.00023
100mm? 0.00018
125mm? | 0.00013 | 0.00009 | 0.00022 | 0.00014
150mm? 0.00012
200mm? 0.00009
250mm? 0.00007
325mm? 0.00005

Transformer 1 phase transformer
Impedance | 6.3kV/210V Oil Tr. | 6.3kV/210V Mold Tr.
Transformer o o o, o o, o,
e U ZT[%]|RT[%] | XT[%]|ZT[%]| RT[%] | XT[%]
10 149 | 149 |0.268
20 14.0 | 14.0 |0.503
30 14.8 | 14.8 |0.523
50 13.6 | 13.6 |0.494
75 11.0 | 11.0 |0.558
100 8.87 | 8.85 |0.562
200 7.70 | 7.68 |0.571
300 5.75 | 5.69 |0.619
500 5.08 | 497 | 1.05
750 5.05 | 492 | 1.16
1000 4.03 | 3.93 |0.904
2000 455 | 450 |0.637
3000 4.29 | 422 |0.768
5000 3.26 | 3.18 |0.725
7500 272 | 2.81 |0.775
10000 25| 207 | 1.40 | 233 | 2.18 |0.823
15000 237|184 | 149 | 2.04 | 1.82 |0.937
20000 257|176 | 1.87 | 1.90 | 1.60 | 1.02
30000 2.18 | 1.58 | 1.50
50000 205|147 | 142
75000 227|146 | 1.74
100000 248|149 | 1.98
150000 339 | 1.31 | 3.13
200000 315| 1.31 | 2.87
300000 223|128 | 296
500000 419 1.09 | 4.03

<Remark1> At 60Hz, the reactance multiply 2 times itself, so 1/2

reactance of primary part can achieve IB.

<Remark2> When the cable is parallelly 2 or 3ea, reactance and
resistance can be calculated in the condition of 1/3 and
1/3 length cable.
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How to calculate short-circuit current value
Various short-circuit

<Table.6> Impedance sample of bus and busduct (50Hz)

[x10*Q/m]
Ampere 50Hz 60Hz

rating

(A) R X z R X z
600 1.257 0.323 1.297 1.385 0.387 1.438
800 0.848 0.235 0.879 0.851 0.282 0.896
1000 0.641 0.185 0.667 0.645 0.222 0.682
1200 0.518 0.152 0.540 0.523 0.183 0.554
1350 0.436 0.129 0.454 0.443 0.155 0.469
1500 0.378 0.113 0.394 0.386 0.135 0.409
1600 0.360 0.107 0.375 0.367 0.128 0.389
2000 0.286 0.084 0.298 0.293 0.101 0.310
2500 0.218 0.065 0.228 0.221 0.078 0.235
3000 0.180 0.054 0.188 0.184 0.064 0.195
3500 0.143 0.042 0.149 0.146 0.051 0.155
4000 0.126 0.038 0.131 0.129 0.045 0.136
4500 0.120 0.036 0.125 0.122 0.043 0.130
5000 0.095 0.028 0.099 0.098 0.034 0.103

<Table.6> Impedance sample of Bus and busduct (50Hz) [x 10 /m]
Ampere 50Hz 60Hz

rating

(A) R X z R X z

600 0.974 0.380 1.045 0.977 0.456 1.078

800 0.784 0.323 0.848 0.789 0.387 0.879
1000 0.530 0.235 0.580 0.536 0.282 0.606
1200 0.405 0.185 0.445 0.412 0.222 0.468
1350 0.331 0.152 0.364 0.338 0.183 0.384
1500 0.331 0.152 0.364 0.338 0.183 0.384
1600 0.282 0.129 0.311 0.289 0.155 0.328
2000 0.235 0.107 0.259 0.241 0.128 0.273
2500 0.166 0.076 0.182 0.169 0.091 0.192
3000 0.141 0.065 0.155 0.144 0.078 0.164
3500 0.122 0.056 0.135 0.127 0.068 0.143
4000 0.110 0.051 0.121 0.113 0.061 0.126
4500 0.094 0.043 0.104 0.096 0.052 0.109
5000 0.082 0.038 0.091 0.084 0.045 0.096
5500 0.078 0.035 0.086 0.080 0.043 0.091
6500 0.068 0.028 0.074 0.071 0.031 0.077
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How to calculate short-circuit current value

Calculation example

Using a certain graph, you can find and
calculate the short-circuit current value which is
at one position of network. No matter the
condition of network is different, you can do the
calculation through adjusting variables.

Graph note

P coordinates — Transformer capacity (kVA)

Is; coordinates — Short-circuit current value
(kA)

Is2 coordinates — Short-circuit current value
affected cable condition (kA)

@ Line - % impedance of transformer (%)

® Line - Length of cable (m)

© Line - Square mm of cable (mm?)

@ Line - Isz (kA)

Remark) © line shows the length of hard vinyl cable (600V 1V)

PKVA[500k VA 3 phases]
%Z=X%[5%]
[6.3kV/200V]

A(SA)

MCCB1 (300A)
Cable (m (20m)
Smmz2 (200mmz2)

B (IsB)
MCCB2 (100A)

Cablem (15m)
Smm2 (30 mm2)

C (IsA)
MCCB3 (30A)

How to calculate short-circuit current value

(1) 3 phases transformer

(@ Short-circuit current value at (A) where it
is just below transformer. At P coordinates,
find the coordinates value (g) of the
cross point (f) which is from transformer
capacity (e) and A line. Disregard
primary part impedance of transformer.

@ Find the short-circuit current value at
Point B, C which are considered cable
impedance.

« At short-circuit current g (kA) of Is:
coordinates, find the value (h) of B line

- Move (h) to parallel direction of Is, and
find the cross point (i) to C line.

» Move (i) to parallel direction of Isz, and
find the cross point value (j) to D line (g),
finally find (k) of Is2

(2) 1 phase transformer

(@ Short-circuit current value where it is just
below transformer. Find the value as
same as that of 3 phase transformer and
multiply it 3 times. (g’kA)

® Find the short-circuit current value where
it is considered cable impedance.

« Multiply 2/3 times to g’ of Is coordinates

« Find the Is: value as same as that of 3
phase transformer and multiply it 3/2
times.

Remark

1. It's not considered the transformer contribution.
Multiply 4 times the rated current of
transformer in cases.

2. The real short-circuit current value is littler
lower that its calculated value by the way we
suggest because we take the rated voltage
as AC200V, 400V. So the current value
should be calculated in the consideration of
stability

3. The calculated value is symmetrical real
value.

1S
3
=k

P Transformer capacity [kVA] —~

g 220
I51[kA] —*AC 400V
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P Transformer capacity (kVA) ——»

How to calculate short-circuit current value
Calculation graph

(1) Short-circuit current value at point A (Isa)
« At P coordinates, find (f) which is the point which is to match transformer capacity 500kVA
and A line. Then move (f) to Is: direction and finally find (g).
« Isa= 29kVA (9)
(2) Short-circuit current value at point B (Isz)

« Find value h of B line (20mm) at g (= 29kA) of Is:coordinates

« Move h parallely to the direction of Is:, and find value | at the cross point with C line (200mm)
» Move | parallely to the direction of Isz, and find value j at the cross point with D line (g= 29kA)
* Ise= 19KA (k)

AC | AC
400V | 200V

B length of cable
10000

5000
4000

3000
10000 |-
8000 [-2000

6000 |- 1500

4000 |- 1000

3000 - 750

2000 |- 500

1500 |
300
1000 |-

200
750 |-

100

100

300 |- 75

200 |- 50

30

@® Percent impedance of transformers

50 | I |
1 g

2 3 4 5 67 8910 15 20 30 40 50 100 200
AC2(
R ‘ ‘ R R ‘
4 5 6 7 8910 20 30 40 50 60 80 100 200  kg(kA) . ACA
Isi(kA)
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(3) Short-circuit current value at point C (Isc)

« Find Is: coordinates value (19kA) of short-circuit current value k (= 19kA) at Point B. and find

cross point m between 19kA and B line.

- Move m parallely to the direction of Isicoordinates, and find the cross point n at C line

(30mm).
« Move n parallely to the direction of Is1and find the cross point p of Iszwith D line.
« Isc= 10kA (g)

© Square mm of cable 600V IV
(Hard vinyl tube cable)

200

QO NN

100

0\§\\

50

D \0\\¢
A\

40

30

20

(] L}

N

oV

v
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