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User-Interface and Handling

1.1 Introduction

The IEC 61363 standard describes procedures for calculating short-circuits currents in three-phase ac radial

electrical installations on ships and on mobile and fixed offshore units.

In PowerFactory, access to the implementation of this standard is via the ‘Basic Options’ page of the Short-
Circuit Calculation (ComShc) object. Here, the ‘Method’ can be set to the IEC 61363 standard by selecting it in the

drop-down list.

1.2 Input Parameters

With the ‘Method’ set to ‘according to IEC 61363’, the Short-Circuit Calculation command dialog will automatically
display the selection ‘Calculate using’, which allows the user to select between either the ‘Standard IEC61363
Method’ or the ‘EMT Simulation Method’, as illustrated in Fig. 1.

Short-Circuit Calculation - Study Cases', Study Case’,Short-Circuit Calculation.ComShc *

Basic Options | Advanced Dptions | Verification |

[she/61363/ 3psclase/emtinertia

Method aceording to |ECE1363 =
Fault Type: 3Phase Short-Circuit B

=) Basic Options | Advanced Options | erfication |
Execute

Short-Circuit Calculation - Study Cases'Study Case',Short-Circuit Calculation.ComShc *

[she 61363/ 3psc/ ase/plot/std/idflnad inertia
Close

Method according to [ECE1363 =
Cancel

Fault Type 3Phase Short-Circuit i

i Calculate Using
" Standard IEC51363 Method

@ EMT Simulation Method Ereak Time 0.1 B

r~ Calculate Using
* Standard IECE1363 Method

Simulation ﬂ Study Cases\Study Case\Short-Ciicuit Calculation'\Fun Simulation_IEC

Simulation Results | = | Study CaszeshStudy CaseMECE1363 [EMT]

" EMT Simulation Method Break Time |U,T s

- Fault Impedancs

™| Enharced Fault Impedance Defirition

- Fault Impedanc

I~ | Enhanced Fault Impedarce Defirtion

Fesistance, Hf 0. Ohm
Feactance, X [ [Hhm
i~ Fault Location ~Fault Location
At [User Selection =l At | User Gelection =l
User Selection il d User Selection ] I @
¥ Show Output ¥ Show Dutput
Command ﬂ Study CaseshStudy CasehOutput of Results Command ﬂ Study CazeshStudy CaseMDutput of Results
Shows Fault Locations with Feeders Shows Fault Locations with Fesders
[ Creats Pl v Create Plal
Results w| = | Study Cases\Study CaseMECE1362
Shaw  anly she: cunent at taubed teminal |

@

(b)

Fig. 1 Short-Circuit Calculation command
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1.2.1 Input Parameters for EMT Simulation Method

If the ‘EMT Simulation Method’ is selected in the ‘Calculate Using’ field (as shown in Fig. 1.a), the following
options are available in the Short-Circuit Calculation dialog:

1. ‘Fault Type”: read-only as the IEC 61363 always considers 3-phase short-circuits.
2. 'Break Time”: represents the contact separation time for circuit-breakers. Default setting is 100 ms.
3. 'Simulation’: reference to the Simulation command (ComSim) to be used.

This Simulation object is automatically created, configured and stored inside the Short-Circuit Command.
Therefore, no prior knowledge regarding the configuration of the Simulation command in order to perform a
short-circuit calculation is required.

Fig. 2. shows the Simulation parameters and their default settings:

Absolute stop time: 0.1 s.
Display result variables in output window
Display internal DSL-events in output window

Run Simulation - ...\ 5hort-Circuit Calculation’,Run Simulation.ComSim *

|Sim Execute
Stop Tim Clase
Abzolute 01 3 Cancel
[ Display result variables in output windaws
[ Display intemal D5L-events in output windaw
Initizl Conditiores ﬂ .. latiorCalculation of Initial Conditicons

Fig. 2: Simulation command (ComSim) used for EMT in the IEC61363 calculation

e ‘Initial conditions’: automatically creates a Calculation of Initial Conditions command (ComInc), and
stores it inside the Short-Circuit Command. The parameters are explained below and are set as
shown in Fig. 3.

‘Basic Options’ page:
- Simulation Method: = Instantaneous Values (Electromagnetic Transients);
- Verify initial conditions: = 1;
- Automatic Step Size Adaptation: 0;
- Result Variables: This result file is automatically set in accordance with that set by the
‘Simulation Results’ parameter in the Short-Circuit Calculation dialog. The user should not specify
a result file here.
- Events: An event object (IntEvt) is automatically created and stored inside the Short-Circuit
Command.
- Load flow: set to the Load Flow Calculation command (ComLdf) object defined inside the ‘Study
Case'.

‘Step Sizes’ page:
- Integration Step Sizes:

PowerFactory - Short-Circuit Method IEC 61363 5
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o Electromagnetic Transients: 0,0001

- Starttime: 0 s.
The remaining Calculation of Initial Conditions command parameters are left set to their default

values.

The commands used for the EMT simulation within IEC 61363 (ComSim, ComInc), and the defined events
(IntEvt), are stored inside the Short-Circuit Command so that they will not be confused with the default
ones used for user simulations (which are stored inside the Study Case).

Calculation of Initial Conditions - ...ase',Short-Circuit Calculation' Initial Conditions_IEC.ComInc [

Calculation of Initial Conditions - ...ase'Short-Circuit CalculationInitial Conditions_IEC.ComInc * [E

Advanced Options | Noise Generation | Fieal Time |

Advanced Options | Noise Gensration | Fieal-Time |
Erecute . Execute, |
Basic Options | Step Sizes | Step Size Adaptation Basic: Oplions Step Sizes | Step Size Adaptation
[incinsérat/showlbdhobs det e sin O [incins/ist/shom/alb/divots/def/imersin Close |
(- Simulation Methad Cancel Interation Step Si Cancel |

€ RMS values [Electiomechanical Transients] Electramagnetic Transisnts 0.0001 3
% |nstantaneous Yalues (Electromagnetic Transients)

= etk F

1 Balanced, Posiive Sequence Dulput 0,001 s

& Unbalanced, 3Fhase [ABL]

Start Time: 0, s

[¥ “erify Initial Conditions
[~ Automatic Step Size Adaptation

ResultVariables  w|=| ..

Events b4 ... ionSimulation Events/Fault_IEC
Load Flow ﬂ ... Study Caze'Load Flow Calculation

Fig. 3: ComInc used for EMT in IEC61363 calculation

4. ‘Fault Impedance”: read-only. Fault impedance is set to zero.

5. ‘Fault Location”: selection of terminal/s to simulate.

6. 'Show Output’: show reports in output window.

7. ‘Create Plots": automatically create plots for short-circuit currents.

On the ‘Advanced Options’ page of the Short-Circuit Command, the flag ‘Assume Inertia as infinite’ must be

selected so that the acceleration time constants of rotating machines are set to 9999 s. This is illustrated in Fig.
4.

Short-Circuit Calculation - Study Cases'Study Case',Short-Circuit Calculation.Comshc *

Basic Opti Advanced Options | “erificati
azic Optiors erification

|shc:.-"81 363/ 3pscdazclemtdinertia

Cloze |
V' Assume Inertia as infinite

Cancel |

Fig. 4: Advanced Options of ComShc for EMT in IEC61363 calculation.

PowerFactory - Short-Circuit Method IEC 61363 6
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1.2.2 Input Parameters for Standard IEC 61363 Method
When selecting the ‘Standard IEC61363 Method’ in the ‘Calculate Using’ box, the Short-Circuit Calculation dialog
will display the options as illustrated in Fig. 1.b.

In this case only a subset of the parameters described in the previous sections will be used.

PowerFactory - Short-Circuit Method IEC 61363
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Algorithms
1.3 Procedure for Standard IEC 61363 Method

PowerFactory internally uses a virtual representation of the active component of a short-circuit (synchronous and
asynchronous machines, external grid, static generator or voltage source) and the non-active component (line,
transformer, switch, common impedance or series reactance) that connects, transmits or transforms the short-
circuit current from the source to the fault point.

This virtual representation serves the following purposes:

Stores data relating to the IEC 61363 synchronous machine (Standard IEC 61363-1, item 5.1.1, page 29);

= Stores data relating to the IEC 61363 asynchronous machine (Standard IEC 61363-1, item 5.1.2, page 37);

» Calculates short-circuit currents according to the IEC 61363 standard, considering the effects of non-active
components;

= Performs actions for aggregating machines; i.e. equivalent generator and motor representations.

The variables used in this virtual representation are described in Table 1 and Table 2, and in the following
sections.

Repn\ggzsl:lat:ation Description Unit
S Network frequency Hz
U, Operating line-line voltage p.u.
1, Operating current p.u.
% Delta angle |®yg - Oy
Iy Steady-state short-circuit current p.u.
R, Stator resistance p.u.
Xy Subtransient reactance p-u.
Xy Transient reactance p.u.
T, Subtransient time constant s
T, ;1 Transient time constant S
T,. Direct current time constant S

Table 1 — Parameters for modelling an IEC 61363 Synchronous machine.

PowerFactory - Short-Circuit Method IEC 61363 8
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Repr\t/alstft];tion Description Unit

/ Network frequency Hz

Uy Operating line-line voltage p-u.

1y Operating current p.u.

% Delta angle |y, - Oyl

Rp Rotor resistance p.u.

Ry Stator resistance p.u.

Xp Rotor reactance p.u.

X Stator reactance p.u.

Ty Subtransient time constant See note 1
T e Direct current time constant See note 2

Table 2 — Parameters for modelling an IEC 61363 Asynchronous machine.

Notes:
1. Subtransient time constant Standard IEC 61363-1, item 5.1.2.5, page 39 (related to the decay of ac
v (Xp+xs)
component) 7,, =—~——>- Eq. (13
p ) T 2t [*R, q. (13)
2. DC time constant (related to decay of the aperiodic component): Standard IEC 61363-1, item 5.1.2.5,
. _ (xe+xy)
page 39: T, “2ent i Re Eq. (14)

3. p.u. at system base (1 MVA).

1.3.1 Active Components

For all active components, the active voltages E”, E' are dependent upon the pre-load current. The algorithm
considers the preload condition according to the settings on the ‘Advanced Options’ page of the Short-Circuit
Calculation command. These settings are shown in Fig. 5. Three options are available for the preload condition:
‘use load flow initialization’, ‘use rated currents/power factors’, or ‘neglect preload condition’.

Short-Circuit Calculation - Study Cases'\Study Case'\Short-Circuit Calculation.ComShc *

Easic Opti Advanced Options | Yerificati
asic Optionz | enlcalonl

Ishc:.-*B‘I 363/ 3pzcdazc/plotdstd/dfload

Cloze

Preload Condition

& uge load flow iritislization Cancel

= uze rated curents/ power factors

" neglect preload condition

Load Flow ﬂ Study CazeshStudy Cazehload Flow Calculation

Fig. 5 — Advanced Options tab of Short-Circuit Calculation Command.

PowerFactory - Short-Circuit Method IEC 61363 9
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For all active components, the operational line-line voltage and current are set according to Table 3.

Virtual

Variable name
Representation

Preload condition from load flow initialization:

U u (complex value)

Iy cur (complex value)

Preload condition as rated values:

Uy 1£0

I, rated currentZrated power factor angle

Neglect preload condition:
Uo 1£0

Iy 0£0
Table 3 — Preload condition parameters for active components

1.3.1.1 Synchronous Machine — EImSym

For the synchronous machine, the input parameters required for the IEC 61363 calculation are shown in Fig. 6.
The mapping of these parameters to the virtual representation is given in Table 4.

Synchronous Machine Type - Equipment Type Library E01_SM_15.75_k¥.TypSym *

Optimization I State Estimator I Reliability I Description

Basic Data | Load Flow | WDEAEC Short-Circuit
Comnplete S hort-Circuit | AMSI Short-Circuit  |EC 61363 Short-Circuit | Fibd S-Sirnulation | EMT-Simulation | Harmaonics Cancel |
r— Time Constant: ~Reactances——————
Td" IDUS— 3 wd" IUZ— p.u.
Td' I'I— B wd' IUS— p.u.

Tdc |U,1 273 3

r— Steady-State She. Curent
¥ Enter Tdc manually

Ikd IU, p.u.

— Stator Resistance

rstr IU,US p.u.

Fig. 6 — Synchronous machine input parameters for IEC 61363 calculation.

Virtual .
Representation Variable name
S r:cpGrid:frnom
I, t:Ik
R, tirstr
X, t:xdss
X, t:xds
y t:tdss
T, t:tds
T, t:tdc

Table 4 — Parameter mapping for Synchronous Machine

PowerFactory - Short-Circuit Method IEC 61363 10



SILEN
g

1.3.1.2 Asynchronous Machine — EImAsm
For the asynchronous machine, the input parameters required for the IEC 61363 calculation are shown in Fig. 7.
The mapping of these parameters to the virtual representation is given in Table 5

Asynchronous Machine Type - Equipment Type Library' 4500 kW /6.6 k¥/1483.TypAsmo *

Hamonics | Optimization | State E stimator | Fieliability | Description oK
Basic Data | Load Flow | WDEAEC Short-Circuit

Complete Short-Circut | ANSI ShartCircuit EC 51363 Short-Circuit | RMS-Simulation | EMT-Simulation Earnee]

r— For Short-Circuit Analysi i~ Impedancs
= . Calculate
Locked Rotor Curent [[Iiln) [4.95 pu Resistance Fim 004380561 p.u

Reactance ¥m' 0.197258 p.u.

e L Rt At 1.2210533 Rotor Resistance Rr - 004380567 p.u.
Stator Resistance Rs [ pu Fotor Reactance ®r 0187258 p.u.

Stator Resistance As 0 p.u
Stator Reaclance ¥s 001 pu

I~ Consider Transient Parameter

i~ Time Constants

Tm" 001439933 =
Tde 95599, s

Asynchronous Machine Type - Equipment Type Library' Asynchronous Machine Type TypAsmo *
Hamonics | Optimizaton | StateEstmatr | Feliabiity. | Description
Ok
Basic Data | Load Flow | VDE/EC Shert-Circuit [m ]
Complete Short-Cireut | AMS1 Sho-Ciouit  1EC B1363 Short Ciout | RS Simulation | EMT-Simulation Cancel

~Impedances—————————————————
Fesistance Aim ~ 0,00951309 p.u, LRk

Reactance xm'' 01075842 pu,
Fiotor Resistance Rr  0,00351809 p.u,
Rotor Reactance =r - 0.09758419 p.u
Stator Resistance Rz 0. pu.

Stator Reactance ®s 0,01 p.u.

Locked Rotor Curent [Ii/in) 3,268882 p.u

[V Consider Transient Parameter
’7 r~ Time Constants

R/ Lacked Rotar 0.08847106

Tm™* 0.035597839 =
Tde 9399, 5
(b)
Fig. 7 — Asynchronous machine input parameters for IEC 61363 calculation.
Virtual
. Variable name
Representation
S r:cpGrid:frnom
X tixstr
R t:rstr or t:rstrshc
Xp Xg =Xy —Xg See note!
Ry Ry =R, - Rg See note’
Table 5 — Parameter mapping for Asynchronous Machine
Notes:
1. X,'Q is input by the user (xdssshc), or is calculated from the parameters ‘Locked Rotor Impedance’

(t:aiaznshc) and ‘R/X Locked Rotor’ (t:rtoxshc). X M = !

aiaznshc* \/ 1+ rtoxshc?

If option ‘Consider Transient Parameter’ is selected, then the values considered are taken from the Load Flow
1

page (t:aiazn and tirtox): X, = ——————
aiazn* N1+ rtox*

2. R, is calculated using 'R/X Locked Rotor’ (t:rtoxshc or ti:rtox) R;, = X};/, * rtoxshe

1.3.1.3 External Grid - EImXnet

For the external grid, the input parameters required for the IEC 61363 calculation are shown in Fig. 8. The
mapping of these parameters to the virtual representation is given in Table 6.

PowerFactory - Short-Circuit Method IEC 61363 11
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External Grid - Grid',External Grid.ElImXnet

RS -Simulation | EMT-Sirmulation | Harmanics | Optirnization | State E stirmatar Reliability | D ezcription |
Basic Data | LoadFlow | WDE/IEC ShortCircuit | Complete ShortCircuit | AMSI Shart-Circuit  1EC E1363 Short-Circuit

Useforcaeioton DT - Canece

ak

i

—Max. Walues _I — Min. % alue: _I Figure »>
Short-Circuit Power Sk"max  |10000, M4 Shert-Circuit Power Sk"min 2000, (L1
ShottCicut Curent ['mas [874.7731 | kA ShortCircuit Cusrt Ik'min~ [E33.8185 ki el
R Ratio (max.) for Fif Riatio (mir.] [
! Preload Condition: Preload Condition:
Current IU— ks Cuirent IU— kA
Power Factor |1— Power Factar |1—

Fig. 8 — External Grid input parameters for IEC 61363 calculation.

Virtual .
Representation Variable name
S r:cpGrid:frnom
y I
R, rl See note 1
X d X1 See note 1
X, x1
Tye See note 2

Table 6 — Parameter mapping for External Grid

Notes:
1. If consider maximum values (parameter ‘Use for calculation’ is selected on the IEC 61363 Short-Circuit page in ElImXnet.
(e:cused = 0)):
x1 = e:cmax / [e:snss * sqrt(1 + e:rntxn * e:rntxn)]
rl = e:rntxn * x1
Else (consider minimum values):
x1 = e:cmin / [e:snssmin / sqrt(1 + e:rntxnmin * e:rntxnmin)]

rl = e:rntxnmin * x1

TR~
Since Sk = ﬁ Ie*V the user can enter the maximum and minimum values for ‘Short-circuit power’ or ‘Short-circuit current’
on the External Grid IEC 61363 Short-Circuit page.

2. If consider maximum values: T, = xntrn/(2* z* f)

Else (consider minimum values):

T, = xntrmin/(2*z* 1)

3. T‘; and TL} time constants are not necessary because subtransient, transient and steady-state reactances are equal.

PowerFactory - Short-Circuit Method IEC 61363 12
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1.3.1.4 Voltage Source - EImVac

For the voltage source, the input parameters required for the IEC 61363 calculation are shown in Fig. 9. The

mapping of these parameters to the virtual representation is given in Table 7.

AC Yoltage Source - Grid\AC Yoltage Source.ElmYac *

Basic Data | Load Flow | WDE/IEC Shart-Circuit
Harmonics | Optimization | State Estimatar | Refiability | Description
Complete ShartCircuit | AMSI Short-Circuit  1EC 51383 Short Circult | FAMS-Simulation | EMT-Simulation

— Positive Sequencs

r Subtransient

Resistance, R1 IU.T Obm
Reactance, #1 ID,3 Ohm

[~ Transient = Sublransient Impedance

i~ Transient

Resistance, Rls IDJ 2 Ohm
Reactance, x1s |U,3a Ok

"Staady—Stale She. Current

Ikd 0. kA
i~ Time Constan

Td 0.03 3

Td 1.2 H
- Preload Conditior:

Current 0. kA

Pawer Factor 1.

Fig. 9 — Voltage source input parameters for IEC 61363 calculation.

0

Cancel

Figure »»

i

Jump to ...

Virtual )
Representation Variable name
S r:cpGrid:frnom
Lig e:Ik
R, e:R1
X, e:X1
X, e:X1 or e:X1s See note 1
T, e:tdss
T, e:tds
T, See note 2

Table 7 — Parameter mapping for Voltage Source

Notes:
1. If Transient is equal to Subtransient (e:iztreqz = 1):
Xy =e: X1
T[; is not necessary because subtransient and transient reactances are equal.

Else:

PowerFactory - Short-Circuit Method IEC 61363
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X;, =e: Xls

2. T, =X,/@*z*f,*R,).1fRa =0 then Ts = 9999 s.

1.3.1.5 Static Generator — EImGenstat

For the static generator, the input parameters required for the IEC 61363 calculation are shown in Fig. 10. The
mapping of these parameters to the virtual representation is given in Table 8.

Static Generator - Grid',STGEN.ElmGenstat 21
Basic Data | Load Flow | WDE/EC Short-Cireuit
Harmanics | Optimization | State E stimator | Reliability | Description
Complete Shart-Circuit I &MS| Short-Circuit 1EC B1363 Shart-Circuit | RMS5-Simulation I EMT-Simulation Carcel |
i~ Fault Contribution
. . :I Figure > |
Subtransient Short-Ciicult Level  |549.8574 ki
Transient Short-Circuit Level 4338853 ki Jumpta... |
Steady-State She. Curent [k ID. kA
R to ¥ ratio ID.‘I
 Time Congtant:
Td" ID.D3 z
Td' |1 2 E

Fig. 10 — Static generator input parameters for IEC 61363 calculation

Virtual .
Representation Variable name
f r:cpGrid:frnom
I, e:Ik
R, Ra  Seenote 1
Xy Xdss See note 1
Xy Xds See note 1
T, e:tdss
T e:tds
T, See note 2

Table 8 — Parameter mapping for Static Generator

Notes:
1. Subtransient: calculation of impedances from subtransient short-circuit power/current
Ikss = e:Skss / (ﬁ * unom) kA

Zdss = (unom /«/5 )/ lkss ohms
Xdss = Zdss / 1+e:rtox* ohms

Ra = e:rtox * Xdss; ohms
Transient: calculation of impedances from transient short-circuit power/current
Iks = e:Sks / (\/5 * unom) kA

PowerFactory - Short-Circuit Method IEC 61363 14
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Zds = (unom /ﬁ )/ ks ohms

Xds = Zds / 1+e: rtox? ohms

2. T, =X,/@*z*f,*R,).1fRa = 0 then Ts = 9999 s.

1.3.2 Non-active components

The impacts of non-active components connected in series with active components are as follows: a reduction in
the magnitude of the short-circuit current; an increase in the subtransient and transient time constants; and a
decrease in the dc time constant.

This section defines how the impedance of the connected non-active component is mapped. The changes in
impedance and time constants are calculated inside the virtual representation of the active component using
equations (89 -100) in Standard IEC 61363-1, item 8.2, pages 65-67.

1.3.2.1 Line - EImLne

For the line, the input parameters required for the IEC 61363 calculation are shown in Fig. 11. The mapping of
these parameters to the virtual representation is given in Table 9.

Line T¥pe - Equipment Type Library \NYFGbY 3x25rm 3.6,/10.5k¥.TypLne

Basic Data | Load Flow | VDE/IEC 5hot-Circut
Ok
Harmonics | Optimization I State Estimator | Reliability | Description _
Complete Short-Cincuit | AMSI Short-Circuit— 1EC 81363 Short-Cirewit | RMS-Simulation | EMT-Simulation Cara] |
Parameters per Length 1.2-5equence
Resistance R Im Ohbmykm
L]
Reactance ' 01177155 Ohm/km
Fig. 11 — Line input parameters for IEC 61363 calculation
. . . _— Input
Virtual Representation Variable name Description Unit
Z=R+jX zline Impedance of the connecting branch p.u.

Table 9 — Parameter mapping for Line

1.3.2.2 Switch — EImSwitch

For the switch, the input parameters required for the IEC 61363 calculation are shown in Fig. 12. The mapping of
these parameters to the virtual representation is given in Table 10.

PowerFactory - Short-Circuit Method IEC 61363 15
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Switch Type - Equipment Type Library'Switch Type.TypSwitch [ x|

EMT-SimuIatinnl Halmnnicsl Dptimizationl State Estimatnrl Fieliability Descriptionl
BasicData | LoadFlow | WDEAEC ShortCireuit |  Complate Short-Cicuit |

AMS| Short-Circu

On-Resistance

it

|2. Ohrn

IEC B1363 Short-Circuit | RMS-Sirmulation

Cancel |

Fig. 12 — Switch input parameters for IEC 61363 calculation

Virtual Representation

Variable name

Description

Input
Unit

R (X=0) t:R_on

Impedance of the connecting branch

p.u.

Table 10 — Parameter mapping for Switch

1.3.2.3 Common Impedance - EImZpu

For the common impedance, the input parameters required for the IEC 61363 calculation are shown in Fig. 13.
The mapping of these parameters to the virtual representation is given in Table 11.

Common Impedance - Grid'Z.ElImZpu *

BasicData |  LoadFlow |  WDEAEC ShotCicut | Complete Short-Circuit

Harmonics | Optimization | State E stimator

AMNS] Shart-Circuit

¥ Use zame impedance

Poszitive-Sequence Impedance i+

Feal Part ID.D'I pLuL
Imaginary Part ID.DE P

|IEC 61363 Short-Circuit

as for load flow

o L Ok
| R eliability | Degcription

RMS-Simulation | EMT-Sirmulation Cancel

Figure »»

Jump'to ..

il

Fig. 13 — Common impedance input parameters for IEC 61363 calculation

Virtual Representation

Variable name

Description

Input
Unit

Z =R +jX e:z1_ij

Impedance of the connecting branch

p.u.

Table 11 — Parameter mapping for Common Impedance

1.3.2.4 Series Reactor - EImS

ind

For the common impedance, the input parameters required for the IEC 61363 calculation are shown in Fig. 14.
The mapping of these parameters to the virtual representation is given in Table 12.

PowerFactory - Short-Circuit Method IEC 61363
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Series Reactor - Grid' SR 1.EImSind

Harmonics I O ptirmization I State Estimatar I R eliability I Drezcription
BasicData | LoadFlow |  WDEJEC ShonCicuit |  Complete Shrt-Circuit
AMSI Short-Circuit IEC B1363 Short-Circuit | Rr5-Simulation I EMT-Simulation

Impedance

i £
Impedance [abzolute] £d 072 Ohm
Copper Loszes IE.1 (A0

QK
Cancel

Figure »>

i

Jump ta

Fig. 14 — Series reactor input parameters for IEC 61363 calculation

Virtual Representation Variable name Description

Input
Unit

Z =R +jX Zind_1

Impedance of the connecting branch

p.u.

Table 12 — Parameter mapping for Series Reactor

1.3.2.5 Series Capacitor — EImScap

The series capacitor impedance is always neglected and is not considered in the IEC61363 short-circuit

calculation.

1.3.2.6 2-Winding Transformer — EImTr2

For the 2-winding transformer, the input parameters required for the IEC 61363 calculation are shown in Fig. 15.

The mapping of these parameters to the virtual representation is given in Table 13.

2-Winding Transformer - Grid', T-H¥.ElmTr2

Basic Data | Load Flow | YDE/IEC Short-Circut
Harmonics | Optimization | State Estimator | Reliability | Drezcription
Complete Short-Circuit I ANSI Shot-Cireuit  1EC B1363 Short-Circuit | R4 5-Simulation I EMT-Simulation

Tap
Tap Position |§ E Meutral O Min: -8 baw 8
[ Accoding to Measurement Flepart Additional Yaoltage per Tap &

-1,
Fhase of du 0. deg

1]
x|
[t ]
[ |
[tmms5.. |

Ok
Canecel
Figure »»

Jumpto ..

Fig. 15 — 2-Winding transformer input parameters for IEC 61363 calculation

Input

Virtual Representation Variable name Description Uﬁ:i
Z=R+jX zshv + zslv (See note 1) Impedance of the connecting branch p.u.
tratio (See note 2) t (See note 3) Tap ratio p.u.

Table 13 — Parameter mapping for 2-Winding Transformer

The algorithm considers the current tap position when option ‘Consider Transformer Taps’ is selected on the
‘Advanced Options’ tab of the Short-Circuit Calculation command, as illustrated in Fig. 16.
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Short-Circuit Calculation - Study Cases'Study Case',Short-Circuit Calculation.ComShc *

=
Basic Options  Advanced Options | Yerification

|shc:.v‘81 363/ 3pzcd asc/plot/std/dfload

Close |
Preload Condition

% use load flow initialization Cancel
" use rated curentsd power factors

" neglect preload condition

Load Flaw ﬂ Study CazeshStudy Cazetload Flow Calculation
¥ Consider Transformer Taps

Parameter Name: 1:iopk_tap
Fig. 16 — Basic Options for IEC 61363 calculation

Notes:
1. The impedances are in p.u. at system base referred to the short-circuit side (HV or LV).

2. The tap ratio is used to refer the virtual representation impedances, currents and voltages to the correct side where the
short-circuit is applied.

If the short-circuit is at the HV side of the transformer:
ImpedanceReferFactor = tratio * tratio
VoltageReferFactor = tratio
CurrentReferFactor = 1.0 / tratio

If the short-circuit is at the LV side of the transformer:
ImpedanceReferFactor = 1 / tratio * tratio
VoltageReferFactor = 1 / tratio
CurrentReferFactor = tratio

3. If there is not a ‘Measurement Report’ specified (Fig. 15), the tap ratio is calculated considering the tap side (HV or LV).
Else the tap ratio is calculated according to the ‘Measurement Report’ parameters.

1.3.2.7 3-Winding Transformer — EImTr3

For the 3-winding transformer, the input parameters required for the IEC 61363 calculation are shown in Fig. 17.
The mapping of these parameters to the virtual representation is given in Table 14.

3-winding transformers are handled as three 2-Winding transformers with a star connection. The equivalent
machines are summated to the referred short-circuit side.

3-Winding Transformer - Grid\,3-Winding Transformer.ElImTr3

Fikd5-Simulation | ErT -Sirmulation Harmonicz I Optimization | State Estimator Fieliability | Dezcription |

Basic Data | LoadFlow | WDE/IEC Shart-Cicuit | Complete Short-Circuit | AMSI ShortCircuit 1EC 61363 Short-Circuit
TapHW-Side———— ~TapMySide——— ~TapL¥Side —————————— Cancel |
Add. Woltage per Tap 1. % Add. Voltage per Tap 1. % Add. Voltage per Tap 1. % .

Meutral Position 1] Meutral Position 1] Meutral Position 1] ﬂl
Min. Position -8 Min. Position -8 Min. Position -8

M. Position g Maw. Position g Faw. Position g Jump ta ... |
Act. Position H Act. Position m Act. Position m

Tap
’7|_ According to Measurement Feport |

Fig. 17 — 3-Winding transformer input parameters for IEC 61363 calculation
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Input

Virtual Representation Variable name Description Bﬁ:i
Z=R+jX zs_h, zs_m, zs_| (Note 1) Impedance of the connecting branch p.u.
tratio (See note 2) t_h, t_m, t_| (See note 3) Tap ratio p.u.

Table 14 — Parameter mapping for 3-Winding Transformer

The algorithm considers the current tap position when option ‘Consider Transformer Taps’ is selected on the
‘Basic Options tab’ of the Short-Circuit Calculation command, as illustrated in Fig. 16.

Notes:
1. zs_h: short-circuit impedance (HV). zs_m: short-circuit impedance (MV). zs_I: short-circuit impedance (LV). The impedances
are in p.u. at system base referred to the short-circuit side.

2. The tap ratio is used to refer the virtual representation impedances, currents and voltages to the correct side where the
short-circuit is applied.

3. If there is no ‘Measurement Report’ specified (Fig. 17), the tap ratios are calculated considering the tap side (HV, MV or LV).
Otherwise the tap ratios are calculated according to the ‘Measurement Report’ parameters.

1.3.3 Calculation of Short-Circuit Currents

1.3.3.1 IEC-61363 Synchronous Machine
Internal voltages considering terminal voltage and pre-load conditions are calculated using equations (5 - 6) in
Standard 61363-1, item 5.1.1.5, page 35:

Zy=R,+jX,
Zy =R, +jX,

qu :UO +IO *Zd

Eqo=Ug+1y*Zy

The subtransient and transient and steady-state currents are calculated using equations (3 -4) in Standard
61363-1, item 5.1.1.5, page 35:

|
[1id| = |50/ 7]
Now the ac component of the short-circuit is calculated according to equations (2); the dc component is

calculated according to (9) and the upper envelope according to (1) in Standard IEC 61363-1, item 5.1.1.5, pages
33-35.

1.3.3.2 IEC-61363 Asynchronous Machine
Internal voltage considering terminal voltage and pre-load conditions are calculated using equations (18) in
Standard 61363-1, item 5.1.2.5, page 41:
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Zy =Ry + Xy

Ey =Ug—1y*Zy
The subtransient current is evaluated using equation (17) in Standard IEC 61363-1, item 5.1.2.5, page 41:
-l

Now the ac component of the short-circuit is calculated according to equation (16); the dc component is
calculated according to (20) and the upper envelope according to (15) in Standard IEC 61363-1, item 5.1.2.5,
pages 39-41.

1.3.4 Algorithm Overview
The following procedure is followed when a user executes the Short-Circuit Calculation command:
Loop: for each terminal *k”specified in the Short-Circuit Calculation command’s ‘Fault Location’ field :

1. Check if the system is radial. Parallel lines are allowed and handled as a special case.
- If the radiality check fails, the calculation procedure is aborted and a message is printed in the output
window.

2. A loop over all terminals is performed to create virtual representations of the active component of the
short-circuit (synchronous and asynchronous machines, external grid, static generator or voltage
source). If there is more than one active object connected to the same terminal, an equivalent machine
representation is made as described in Standard IEC 61363-1, pages 57-63. This is illustrated in Fig. 18.

()

Gel=G1+M1

Ge2=0G2+G3

Fig. 18 — Equivalent machine representation
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3. Short-circuit currents for the virtual representations are calculated according to formulae (1) — (21)
described in Standard IEC 61363-1 pages 29-41 and in section 1.3.3 of this document.

4. From longest to shortest distance to the short-circuited Terminal ‘k; the non-active components are
considered as described in Standard IEC 61363-1, pages 65-67, in the equivalent machine
representation. At the end of the procedure, only one equivalent machine representing all contributions
will be attached to the short-circuited node ‘47 as illustrated in Fig. 19.

(e
- Gel

5

B

{d)

Gel+ GeZ + TRF1

Ge2 + TRF1

Fig. 19 — Equivalent machine representation at single terminal

5. Plots are calculated for the following variables considering the interval 0 <7 <100ms

Variable
it
ik ¢
ikl _t
ide _t
lac t
Variable Name
ik _t Upper
ikl _t Lower ikl(t) = =2 lac(t) +ide(?)
ide_t DC
lac _t AC
it

Description

Instantaneous value of Short-Circuit Current in kA
Upper Envelope of Short-Circuit Current in kA
Lower Envelope of Short-Circuit Current in kA
D.C. Component of Short-Circuit Current in kA
A.C. Component of Short-Circuit Current in kA

Calculation

Eq. (1). See Standard IEC61363-1 page 33.

Eq. (9). See Standard IEC61363-1 page 35.
Eqg. (2). See Standard IEC61363-1 page 35.

i(6) = V2 lac(t) * sin[Zﬁf * —%j + ide(t)

The Upper , Lower , DC and AC naming convention is used to facilitate readability of the formulae.

6. Calculation of monitored variables:

PowerFactory - Short-Circuit Method IEC 61363
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Variable Description Calculation
|Upper(t)- DC()|| Lower(t)- DC(1)|
i L . I}ss = max >
Ikss Initial Short-Circuit Current in kA | 2 | | 2 |
t = short - circuit time
Skss Initial Short-Circuit Power in kKA Sgs =3V L4

ip= |ik(tpeak )|

ip Peak Short-Circuit Current in kA 1
tpeak = ﬁ fO}"SOHZ = tpeak =0.01

Short-Circuit Breaking Current in b =|lac(ty)|

b kA t, = circuit -breaker time
b de D.C. Component of Short-Circuit % _de = lide(o)]
- Current (breaker time) in kA t, = circuit -breaker time

7. If the option ‘Create Plots’ has been selected in the Short-Circuit Calculation command dialog, the
virtual instrument page displays plots of the short-circuit current using the following variables:
it
ik _t
ide_t
End Loop
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1.4 Procedure for EMT Simulation Method

The following procedure is followed whenever the user executes the Short-Circuit Calculation command:
Loop: for each busbar specified in the Short-Circuit Calculation’s ‘Fault Location’ field:

1. Define a short-circuit event that will be applied as soon as the instantaneous value of the voltage at
phase ‘A’ of the faulted busbar is zero.
Short-circuit settings:

- A 3-phase short-circuit is calculated, as specified by the Short-Circuit Calculation’s ‘Fault Type’
parameter. See Section 1.2.1, item 1.

2. Define the set of monitor variables for the short-circuited busbar:
- To be calculated during EMT simulation:

Variable Description
m:Ishc:A for Terminals L . .
m:I:_LOCALBUS:A for Edge elements Short-Circuit Current in kA (instantaneous value)

- To be calculated as post-processing:
Variable Description

ik _t Upper Envelope of Short-Circuit Current in kA
ikl _t Lower Envelope of Short-Circuit Current in kA
ide _t D.C. Component of Short-Circuit Current in kA
lac t

A.C. Component of Short-Circuit Current in kA
3. Run the Calculation of Initial Conditions command to calculate initial conditions.
4. Start the transient simulation using the defined Run Simulation command.

5. Post-process the result file. Use the short-circuit current obtained from the EMT simulation to calculate

the Upper Envelope, D.C. Component, A.C. Component and Instantaneous value from the Short-Circuit
Current curve. All curves are calculated considering the interval: 0<¢<100ms

Variable Name Calculation
ik ¢ Upper Calculated using a linear function for interpolating the maximum (peak)
values of the short-circuit current.
P Lower Calculated using a linear function for interpolating the minimum (valley)
B values of the short-circuit current.
idc _t DC DC(t) = Lower(t)+ |Upper(t);Lower(tx

t) _ |Upper(t)— DC(I]

N

The Upper , Lower , DC and AC naming convention is used to facilitate readability of the formulae.

lac_t AC AC(

6. Calculation of monitored variables:

Variable Description Calculation
|Upper(t)— DC(t)| |L0wer(t)— DC(t)|
1} = max| R
Ikss Initial Short-Circuit Current in kA V2 | | V2

t = short - circuit time

PowerFactory - Short-Circuit Method IEC 61363 23



i SILEN
Po

Skss Initial Short-Circuit Power in kA
ip Peak Short-Circuit Current in kA
Short-Circuit Breaking Current in
Ib
kA
ib_dc D.C. Component of Short-Circuit

Current (breaker time) in kA

Skss = \/g V'Ikss

max‘]shc‘ for Terminals

max|/|for Edge clements

Upper(tb )— DC(t, )| |L0wer(tb )— DC(z, )|
N )

t, = circuit - breaker time

iy g =DC(tp)

t, = circuit - breaker time

I;, = max| |

7. If the option ‘Create Plots’ has been selected in the Short-Circuit Calculation command dialog, the
virtual instrument page displays plots of the short-circuit current using the following variables:

m:Ishc:A for Terminals
m:I:_LOCALBUS:A for Edge elements
ik t
ide _t

End Loop

PowerFactory - Short-Circuit Method IEC 61363
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Output

Following an IEC 61363 calculation, the results are available in the following formats:
¢ inthe single line diagram;
e in formatted text reports;
e as graphical plots.

The following sections describe the configuration of these output formats.

1.5 Output in the Single Line Diagram

By default, the values of the initial short-circuit power (Skss), initial short-circuit current (Ikss), and peak short-
circuit current (ip) are displayed for each selected short-circuited node and for the directly-connected
components, as illustrated in Fig. 20.

In order to see other calculated values, e.g., short-circuit breaking current (Ib) or dc component of the short-
circuit current at breaker time (ib_dc), the user needs to change the definition of the variables that are to be
displayed. This can be done by right-clicking in the element of interest’s result box on the single line graphic and
selecting ‘Edit Format for Short-Circuit Nodes’ or ‘Edit Format for Edge Elements’.

&1
{152,515 |
37 479
7414
T 1065 351
é 3E 443
' 75,45 |- 6109 | [ 6726 |
0220 0243
owa || msT |-
2 )
o . .
s | ®
B I N
0,000
R EKilili]
T2
‘[To,000
0,000
- |_oinoo
w1

Fig. 20 — Example: output of results in single line diagram

1.6 Output in Formatted Text Reports

To view the results as formatted text reports, select option ‘Show Output’ in the Short-Circuit Calculation
command dialog. Two reports are available for the IEC 61363 calculation:
e Fault Locations with Feeders (default): this reports the short-circuit power/currents at the faulted
terminals and also the contributions of the directly-connected components. This is illustrated in Fig.
21.
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e Fault Locations: this is a shorter form of the previous report, containing only the short-circuit
power/currents at the faulted terminals. This is illustrated in Fig. 22.

| Fault Locations with Feeders

| Short-Circuit Calculation according to IECA1363 F-Phase Short-Circuit 7 |
| | Fault Iwpedance | |
| Break Time 0,10 = | | |
| | | |
| Grid: Grid Fystem Stage: Grid | Anmex: Fa |
| red. V. Sk Ik" ip Ih |
| [kV] [MVL/HMVA] [E& kL] [E&/kL] [k4] |
| |
|T1 16,00 1065, 35 MV4 35,44 ki 75,75 ki 25,75 |
| Line Tz 6,11 MVi 0,22 ki 0,41 ki |
| Gl 1052,52 MVa 37,95 kA 74,81 ki |
| Mz 6,73 MV4 0,24 ki 0,52 ki |
Fig. 21 — Example: fault locations with feeders report
| Fault Locations |
| Short-Circuit Calculation according to IEC61363 3-Fhase Short-Circuit £ |
| | Fault Impedance | |
| EBreak Time 0,10 = | | |
| | | |
| Grid: Grid Jystem Stage: Grid | Anmex: i1 |
| red. W SE™ Ik™ ip Ih |
| [EV] [MV4] (k4] [E4 ] [k&] |
| |
|T1 16,00 1065,35 38,44 75,75 25,75 I

Fig. 22 — Example: fault locations report

1.7 Output in Graphical Form

To view the results in plotted graphic form, the option ‘Create Plots’ must be selected in the Short-Circuit
Calculation command dialog. Following the execution of the calculation, a graphic board is created for each
faulted terminal, depending on which of the following ‘Create Plots’ options is selected:
e ‘only short-circuit current at faulted terminal: creates a plot containing the curves for the upper
envelope, dc component and instantaneous value of the short-circuit at the faulted terminal. This is
illustrated in Fig. 23.
o ‘all short-circuit current contributions’: creates a plot containing the curves for the upper envelope,
dc component and instantaneous value of the short-circuit at the faulted terminal and for each of
the directly-connected components. This is illustrated in Fig. 24.
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120,00

&0 ,00

40,00 |
| | | | |
| | | | |
| | | | |
F | | | | |
| | | | |
| | | | |
| | | | |
a000 | | | | |
-0,0000 0,0200 0,0400 0,0600 0,0200 =] 0,1000
T1: Upper Enwelope of Short-Circuit Cumment in kA
T1: O.C. Component of Short-Cincuit Cument in kA
T1: sh cument Jin kA,
Fig. 23 — Example: short-circuit currents at faulted terminal
12000 m—— — — — —_————— —————— r—_—— ——_——— - 120,00
20,00 20,00
40,00 40,00
0.00 0.00
40,00 40,00
| | | | |
0,00 . | | | . | . | 000 | . | . | . | |
-0,0000 0,0z00 00400 00600 0,0800 S]] 0.1000 -0,0000 0,0z00 0,0400 00600 0,0800 S]] 0.1000
T1: Upper Enwelope of Shor- Circuit Cument in ks G1: Upper Enwelope of Short-Circuit Curment in k.
T1:D.C. Component of Short-Circuit Cumrent in kA G1: D.C. Component of Short-Circuit Curment in kA
T1: She ircuit cument in kA G1: She it current in kA
0,20

080

-0.80
-0.0000

0,000

0,000 00600

——— Line: Upper Bnwelope of Shert-Cirouit Current in ki
Lne: D.C. Componert of $hort-Circuit Cument in kA
Line: Sh it curent i A

-0.80
-0.0000 0,000 00400 00600

M2 Upper Envelope of Shert-Ciroult Cumert in ki
hiE: D.C. Component of Short-Cireuit Curment in kA
otz S it curment i kA

Fig. 24 — Example: short-circuit currents at faulted terminal and contributions from connected components
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