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1

Introduction

1.1 XTAP

XTAP (Expandable Transient Analysis Program) is a program for analyzing transient
phenomena in power systems and other electric circuits at the waveform level. This
type of analysis has so far been done using programs developed outside Japan, such
as EMTP. XTAP is thus the first program in this field developed specifically in Japan. It
provides superior analysis performance compared to conventional programs for
analyzing power-electronics devices, such as inverters for solar-power generation.
CRIEPI is also working on developing programs to meet the needs of the domestic
market.

1.2 Features of XTAP

Feature 1: High calculation precision, value stability

XTAP uses highly efficient calculation algorithms for value integration and circuit
formularization, to achieve a higher calculation precision and value stability than
conventional programs (see the list of CRIEPI reports in Section 1.5 for information on
internal program calculation principles and the algorithms used).

Feature 2: Reliable convergence performance (ideal for power-electronics circuit
analysis)

Thanks to its proprietary convergent calculation and equation solution algorithms,
XTAP quickly performs circuit analysis calculations, even in cases of extreme
nonlinearity. The analysis is almost perpetual (i.e., it does not converge). This algorithm
is ideal for power-electronics circuits.

Feature 3: Provision of device models for domestic power systems

Models needed for domestic power-system analysis are provided standard. Various
control blocks for creating device-control mechanisms can be used. Help information
is provided in Japanese for all models.

Feature 4: Graphical user interface

The XTAP interface simplifies circuit creation, enabling the creation of power-system
models and power-electronics circuits. Analysis results (voltage/current values at user-
specified locations) can also be checked using simple operations.

1.3 Operating environment
XTAP requires the following environment:

Operating system
Microsoft Windows 8, 8.1 (32-bit and 64-bit versions)

Operating
system Microsoft Windows 10 (32-bit and 64-bit versions)
PC
Memo 32-bit OS: 2.0 GB or more (4.0 GB or more recommended)
ry 64-bit OS: 4.0 GB or more (8.0 GB or more recommended)
Hard-disk 8 GB or more
capacit

Software required
MATLAB Compiler Runtime R2015b

Microsoft .NET Framework 4.8.1 or newer

Software




Screen DPI setting

Text may not be displayed properly by XTAP if the DPI setting of the screen is changed.
XTAP will display text correctly for a standard setting of 96 DPI. An increasing in this
standard setting by the user (e.g., 125% or 150%) is not problematic. The standard
default setting in Windows is often 96 DPI, but the DPI setting can be changed in the
‘display properties’ dialog. Consult the help information provided with your operating
system for instructions.

1.4 Software upgrade caution

XTAP Version 1.20 and later versions are backward-compatible, supporting circuit-
drawing files (*.xsf files) created by older versions. When the below dialog box appears,
click ‘Continue’ to start conversion of the file so that it can be used in the current version.
The file conversion process is done either automatically or manually by the user (for
example, in the case of user-defined components). Note that once a circuit-drawing file
has been converted to a more recent version of XTAP, it can no longer be opened using
the older version.

i) XTAP

| This file (" “PE-01xsf"") was created using a version of XTAP prior to XTAP

8 Wer. 247, This file will be converted into an xsf fils for Yer, 247 (althouzh
zome files may be converted automatically, others will need to be corwerted by
the user). Once this is finished, it will be impossible to properly open this file in
oldsr versions of XTAR
If you need to retain the original file, select " Stap™” and b§5:!-< the file ug.
(*ou should save the original file until vou can confirm that " PE-01 xsf
operates without izsue in Wer, 2.41
Continue to convert to Ver. 2417

For details regarding this file conversion, see “Using a circuit diagram file (xsf file)
created in an older version” on the XTAP user support site.



1.5 XTAP-related CRIEPI reports

Reports released by CRIEPI relating to the development of XTAP are listed below.
The full text of these reports is available free of charge from the CRIEPI download site.
(The reports are in Japanese with English abstracts.)

Report No. Title

Development of an Electromagnetic Transient Analysis Program for Power Systems (Part 1) --
H06002 .

Fundamental Design --
R06017 Development of Inverter Simulation Program (Part 1) - Modeling of MOSFET and Diode -

A Transmission Line Model for Electromagnetic Transient Analysis Based on the Frequency
HO7005 ) oo -

Region Partitioning Algorithm
H07004 Development of an Electromagnetic Transient Analysis Program for Power Systems (Part 2) -

Development of a Fundamental Algorithm for Steady-State Calculation -

Development of Inverter Simulation Program (Part 2) - Verification of Analysis Accuracy Based on
R07016

Actual Measurement -
R08022 Development of instantaneous simulation method of an induction motor for transient analysis
R08027 Design Guideline and Marginal Performance of a SiC Diode Applied Inverter

Accelerated Electromagnetic Transient Simulations of Power Electronics Circuits using a Variable
R08015 ) :

Time Step Algorithm

Development of an Electromagnetic Transient Analysis Program for Power Systems (Part 3) -
H08002 . ; LS

Improvements of Convergence Properties for Nonlinear Circuits -
H09007 Development of an Electromagnetic Transient Analysis Program for Power Systems (Part 4):

Practical Steady-State Initialization

Development of Support System of Setting and Coordination between Protection Relays- Method
R09007 of Checking Coordination including Earth Fault Protections in Distribution Systems with Isolated
Neutral System-

R09010 Optimum Circuit Configuration of SiC Device Applied STATCOM for Distribution System

R09015 Stable Operation Technique for PCS of PV Power Generation at Grid Recovery after Voltage Sag
R10008 Study on introduction of SN transition type FCL into looped distribution system

R10025 Development of a synchronous machine model considering the magnetic saturation in the stator

core for electromagnetic transient analysis of power systems
Study on Lightning Protection Design for Distribution, Telecommunication and Consumer Circuits

H10008 (1) -Analytical Study on Lightning Overvoltages on Distribution Lines with Telecommunication
Cables-
H11010 Proposal of a Sparkover Model for Short Wave Tail Impulse Voltage Waveforms Applied to

Distribution Insulators

H11013 Characteristics of Spark Discharge on Faulty Insulation of 6.6kV Distribution Lines -A Proposal of
Evaluation Method for Low Frequency Pulsed Electromagnetic Interference-

H11009 Development of an Electromagnetic Transient Analysis Program for Power Systems (Part 5): A
Fast Algorithm for LU Decomposition of a Large Sparse Matrix

H11006 Evaluation of Line Constants of Short-Length Underground Cables: Development of a
Measurement Method and Validation of a Calculation Method

H12005 Review of Simulation Methods for Electromagnetic Transients in Power Systems and Simulation
Cases Using XTAP (Part 1): Switching Transient Overvoltage Simulations

Development of an Electromagnetic Transient Analysis Program for Power Systems (Part 6) -
R12005 . s

Performance Improvements for Nonlinear Circuits -

Preventing Islanding by Distributed Power Generation at Transmission System Fault- Evaluation
R12020 of Characteristic of Detecting Islanding by Power Conditioning Subsystem for Interconnecting
Many Distributed Power Generations in Area with Rotated Type Distributed Power Generation -

R12010 Harmonic Instability at Parallel Operation of Line Commutated Converter and Voltage Sourced
Converter

A Dynamic Voltage Simulation Method for Power Distribution Systems by Using Electromagnetic

H13007 Transient Analysis (Part 1): Modeling of Distribution Substation and SVR



H13005

H13010

R13027

H14013

H14014

R14016

H15004

H15014

R15022

Development of an Electromagnetic Transient Analysis Program for Power Systems(Part 7): Fast
Simulations by Parallelization of Updating Process of Circuit Components

Development of an Electromagnetic Transient Analysis Program for Power Systems (Part 8): Fast
Simulations by Single-Phase Phasor-Based Modeling of Remote Power Systems

Development of Modular Multilevel Converters Model for High Speed Electromagnetic Transient
Analysis

Development of a Frequency-Dependent Line Model for Electromagnetic Transient Simulations
without Model Identification Problems (Part 1): Simulation Performance of an FDTD-Based Line
Model

A Dynamic Voltage Simulation Method for Power Distribution Systems by Using Electromagnetic
Transient Analysis (Part 2): Modeling of STATCOM

Control and Protection Scheme of HVDC System with Modular Multilevel Converter using Full
Bridge Cell - Part2: Development of an Operation Method under AC High-Voltage Situation and a
Method for Fast Start-

Development of an Electromagnetic Transient Analysis Program for Power Systems (Part 9): A
Fast Frequency-Scan Algorithm

A Fast Simulation Algorithm for Distribution-System Transients Based on the Theory of Dynamic
Phasors (Part 1): Proposal of Fundamental Concept

Development of Converter Model for High-speed Transient Analysis - Averaged Model with
Rectifier Circuit -



2 Starting XTAP, Main Window

2.1 Starting XTAP

The following screen appears after XTAP is launched:

XTAP

eXpandable Transient Analysis Program

When the program starts, a menu appears showing the options ‘New’ and ‘Open
existing file’. To create a new circuit diagram, select ‘New’. To open an existing circuit
diagram (*.xsf file), select ‘Open existing file’.

It is also possible to double-click an xsf file displayed in Explorer in order to launch
XTAP and open that circuit diagram (if an xsf file is double-clicked while XTAP is already
running, that file will be opened in the running XTAP). Another method of opening an
xsf file is to drag and drop it onto the XTAP window.

Startup XTAP X

E .
¥ Open

Recently used file

Selecting ‘New’ opens a blank canvas like the one shown below.



. Bl - o x

Rlgany sy apoB: s BN EE ¥y 233

Selecting a circuit diagram (*.xsf file) using ‘Open existing file’ or ‘Recently used file’
opens the selected circuit diagram.

B XTAP - [CWNTAP_CRIEPIFworkVExamplesVPE-01VPE-01 aaf] 1y =] x
B B fdt Crut  Anslyss Yeew Jook  Window Help -8 x
DEFdsad2-0-dA@wws -RIJA% » o aAL0RAFIPEENEEYYyHAS

Example Name : Simulation of Three-phase PWM Inverter Circuit

No.PE-01

[Examnple fils vorsion 1 Vor20 e o
by e,

neiea for Powar Syatam 5 Techalogy” of ma Instaute of Eleccal Engnesrs of

The et v, mnd

[} []
2 2 2 w
‘Operating conditions of the inverar oot on om Jom
Cartier froguency 5 kHE 1k
Sinuscidsl freguency 100 Hz
Wodalution Tustor: D8 . F é" E
Deact Timm: 54 o 4 4 '™
10m
Condmora for analysis 1o & '-:?
Caleulation time (nterval 1y & n
Start tims for caleulation: Oms §
Step time for caloalation’ 40 ms A Lw
Start tise for display: 20 ma .ﬂ
Stop time for disslay 40ms w




2.2 Terminology

Terms used within XTAP are defined as follows.

part

Resistors (linear), sine-wave voltage sources and other component elements of
electrical circuits or control blocks are referred to as ‘parts’. The term refers to the items
in the ‘part category’ window on the left side of the screen.

node

A wire used to connect parts in an electrical circuit is called a ‘node’. Control-system
wires connecting control blocks are used to denote a connection between the blocks,
and are different from nodes.

branch
A ‘branch’ is a synonym of ‘part’.

packaging, macroing

A set of several parts that compose an electrical circuit or control block can be
registered collectively as a single part. This operation is known as ‘packaging’. The
operation of packaging electrical circuits or control blocks containing parts created by
packaging is called ‘macroing’. Parts created in this manner are sometimes referred to
as ‘macro parts’.



2.3 Main window
This section describes the main window, which appears when ‘Create circuit diagram’
has been selected from the ‘File’ menu and a new circuit diagram is opened.

B x1ap - (NewCircuit1] o ®
|LB® File Edit Gicut Analysis  Miew Jook Window  Help .8 x%

DEFH @ GA @ px -[&]444 e APDENSF)EENER ¥y EEPR

e —

3

v, Terminal

00 Resistor A
01 Irdusctor

o 02 Capacitor
o 03 Honlnear Single-Phase
o 04 Honlnear Single-Phase
o 05 Honlnear Single-Phase
e T T S
< >
02 Voltage Source, Current Scurce
1§ Switch
04 Probe
08 Transmizzion and Distribution Line
| U8 Tranzformer
| 17 Generatir 7 R1
| 08 DG power trav mission. Frequen
| 08 PV Hoa
| 18 Electric Motor LAY
| 20 Auzxrliary Camponent for Pover
| 40 Arfthmeatic Function Block 100

| 7 Four Arithmetic Operations Black
| 42 Conirol Function Block

| 43 Dynamic Contral Block

| 44 Time Delay Block

| 45 Logic Function Block

| 16 Special Funciion Biack

|97 Siera Sowres 8
| 48 alpha-beta, d-q. pu Conversion
|#8DLL

| 88 Lightnine Overvaltage Studies of
(81 Lightning Cvervoltage Studies of
| 82 Smitching Transwent Overvaliage

| 98 zer's Companents |«
| Status [ asa[ toazam

1. Menus in the main window
See Section 2.4 for details.

2. ‘Part category’ window

This window is used to register parts such as electrical-circuit parts and control-system
block parts. ‘99 User's Components’ is used to register a user-packaged part. Parts
other than ‘99 User's Components’ cannot be changed.

3. Zoom setting

This setting is used to change the screen-display size by selecting the desired
magnification. The screen display size can also be changed by holding down the ‘Ctrl’
key on the keyboard while turning the mouse wheel. At this time, it operates so that the
mouse position at the moment when Ctrl key is pressed can be located at the center of the screen.

4. XPLT button
This button starts XPLT (the graphing program). XPLT is described in Chapter 9.

5. XTLC button
This button starts XTLC (the line-constants calculation program). XTLC is described in
Appendix 1.

6. XFIT button
This button opens XFIT (the system-identification program for XTAP). XFIT is described
in Appendix 2.

7. Circuit-diagram canvas
This space is used to place the parts and create the circuit diagram.



8. Gray circuit diagram canvas background color

The canvas background color is gray when editing a circuit diagram, or when editing a
circuit in a packaged part (editing a macro part). Part editing is described in Chapter
10.

9. Circuit diagram canvas coordinate display

When the cursor is located over the canvas, its coordinates in the canvas coordinate
system are displayed at the bottom-right corner of the window.

2.4 Menus in the main window
This section describes the top-level XTAP menus and the corresponding menu items.

(1) File (F) menu

e

_] Create circuit diagram () Ctrl+M

[ Open circuit diagram Ctrl+0

j Create component Ctrl+Shift+MN

j Open component (Q)  Ctrl+5Shift+ 0
Rename cemponent
Create category Ctrl+G
Close

[H Save Ctrl+5
Save as
Export »
Import »
Page Setup
Brint Ctrl+P

P lo

Print Preview

Exit XTAP

Create circuit diagram
e opens a new (blank) circuit diagram. The same operation can be performed by
clicking the toolbar button indicated below.

Open circuit diagram
e opens a previously created circuit diagram (*.xsf file). The same operation can be
performed by clicking the toolbar button indicated below.

Create component
¢ allows the definition of a new part. Defined parts are registered in the ‘99 User's
Components’ category.

Open component
¢ opens a part already registered as a user-defined part.



Rename component
¢ allows a change in the name of a part that was previously registered as a user-defined
part.

Create category
¢ creates a new category in the ‘99 User's Components’ category.

Save

e saves the circuit diagram, replacing any previous version with the current version.
The same operation can be performed by clicking the toolbar button indicated below.
This button is active only when the circuit diagram has been changed after being
opened. The button is inactive (with a gray appearance) otherwise.

Save as
¢ saves the circuit diagram under a new name.

Export

¢ outputs and saves the part information registered in the ‘Part category’ window in
the ‘XTAP Components Backup File’ format. It is also possible to output the image of
a circuit canvas as an image file. Selecting this menu item displays the window
shown below. This window can be used to enter a file name and select the desired
image-file type in which to save the circuit canvas. The EMF, bitmap, GIF, JPEG,
PNG, or TIFF file format can be selected.

i) Output circuit diagram image |
+ <« work » Examples » CB-01 v & Search CB-01 P
Organise v MNew folder v (7]
»
Intel " Name Date modified Type
kehi
Perflogs Mo items match your search.

Program Files

Program Files (

Temp

Users

Windows

KTAP v < >

File name: | Image.emf v
Save as type: | Emf Image (.emf) (*.emf) W

“ Hide Folders Cancel

Import

e reads the part information output by the export function into XTAP, and registers it in
the ‘part category’ window. It is possible to either import all part information as a batch
(automatic part importing) or select parts one at a time (individual part importing).

Page settings
e defines settings for printing, such as the page size and printer settings.

-10 -



Print
e prints the circuit diagram. This operation can also be performed by clicking the toolbar
button indicated below.

Print preview
e displays a preview of how the printed circuit diagram will appear. This operation can
also be performed by clicking the toolbar button indicated below.

Exit application
¢ terminates the XTAP application.

-11 -



(2) Edit (E) menu

Edit

Undo
¢ Undo one of the changes made to the circuit.

Redo
e Restores one of the changes made to the circuit canceled by “Undo”.

Cut
e Cuts the selected component or node from the circuit diagram.

Copy
e Copies the selected component or node.

Paste

e Pastes the “cut” or “copied” component or node into the circuit diagram. The names of the
pasted component and node are as follows.

» Component: Will be renamed to a unique new name.
» Node
v Default name: Will be renamed to a unique new name.
v User-set name: Will be pasted with the original name (considered the same node).
When pasting, a message indicating this will appear.

XTAP X

| The same node name [Node_a) exists in the copy destination

-12 -



Keep Name and Paste

e Paste the “cut” or “copied” components or node to the circuit diagram while keeping the name.
It operates as follows, depending on components and nodes that exist in the circuit of the paste
destination.

>

Delete

If a component with the same name exists:

XTAP does not allow a component with the same name to be placed on the same
hierarchy. Therefore, the following message will appear, asking you to select either
renaming and pasting or canceling the paste operation. If you select “Yes to all”, XTAP
will automatically select “Yes” for all subsequent cases where the same message
appears.

8 xap X

A component with the same name exists in the carwas into which it is being pasted

component name: R1
component names must be unique, so components with the same name cannot be
pasted
Change the name of the component and paste it? (An underbar will be placed in
front of the original component name.)

If a node with the same name exists:

In XTAP, nodes with the same name existing on the same hierarchy are considered to
be the same node (even if they are far apart on the circuit diagram campus). Therefore,
the following message will appear, asking you to select either pasting while keeping
the name or canceling the paste operation. If you select “Yes to all”, XTAP will
automatically select “Yes” for all subsequent cases where the same message appears.

B xap *

A node with the same name exists in the pasting carvas.

Mode name: Node a
The node with the same rame will be handled a5 the same node (it will be
connected), even if it is not connected (it is detached) on the circuit diagram
Paste with the current nama?

| [ewa

e Delete the selected component or node.

Select All
e Copies the selected component or node.

-13 -



(3) Circuit (C) menu

]

ircuit

Select

&

Electric circuit wire
Three-phase bus

Electrical circuit M-line concentrator

Control-system wire
Multiple-signal control-system wire

Control system M-line concentrator

Text

P ¥LL EEE[F

Find Ctrl+F

Making subcircuit (P)

Edit all branch properties

<] &

Edit all node properties.

Display all branch narmes.

¢ ¢

Display all node names.

Select

e selects a component (e.g., a part or wire) located on the circuit diagram canvas. This
operation can also be performed by clicking the toolbar button indicated below.

Electrical-circuit wire

e switches to the mode used to create an electrical circuit wire. This operation can also
be performed by clicking the toolbar button indicated below.

Three-phase bus

¢ switches to the mode used to create a three-phase bus. This operation can also be
performed by clicking the toolbar button indicated below. See Section 5.6 for details of
how to create a three-phase bus.

Electrical-circuit N-line concentrator

¢ switches to the mode used to create a line concentrator that packages multiple
electrical circuit wires. This operation can also be performed by clicking the toolbar
button indicated below. See Section 5.7 for details of how to create a line concentrator.

Control-system wire

¢ switches to the mode used to create a control-system wire. This operation can also
be performed by clicking the toolbar button indicated below. See Section 5.3 for details
of how to create control-system wires.

Multiple-signal control system wiring
e switches to the mode used to create wiring for a multiple-signal control system. This

mode can also be selected from the ‘Multiple-signal control system wiring’ icon button.
See Section 5.5 for details.

Control-system N-line concentrator

¢ switches to the mode used to create a line concentrator that packages multiple control
system wires. This operation can also be performed by clicking the toolbar button
indicated below. See Section 5.7 for details of how to create a line concentrator.

-14 -



Text string
¢ enters a comment in the circuit diagram. This operation can also be performed by
clicking the toolbar button indicated below.

Search

¢ searches for a component placed in the circuit diagram. This operation can also be
performed by clicking the toolbar button indicated below. See Section 6.7 for a
description of the search function.

Package

e packages the parts selected in the circuit diagram and creates a new composite part
(a macro part). This operation can also be performed by clicking the toolbar button
indicated below. This menu option is only active if a part is selected (otherwise the icon
is grayed out). See Section 10.1 for details of how to package parts (create macro
parts).

Edit all branch properties

e allows editing of the recording properties and display properties of all the branches
(circuit parts and control parts) in the currently active layer simultaneously. This
operation can also be performed by clicking the toolbar button indicated below.

Selecting this menu item displays the following window. Use this window to turn the
recording/display properties of parts ON or OFF. Clicking on one of the cells in the
column headings at the top left of the table sorts the list in the corresponding order.
Each click of these cells toggles the sort order between ascending and descending.
Changes made in this window are applied to the corresponding parts. To switch
between circuit parts and control parts, use the tabs at the top left of the window.

ﬂ Branch list (current layer only) x
Gircuit comporent  Subcircuit
Record Properties Show Properties
Branch Voltage/
Type a Name MNode Voltaze Branch Gurrent Branch Power Name Parameter Record
Differences

[ AllON/OFF | [Z All ON/OFF | [Z AllON/OFF | [ AllON/OFF | [ AllON/OFF | [~ All ON/OFF
{00 DG Voltage Source Ve m r r v v r
9 00 Ground GND v
3 00 Resistor Ruv f7 [ I v v F
4 00 Resistor Ry r I r v v I
§ 00 Resistor R - - r v v r
B0 Vetars Frobs LT OURD s, v v r
7|00 Vltags Froka GRLT Outsut) v 2 r
[ Veas Frobe GLT Ousud yfyy ~ v r
g 01 Inductor Lu - [v r v v r
10 01 Ihductor Ly r [v r v v ]_
11 01 Inductor L . v r 2 v r

oK

Edit all node properties

e lets you edit the recording properties and display properties of all the nodes
(electrical-circuit and control-circuit wires) in the currently active layer simultaneously.
This operation can also be performed by clicking the toolbar button indicated below.
The operation performed by selecting this menu item is the same as for the ‘Edit all
branch properties’ menu item.
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Display all branch names

e displays the names of all the branches in the currently active layer. This operation
can also be performed by clicking the toolbar button circled below.

Selecting this menu item, or clicking the corresponding toolbar button, displays all the
branch names. A further selection of the menu item or click of the button disables this
function, restoring the branch-name display settings specified in the properties for each
part. Note that this function has no effect on branches that are already set to display
the branch name. Also, note that selecting this menu item has no effect on the part
properties, unlike when the display properties are turned ON or OFF by selecting the
‘Edit all branch properties’ menu item.

Bdsm ¢ ¥ 1

gz

Mag_a Mg
Mag_b

Display disabled Display enabled

Display all node names

e displays the names of all the nodes in the currently active layer. This operation can
also be performed by clicking the toolbar button indicated below.

Selecting this menu item, or clicking the corresponding toolbar button, displays all the
node names. A further selection of the menu item or click of the button disables this
function, restoring the node name display settings specified in the properties for each
node. Note that this function has no effect on nodes that are already set to display the
node name. Also note that selecting this menu item has no effect on the node properties,
unlike when the display properties are turned ON or OFF by selecting the ‘Edit all node
properties’ menu item.
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(4) Analysis (A) menu

5 Analysis Setup
Analyze
[l Save & Analize F5
Consecutive-analysis settings
Run consecutive-analysis

Analysis settings

e opens the settings screen used to set the analysis conditions. This operation can also
be performed by clicking the toolbar button indicated below. Analysis processes are
described in Chapter 6.

Run analysis

¢ performs an analysis using the previously set analysis conditions. This operation can
also be performed by clicking the toolbar button indicated below. An analysis cannot
be executed when the circuit has been changed. In this case, the menu item and button
for this operation are inactive (grayed-out and inoperable). You must first save the
circuit before performing an analysis on it.

Save and run alysis

¢ saves changes to the current circuit and then runs the analysis.You can also select
from the "Save and run analysis" icon button.This function can also be operated by
pressing the F5 key.

Consecutive-analysis settings

e opens the ‘analysis settings’ screen, used to set multiple combinations of circuit
parameters such as circuit resistances, inductances, and breaker ON times (multiple
analysis cases), and to execute those multiple analysis cases consecutively and
automatically. This menu item is also used to define the settings for statistical switching-
surge calculations. The operation of this menu item can also be executed by clicking
the toolbar button indicated below. See Chapter 7 for details.

Run consecutive analysis

e performs a consecutive analysis using the previously set consecutive-analysis
conditions. This operation can also be performed by clicking the toolbar button
indicated below. Note that a consecutive analysis cannot be executed when the
consecutive-analysis settings have not been entered or the circuit has been changed.
In these cases, the menu item and button for this operation are inactive (grayed-out
and inoperable). The circuit must be saved before performing a consecutive analysis.
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(5) View (V) menu

%

Toolbar
Status Bar

Grid

= # [<]

Display print-area.

Toolbar
¢ enables/disables the display of the toolbar in the XTAP main window.

Status bar
¢ enables/disables the display of the status bar in the XTAP main window.

Grid display

¢ enables/disables the grid display in the circuit-diagram canvas. This operation can
also be performed by clicking the toolbar button indicated below.

Print-area display

¢ enables/disables the print-area display on the circuit-diagram canvas. Enabling the
print-area display shows the set print-sheet positions (the print area for each sheet) in
the circuit canvas when two or more horizontal or vertical sheets have been set in the

canvas-size settings. The operation of this menu item can also be performed by clicking
the toolbar button indicated below.

The screen shot below shows an example of the display produced when the print-area
display has been enabled, and the ‘3 horizontal/2 vertical’ settings have been selected
in the canvas-size settings (with A4 size paper). The dotted green lines indicate the

print area of each sheet. Printing with these settings will result in six A4 sheets being
printed.

=
L
|4.

+ 4% ~r> A D 2)F rE3
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(6) Tools (T) menu

Tools

Circuit diagram canvas size (X)

Component canvas size

Fd  XPLT (graphing program)
4 XTLC (line-constant calculation program)

4 XFIT (system identification program)

Circuit-diagram canvas size

¢ allows a change to the size of the circuit-diagram canvas. This size is specified in
terms of the paper size supported by the selected printer driver, and the number of
sheets in the horizontal and vertical directions (with a maximum of nine sheets in the
horizontal direction and six sheets in the vertical direction).

Set canvas size X

Canvas sice (specify the number of sheets; maximum value
iz number of sheets within 2000 mm)

Horizontal | E] » Verticat 2

Paper

Sige: A4 v

Canvas orientation Murgins (millme ters)
(@) Portrait Lett %4 | ment [54

(O Landscape Top %54 Bottom: 264

o Brint Sei

Component canvas size
¢ changes the size of a part icon’s canvas. It is possible to specify any width and height
for the size of the component canvas. See Section 10.3 for details.

XPLT (graphing program)
e starts XPLT (the graphing program). XPLT is described in Chapter 9.

XTLC (line-constants calculation program)
o starts XTLC (the line-constants calculation program). XTLC is described in
Appendix 1.

XFIT (system-identification program)
o starts XFIT (the system-identification program for XTAP). XFIT is described in
Appendix 2.
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(7) Window (W) menu

Window |

Open New Window
Display overlapped (C)
Display horizontally (V)
Display vertically
Close all

lcon alignment

ITI 1 NewCircuit1

2 NewCircuit2

Opens a new window
e Opens the same xsf file that is currently open in a new window.

Cascade
e Switches the display method for the circuit diagram files to a multi-window view to cascade
all circuit diagrams that are currently open.

Vertical
e Switches the display method for the circuit diagram files to a multi-window view to display
all circuit diagrams that are currently open vertically at equal intervals.

Horizontal
e Switches the display method for the circuit diagram files to a multi-window view to display
all circuit diagrams that are currently open horizontally at equal intervals.

Close All
e Closes all circuit diagrams that are currently open.

Arrange Icons
e Arranges the small windows at the bottom of the screen when the window display is
minimized.

“Name of the open circuit diagram file” *May be none or multiple.

The window name of the currently-open circuit diagram file will be displayed on the list.
When editing a hierarchized component, it will be recognized as a single window. If one of
the windows is selected here, the selected window will be displayed in the foreground.
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(8) Help (H) menu

Help

&3 Howtouse (O

About...

User's Manual
e Opens the same xsf file that is currently open in a new window.

Cascade
e Opens a PDF file of the XTAP user’s manual (this document). (The file will be opened by the
application associated with the PDF file.)

Version Information
e Displays the version information of the currently activated XTAP.
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3 Workflow From Circuit-Diagram Creation Through Analysis

The XTAP workflow needed to create a circuit, execute its analysis, and graph the
results is illustrated below. See the sections indicated in the flowchart for descriptions
of the corresponding procedures.

O Using XTAP (circuit creation/calculation program)

Creating circuit

Part placement
(circuit parts, control block parts) | See Section 4.2

'

Part property settings
(parameter input/output specifications, etc.) v

Part macroing
(creation of macro parts)

See Section 4.4

A 4
Part connection | I See Chapter 10
(circuit creation) See Chapter 5

Transient I See Section 6.2
analysis

( Steady-state initialization See Section 6.3
— Transient analysis

( Flow calculation — Steady-state initialization See Section 6.4
— Transient analysis

\

1
1
1
1
1
1
I
1
1
1
1
1
1
1

>

Frequency characteristic See Section 6.5
calculation

(.

Analysis condition settings
(analysis time, output file, etc.)

——

Analysis execution

A4

Analysis

Analysis result file (*.xpf) result file
creation (*.xpf)
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O Using XPLT (graphing program)

Graphing See Chapter 9

Analysis
result file

(*.-xpf)

/\

Load analysis result file (*.xpf)

Normal graphing Modified graphs
o XY plot e Fourier transforms
e Frequency characteristic e Fourier series
graphs expansions
e Constants (a*f(t)+b)

I
I
I
I
|
1
I
I
I
I
e Time-series graphs e Integrals :
I
I
I
I
|
1
I
I
I
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4 Creating Circuit Diagrams

4.1 Parttypes
The parts in XTAP are of the following types:

1. Electrical-circuit parts

These parts constitute electrical circuits and include resistors, power supplies, and
switches. Electrical circuit parts can be connected to each other either directly (by
red square terminals), or to control parts using components such as voltage/current
probes (control outputs), and controller control voltage/current sources. There are
both single-phase and three-phase parts, both of which have different terminals. A
voltage, current, or instantaneous power can be viewed as forming the part output.

2. Control-block parts

These parts constitute control blocks. In control blocks, signal inputs are denoted as
yellow terminals, and outputs as blue terminals. A blue terminal output is connected
to a yellow terminal. There are both single-signal and multiple-signal wirings, both of
which have different terminals. Connections to electrical circuit parts are made using
components such as voltage/current probes (control outputs) and controller control
voltage/current sources. Output signals can be viewed as forming the part output.

3. Macro parts

These composite parts are created by packaging circuit parts or control-block parts
together. The rules for making connections to macro parts are the same as for the
individual parts. A macro part can be created within another macro part. Macro parts
can be referenced and edited in circuit diagrams.

4.2 Part placement (electrical-circuit part/control-block
part)
XTAP allows parts to be placed easily in a circuit diagram by ‘drag and drop’ using the
mouse.

1. From the ‘File’ menu, select ‘New (N)’ — ‘Create circuit diagram (X)'. In the ‘part
category’ window on the left, select the category containing the part you want to place
in the circuit diagram. In the example below, a (linear) resistor is being added, and
therefore ‘01 RLCs’ is selected.

XTAP - [NewCircuit1] -

iy File Edit  Circuit  Analysis  View
Q& e =]
00 inal
OIRC

e, current Source
03 Switch
04 Probe
05 Trangmigsion and Distribution Line
06 Transformer
07 Generator
08 DC power transmission, Frequen..
09 PY
10 Electric Motor ‘
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2. The parts registered in the ‘01 RLCs’ category are displayed. Selecting one of
these parts displays its icon in the upper window.

B XTAP - [NewCircuit1] —
u File Edit Circuit Analysis View
DEFEH $@a92-~- 4

EHWE

00 Ground, Terminal |
01 RLG

A
01 Ihductor

o/ 02 Capacitor

o/ 08 Nonlinear Single-Phase
’ 04 Monlinear Single-Phaze
" 05 Nonlinear Single-Phaze
o 06 Nonlinear Single-Phase ¥

< >
02 Voltaze Source, Current Source
03 Switch

04 Probe

3. Select the name of the part to place, and drag the selection onto the circuit
diagram. (‘00 Resistor (linear) has been selected in this example.)

DESE % DA9-0- @R Gl [R]+34M| rrd Al

4. A (linear) resistor is placed on the circuit diagram.

DEHE fad9-0- dR @ wx -[R] 44 AP

dwe
00 Ground, Terminal

o 02 Nonlinear Single-Phase

o 04 Nonlinear Single-Phase R1

o 05 Nonlinear Single-Phase i

Andranrrbobadivs EWe
< > 100

|
03 Switch ]
04 Probe ]
05 Transmission and Distribution Line)
TS |
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4.3 Part operations

(1) Selecting and moving parts

Clicking on a part selects it and displays green markers on it. The part can then be
moved freely by standard drag-and-drop.

C1
c8l=a
1u
0
Qutput:V,I,P

Clicking on different areas of a part selects different items.

T~gHts

0
S /Outpul:V‘I,P
6 /

Clicking on

1 selects the caption label (part name). A double click allows the part to be
renamed directly. It is also possible to rotate the orientation by 90 degrees from
‘Figure’ menu that appears by right-clicking the caption label (new function
added in Ver. 2.10). Text strings used as part names may contain upper- or
lowercase letters, numbers, and the underscore (_) character, but the first
character cannot be a number. Japanese characters or other Asian-width
characters may not be used in part names.

Supported text string: I:I I:I I:I I:I I:I
N )

L - .

‘a'to'z,'AtoZ, 'or‘0'to'?’

‘a'to 'z, ‘Ato 'Z, or*

2 selects the part itself. A double click opens the ‘properties’ screen. See Section
4.4 for information on the ‘part properties’ screen. Right-clicking displays the
‘part’ menu, described in Item (2) on the next page.

3 selects the terminals (displayed in red), serving as the connection points to other
parts.

4 selects the ‘parameter’ label. Its value can be changed on the ‘properties’ screen.
Some parts do not have parameter labels.

5 selects the ‘initial value’ label, which can be changed on the ‘properties’ screen.
Some parts do not have an initial value label.

6 This line is displayed when the XPLT output has been specified. See Section
4.4 for more information.
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(2) Part menu
The ‘part’ menu is displayed when right-clicking on a part.

C1
+
= =
& Ccut Chrl+X
1 By Copy Ctrl+C
Paste Ctrl+V
( Paste with same name  Ctrl+Shift+V
X Delete Del
OUtpU Disconnect Ctrl+D
| Component b Show » Show Names E
ZF Properties £3 Bring to Front Hide Names D
Edit Tcon By Send to Back
Component properties Rotate Right 90° R
Edit subcircuit diagram Rotate Left 50°
Flip Vertical
Flip Horizontal F

Cut
e cuts the part.

Copy
e copies the part.

Paste
e pastes the most recently cut or copied part. (See the note on the next page.)

Paste with same name

¢ pastes the most recently cut or copied part together with its name. (See the note on
the next page.)

Delete
e deletes the part.

Disconnect

e It is possible to cut a circuit line by right clicking the corresponding node and selecting
"Disconnect”.

Component - Show - Show Names

¢ Show the component name in the diagram.

It is possible to do the same action by selecting the component and pressing the key
"E".

Component — Show — Hide names

¢ Hide the component name in the diagram.

It is possible to do the same action by selecting the component and pressing the key
"D".

Component — Bring to front
e moves the part to the foreground plane.

Component — Send to back
e moves the part to the furthest background plane.

Component — Rotate Right 90°
e rotates the part 90 degrees clockwise. This operation can also be performed by
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pressing the ‘R’ key on the keyboard when the part is selected.

Component — Rotate Left 90°
o rotates the part 90 degrees counterclockwise.

Component - Flip vertically
o flips the part vertically.

Component - Flip horizontally
o flips the part horizontally. This operation can also be performed by pressing the ‘R’
key on the keyboard when the part is selected.

Properties
e displays the ‘part properties’ screen.

e Difference between ‘Paste’ and ‘Paste with same name’ in part menu

Every part name in XTAP must be unique (no two part names can be the same).
Therefore, when a part is copied and pasted, the name of the pasted part is the default
part name appended with a number. However, when ‘Paste with same name’ is
selected, the pasted part keeps the name of the original part provided that no part with
that name already exists on the target canvas.

Copied part
nUe w
Paste : : Paste with same name
vevst +@1€~3 ceest vi k) l@ v2
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If a part with the same name already exists on the destination canvas, the message
shown below on the left appears, asking for confirmation to execute the paste operation.
(If the operation is executed, the part name becomes appended with an underscore
character.) Unlike parts, nodes with the same name may coexist on the same canvas.
However, in this case, program calculations will handle those nodes as if they were the
same node, even if they are at different locations on the circuit diagram (see Section
5.1). When executing the ‘Paste with same name’ command and if a node of the same
name already exists on the canvas, the message below on the right then appears.

B xiap * B xiap *

A component with the same name exists in the carwas into which it is being pasted
A node with the same name exists in the pasting canvas.
component name: G MNode name: nodef
component names must be unigue, $o components with the same narme carmaot be The node with the same rsme will be handled as the sarme nods (it will be
paste connected), sven if it is not connected (it i detached) on the circuit diseram
Changa the nama of the componant and pazte it? (An undarbar will be placad in Pasta with the current nama?
front of the original component name.)
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(3) Macro part menu

In addition to the part menu items previously described, the following additional part
menu items can also be selected for macro parts. See Chapter 10 for details of how to
create and edit macro parts. Macro parts are created by selecting portions of the circuit
diagram and packaging them as a new composite part.

Tr_YY_3ph1

Q.mH

2a
2b |
Cut Cirl+X

Copy Ctrl+C
Pask

Cerl+V

T

Paste with same name  Ctrl+Shift+Vv
X Delete Del
Disconnect Ctrl+D
Component 3
% Properties

Edit Icon

Component properties

Edit subcircuit diagram

Edit icon

e displays a screen for editing the part’s icon. See Section 10.3 for details of how to
edit icons.

Component properties
e allows the specification of part information.

Edit packaged diagram
e displays the part’s circuit diagram. See Section 10.2 for details of how to change
macro parts, and Section 10.4 for how to set connection terminals.

(4) Component manipulation by using the keyboard/mouse

Besides moving components placed in the diagram by dragging with the mouse, it
is possible to move components by selecting it and pressing the keyboard direction
keys.

Moreover, by pressing specific keys and selecting components, it is possible to
selecting several components at once, to copy them or to move them
horizontally/vertically.

(Ctrl key) + (Left click)

e It is possible to select several components at once. It shows the same behavior of
(Shift key) + (Left click)

(Shift key) + (Left click)
e It is possible to select several components at once. It shows the same behavior of
(Ctrl key) + (Left click).

(Ctrl key) + (drag and drop)

e Copy the selected component. It can be used together with the shift key for
moving the component horizontally/vertically.

(Shift key) + (drag and drop)

¢ Move the selected component horizontally or vertically only. It can be used together
with the ctrl key for copying the component.
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4.4 Part properties screen
A doubile click on a part displays the properties screen for that part.

(1) Parameters

Parameters are the properties that define the calculation conditions. Information about
a part’s parameters is provided in the help tab of its respective ‘properties’ screen.
Some control blocks have no specifiable parameters.

02 Capaciter - o x

[Parameters | hnitial Value Record Display Help

c=l | [F w]

G

(2) Initial value

An initial value can be set for some parts. The way to set an initial value is described
in the help tab of the ‘properties’ screen.

02 Capaciter - o x
Parameters | Initisl Valee | Record Display Help

Specity the initial value

=0 Voo
= |

G
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(3) Recording

e used to specify the items from which to generate outputs to graph. The checked items
will be displayed by XPLT (the graphing program). XPLT is described further in Chapter
9. Even when executing an analysis, only the checked items will be output as
waveforms. The appropriate checkboxes must therefore be checked to obtain the part
voltage, current, or power observations, as required. The following three types of
values can be output for circuit parts:

Branch voltage
Branch current
Branch power

02 Capacitor - ] *

Parameters Initial Valse Record Display  Help

Branch Voltage : voltage difference between both ends of the
tranch

Branch Current  through current of the branch

Branch Power : product of the voltage and current shove
(instantanecus power)

e

In the case of control blocks, the output signal can be an output.

00 Absolute Value - [n] x

Record Display Help

Cutput Valse

coe

In macro parts, their internal parts, and the existence of various signals of nodes (node
voltage, branch voltage, branch current, branch power, and control signal) can be
specified. When a macro part is turned off, even if any part’s signal recording is on
inside that macro part, output is still disabled.
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01 Single-Phase Transformer (beakage in mH] - =] X

Parameters  Equations | Record | Display  Help

< Record in the subcircuit

(4) Display
e enables or disables the display of various display labels for a part on the circuit-
diagram canvas.

02 Capacitor - a X

Parameters Initial Vale Record | Display | Help

7 Mame: [C1
~ Parameter
Record

1 nitial Value

Name

The part name can be entered in the text box. Checking the checkbox displays the
part’'s caption label on the circuit-diagram canvas. In some power transmission line
components, the line length can be displayed.

Parameter

Checking this checkbox displays the part’'s parameter label on the circuit diagram
canvas. The parameter displayed is determined by the part type.
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Recording

Checking this checkbox displays the items selected in the Recording tab as the
part’s output label on the circuit-diagram canvas. In the example below, the branch
voltage and branch current have been selected in the Recording tab.

His

Qutput:V,I

Initial value
Checking this checkbox displays the part’s initial-value label on the circuit
diagram canvas. The initial value displayed is determined by the part type.

(5) Help
e displays help information for a specific part.

02 Capaciter - o x
Parameters Initial Value Record Display |Heb
Capacitor

This branch is a linear single-phase capacitor (capacitance)
Specify the initial voltage value from the “initial value™ tab

Updated on March 14, 2012

(6) Acquiring information from power-flow calculations (macro parts
only)

User-created macro parts have a tab for power-flow calculation information. The
information in this tab is described in Chapter 8.

subcircuit - (w] x

Parameter Recording View | Acquire power=fiow calculstion information.

Cbtain power flow information
* Acquisition of power flow inforrmation

Settirg this parsmeter “ON’, thiz subcircuit can obtain the power flow
information (bus voltage, phase. active power. reactive power, etc ) of the bus
which it is connected. a2 it is in the synchronous generator model. You can use
the power flow information for initialization of components contained in the
subcircult

For detalls, refer to Haln

-34 -



5

Part Connections

5.1 Creating electrical-circuit wires
This section describes how to create the electrical-circuit wires (nodes) that connect
different parts. As an example, a (linear) resistor and a (linear) inductor are first placed
on the circuit diagram canvas as described in Section 4.2.

R1

EAWE -
100 BN

100m

1. Click the right terminal of the resistor. The mouse cursor becomes a plus sign
(+), indicating the program has switched from part-selection mode to the mode
used for automatically creating electrical-circuit wires. To switch to this mode
manually, select ‘Electrical circuit wire’ from the ‘Circuit’ menu.

R1

EAWVE -
100 EF{-WE'

100m

2. Move the mouse to draw a line. In this example, the mouse is moved toward the
left terminal of the inductor. Lines cannot be drawn diagonally.

R1

EFA/\/\E L1
100 EAINE

100m
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3. Change the direction of the line by clicking at the desired point of change. In the
example below, the line has been drawn horizontally, vertically, and then
horizontally again.

R1

EAWE— g
100 —FEFme

100m

4. Move the mouse to the left terminal of the inductor, then double-click to make
the connection. Once the terminals are connected, their red squares disappear.
If the terminal has a horizontal orientation, the line also needs to be connected
horizontally. Horizontally oriented terminals cannot be connected from a vertical

direction.
i Not connected i
R1 i 5
: R1 :
EAM +—— L1 L, !
. L EMWN— L1 |
100 Lhe= i 100 L@ ne i
100m i :
i 100m i

5. When an electrical circuit wire (node) is created, the program automatically
assigns it a unique name. Node names are not displayed under default display
settings. To check or change a node name, double-click the wire to open the
node’s ‘properties’ screen. See Section 5.2 for information on node properties.

R1

L1
m
100 #

100m

View | Recording

wea
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6. The node name can be changed in the node’s ‘properties’ screen (see Section
5.2). If the assigned node name already exists in the same layer, the nodes of
that name will be considered to be the same node, and will be handled as if they
were connected, even if they are not connected in the canvas wiring.

Equivalent to L1
1 L Node A connection on right wi +
Tt "o Sl
100m
100m
Same node name Node_A
L2
L2 Moo A w2
wa ode_ S
ol e 3
100m
100m

Whether or not a node name has been changed affects the node-name setting when
the node is copied/pasted.

O When an unrenamed node is copied/pasted

The name of the pasted node is changed to a different unique node name, and the
node is handled as a different node.

O When a renamed node is copied/pasted
The pasted node preserves the changed node name, resulting in the existence of
multiple nodes with the same name. In this case, the following message appears.

XTAP X

| The same node name [NDT_A] exists in the copy destination.

As when changing a node name, care is needed since nodes with the same name are
treated as the same node.

L1
w1 + Node_A Node name

N

R1
+
A : changed
| 100 100m
Nod t Node name was changed,
ode name no ?7}77 so same name is
changed preserved when pasted —
GMND Same node
|
AW\
100

Name is changed when Lo
pasted — Different nodes w3 . Nade A

100m

i

GMND
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5.2 Electrical-circuit wire (node) properties
Double-clicking a node displays its ‘properties’ screen.

(1) Display

This tab enables or disables the display of the electrical circuit wire name on the circuit-
diagram canvas. Checking the checkbox displays the node name on the circuit-
diagram canvas. The text box can be used to change the node name.

NOT_A - o x

[View | Recording

Mame: NOT A

coe

(2) Recording
Checking the checkbox in this tab sets XPLT (the graphing program) to display the
node voltage (voltage to ground). XPLT is described in Chapter 9.

NOT_A = a5l

View Recording

Node Voltage
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5.3 Creating control-system wires
Unlike electrical-circuit parts, control system parts have input terminals (colored
orange) and output terminals (blue). Input terminals must always be connected to
output terminals, and output terminals to input terminals. Control system parts are
connected in the same way as electrical-circuit parts. As an example, place a ‘constant’
part (40 Control function block) and an ‘initial value’ part (42 Control function block)
onto the canvas.

@3

F1X1
Init. ]

INITA

1. Click the (blue) output terminal of the constant part (FIX1). The mouse cursor
then changes to a plus sign (+), indicating the program has switched from ‘part
selection’ mode to the mode for automatically creating control system wires. (To
switch to this mode manually, select ‘Control system wire’ from the ‘Circuit’
menu.) Connect the control system wire to the (orange) input terminal of the
initial value part (INIT1) in the same way as when making a node connection.

FIX1

INIT1

2. Once the wire has been connected correctly, the blue and orange boxes
indicating the terminals disappear. An arrow indicating the wiring direction is
displayed at the input terminal.

©_

FIX1

—>>| Init. l[

INIT1
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5.4 Control system wire properties
Double-clicking on a wire displays its ‘properties’ screen.

Display

This screen is used to enable or disable the display of the control-system wire name
on the circuit-diagram canvas. Checking the checkbox in this tab displays the name of
the wire name on the canvas. Since the control-system wiring represents the control-
block connections, the wires have no associated values, and therefore do not have a
‘Recording’ tab.

View

5.5 Creating multiple-signal control system wirings

This section describes multiple-signal control system wirings (vectors) that group
together multiple control signals. Basic operations are same as for a single-signal
control system wiring.

First, create a vector signal including three elements from three single signals
(conventional control signals). Place any three single signals on each (in this case,
‘constant’ [42 Control function block] and ‘vector creation’ [46 Special function function
block]).

©

FIX1

(@g MTINP [8

FIX2

©»

FIX3

MTINP1

1. Next, double-click the part ‘vector creation (MTINP1) to open the properties
screen, and change the number of elements to 3.
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2. Next, click the constant (FIX1) output terminal (blue). The mouse cursor will turn
into a ‘+’, and the mode will automatically change from the part selection mode
to the control system wiring creation mode. After this, wire the control system
wiring to the ‘vector creation (MTINP1)’ input terminal (orange) in the same way
as for the node connection. Once the wiring is properly done, the O[] of the
connected terminal will disappear, and an arrow indicating the direction of wiring
will appear on the input-side terminal.

©
FIX1
MTINP [E]
FIX2
FIX3 MTINP1

3. The wiring is completed once all of the single signals are connected. The output
of the part ‘vector creation (MTIPN1) is the vector signal. As shown in the
diagram below, the signal lines have different thicknesses.

The vector signal line can only be connected to the vector signal line’s terminal
(the thick OL1).

Also note that parts that can handle the vector signal have “vector” at the front of
their part names.

FIX1 FIX1 =

oO— MTINP [g] o— MTINP

FiX2 FIX2 —
EIX3 MTINP1 FIX3 MTINP1
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4. Toonlyisolate one element from the vector signal line, use ‘Vector element value
output’ (46 Special function function block). Here we will isolate the second
signal from the previously created vector signals.

First, place ‘vector element value output’ on the canvas.

©

F1X1

W MTINP [E] MTouT [

FIX2 MTOUT1

@H

FIX3

VW

MTINP1

5. Next, double-click the part ‘Vector element value output (MTOUT1)’ to open its
property screen, and input 2 (half-width digit) as the output element number.

16 Vector Element Value Output - o b4

Parameters | Rocoed Display Help

Output
element
n

==

6. Finally, connect ‘Vector creation (MTIN1) and ‘Vector element value output
(MTOUT1)". The output of MTOUT1 becomes a single signal.

%
1
MTINP  je—|  MTOUT

o

MTOUT1

MTINP1
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5.6 Creating three-phase buses
A three-phase bus enables three phases of electrical circuit wiring to be connected to
a single wire (bus).

R1
L:’V\/\I‘E
R2
IE+ wa w6+
R3
| +
E*)—@—'L w8 s p
IE+ w8
R4
L:’V\/\I'E
R5
LYY
R6
w8 4y

1. Select ‘Three-phase bus’ from the ‘Circuit’' menu in the main window. The mouse
cursor changes to a plus sign (+), indicating that the program has entered the
mode for creating a three-phase bus.

2. Click the circuit-diagram canvas and move the mouse straight downward. A line
is drawn, thicker than a connection line.

3. To change the drawing direction from vertical to horizontal, click at the desired
location. The bus changes direction at the click location.
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4. The example below describes how to connect a three-phase power source and
power-transmission line with two parallel lines to a single bus. For simplicity, the
transmission line is implemented as resistors.

R1

EAVWE
| + R2
BHOHE EMAE
I + R3
EHOH BEAVWE

| E +
R4
BWE
RS
EWWE
R&
BWE

02 Sine wave voltage source

From the category ‘02 Sine wave voltage sources — 00 Independent voltage
source/current sources’ in the ‘part category’ box, select and place a ‘02 Sine wave
voltage source’. Create three of these parts on the left side of the bus. From the part
menu, select ‘Figure — Rotate 90 degrees right’ to rotate the parts.

00 Resistor (linear)
From the category ‘01 RLCs’ in the ‘part category’ box, select and place ‘00 Resistor
(linear)'. Create six of these parts on the right side of the bus.

5. Connect the ‘02 Sine wave voltage source’ part and the bus. Perform the same
operation for creating a wire to connect the right terminal of the ‘02 Sine wave
voltage source’ part to the bus.

R1
+

2\

R2

1 + +
EHO— EANE
R3

|§+ .

6. Move the mouse cursor to the bus and double-click.

7. If the connection is successful, a window for selecting the wire name appears.
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= yyvy=s
R2
EAWE
Select phase to connect. x

| +
B‘@‘E Phase to conneiConnection wire name
_b ]

[

dob =

[Wire name:]
The letters ‘a’, ‘b’ and ‘c’ indicate phases a, b and c. Select which phase to connect
the wire to.

[Connection wire name:]
This field displays the connection wire name. ‘Wire name’ shows the phase, while
‘Connection wire name’ shows the name of the wire actually connected.

8.

10.

11.

12.

To connect to phase a, select ‘a’ as the wire name and click ‘OK’. The program
automatically assigns the connection wire name. This name is displayed to
identify the wire. To erase the name, uncheck the [Display] checkbox in the node
properties.

Repeat Steps 6 and 7 to connect the second ‘02 Sine wave voltage source’ part
to the bus.

If the connection is successful, the window for selecting the wire name appears.
To connect to phase b, select ‘b’ as the wire name. If phase a is selected, it will
be shown to be already connected to a different wire.

Repeat the above operation to connect the ‘00 Resistor (linear)’ parts to the bus.
When R1 is connected to the three-phase bus, the window for selecting the wire
name appears. In the example below, ‘a’ is selected to connect it to phase a.

Repeat the above steps for the other resistors, connecting R4 to phase a, R2
and R5 to phase b, and R3 and R6 to phase c.

The two circuit diagrams below depict equivalent circuits.

R1 R1
w4 .+“" = T
w2
1 + wid & k2 R2
2] e .
B R3
5 - LW VY R3
] + #
|5t w8 | e
Q! #O—
1 +
. +R4 ®w3 +R4
W -
M\ | AW
RS 5 w2 R5

wh +
e :
6 AW
wi +“"‘E RE
e
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13. To change the length of a previously created three-phase bus, switch to the
‘three-phase bus’ mode, and click on one end of the bus. Drag the mouse in the
desired direction to extend the bus to the desired length. One bend in the bus is
deleted at each right-click of the mouse.

|8+‘ wd
+ w4
| 2+ w6
+ wb
| E+ w8
+ w8
Click end \

14. Buses are also assigned unique names. To display the name of a bus, double-
click on the bus to display its properties. Check the checkbox in the [Display] tab
to display its name. When performing a power-flow calculation, the bus name is
the name of the connection node used for the parts that appear in the calculation.

1 - o x

Farameter | View

b1
Mame: b1
| o=t wd
] + w6
| + w8

=
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5.7 Creating line concentrators

Line concentrators allow the drawing of multiple connection lines as a single line. There
are two types of line concentrators: electrical circuits are displayed as thick black lines,
and control systems are displayed as thick blue lines (in versions up to Ver. 2.01,
electrical circuit N-line concentrators were thick blue lines, and control circuit N-line
concentrators were thick green lines). Also, the number of signals included in a wiring
is shown at that wiring’s edge (‘N =*’). The required line-concentrator type depends on
the part type, but the connection method and operations are the same. Also note that
when calculating power flow, it is necessary to use a ‘three-phase bus,” not an
“electrical circuit N-line concentrator.”

Electrical circuit z z Control circuit
. Il 1l
N-line concentrator N N N-line concentrator
I 1]
z £ R1
al + wi j& oWl o+ o
EHo— —\W\E
R2
] + w2 w2+ =
O 2 —\W\&
R3
1 + 3 + r—
’: 8 w3 —._lw '.I'\Hl.-—:‘___
o | + wd wd *'Rd =
SO — AW

Example of electrical circuit N-line concentrator use

1. Select ‘Electrical circuit N-line concentrator’ from the ‘Circuit’ menu in the main
window. The mouse cursor changes to a plus sign (+), indicating the program
has switched to the ‘electrical circuit N-line concentrator’ mode.

2. Click on the circuit-diagram canvas, and move the mouse straight downward. A
line is drawn, thicker than an electric circuit wire.

3. Click the mouse to change the drawing direction from vertical to horizontal. Then,
move the mouse cursor to the right.

-47 -



4. Click the mouse again to change the drawing direction back to vertical. Move
the mouse upwards. Double-click to complete the line concentrator. After the
line is placed, ‘N = 2’ will appear on the edge of the line as the number of line
concentrators (two by default).

Z

5. Place parts as shown below.

| + T e +R1
+R2
|§+ EBAMAE
+R3
|§+:I EAMAE
I + e
BHOHE B\WE

02 Sine wave voltage source

From the category ‘02 Voltage source/current sources — 02 Independent voltage
source/current sources’ in the ‘part category’ box, select and place an ‘02 Sine wave
voltage source’. Create and place four of these parts on the left of the line
concentrator. From the part menu, select ‘Figure — Rotate 90 degrees right’ to rotate
the parts.

00 Resistor (linear)

From the category ‘01 RLCs’ in the ‘part category’ box, select and place ‘00 Resistor

(linear)’. Create and place four of these parts on the right of the line concentrator.

6. Connect the ‘02 Sine wave voltage source’ part and the line concentrator.
Perform the same operation used when creating a wire, to make a connection
from the right terminal of the ‘02 Sine wave voltage source’ part to the line
concentrator.

7. Move the mouse cursor to the line concentrator and double-click.

8. If the connection is successful, a window for selecting the wire name appears.
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Select phase to connect. X
| +
[E_@_E] Fhase to conneiGonnection wire name:
— ]
Add wire

O e o]

ion |

Wire name

Select the names of the wires controlled by the line concentrator. A wire name is
added each time the ‘Add wire’ button is clicked. Since the purpose is to make an N-
phase connection, the wire names will be 1, 2, 3, ...N. To delete unneeded wire
names, right-click on the line concentrator and select ‘Reassign numbers’.

Connection wire name
This command displays the name of the connection wire. ‘Wire name’ shows the
phases, while ‘Connection wire name’ shows the name of the wire actually connected.

Reassign numbers

Cut Ctrl+ X
Copy Ctrl+C
Paste Ctrl+V
Paste with same name  Ctrl+Shift+V
Delete Del
Figure »
Properties

Edit lcon

Component properties

Edit subcircuit diagram

. . : Wire name Connection wire name
Wire name Connection wire nams Q
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9. To connect to the first node, select ‘1’ as the wire name, and click ‘OK’. The
connection-wire name is displayed, identifying the wire. To erase the name,
uncheck the [Display] checkbox in the properties.

= R1
|8+ w1 I i +yx
R2

IE+ BJr"'ME
R3

|§+ E"'“na
R4
|E+'_| +y oy

10. Repeat Steps 6 and 7 to connect the second ‘02 Sine wave voltage source’ part
to the line concentrator.

11. If the connection is successful, a window for selecting the wire name appears.
To connect to wire 2, select ‘2’ as the wire name.

12. Repeat Step 10 to connect the remaining ‘02 Sine wave voltage source’ parts to
the line concentrator.
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13. Repeat the above operation to connect the ‘00 Resistor (linear)’ parts to the line
concentrator. Connect the ‘00 Resistor (linear) parts R1, R2, R3, and R4 to 1,
2, 3, and 4, respectively. The two circuits diagrams below are equivalent.

|8+ w1
IE-I- w2
I8+ w3

|8+ w4

=N

3

R

S

-51 -



Analysis Processes

XTAP performs transient analysis (instantaneous-value analysis) and has a steady-
state initialization function to enable the transient analysis to start from the circuit’s
steady-state condition. Either of two methods can be used for steady-state initialization:
one defines the initial values of the dynamic-circuit elements by calculating the AC
steady-state solutions; in the second, the initial values are set using a power-flow
calculation to determine the steady-state condition of the generator and loads, and
hence use the result to calculate the AC steady-state solutions.

There are four types of XTAP analyses:

@ Transient analysis

@ Steady-state initialization — Transient analysis

® Power-flow calculation — Steady-state initialization — Transient analysis
@ Frequency-characteristic calculation (frequency scan)

Each type of analysis is described below.

@ Transient analysis
This performs a standard analysis of instantaneous values, starting from a state where
the power-source voltage or current is zero.

@ Steady-state initialization — Transient analysis

The program calculates the AC steady-state solution, considering the unbalanced
circuit conditions. Using these results as initial values, the analysis starts from the
steady-state operation condition. This type of analysis specifies a negative value for
the ‘Start time’ parameter for the sine and cosine wave voltage/current sources, to
include them in the AC steady-state calculation. Power sources with waveforms other
than sine or cosine are ignored in the AC steady-state calculation.

@ Power-flow calculation — Steady-state initialization — Transient analysis
The program uses a power-flow calculation (the ‘L method’) to determine the steady-
state solutions, ignoring harmonics or unbalanced circuit conditions. The solutions are
used to analyze the AC steady-state solution to find approximations, considering
unbalanced circuit conditions. These results are then used as the initial values for
analysis away from the steady-state operation condition. ‘Power-flow calculation
auxiliary parts’ are used to specify the power-flow conditions.

@ Frequency-characteristic calculation (frequency scan)

Analysis types @ to @ are ultimately time-domain calculations (transient analyses).
This calculation returns results in the frequency domain. The frequency fis varied within
a specified range, and an AC steady-state calculation is performed repeatedly to
determine the corresponding change in value. This type of analysis specifies a negative
value for the ‘Start time’ parameter for sine and cosine wave voltage/current sources,
so that these power sources may be considered in the AC steady-state calculation.
Power sources with waveforms other than sine or cosine are ignored in the AC steady-
state calculation.
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6.1 Analysis settings
Conditions must be set to perform analyses. To do this, select ‘Analysis settings’ from
the ‘Analysis’ menu in the main window. The method for setting analysis conditions is
described in the procedure relevant to each analysis process.

Analysis Setup X
v 1 Analysis—file save location
Analysis-file ( xtf file) PE-01.xtf
v 2 Analysis—type selection
Analysis=type (Analysis) Transient analysis
v 3 Analysis conditions
Case name (name) Case 1
Calculation time increment (Delta_t) 1.0
Units us
Calculation end time (T _max) 0.04
Units s
BNR switching iteration count (NumBNR) 30
Katzenelson switching iteration count (Numia 60
Calculation result output file (BinFile) PE-01 xpf
Output start time (TimeWindowBegin) 0.02
Units s
Output end time (TimeWindowEnd) T.max
Units s
Output frequency (OutputFreq) 1
Output caleulation result in text format/CSV - Yes (text format)
CSV format output file (CSV File) PE-01.csv
Debug level (Debuglevel) 0
Case name (name)
Specify the case name (name).
Additional Cancel

-53-



6.2 Analysis procedure (analysis type: transient analysis)
This section describes how to execute a standard transient analysis. As an example,
we illustrate the analysis process using the PE-01.xsf file provided with XTAP.

1. Select ‘Open’ — ‘Open circuit diagram’ from the ‘File’ menu in the main window,
and select ‘PE-01.xsf’ from the ‘Open file’ screen. The PE-01.xsf file is located
in work/templates/PE-01, in the folder where XTAP was installed.

2. The following circuit diagram is then displayed.

Example Name : Simulation of Three-phase PWM Inverter Circuit
No.PE-01

Example file version : Vier 2.0

0m

Lw
,10m

b
P_uz b

MR e
= rrinA ) P2
P_wip

Powd b

3. Select ‘Analysis settings’ from the ‘Analysis’ menu in the main window, or click
the corresponding toolbar button.
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4.

W

W

Analysis Setup X
v 1 Analysis—file save location

Analysis=file (xtf file) PE-01 xtf

2 Analysis—type selection

Analysis-type (Analysis) Transient analysis

3 Analysis conditions

Case name (name) Casze 1

Calculation time increment (Delta_t) 1.0

Units s
Calculation end time (T _max) 0.04

Gase name (name)
Specify the case name (name).

The analysis settings screen appears.

Units

BNR switching iteration count (NumBNR) 30
Katzenelson switching iteration count (NumkKa 60

Calculation result output file (BinFile) PE-01 xpf
Qutput start time (TimeWindowBegin) 0.02
Units s
Output end time (TimeWindowEnd) T max
Units s
QOutput frequency (OutputFreq) 1
Cutput calculation result in text format/CSV - Yes (text format)
CSV format output file (CSV File) PE-01.csv
Debug level (Debuglevel) 0

Additional Gancel

-

1 Analysis-file save location

Specify the analysis filename (*.xtf file) and the save location. When the save
location is specified as a relative path, this path is assumed to be expressed
relative to the location of the circuit diagram file (*.xsf file). When the save
location is specified as an absolute path, this path is used as the save location.

2 Analysis-type selection
Select the analysis type. In this example, ‘Transient analysis’ is selected.

3 Analysis conditions
Specify the analysis conditions corresponding to the analysis type.

Case name:
Specify the name of the analysis case. This will be used as the title when
the analysis is graphed in XPLT.

Calculation time increment:
Specify the calculation time increment (At).

Calculation end time:
Specify the calculation end time.

BNR switching iteration count:

Specify the number of iterations for switching the convergence calculation
from the standard Newton-Raphson method to the biaxial Newton-
Raphson method (this setting usually does not need to be changed).

Katzenelson switching iteration count:

Specify the number of iterations for switching from the biaxial Newton-
Raphson method to the Katzenelson method (this setting usually does not
need to be changed).

Calculation result output file:

Specify the calculation output file name. By default, the save location is a
relative path starting from the location of the circuit diagram file (*.xsf file).
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Click

Save

When the save location is instead specified as an absolute path, this is
then used as the save location.

Output start time:
Specify the time at which to start collecting the calculation output.

Output end time:
Specify the time at which to end collecting the calculation output.

Output frequency:
Specify the output sampling rate.

Text format/CSV format calculation result output:

Specifying ‘Yes (text format)’ outputs calculation results in text format
(space-separated). Specifying ‘Yes (CSV format) outputs results in CSV
format (comma-separated).

Text format output file:

Specify a file name when the calculation output is in text format. The save
location is specified relative to the location of the circuit diagram file (*.xsf
file). When the save location is specified as an absolute path, this path is
then used as the save location.

CSV format output file:

Specify a file name when outputting calculation results in CSV format. The
save location is a path specified relative to the location of the circuit
diagram file (*.xsf file). When the specified save location is an absolute
path, this path is used as the save location.

Debugging level:
Specify the debugging level. This setting is not normallyused by the user.

the OK button in the screen.

the circuit, then perform the analysis by selecting ‘Run analysis’ from the

‘Analysis’ menu or by clicking the corresponding toolbar button. The analysis
cannot execute if the circuit has been changed. (The ‘Run analysis’ menu item
and corresponding toolbar button are then inactive and cannot be selected).

The command prompt is displayed when the analysis is executed.

CRIEFI.

C:¥temp¥test XTAP_EN_V240¥bin¥XCORE¥xcore.exe -

Japar.
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When the analysis ends normally, the message ‘Analysis complete’ appears.

XTAP IIHII

Simulation Finished

8. An error message is displayed if the analysis process ends with an error. If
source of the error is in the circuit, the error message is output and displayed in
the file ‘xcoremsg.out’. If the error originates from the control block, the error
message is output and displayed in the file ‘dynamsg.out’. The message file is

output to the save location of the analysis file (*.xtf file).

3 xcoremsg.out - AE1E
JrILF) $|E(E) SH(0) =RENV) ~LTH)

HTAP - edpandable Transient Analvsis Frozram, Ver. 2.41
Computat ioral Core Module

CRIEPI, Japan.

Last |ire read is as follows:
“Lu”,-0.01

Errar on line 72, in the file "C:¥temp¥test XTAP_EN_V240¥work¥Exame | es¥PE-01¥PE-01_Y241 xtf™:

inductance value must be greater than zero.

1547. 151

-57 -

- o N



6.3 Analysis procedure (analysis type: steady-state

initialization — transient analysis)
This section describes how to perform a steady-state initialization by calculating AC

steady-state solutions. As an example, we illustrate the analysis process using the
SSW-01.xsf file provided with XTAP.

1. Select ‘Open’ — ‘Open circuit diagram’ from the ‘File’ menu in the main window,
and select ‘SSW-01.xsf’ from the ‘Open file’ screen. The SSW-01.xsf file is
located in work/templates/SSW-01, in the folder where XTAP was installed.

Example Name : Switching Surge Calculation of a 500-kV
ertically Arranged Double-Circuit Transmission Line
No. SSW-01

Example file version : Ver.2.0

m SwCB_a
o | ® + + La + ce Send_1a
2 Oy
39.8m
m b SwCB_bS i
o | + + + CB end_
% § - @ - T + + (200 km) Rec_1a
39.8m Rec 1b
m g SwCB_c 1L Ph
o % + + CB Send_1c Rec_1c
%§ o — i PD_Line1
39.8m fLE
1000 MVA e
Send_2a Rec.2a
L 2L N
Send_2b Ret.2b
Send_2c¢ Rac_cc
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2. Sets the parameters for steady-state initialization. Double-click the SIN wave voltage
source to open the parameter setting window. To perform steady-state initialization, set
“Start time” to a negative value in the parameter settings (any negative values are

allowed).

02 Sinusoidal Voltage Source

Parameters Record Display Help

Amplitude  [500.0

M43 Mxi2

Frequency [S0.0
Initial Phas
el TR

Starting =
Time BN

value

Enter negative

o] | owes

3.

4.

Analysis Setup

v 1 Analysis—file save location
Analysis—file (xtf file)

v 2 Analysis—type selection

Analysis lAnalysis)

v 3 Analysis conditions

Select ‘Analysis settings’ from the ‘Analysis’ menu in the main window.

The analysis settings screen then appears.

SSW-01 xtf

Steady-state initialization => Transient analysis

Case name (name) Case 1
System frequency (SysFreq) [Hz] 500
Caleulation time increment (Delta_t) 100
Units s
Calculation end time (T_max) 20.0
Units ms
BNR switching iteration count (NumBNR) 30
Katzenelson switching iteration count (Numi<at) 60
Caleulation result output file (BinFile) SSW-01xpf
Output start time (TimeWindowBezin) 00
Units s
Output end time (TimeWindowEnd) T rmax
Units s

Qutput frequency (OutputFreq)

1

Output calculation result in text format/CSV format Mo
Qutput power—flow/steady-state analysis result outp No

Debug level (DebugLevel)

Analysis—type (Analysis)

weer wier

Select ““Transient analysis, Steady-state initialization —> Transient analysis,

Steady-state initialization —> Transient analysis,

Additional

0

wer oo

Flow calculation =>
Frequency characteristic calculation (frequency scan

I
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5.

6.

1 Analysis file save location

Specify the analysis filename (*.xtf file) and the save location. The default
setting is [Circuit diagram file name] + .xtf. When the save location is specified
as a relative path, this path is assumed to be expressed relative to the location
of the circuit diagram file (*.xsf file). When the save location is specified as an
absolute path, this path is used as the save location.

2 Analysis type selection
Select the analysis type. For this example, select ‘Steady-state initialization —
Transient analysis’ .

3 Analysis conditions
Specify the analysis conditions corresponding to the analysis type. All the items
other than the three below are the same as for the transient analysis.

System frequency:

Specify the system frequency. This must be the same as the frequency of
the power source in the circuit. A warning is output if the circuit contains a
sine- or cosine-wave power source with a frequency different from this set
frequency.

Output power flow/steady-state analysis result output file:
Setting “Yes’ outputs the steady-state analysis results.

Power flow/steady-state analysis result output file:

Specify a file name when outputting the steady-state analysis results. The
default setting is [Circuit diagram file name] + _PFSS.txt. When the save
location is specified as a relative path, this path is assumed to be
expressed relative to the location of the circuit diagram file (*.xsf file). When
the save location is specified as an absolute path, this path is used as the
save location.

Click the ‘Start calculation’ button on the screen.

The command prompt is displayed when the analysis process is executed.

nitial conditions.

When the analysis process ends normally, the message ‘Analysis finished.’ appears.
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Simulation Finished

The results of the AC steady-state calculation are output as a text file. The AC
steady-state solutions of the variables specified in the ‘Recording’ tab are output.

| SSW-01_pfss.txt - Notepad - m} X
Eile Edit Format View Help

>> Steady-State Solution

Node Voltages:

U(Rec_la)

3.12080e+002 [¥rms], 172.21643 [desg]
U(Rec_1b)

3.08566e+002 [¥rms], 58.44541 [deg]
U(Rec_lc)

3.32846e+002 [VYrms], -51.06452 [deg]
U(Rec_2a)

2.28776e+001 [¥rms], 129.50987 [deg]
U(Rec_2b)

1.68838e+001 [¥rms], 47.58089 [deg]

-61-



6.4 Analysis procedure (analysis type: power flow
calculation — steady-state initialization — transient
analysis)

This section describes how to perform a steady-state initialization by calculating AC
steady-state solutions, with steady-state conditions applied to the generators and loads,

as determined by power-flow calculation (the ‘L method’). The steady-state initialization
workflow is as follows:

@ Create the circuit diagram (a three-phase bus).

|

@ Specify the power-flow conditions using power-flow-calculation auxiliary parts.

|

® Set information-acquisition flags for the power-flow calculation using macro parts.

l

@ Execute the analysis.

@ Create circuit diagram

The circuit diagram is created with the usual procedure, but the nodes and branches
used to set initial values (synchronous generators or user-created macro parts) must
be connected to a three-phase bus. See Section 5.6 for details of how to connect a
three-phase bus.

@ Specify the power flow conditions using power-flow-calculation auxiliary
parts

Specify the power-flow conditions for each bus using power-flow-calculation auxiliary
parts. These parts are located in the ‘20 Power flow calculation/steady-state
initialization auxiliary parts’ section of the part category window. Use these parts to
enter the initial values specified in the power-flow calculation. A power-flow-calculation
auxiliary part should be connected to phase A of a three-phase bus. The reference
capacity is specified in Step 4. This capacity is not the reference capacity for individual
devices, and therefore care is needed when setting parameters.

@ Use macro parts to set flags for acquiring power flow calculation information
When connected to a three-phase bus, the following parts can use the results of a
power-flow calculation (power-flow-calculation information) as parameters:

Parts that can acquire power-flow-calculation information
01 RLC

» 12 RX Parallel load model (single-phase)

» 13 RX Parallel load model

07 Generator
00 Synchronous generator

» 00 Synchronous generator (d1, q1, accounting for magnetic saturation)

» 01 Synchronous generator (d1, g2, accounting for magnetic saturation)

» 02 Synchronous generator (d1, q1)

» 03 Synchronous generator (d1, g2)

» 04 Synchronous generator (d1, g1, accounting for magnetic saturation and axis
torque)

» 05 Synchronous generator (d1, g2, accounting for magnetic saturation and axis
torque)

» 06 Synchronous generator (d1, g1, accounting for axis torque)

» 07 Synchronous generator (d1, g2, accounting for axis torque)

07 Generator
» 00 Infinite bus generator
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99 User's Components
> (Arbitrary macro part)

The part properties for the synchronous generators and infinite bus generators do not
have a tab for power-flow-calculation information acquisition; this function is enabled
by default. For arbitrary user-created macro parts, the choice to use power-flow-
calculation information can be set in the power-flow-calculation information tab.

Parts that acquire power-flow-calculation information operate as follows:
(1) During steady-state initialization, the part is removed from the three-phase bus.

2%1 When the generator bus of an auxiliary component for the power-flow calculation (slack
generator bus, PV generator bus, PQ generator bus bar) is connected to the three-phase
bus, a three-phase voltage source with the voltage and phase according to the power-
flow calculation result of the bus is automatically added.

2%2 When the load bus of an auxiliary component for the power-flow calculation (PV load
bus, PQ load bus) is connected to the three-phase bus, the three-phase load with the

voltage and phase according to the load flow calculation result of the bus is automatically
added.

23 The “13 RX parallel load model” cannot be removed from the three-phase bus in the
steady-state initialization calculation. Therefore, when the load bus of the auxiliary
component for power-flow calculation is connected to the three-phase bus, both the RX
parallel load model and the automatically-added three-phase load are considered in the
steady-state initialization calculation. Therefore, if you want to remove the load model
from the three-phase bus, please use “14 RX parallel load model (exclude enabled)”
instead of “13 RX parallel load model”.

(2) The following variables (parameters) can be used in the parameter fields and
formula fields of part properties. The value is acquired from the three-phase bus
to which the part is connected.

Vbus Bus voltage [V]

theta_bus Bus voltage phase [rad]

PGbus Bus generator active power [W]

QGbus Bus generator reactive power [var]

PLbus Bus load active power [W]

QLbus Bus load reactive power [var]

theta_shifted Phase difference from bus voltage reference phase [deg]
| Caution |
' For synchronous generators and infinite bus generators, power-flow- :
! calculation information acquisition is enabled by default (and cannot be !
i disabled). Problems such as information not being considered during steady- !
| state initialization, or initialization not being performed properly, can therefore !
i occur when an analysis is performed without executing a power-flow !
i calculation. When using these parts, the analysis type should therefore be set '

to the type that includes power-flow calculation. !
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@ Execute analysis
Execute the analysis once the circuit has been created using Steps 1, 2, and 3.

Below is an example of a power-flow calculation, steady-state initialization, and
transient analysis using one of the templates (MAC-01) provided with XTAP.

1. From the ‘File’ menu in the main window, select ‘Open circuit’. Then, select
‘MAC-01-A.xsf’ from the ‘Open file’ screen. The file MAC-01-A.xsf is located in
bin/work/templates/MAC-01, in the folder where XTAP is installed.

2. The circuit diagram below then appears.
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4 BUS3
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— [ [ e | 'y
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3. Specify the generator power-flow conditions.

Specify the conditions to be applied during the steady-state operation of the
generator for the power-flow calculation. From the ‘part category’ window, select and
use the part ‘07 Generator 00 synchronous generator’ in combination with either the
part ‘20 Power flow calculation/steady-state initialization auxiliary parts —01 PV
specification generator bus’ or ‘02 PQ specification generator bus’. The template is
designated ‘PV’, specifying the generator output and generator terminal voltage.

01 PV Generater Bus - o b4
Paramaters | Display Help
Acthve Power P [os  Jou
Voltage V ™
MNominal Voltage of the [ 3
Bus = ]
AR Phate Angle Shilt 0.0 | deg
: = [EFs
—=leas AVR  erf——
——» | EA
e
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4. Set the power-transmission-line impedance.

Specify the impedance of the power-transmission line to be considered during the
power-flow calculation. This calculation considers only the portions with a positive
phase, and therefore only these portions can be specified in the parameters.

06 Tramtmminaian-Line Branch - o ®

Use the part ‘06 Line branch’ for a power-transmission line, and ‘07 Transformer
branch’ for a transformer.

5. Set the reference generator bus.

One reference generator bus must be set. The part ‘07 Generator — 02 Infinite bus
generator’ is normally used, combined with '20 Power flow calculation/steady-state
initialization auxiliary part — 00 Reference generator bus’.

00 Slack Generator Bus. o *
Parsmaters | Display  Hels

Valtage

ial Voltage of the (oo v v

41

BUET

NG)
- C

- /
Qe
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6. Select ‘Analysis settings’ from the ‘Analysis’ menu in the main window.
The analysis settings screen appears.

Analysis Setup

~ 1 Analysis-file save location
Aralysis-file (xtf file) MAC-01-4 3t
w 2 Analysiz—type selection
Aralysis—type (Analysis) Flow calculation —» Steady-state initialization —» Transient analysis
~ 3 Analysiz conditions
Case name (name) MAC-01-A
System frequency (SysFreq) [Hz] 500
Reference capacity (VoltAmpereBase) [MVA] 01
Calculation time increment (Delta_t) 100.0
Units s
Calculation end time (T max) 100
Units B
BNR switching iteration count (NumBNR) 30
Katzenelson switching iteration count (Mumbkat) 60
Calculation result output file (BirnFike) MAG-01-A xpi
Output start time (TimeWindowBegin) 0o
Units s
Output end time (TimeWindowEnd) T e
Units &
Cutput frequency (OutputFreg) 10
Outpuit cakculation result in text format/CSV format MNa
COutput power—flow/steady-state analysis result output file No
Debug level (DebugLevel) ]

Gase name (name)
Specily the case name (name)

Additional

==

1 Analysis-file save location

Specify the analysis file (*.xtf file) name and the save location. The default
setting is [Circuit diagram file name] + .xtf. When the save location is specified
as a relative path, this path is assumed to be expressed relative to the location
of the circuit diagram file (*.xsf file). When the save location is specified as an
absolute path, this path is used as the save location.

2 Selecting the analysis type
Select the analysis type. For this example, ‘Power-flow calculation — Steady-
state initialization — Transient analysis’ is selected.

3 Analysis conditions

Specify the analysis conditions corresponding to the analysis type. All the items
other than the following are the same as for the ‘steady-state initialization —
transient analysis’ process.

Reference capacity:
Specify the reference capacity of the system. Note that this figure is not the

reference capacity for each device.

7. Click the ‘Start calculation’ button on the screen.

8. The command prompt is displayed when the analysis is executed.
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When the analysis ends normally, the message ‘Analysis complete’ appears.

XTAP IIH!I

Simulation Finished

The results of the power-flow calculation are output as a text file. They can be used
to check that the initial values specified in Steps 3 to 5 were used.

MAC-01-A_pfis.tot - Notepad - 0o x

Ele Edt Fornat View Help
>> Power-Flow Solution

volt-ampere base = 1.00000e+005 [VA]
system frequency = 50.0 [Hz]

Bus Yoltages (magnitude and phase angle):
%1Diﬂﬂﬂﬁ [pul, 16.75089 [deg]
_Ua_ggssga [pul,  9.06408 [deg]

U??ooneuo [pul, O

00000 [deg]

Active and Reactive Powers at Busses (PG, OG, PL, and OL):
BUS1
0.900000, 0.135279, -0.000000,  0.000000 [pu)
$2

géDODUDD. 0.000000,  0.000000, 0.000000 [pul
-0.891880,  0.128566, 0.000000,  0.000000 [pul

»» Steady-State Solution

Node Voltage:
UCNDT _A)
1.28287e+002 [V¥rms], 16.75089 [deg]
U(NDT B)
1.28287e+002 [¥rms], -103.24911 [deg]
U(NDT_C)

9. An error message will be shown when an error occurs during the execution of
the simulation.When the error is related to the circuit part, the details of the
error will be displayed in the file “xcoremsg.out”. When the error is related to
the control-system part, the details of the error will be displayed in the file
“‘dynamsg.out”’. When the error is related to the power-flow calculation, the
details of the error will be displayed in the file “flowmsg.out”. All these file are
located in the same folder of the simulation .xtf file.
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6.5 Analysis procedure (analysis type: frequency

characteristic calculation)

The frequency-characteristic calculation is a function that calculates the response to a
change in a power-source frequency in a circuit, between user-specified start and end
values, in arbitrary increments.

Consider a simple RLC series circuit as an example.

1. Create a series circuit consisting of a power source, resistance, inductance, and capacitance
as shown in the figure below.

R1 L1 C1
:"nln'"nln'"n.- :.-‘n'\ + Il
| |
+ 1 1m
E_cosi 0.001125

h

GMD

The calculated frequency characteristic is that produced by the power source ‘E_cos1’.
Usable power sources may be of one of the following four types. Other power sources
are treated as short-circuited (voltage sources) or open (current sources) in the context
of the calculation. The usable power sources will also be treated as short-circuited
(voltage sources) or open (current sources) if the setting described in Step 2 (entering
a negative start time) is not entered.

Sine wave voltage source Sine wave current source
Cosine wave voltage source Cosine wave current source

2. Set the parameters for the frequency-characteristic calculation.

Double-click the power source to open the ‘parameter setting’ screen. Set ‘Start time’
to a negative value (any negative value is acceptable) to cause this power source to
become recognized as the power source for implementing frequency variation.

02 Sinusoidal Voltage Source - [m] x

Parameters Record Display Help

amplitude [10 [V~
O+43 Oxd2
Frequency |[B00 He W

Initial Fhase [ -
o ) dee

Starti
T.U i
Enter negative value
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3. Select ‘Analysis settings’ from the ‘Analysis’ menu in the main window.
The analysis settings screen appears.

Analysis Setup X
~ 1 Analysis—file save location

Analysis—file (xtf file) FS1.xti
~ 2 Analysizs—type selection

Analysis-type (Analysis) Frequency characteristic calculation (Freque:
~ |3 Analysis conditions |

Case name (name) Case 1

Start frequency (FreqBeein) [Hz] 0.0

End frequency (FreqEnd) [Hz] 0.0

Frequency count (MurFreq) ]

Frequency sampling Equal interval (linear)

Calculation result output file (BinFile) PE-01_se xpf

Output calculation result in text format/CSV * No

Debug level (Debuglevel) 0

3 Analysis conditions

Additional Gancel

1 Analysis file save location

Specify the analysis filename (*.xtf file) and the save location. The default
setting is [Circuit diagram file name] + .xtf. When the save location is specified
as a relative path, this path is assumed to be expressed relative to the location
of the circuit diagram file (*.xsf file). When the save location is specified as an
absolute path, this path is used as the save location.

2 Analysis type selection
Select the analysis type. For this example, select ‘Frequency characteristic
calculation (frequency scan)'.

3 Analysis conditions
Specify the analysis conditions corresponding to the analysis type.

Case name:
Specify the analysis case name. This name is used as the title when the
analysis is graphed in XPLT.

Start frequency:
Specify the starting frequency for the frequency-characteristic calculation.

End frequency:
Specify the end frequency.

Frequency count:
Specify the number of frequencies at which to perform the calculation
between the start and end frequencies.

Frequency sampling:
Specify whether to use equal (linear) or log-scale sampling intervals.
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4.

5.

Calculation result output file:

Specify the output file name. When the save location is specified as a
relative path, this path is assumed to be expressed relative to the location
of the circuit diagram file (*.xsf file). When the save location is specified as
an absolute path, this path is used as the save location.

Text format/CSV format calculation result output:

Specifying ‘Yes (text format)’ outputs the calculation results in text format
(space-separated). Specifying ‘Yes (CSV format) outputs them in CSV
format (comma-separated).

Text format output file:

Specify a file name when outputting calculation results in text format. When
the save location is specified as a relative path, this path is assumed to be
expressed relative to the location of the circuit diagram file (*.xsf file). When
the save location is specified as an absolute path, this path is used as the
save location.

CSV format output file:

Specify a file name when outputting calculation results in CSV format.
When the save location is expressed as a relative path, this path is
assumed to be expressed relative to the location of the circuit diagram file
(*.xsf file). When the save location is specified as an absolute path, this
path is used as the save location.

Debugging level:
Specify the debugging level. This setting is not normally used by the user.

Click the ‘Start calculation’ button on the screen.

The command prompt is displayed when the analysis process is executed.

P el bin\ XCOREscore exe - D

When the analysis process ends normally, the message ‘Analysis finished’
appears.

XTAP

Simulation Finished
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6.6 Files related to analysis processes
This section describes the files used for analyses (*.xsf files) and those generated by
analysis processes.

*.xsf (XTAP schematic file) files
These binary files store circuit diagrams to be analyzed.

* xpf (XTAP plot file) files
These binary files store the analysis results. They can be used to display graphs with
XPLT.

xcoremsg.out
This file contains errors and warning messages, generated during analysis, that relate
to circuit areas. Generated errors are displayed automatically on the screen, but
warnings unaccompanied by errors are not displayed automatically, and therefore
require caution.

dynamsg.out

This file contains errors and warning messages, generated during analysis, that relate
to control-block areas. Generated errors are displayed automatically on the screen, but
warnings unaccompanied by errors are not displayed automatically, and therefore
require caution.

flowmsg.out

The details of errors and warnings related to the power-flow calculation will be saved
in this file. Errors will be automatically displayed in the screen when executing the
simulation, however warning will not be automatically displayed.

* xtf (XTAP text file) files
Text-format input data files that are generated from *.xsf files by the XTAP graphical
user interface, and are read by the XTAP analysis program.”

* xmf (XTAP model file) files
These files specify models (macro parts) included by *.xtf files. Like *.xtf files, *.xmf
files are text files generated from *.xsf files by the graphical user interface.”

* xtf.pp (XTAP text file preprocessed) files

These files are generated by the XTAP analysis program as intermediate process
outputs.?

Normally .xpf files, .hmitl files, .xif files, .xmf files and xtf.pp files are located in the same
folder as the .xsf schematic file. However, the location of .xpf files and .xtf files can be
changed by changing options in the simulation setup.

#Users do not need to reference these files.
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6.7 Search function
The search function can be used to find parts or other elements in a circuit diagram.

51 - [CHNTAR CRIEPIwOrIExamplesiPE -0NPE 01 25f] - o
B Fie Edt Cecur  Analyus View  Tock  Window  Help -8 x

D@ s aa9-c- Al @on - Rl448 crv o) [EaFrEEN EE ¥y BES

% Example Name : Simulation of Three-phase PWM Inverter Circuit
No.PE-01
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Select ‘Search’ from the ‘Circuit’ menu or click the corresponding toolbar button to open
the search screen.

SearchDialog - O X
1 Text string to search: ) .
|FWD ind 1. Close
[] Upper/lowercase ietter dlstw¢| 3
Search results: 4
Path Name Path name in use

Qu1/FwD 02 Diode

Search-screen items:

is used to enter the target text string;

starts the search;

closes the window;

makes the search case-sensitive when this checkbox is selected;

lists the search results. Clicking a ‘Path name’ entry selects that part or element.
If the selected search result is located within a macro part, the circuit diagram of
that macro part opens to show the result.

AP WON -

-72 -



7

Consecutive-Analysis Function

7.1 Overview of consecutive analysis function
This function uses parameter settings derived from values such as analysis-circuit
element values. The function calculation involves consecutively varying the parameter
values. In addition, XTAP also has another function for calculating statistical switching
surges (described in Chapter 8).

7.2 Opening the consecutive-analysis settings window
The setting for the consecutive-analysis can be made in the consecutive-analysis settings
window. Select “Consecutive-Analysis Settings” from “Analysis” in the main menu. Or click
the “Consecutive-Analysis Settings” icon in the toolbar.

Analysis

Analysis Setup

Analyze
Save & Analize F5

b v i

LConsecutive-analysis settings ]

Run consecutive-analysis
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7.3 Consecutive-analysis settings window
This section describes the consecutive-analysis settings window. An example is shown
in the following screenshot.

1 2 4
onsecutive-analysis settings - [C \work\sample\REOlDE01.x5f] m]
General settings Statistical switching-surge CakM settings 5 6 7
Number of cases 20 3 All Run :fucim'uzec-.:n-n:— processing of analysis results _'j 0K
ber of parameters 20 - @ All Stop % Process settings : ;‘.l:.ar:c-}l
3 8 i
9
Matrix-size Run all/stop all setting.| Analysis ”33% | Cloka
2 Case number <]
parameter (<
jmmm—mm—m—m - Lol 2. 3 | 4 -1 6.} _f_4 2 e ey e e 1
L Run /stop setting. 2 Run ~ & Run v~ @ Run v @Run v @Run v & Run v @& v S Run v~ 2 Run |~ 2 Run)
e T T T B g
1 ’ \‘ Vel B B S R S —— — E— A
2 1 o : =
| |
I
$ 1, Pl '
i1 P !
1 P I
5|, 10 L 11 ! L
61 o : |
| |
I
T, ol 1 |
8 1 1 [N
1 1 1
9 ! i B
1 1! r
10 | 1 §
1| 7
T P21 IS [N SN (PN AN AU PR I [ S =
[4] il | m_

1. General settings tab
¢ used to set consecutive analysis.

2. Statistical switching-surge calculation settings tab

¢ used to set the statistical switching-surge calculation function (described in Chapter
8).

3. Matrix-size menu

¢ used to specify the number of cases to be executed consecutively and the number of
parameters to set. The data input screen changes according to the values specified
here. Up to 1,000 cases and up to 100 parameters can be specified. The analysis can
still proceed even if some of the specified cases and parameters are left blank.

4. Run all/stop all menu

e It is possible to select at once cases that will be executed and cases that will be
stopped. By clicking on “Run all” all cases will be set to be executed. By clicking on
“Stop all” all cases will be set to be stopped. Moreover, when selecting some case
numbers (refer the item 10 shown below), this menu will be automatically changed to
“Run Selected Cases” and “Stop Selected Cases”

5. Analysis result process menu

¢ contains the buttons used to run and set statistical processes (operations acquiring
values such as the waveform maximum or average values), executed on multiple-
analysis results (described in Section 7.8).

6. Close menu
e closes the window. Clicking ‘OK’ closes the window with the entered settings applied.
Clicking ‘Cancel’ closes the window without applying the changes.

7. Formula area
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e displays the parameter input cell information. This area can also be used to input
numerical values and formulas to be provided as parameters directly.

8. Case number button

¢ This button is used to select several cases at once. It can be used to setting to run or
to stop several cases at once, for example. It is also possible to selected cases by
using the Ctrl or Shift keys.

9. Run/stop selection button
¢ determines whether or not each case will be executed in a consecutive analysis.

10. Parameter name input cells
¢ used to enter parameter names (variable names).

11. Parameter input cells
¢ used to enter the numbers and formulas required as parameters.

7.4 Setting the number of cases and of parameters
Use the ‘matrix size’ menu to specify the number of cases and of parameters to execute
consecutively. The number of parameter-setting cells then changes to match the
specified number of cases and parameters.

tﬂ Consecutive-analysis settings - [C:\X
General settings Statistical switching-surge calculat

.IllIIIIIIIIIIIIIIIIIIIII.

ENumber of cases 20

‘-9 All Rus

-
"
= Number of parameters 20 - |8 ) All Sta
-
]

Matrix-size Run all/stop all

Case number
1 2 3
Run /stop setting. 2 Run ~ & Run + &Ry

parameter
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7.5 Parameter input method

1. The properties normally entered as values are entered as variables. In the
example below, the voltage-source voltage is set as the parameter ‘Param_A'.

ﬂ('l" [CHXTAP CRIEPTWwOrKTE xampies¥PE -01WPE 01 x5f)
B File Ede  Cecot Amalyus View  Took  Window  Help
N5 d a9- 45 8 Gl U4 AP gaFraon EE ¥y 2303

& [ " Example Name : Simulation of Three-phase PWM Inverter Circult ||
No PE-01
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Most of the properties (e.g., voltage, current, frequency, resistance, inductance, and
the ‘switch ON’ time) of parts (e.g., power sources, resistors, and switches) can be set
as parameters. However, note that variable names cannot be used for some properties,
such as initial values (e.g., the initial current in an inductor or the initial voltage of a
capacitor), file names of parts that reference external files, and properties of power-
flow-calculation auxiliary parts.

All properties that can be used as macro-part parameters are permitted.

Only alphanumeric characters (uppercase letters, lowercase letters or numbers) and
underscores “_” can be used for the parameter names.

Note that auxiliary units (prefixes for units of measurement such as M, k, m, or u) for
values set as parameters in the properties input screen are ignored.

Note that a normal analysis is no longer possible if part-property parameters are set

in order to run consecutive analysis (since values are not input for variables entered
as parameters).
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2. Enter the parameter name in the ‘Parameter name’ field.

o s ; lysis settings - [C:AXTAP._en\work\sample\PE-OT\PE-01.xsf) st o %
]&mMaMulf istical switching-surge calculation settin
| Mumber of cases | 1] :! ehllﬁn @Mhmhulﬂmm oK
Mumber of paramaters 03 D All Stop (3 Process settings S Cancel
Matrix-size Fun all/stop all setting |  Anslysis result process )L owse
e PN VY VY P [ W )
= Run /stop setting. | & Fun [~ & Run |~ M_ZEM@MEsM'vQM:omvamEem
- P
“%1:;..--..-: T
iS40
]

3. Enter the parameter value for each case.

= Consecutive-analysis settings - [C\XTAP_en\work\sample\ PE-01\PE-01asf] - 2] X
| General settings | Statistical switching-surge calculation settings

‘ Humber of cases 03
MNumber of paramsters 20 :_

st s 2l & i ik 7 8
Mfmmu._augeuﬁenﬁsm“am» Run || Run [~ % Run
15 35 e ]

1 ParamA = 25

LR R R R RN R RN RN RN RN NY)

-u!-iag..:m
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Entering parameter values can be facilitated by copying the data sets for multiple cases
from a spreadsheet program such as Excel, and pasting them into XTAP.

Bookl - Excel ca) = (m]

Page Layout Formulas Data Review View Developer Help ACROBAT TEAM g‘ Tell me ';+'_ Share

X Calibri -1 - General - EConditional Formatting ~ E“' Insert = Z = ;T =
- | B I U- A A $ ~ 9% v | [7FormatasTable~ Expelete -~ | [T~ L~
¥ e O-A- W@ 3 (7 Cell Styles ~ [ Format= | & -
Clipboard Font [ Alignment 7] Number [ Styles Cells Editing ~
K6 v fe v
:"_'"1\"‘_"'8"‘_"‘6"""G"T"E L F | 6 | u | L R Lo ]
: 1 |Param_A 204 323 125 .
12 |Param_B 33.4 417 61.3 . |
% 3 |param_C 223 41 " !
.I‘HIIIIIIIIIIIIIII [(EET RN L |
3 |
‘| —l |
e e
Sheetl . . . »
o o — A parameter or data-list information - - =
ea on . . - + %
created in Excel can be copied and
pasted as a block of multiple cells.
= Consecutive- ftings - [C:\XTAP_en\work\sample\PE-01\PE-01.xsf] - ] X
General settings Statisticy ~surge calculation settings
| Mumber of cases 20 & Al Run ﬂCmaewtive processing of analysis results || E5]OK
Number of parameters @ All Stop % Process settings i Gancel
Matrix-size Bun all/stop all settine || Analysis result process J‘ Close
|Param_ﬁ \ /

parameter a . ~ + n 5 - s - 5 - - . .

R A YA Sefting. " U2 AT AR VS Rn v DR v @Rin v |@Rin v @R v @R v
B o W I T

2 Foens e o

3 ParamC | 23 592 34da.

SN SIS E NN NS EEEEEE NN EEEEEEEEEEE

(b |~y o o -
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Parameter values can be entered using a formula syntax. The information in the
formula area or a cell is interpreted as a formula when its first character is an ‘equals’
sign (=). Cells are referenced in R1C1 format.

A reference in R1C1 format is entered as follows. A relative cell reference to the cell
that is located one cell to the left of the current cell is written ‘RC[-1]', where ‘R’ stands
for ‘row’ and ‘C’ for ‘column’. The brackets [ ] specify the number of steps separating
the referenced cell from the current cell, in the horizontal or vertical direction. Specifying
‘R’ (row) without a number in brackets means that the referenced cell is in the same
row as the current cell. ‘R[-1] signifies ‘one row up’, and ‘R[1] means ‘one row down’.
Similarly, ‘C’ (the column), specified without a number in brackets, signifies that the
referenced cell is in the same column as the current cell, ‘C[-1] signifies ‘one column
to the left’, and ‘C[1] means one column to the right. Absolute cell references are
specified without brackets. For example, ‘R1C1’ denotes the cell of the first row and
first column.

b | Consecutive-analysis settings - [C:\XTAP_en\work\sample\PE-0T\PE-01xsf] - o X
General settings Statistical switching-surge calculation sattings
Number of cases 20 & Al Run -;UGM:»:—culwe processing of analysis results || T OK
Number of parameters 20 ; @ All Stop ¥ Process settings T3 Cancel
|
Mitricai Binyipll/stonal seiliog; dnsljsis sl R xitncs JiiCloss e
[:R’J['ﬂ-‘?l
Case number
e 1 2 3 ' 5 5 7 8 3
Fun /stop setting. 2 Run |« @ Run v @ FRun ~ @ Fun v @Rn v @Run v |BRun v SR v BRun vig
1 Param_A [ 4] =RCL-1}
2 Param B 334
3 ParamGC 23
'l
5
]
7
'
[4] [
b Consecutive-analysis settings - [C:\XTAP_en\work\sample\PE-01\PE-01.xsf] -t [m] X
General settings Statistical switching-surge calculstion settings
Humber of cazes 20 @ All Fun ::qu:'ons-:culm processing of analysis results || 1T]OK
Number of parameters 20 : @ All Stop & Process seitings i Cancel
|
Matrix-size Fun all/stop all setting. | Analysis result process | Close
FRCT-1]2
Case number
i 1 2 3 ' 5 5 7 8 9
Fun /stop setting. @ Run |~ @ Run ~ @ FRin ~ @ Fun |~ @Fun v @ Rn «|@Rn v @Rn v 2Rn v (g
1 Param_& zu.u
2 Param B 324
3 ParamC 223
4
§
B
1
2
[41 ]
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Entering an ‘equals’ sign (=) in the formula area followed by a letter or text string
displays a list of functions starting with the entered text. (Hovering the mouse cursor
over the name of a function displays a tooltip with brief help information for that
function.)

5’ Consecutive-analysis settings - [C\XTAP_en\work\sample\PE-01\PE-01.xsf] = [m} X

General settings Statistical switching-surge calculation settings

Humber of cases 205 @AIIF&M :;UCDnscculi\'e procassing of analysis results _EOK
Mumber of parameters 2 2 @ All Stop i Process settings £ Cancel
Matrix-size .Rm all/stop all setting Analysiz result process L Close
MR RN R RN RN NN RN RN R RNR NN RN RARRRRRN RN R AR R RN R
: FSEGOND( M
. b M
[ SECOND(valus1) u
] 1 2 4 5
Run /stop setting. @ Run ~ @ Fun |~ @ Rn « @R ~ @R ~ @Rn v @Rm ~ @ Ruin v @Rn -
| Param_d 20 4| =SECONDA]
2 ParamB 334
3 ParamGC 23
4
5
]
i
2
41 [

7.6 Ending/canceling parameter settings

When the parameter settings have been entered, click ‘OK’ in the ‘Close’ menu to apply
the changes to the analysis circuit. (An analysis cannot be executed without first saving
the circuit.) To cancel the editing of parameter input cells, click ‘Cancel’. The ‘X’ button
at the top-right corner of the window performs the same operation as the ‘Cancel’ button.
When analysis is executed (described later), the process stops in the error status if a
parameter cell is missing a value. However, rows and columns left completely blank
are automatically ignored; no error is generated if the specified number of cases and
parameters exceeds the actual number of cases and parameters provided.

smmmmm
L] L]
s | Consecutive-analysis settings - [C:\XTAP_en\work\sample\PE-01\PE-01.xsf] — [} : :
General settings Statistical swilching-surge caloulation sattings LR RE S
Number of cases 20 5 & All Fun Bf] Gonsecutive processing of analysis resubts || ITI0K @ w m g Same as
Number of parameters il All St % Process settings o Efcancel § ‘ )
N ‘ Cancel
Matric-gize | Fun all/stop all setting | Analysis result process ] Close
FRC[-I}‘?
Cass number
il 1 2 3 ' 5 5 7 8 9
Run /stop setting. @ Run v @R ~ @ Rin ~ @BRn v @Rn v BRn ~ BRin ~ 2Rin ~ BRn ~ig
1 Param_& zu.u
2 |Param B 224
3 |ParamG 23
4
§
B
1
2
[4] u

-80 -



7.7 Executing a consecutive analysis
After entering the analysis settings and saving the circuit, press the toolbar button
indicated below to execute the consecutive analysis.

B TP - [CHXTAR CRIEPWONIE Kampie P -01WPE 01 xsf)
(LR -8 x

BN e Ede Cecum  Aealyus View  Tool  Window  Help . -
D& W B9t AAB o -RI44Y cev AP0 @EaFrEaANEE Yy BEE
— S Naal - &

% Example Name : Simulation of Three-phase PWM Inverter Circuit
No PE-01
B L | Exampls Ble vorson : Vor20 4 fysa-phase PYWAl inverter cirrist for bisnchmark test | developdd
by the ot Fpvearch Comeattee dor Bowar Elpctrones Syaimm Semsson Technokgy’ of he bouthin of Elecrc Engnosn of lapse
z:l:«"\!“':"w"lc'ﬂ The arm s pon per and iower s 0r u. v, 300 w phases
02 Termraier (fer crest con
o 03 ot Termnal (ar control
& M4 Cutpus Termnad (loe conire
oF U5 Outgnn Terminator (for com

Opetatrg orstors o Fu rwiter
Carrinr fraqueney 5z .
Simiscidal fragumngy- 100 H (l
Nodulation facter: 08 PR P

@EE T : [ vy —

Dad Tine Sun

« » Conttnns for snahrsis 100 & s 1 =x
B LG Eateulation time interval 1 b v | 3
B2 Voltage Source. Current Source Tar calaulation Oms -5
¥ Smitch calsulation” 40 ms 3
B Frobe Iay” 20me

 Tranamisuon and Darw busion Lre

04 Transtormen
7 Generator

10 Aurilary Component for Poser—
18 Aeithmetic Function Block
VT Four eithmetic Cperstons Beck

3 Gontrol Function, Bock

13 Dynamic Cortred Bk

i Time Dy Bioch

1 Logie Funchion Biock

48 Spacul Functon Block

17 Sqral Source.

43 abha-beta d-q pu Comaryon

Woll

1] Lighteg Covervolinge Shucdms 8 T —

1 Lighiving Overvoiags Skodis of rrrwsrerrrzoat

7 Smiiching Transient Overvoliage = »
1 3

¥ User's Components L
Status. 7izs [ asnm |

The following message appears if a text-format calculation output has been selected
in the analysis settings. The file size may be large for such an output. To cancel an
analysis, select ‘Yes’. To output the calculation results in text format using the set
analysis settings, select ‘No’. If there is no problem, select ‘No’ to proceed with the
calculation.

XTAP

Text format calculation result output is enabled.
| If consecutive-analysis is performed at this time, text files will
be output for all cases.
Stop processing?

=T B

The expected size of the calculation output file will be displayed. Check if there is
sufficient hard-disk capacity before proceeding with the simulation.

XTAP X

Predicted total bytes of calculation results files (xpf) for all cases: 2.3 MB
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When the calculation starts, a message is displayed indicating the case being currently
executed. Cases for which the run/stop setting has been entered as ‘Stop’ are not
executed.

XTAP

1/ 2 Calculating

The following message appears when the analysis of all the cases has finished.

XTAP

Simulation Finished

The following files are then generated:

Analysis file name_(case number).xtf
e input data files (one for each case) in text format.

Analysis file name_(case number).xtf.pp
o files generated by the XTAP analysis program as intermediate process outputs.

AUTOSUB.xmf

e a data file containing the created circuit data in the form of macro parts (since
macroing is required for using parameters).

Analysis file name_(case number).xpf
e binary files storing the analysis results (one file for each case).

Analysis file name_all.csv

¢ a file that contains the analysis results, and the file name and time for each case.
These analysis results are used when performing statistical processes.

-82 -



7.8 Statistical processes for analysis results
The recorded waveform results of a consecutive analysis carried out on a set of cases
can be loaded into XTAP to determine the following quantities:

Maximum (MAX)

Minimum (MIN)

Maximum absolute value (MAXABS)

Average (AVE)

Integral (INTEGRAL)

Effective value (RMS) (Frequencies are set in the PostProcessing.ini file.)

YVVVVVY

The PostProcessing.ini file is stored in the folder containing xgui.exe (normally
C¥XTAP¥bin).

The format used for writing values is as follows:

[PostProcessingSection]
HZ=50

In addition to the six above quantities, operations on the recorded waveforms can be
implemented using DLL files, as required by the user. For details, see Appendix 3 in
this manual, “Creating and Using DLL Files for Statistical Processes.”
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7.9 Executing statistical processes
Statistical processes are executed from the ‘analysis-result process’ menu in the
‘consecutive-analysis settings’ window.

a Consecutive-analysis settings - [C:\XTAP_en\work\sample\PE-01\PE-01.xsf] - O X
General settings istical switching-surge calculation settings
.Illlllllll.lll.llllllll..
L |
Number of cases 20 | \9 All Run : :'|_]Oon=ewlnrn peocessing of analysis results [T T3] OK
Number of parameters 20 I @ All Stap : % Process seftings 3 Cancel
u
I L}
Matrix-size | Fun all/stop all setting | Analysis result process ) Chose J
ERGL- 12 ] ]
|Gase number )
e 1 2 3 ' 5 5 7 8 3

Run /stop setting. 2 Run |~ 2 Rin v @Rn v @Rn v @Rn v @Rn v @Rn v @Rn v SRn v

1 Param_A zu.l

\Param B 234
Param C 23

1
2
3
4
5
6
1
]
4

Ta] u

(1) Consecutive processing of analysis results

= Consecutive-analysis settings - [C:\XTAP_en\work\sample\PE-01\PE-01.sf] b m] X

General settings it ing-surge lation settings
LESEEEEEEEEENEEEEEEEEENEN
Number of cases 20 | @AlRn % (] Consecutive processing of analysis results ® T0K

Number of parameters w:ll  Qaise T'M'wus'"""""" {3 Cancel
|

| Run all/stop all setting.

Matrix-size Analysis result process J Close J

ERC-1]2

(Gage number

parameter f

B Lt P B i it G i 7o [ ] 0

2
Run /stop setting. @ Run v @R v @Rin |v @Rn v SRn v BRn v/ @Rn v BRn v BRn v

|Param_A zu.l

}  Param B 24
Param C 223

Press the ‘analysis-result consecutive processing’ button to open the following screen.
Select the file ([File name] + ‘all.csv’) containing the file names for all the waveform
data, and click the ‘Open’ button. This operation can also be performed by double-
clicking on the file name.

[ Open o wavefom data. *
4|« Windows [C) + XTAPen » work » sample » PE-DI v | & | SasechPEO1 r

Orgenize »  Mew foldes e 1 @

e Hame Clate r§

o Quick access
[ Desitop

& Downloads

4 Documents

0 PE-01 se_alleww

&= Pictures
& GoogleDrive
B This PC

" %W W %N

o Creative Cloud il

3F Drepbox
i OneDrive
[ This PC
@ CODrive HIHD- »
File pame: || | | Data analysis Files (“sllew) (sl ~
Cance
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Statistical processing is executed on each waveform file.

The following window then appears, asking whether or not the calculation result files
are to be deleted. Click ‘Yes’ to delete the files, or ‘No’ to retain the files, for example to

create graphs.
XTAP

Consecutive-analysis of multiple cases complete.
Delete calculation results files (xpf) for all cases?

-

The statistical-process result files (*.csv) are output to the folder where the calculation
was executed. The file containing the maximum-value (MAX) results is named
[Analysis file name] + *_MAX.csV'. The files for the other results are named in a similar

fashion.

4 [ = | Pe-01 - o X
Home Share View o
[ t T T Dper { Select all
» E X =] o +
£ 3t - ¥ 1= 4 Edit Select none
Pinto Quick Copy Paste Delete Fename New Properties 2
access |_-'J Paste - folder - £ History ] Invert selection
Clipboard Organize New Open Select
« v 4 » ThisPC » Windows (C:) » XTAP_en > work » sample » PE-01 v O Search PE... 0
A Name Date modified Type o
~ 3k Quick access .
(=) Pe-01.pdf 2/25/201910:18 AM  Adobe Acrobat

Deskto, o+
. : O PEOLseallesy  ______.

& Downloads # 8 PE-D1_se_AVE.csv
<] Documents 13:] PE-01_se_MAX.csv

&= Pictures o+ PE-01_se_MAXABS.csv

g
& GoogleDrive # 0:] PE-D1_se_MIN.csv

B This PC + I-f RCATEMLg o0t
4, PE-O1.xtf.pp
@ Creative Cloud Fil 13 PE-01_sextf.pp
. 33 Dropbox 4} PE-01_se_1atf.pp
A PE-01_se_2.xtf.pp
i OneDrive v € >
47 items -‘ -
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The information contained in the file is shown below. This comprises the calculation
results (one data item per waveform) for the analyzed waveforms, i.e., the waveforms
that were selected for recording by ticking the appropriate checkbox and that were
output to the *.xpf files.

[

Rikid

View Developer Help

7 General E]Cond onal Formatting =
o L2 B I U- A& E-| $-% > | EFromatasTable Cells | Editing
" - H-A- .| = - % 4 (7 Cell Styles - - -
Clipboard & Font & Alignment Number & Styles S
114 - [t Je b
A B Cc D E F G H J k=
1 |File Name PE-01_se
2 |Number of casesd
3 |Analysis-tMAX
=1
5 | NodeVoltage BranchCurrent
6 |Case NumNode_u Node_v Node_w Lu Lv
7| 1 50 50 50 6.84E-31 5.92E-31
8 2 100 100 100 1.37E-30 1.1BE-30
9 | 3 150 150 150 -4.07€-16 -4.07E-16
10
11|
12|
13
18 L]
) PE-01_se_MAX ® 1] v
Ready % Y m M - 1 + 100%
(2) Process settings
s | Consecutive-analysis settings - [C:\XTAP_en\work\sample\PE-01\PE-01.xsf] T =] X
General settings Surg ion sattings
Number of cases 202 & All Fun .{le."_.o.nzec.u:w.e processing of analysis results | oK
Number of parameters 02 Q All Step T Process seitings | ERCancel
I amssmsmEEEE |
Matrix-size _I_ﬁ.n 4ll/stop all :ellm.f Analysis result process Jl___ Chose .I
ERC-1]2
Cass number
psmeter T T ) ' 5 5 7 8 9
| Run /stop setting. @ Run |~ B Rn v @ Rn v EFun v @FRun v @Rn v @Rn v BRn v SR v g
1 |Param A m
2 |Param B 334
3 |ParamC 23
4
§
]
1
2
[4] [

Pressing the ‘process settings’ button opens the following window. Enter the process
type, 32-bit DLL file name, 64-bit DLL file name, and function name. Particular DLL file
names can be selected via the ‘Browse’ button.
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I8 Post-analysis settings X
Analysis-type 32-bit DLL file name 64-bit DLL file name Function Name
1 ostpmc.essirgl.ibrayazdn _| PostProcessingLibraryb4 dil _ max v
9 MIN « PostProcessingLibrary 324l _ | PostProcessingLibraryfid dil _| _min [
3 MAXABS + PostProcessingLibrary 324l _ | PostProcessingLibrary64 dil _ | _maxabs o
4 AVE « PostProcessingLibrary 324l _.| PostProcessingLibrary64 dil _| ave w
5 v = v
B v = v
7 ™ - - L2
8 b = ~
9 L = ~
10 ~ i ~

Add row oK

In XTAP, the two dll files “PostProcessingLibrary32.dll” and “PostProcessingLibrary64.dll”
are installed by default. They contain the six operations listed previously: maximum
(MAX), minimum (MIN), maximum absolute value (MAXABS), average (AVE), integral
(INTEGRAL), and effective value (RMS). Accordingly, to perform any of these six
operations in statistical processing, they must be specified as shown below, to be
executed in the consecutive-processing of analysis results.

ﬁ Post-analysis settings X
Analysis-type 32-bit DLL file name 64-bit DLL file name Function Name
1 MAX + |PostProcessingLibrary32dIl .. PostProcessingLibrary64 dll _| _max e
2 MIN « PostProcessingLibrary324dIl _ PostProcessingLibrary 64 dll _| _min v
3 MAXABS « |PostProcessingLibrary324dll _ | PostProcessingLibrary64 dll _| _maxabs ~
4 AVE + PostProcessingLibrary32dIl _ PostProcessingLibrary64 dil _| ave v
5 INTEGRAL « PostProcessingLibrary324dIl _ PostProcessingLibrary64 dil _| _integral v
§ RMS + |PostProcessingLibrary324dIl _. PostProcessingLibrary 64 dli _lrms o
7 v = = v
8 ~ = = v
[ v 5 = v
10 | vI v
Add row Cancel

Rows, columns, and cells can be copied and pasted.

When a user-created function has been created, it can be executed by: D entering
the analysis type name, @ specifying the created DLL, and @ entering the function
name defined in the created DLL.
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7.10 Displaying analysis results in XPLT
When XPLT is started after finishing statistical calculations, the calculation-result files
are not automatically selected. The calculation-result files to be displayed can be
entered in XPLT using the ‘Add file’ button.

[l xeur O »
! Files  Tools arts  Frequency characteristics calculation result setting  Help
| &5 [&] W [] Low-ressiutien
R i—
MqsEpEaaEpnas 3
| # PE-D1
|
|
|
|
I < >
Add Chart Ramaove Chart
Hode Vollages Calculation result files are not selected,
Branch Currents " TPR]
Hode Voliage Diferences so use ‘Add file’ button to add them.
gﬁg_a_
wNode_w)
Craming Modified graph
=] Girid On
Drsvw graph  Graph properties

When displaying calculation results, produced by the consecutive-analysis function, in
XPLT, the specifier ' AUTOSUB! is added to the element name.

| Files Tools At Frequency characteristics caloulation result setting  Help

[ & [2] e [ tow-resolution

Dokt i

Add Chart Ramove Chart

Curments
Hode Violtage Differences
Centrol Signals
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8 Statistical Switching-Surge Calculation Function

8.1 Overview of statistical switching-surge calculation

function
The statistical switching-surge calculation function statistically analyzes the magnitude
of an input surge overvoltage by randomly varying the breaker ON timing and
performing many input-surge calculations. This analysis function automatically
performs all these calculations. Specifically, it lets the user set parameter values that
are related to the ON timing, perform many calculations automatically, and perform
statistical processes on the analysis results.

8.2 Opening the settings window for a switching-surge

calculation
Open the settings window for a switching-surge calculation by selecting the ‘Statistical
switching-surge calculation settings’ tab in the ‘case setting’ window.

3 amplessw-o2sy 4 5 6 H 7

Eresker name A|  Ficed time T2 dard devistion o [sec] Maximum devistion o [sec]

D

1. Breaker-search menu
¢ used to search for breakers (switch parts with breaker logic) in the circuit.

2. Calculation case-count menu
¢ used to specify the number of calculations to perform.

3. Random number setting menu

e selects the method of determining the breaker ON command timing for each case.
The ON timing is determined from uniformly distributed random values. Either of the
following two methods can be selected for generating these uniformly distributed
random numbers:

> Automatic: The seed value used to generate the random numbers is changed each time
the analysis is executed.
» Manual: The random numbers are calculated using a user-set seed value.

4. ON command setting menu

Using the timing from t = 0 until the fixed time T1 set here has elapsed as the reference,
the ON command timing uniformly distributes the range of cycles found from the set
power-source frequency. The random numbers in the distribution are the uniformly
distributed random numbers set in the ‘random number setting’ menu (ltem 3 above).

> Fixed time T1: Specify the reference time for the breaker ON time.
» Frequency: Specify the range of values.
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5. Analysis menu
¢ executes the analysis.

6. Help menu
e displays the help information (user manual).

7. Close menu

e saves the settings entered in this window upon clicking ‘OK’, or cancels them upon
clicking ‘Cancel’. The ‘X’ button at the top-right corner of the window performs the same
operation as the ‘Cancel’ button.

8.3 Analysis example

This section provides an example of a statistical surge-switching calculation for the
following circuit consisting of three breakers.

Substation 1
......... " PD_Line_100km
R o aaE siane
—:—0—/

1 + + +
—o—@—t——hm-#——t-fn'\-c—— Samnanann 1
0.40 32.1m
S o +
1 +
0.40 324Am | "
T e Substation 3 Substati
‘""‘"@""‘*‘VW"‘“W*"‘ PD_Line_050km PD_Line_070km
T 040  32am bt nEEpEN
i =
GND

(1) Breaker search

Click the ‘Breaker search’ button in the case setting window to search for breakers in
the circuit.

] Consecutive-anslysis settings - [CAXTAP_enlworkdisample\SSW-02\S5W-025] - o X

Statrtical swiching=suree calculation settings
W || Fixed tims T1 ] wec oK
el Calculation case-count 100 - | || Marusl setting |

B Analrze | g Helo |
I . i Power-tcurce frequency 1| e [ Cancel
| | |
| menmnnn cave-count || Random rusmber settings | ON command settings J
Breshernams & Fooeffime T2 [sec] | Standard devistion o [sec] Macimum deviation o [sec]
H

=
% [SnGBI
=

-

Close

fralyzis || Hep ||

, SwCB2

T ISR | o nn.

L]

[

: Displays names of
: retrieved breakers.
10
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(2) Case number specification
Specify the number of cases to calculate.

= % . i settings - [CAXTAP 0RSSW-02] S ®
General seltigs | Statistical switching-sure cakculation settines |

(3) Random number setting
Specify the method for calculating random numbers. When selecting the manual
method, enter a seed value.

& c x is settings - [CAXTAP. DRSSW-02xsf) - o *

(4) ON command settings
Enter the values for the parameters that specify the breaker ON time.

= = preanahy s setings - CXTAP. 0RSSW-02] - o %

General settings. | Statitical switching-sures calulaton settines | L uuassssssssssssssanssaann
.

I ON command settings
i Foed time T2 [sec] | Standard devistion & fsec] | Meimum deviation o [sec]

-91 -



(5) Breaker parameter input
Enter the values for the parameters that determine the breaker ON timing.

] Consecutive-snalysis settings - [CANXTAP_enlworkisample| SSW-02\S5W-02 x5 - ] *
General settrgs | Statistical switching=suree calculstion settings

W Fixed time T1 (] sec ok

- Search bresker | Caloulation case-count 100 - ||| Marnisd setting B Arshze | Heb
|| Pawmer-source trequency 1| He [ Cancel

| Semch brasker || Caleulation casa-count || Random rumber settings | OM command settngs |l dowbyzis || el || Close |

Bresker nams A Fooed time T2 [sec] Standard devistion o [sec] Macimum deviation o [zec]
e
Fixed time T2: Specify the time lapse from the ON command until
the breaker operates.
Standard deviation o: Specify the standard variation in the breaker
operation time.
Maximum deviation omax: Specify the maximum standard variation.

The breaker operates according to the following timing.

Actual input time

Normal distribution with standard
deviation o, centered about [Input
command time] + T2

Input command o
Uniform distribution from [T1] to [T1 + 1/f)]

 J

T2

Time

L]
[}
1
)
]
(]
]
]
]
[}
L
]
L
)
Ll
1
1]

(Constant) 5

(6) Analysis execution
Click the ‘analysis execution’ button to execute the analysis.

(7) Statistical processing of analysis results

Statistical analysis starts automatically when the analysis ends. (For the consecutive
analysis described in Chapter 7, the statistical analysis must be done manually. For
the statistical switching-surge calculation, the program proceeds to statistical
processing after the analysis has finished.) Click ‘Yes’ to start the statistical processing.
The analysis and output files for this processing are the same as those described in
Chapter 7. See Chapter 7 for further information.

XTAP

e Analyze all waveform data?
Che ]
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9 XPLT (Graphing Program)

9.1 Starting XPLT
To start XPLT from XTAP, select ‘XPLT (graphing program)’ from the ‘Tools’ menu in the

main window.
Tools
Circuit diagram canvas size (X)

Component canvas size

<H  XPLT (graphing pro—graD

4 XTLC (line-constant calculation program)

4 XFIT (system identification program)

The same operation can be performed by clicking the toolbar button indicated below.

D& d B0 GG -G+ UNY e AP EOFPEON EE v@

9.2 Selecting the analysis result files
When XPLT starts, an analysis result file (*.xpf file) is selected if the analysis was
executed before starting XPLT. Otherwise, or to select a different analysis result file or
to add files, click ‘Add file’ and select the desired file from the ‘Open file’ window.

Note that when attempting to select an analysis-result file for which the analysis was
done without checking the ‘Recording’ option for any part, there will be no data to output.
The message ‘No data to output’ therefore appears, and the analysis result file is not
selected.

Multiple analysis-result files can be selected, enabling the data from each file to be
plotted onto a single graph.
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Files Tools Chans  Frequency characteristics calculation result setting  Help

[ e %] 3 [S] Low-resoluion mode

~_ Calculation result executed
< > before starting XPLT

ode Voltages
Branch Currents
Mode Voltage Differences
Control Signals

g’lﬂ_

dode
w{Node w)

Dramving Modified graph
[ Girid On
Draw graph  Graph properties

9.3 Displaying graphs

There are two types of graph displays: normal (plotting unmodified outputs) and
modified (plotting modified outputs). The normal graph displays are themselves of two
types: a transient-analysis graph display (with time on the horizontal axis), and a
frequency-characteristic calculation graph display (with frequency on the horizontal
axis).

B xpur - o e
Files Toole Charts  Frequency characteristics calculation result setting  Help
& [&]Q 9 i & ¥ % | @ [X]Low-resolution mode
1
Add File Delate File

Z—1 @ Select graph result file )

Mo, File Name /
# PE-01

Branch Currents |A]

002 0.03 0.04
Time [s)

— L) #1" —L) ] — L) #1"

@ Add blank graph

@ Select item

@ Select output to display (one or more)

\

Modifd g ® Click to create graph

A Grid On
Ciraw graph  Graph properties
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(1) Normal graph display

@ Select a graph result file. Only one graph file can be selected.

@ Click the ‘Add graph’ button to add a graph area. Do not click this button when
adding to a graph area that is already displayed.

@ Select the item to display.

@ Select the output to display. Multiple outputs can be selected by pressing the
Control or Shift key.

® Click the ‘Graph’ button.

The output from multiple result files can be displayed onto a single graph. To display a
second output, select a different graph result file in Step 1 above, and plot it in the same
graph area. The numerical labels shown in the legend below the graph (i.e., #1 and #2)
refer to the numbers written to the left of the file names in the window.

11

1

o
©

o
3

Control Signals
o2
o

Graph result file numbers

e
3

5 7 8 9 10
Time

o
N
w
EN

=3
o
] |

e $(SYNCGEN1/EA_PU) #1* s 5(SyncGen1/EA_PU) #2*

Loading and plotting large amounts of data are a slow process. When the number of
data points exceeds the specified number, it is possible to omit some data points from
the display (low-resolution mode), or to display all the data points (full-resolution mode).
Low-resolution graphs are denoted by an asterisk after the file number in the label
below the graph.

S R1Q 9 i & 3 5 X R

>
% 0.8
= Asterisk (*) indicates
8§ 074 graph is displayed in low
resolution mode
0.6
0.5 . . . . : ;
0 1 2 3 4 5 6 7 8 9 10
Timg [s]

m—— 5(SyncGen1/EA_PU) #1* === s(SyncGen1/EA_PU) #2*

The default setting is to cull points if there are 10,000 or more. To switch between low-
and full-resolution modes, select ‘Tools’ from the ‘File’ menu, or click the corresponding
toolbar button. The low-resolution mode is also described in Section 6.5.
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(2) Graph display for the frequency-characteristic calculation
When a frequency-characteristic calculation result file is selected, the words
‘frequency characteristic’ are appended to the file name and the graph is created
with frequency on the horizontal axis. The absolute value and phase are displayed
on the vertical axis by default. The horizontal axis has a logarithmic scale if that
option was chosen for frequency sampling. Modified graph displays are produced in
the same way as normal graph displays.

5 ey
Files  Tools
& [ala

Add File

Charts  Freguency characteristics calp(lation result se

Indicates file is frequency
characteristic result file

=2 Full-resclution mode

1
Delete File

O
F— Absolute value graph
Casp1
001
s Phase angle graph
: > 0.008
Add Chart Fiamave Chart 2 ]
£ 0,00 H]
Ey E >
gm:h Valsges 3 02
5 0.004 =
2 3
z Pl 2
0002 ~]
LA
0 -180
0 100 200 300 400 500 600 700 800 900 1000
Frequency Hz]
— (E_sin1) 21
2
0O
Case 1
001 0
0008 \
:
S o008 \ \ 5
E >
3 | 02
S0004 \ >
s \ g
& =
0002 \
0 -180
1 10 100 1000

Drawing

Dramw qraph  Gragh properties

Modified graph

[ Geid On

Frequency [Hz]

w— (E_sin1) ®1

-96 -

Log-scale axis




(3) Modified graphing
Modified graphs involve the 5 following actions.
% Draw graph X
Select the modification method.

(@) Integral

(O Fourier Transform

() Fourier-series expansion (specified interval)

Base Frequency 1 Hz
(O Constant (a*f(t)+b)

O XYPlot

@ Integration
e displays the integrated result of the selected output.

@ Fourier transform

e displays the Fourier transform of the selected output. The phase angle is also
displayed when the ‘Phase angle display’ checkbox is checked.

@ Fourier-series expansion (specified interval)

e performs a Fourier-series expansion over a specified range of the selected data. The
phase angle is also displayed when the ‘Phase angle display’ checkbox is checked.
The calculation range is set with the endpoint determined automatically from the
specified reference frequency once the starting point has been set (moved left or right).
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ﬂ Specify calculation range. X

P ~

y rFy
002 Start 003 End 004
Time [s]

— L) 21

1

Start | 0024 [5] Output maximum order | 3] (4 Grid On

Things to Note
= The endpoint is automatically calculated from the start pont and reference frequency (cycle).
= The start point and endpoint must exist in the waveform display period above.
= The output maximum order defermines until which order the harmanic components of the

reference frequency are output. Enter an integer. A larger number here will increass the
calculation time.

@ Constants (a*f(t)+b)

e multiplies the selected output by a specified constant a and adds a specified offset b.

%8 Draw graph X
Select the modification method.

O Inteeral

(O Fourier Transform

(O Fourier-series expansion (specified interval)

Base Frequency 1/ Hz
(® Constant (axf(t)+b)
| 5 | 3]
O XYPlot
==
® XY plot

¢ selects two signals and plots a graph by using one as the horizontal axis and the
other as the vertical axis (for instance, this can be used to render the i-® characteristics
from the current and magnetic flux). Click the ‘Plot’ button to display the following
screen. Select the signals here in the same way as on the main XPLT screen, and set
them for use as the X and Y axes.
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S8 Specify the XY plot.

MNo.  File Name

#l PQ-02-A

W

Branch Voltages
Control Signals

P,
7 | Xaxis> |

< Hraxis

| Yeais> |

CY-nxie |

BRI [cercei ]

Only one signal may be selected for the X axis (once it is selected, the ‘X axis >’
button will be deactivated). Multiple signals may be selected for the Y axis.

58 specify the XY plot. X

No.  File Name
< >
Node Voltages
Branch Currents
Branch Voltages
E ) | (SwCE a) 71

Hrmkiz ¥

{H-axis |

s(INT1) 21
Y-axis >
< Y-axis |
oK | [F Oml
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Click the OK button to display an XY plot as shown below.

C - O x
| B Tech G Fragumey chusctmuses cokutuon et eting oty
F[R]89 w2 HE d T restnmot
Rair | [[oukari o ,
o e beme P i) case 1
o ro-ma_______ owaag
" o
= __1 — | -0
A Chart Remve Chart g_m
o g
T — Fam
3
| e
o <300
160 "y 120 100 80 e -0 20 L] n
Branch Cutens [4]
— T
J

Drmie Mokt g1y
(=1
Do eragh Gigh prepeties
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(4) Panel button operations

Adds analysis-result files to the list.

— | Deletes the selected analysis-result file
Delete File =— | y

Add File from the list.

Ma.  File Mame Path Ma

PQ-02-A Displays the added analysis-result

files. This is used to select the file to
graph when multiple files have been
added. Only one file can be selected.

Add Chart Remove Chagt

Mode Voltages
Eranch Currents
Branch “oltages
Control Signals

Deletes one graph screen.
ih
Egﬁiizj E

Selects the item to be plotted.
Only one item can be selected.

Adds one graph screen.

Drag an item with the mouse to move the
boundary line.

Selects the results to output. Hold down
the Shift or Control key on the keyboard
to select multiple results.

After selecting items, click this button to
create the graph.

|_—— | Click this button to display the result of

_ _ / integration or a Fourier transform of the
Drawing Modified eraph dlsplayed graph.

Grid On

Draw graph  Graph properties

Check/uncheck to enable/disable grid line
display.
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(5) Graph display area

8 e - O X
Files Tooks Charts  Freguency characteristics calculstion result setting  Help
¥ ?Q 3 i ¥ & @ I Full-resalution mode
Add Fil Delate Fik Graph area oy
Mo.  File Name Path Na Case 1
(]
4
< >
z .
Add Chart Remaove Chart 2 2
52 Plot area
@
+ |, v/
m’:} -
’ 002 003 0.04
Time [s]
— jiLu) L) #] o (L) #1
\ J
2
) -y
Case 1
g
= A white graph background indicates the currently
z ‘ selected data. A function can be plotted on the
current graph by selecting it and clicking the
‘Graph’ button. To load the graph into a different
area, click the ‘Add graph’ button to create the new
Drawing Modified eraph graph area.
[ Grid On
Deaw graph  Graph properties I
—_

Check this checkbox to select the data if you
want to save it in CSV format or copy it to the
clipboard.
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9.4 Graph editing

Select any waveform or the legend of the graph and right-click with the mouse to
display a menu. The plot line then displayed with a thick line is the selected waveform.

Case 1

A, g,

41 Recolor
= 2] Change Thickness
5 Change Line Pattern »
30 Change Marker »
—
g 5 Marker Size
it
® Delete Del

Clear Selections

-6 Low-resolution display
Full-resolution display

Display numerical data.
TWECTHT TEVTT i(Lw)#1*

Change color

The color of the selected curve can be changed. Select ‘Change color’ from the menu
to open the ‘Color settings’ dialog. Select the desired color and click ‘OK’. The curve
changes color accordingly.

Change thickness
You can change the line thickness of the selected curve. Select ‘Change thickness’
from the menu and select the desired thickness magnification.

Change Line Pattern
It is possible to change the line type of the plotted graph. Choose one line type (solid
line, dash line, etc) from the menu options.

Change Marker
It is possible to add a marker to a waveform (the marker is set to ‘None’ by default).

Marker Size
You can set the marker size when adding markers to the waveform.

Delete

Selecting a curve in the graph by clicking on it gives it a thicker line width. Right-click
and select ‘Delete’ from the menu to delete the selected curve. The graph area still
remains even if all the curves have been deleted. To delete the graph area also, click
the ‘Delete graph’ button in the panel on the right.

Clear Selections
This menu item deselects a selected curve, reverting its line width back to the normal.

Low-resolution display
This option switches the display of a curve from full to low resolution. This item cannot
be selected when the curve is already displayed in low-resolution display mode.

Full-resolution display

This option switches the display of a curve from low- to full-resolution. This item cannot
be selected when the curve is already displayed in full-resolution display mode.
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Display numerical data

This option displays the numerical values for the selected curve in a text editor
(Windows Notepad (notepad.exe) by default). The numerical data are displayed in tab-
separated format, allowing copying and pasting to Excel or similar spreadsheet
software. You can change the choice of text editor. (Windows Notepad is slow when
displaying a large volume of data, so using a faster text editor is recommended.)

T tmpbtetaas1§ 10767 - Notepad - O *
Bl Edt Fgmat Yew Help

ase |
Tine [s] Branch Currents [4] i(Lu) #1 Branch Currents [A] i(Lv) £1 Branch Currents [.l
2.000000000e-002 -2.259551658e+000 ~2.399419247e+000 4.658070905e+000
2.000100000e-002 fe+00D -2. 40701192 4e+000 4,6583060020+000
2,000200000e-002 Te+000 =2.414507010e+000 4,659638947.+000
2.000300000=-002 0 -2.422174511e+000 4.659972470e+000
2.0004000000-002 -2.290551225-1'000 ~2.429744437e+000 4.6603056616+000
2.,000500000e-002 -2.226269290e+000 ~2.435843008e+000 4.B62102306e+000
2.000600000e-002 -2.229027410e+000 -2 . 43840261 3e+000 4 B674300232+000
2,000700000s-002 -2.2317928100+000 -2, 440959631 0+000 4.672752441 94000
2.000300000e-002 -2.234565485e+000 ~2.443514086e+000 4 .678060562e+000
2.000900000e-002 -2.237315466e+000 -2 . 446065923e+000 4,6833813090e+000
2.,001000000=-002 -2.240072722e+000 -2.448615205e+000 4,608687923e+000
2.001100000=-002 -2.242827263e+000 ~2.451161917a+000 4.603980180e+000
2.001200000e-002 ~2.245579088e+000 -2 . 453706061 e+000 4, 6092851 49e+000
2.,001300000e-002 -2.248328197e+000 -2.456247642e+000 4,704575839e+000
2.001400000e-002 -2.251074581+000 -2 .458786663.+000 4. 709361255e+000
2.001500000e-002 -2.253818271e+000 -2.461323120e+000 4, 715141393e+000
2.,001600000e-002 ~2.256569235e+000 -2.463857042e+000 4, 7204162772+000
2.001700000e-002 -2.259207486e+000 -2 . 466368405e+000 4.7256: a
2,001800000s-002 -2.2620330240+000 -2, 463917223+000 4.7
2.001900000e-002 -2.264T65840e+000 -2.471443488e+000 4.
2.002000000e-002 -2.267485964e+000 -2 .473867235e+000 4,
2,002100000e-002 -2 2 -2.4T64684350+000 4. 7467118034000
2.002200000e-002 2 ~2.479007102e+000 4.7519551662+000
2.002300000e-002 -2.481523240e+000 4,767193293e+000
2.,002400000e-002 -&. -2.434036851 6+000 4,762426186e+000
2.002500000=-002 2. -2 . 4B6547938e+000 4. 767653852e+000
2.002600000e-002 2. -2 .4890565050 +000 4.7728762042+000
2.002700000e-002 2. -2.491562655e+000 4,778093517e+000
2.002300000=-002 -2.2892395 Te+000 ~2.494066088e+000 4. 783305526e+000 |
« »

Right-clicking away from a curve but still in the graph area displays a menu containing
only the ‘Display numerical data’ item. Selecting this item displays the numerical data
for all the curves in the graph.
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Editing the properties list
Clicking the ‘Graph properties’ tab at the bottom of the screen’s left panel activates the
properties-list mode, which displays the properties list for the current graph.

v X-axis
0.02
Minimum value True
Yaxis Max  0.04
Maximum value[¥] True
v Y-axis
Y-axis Min -b
Minimum value True
Y-axis Max [}
Maximum value[¥] True
v Y2-axis
Y2-axis Min - 0
Minimum value True
Yi-axie Max 0
Maximum value[v] True

X-axis Min
Specify the minimum value of the X-axis.
Read the file and display it again.

R p——
Draw eraphl Graph properties

Maximum and minimum values can be set for the X- and Y-axes in the properties list.
If different quantities (such as voltage and current) are plotted simultaneously on a
single graph, the properties list for all the corresponding Y-axes are also shown.

Clicking on the X- or Y-axis graph label while in properties-list mode allows a change
of the corresponding measurement units. It is also possible to change the units of the
X- or Y-axis by clicking the legend of the X- or Y-axis, respectively.

v Y-axis Units !

Curent ] o 1O
kA

g

urrents [4]

-~
[*3

Click the label to change units

Select the units
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9.5 Menus
(1) File menu

Files

Create Mew

[ Open Template
Save to Template

Save as to template

Page Setup...
Print Preview

Print

Exit

New
This option erases all the currently displayed graph data and displays a new graph.

Open template
A template is a group of files containing generic patterns of presentation that can be
used as models for creating graphs of the same type. A template must be created from
individual template files before it can be used. To open template files, select ‘Open
template’ from the ‘File’ menu in the main window. The following file-selection screen
appears. The arrow button is used to move the file selected on the left to the list of files
to be opened, on the right.

Lists the names of files that can be
used in templates. A circle to the left of
a file name indicates the file exists.
Folder names can be checked by
scrolling the display with the scroll bar.

S8 frmOpenTemp - ] X
No. ! File Mame Patif Hame Mo File Name Path Name
G¥ ATAPYwork ¥{MEEYP
All=
/ =
When using all the files to
create the graph, click this e
button to move all the files to
the list on the right at once.
< > < >
=

Moves only the selected file Used to select files not registered as
to the list on the right. templates. Displays new files in the list.

Save to template/Save as to template
After displaying the graphs, select one of these menu items to save the currently
displayed graph items.
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Page settings

This option is used to specify the number of graphs printed per page (i.e., on one sheet

of paper) and the page margins.

Page Setup X

Number of graphs displayed on 1 page: |5

Margins(millimeters)
Left Right
Top cotom

| Gancel

Print preview

A preview is shown of how the currently displayed graphs will appear when printed.

W Print preview
SO-0mBE .| 0

z

Print

The displayed graphs are printed. If any of the graphs have been checked, only the

checked graphs are printed.

Exit
The application terminates.
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(2) Tools menu

Tools

Select
Q

Enlarge waveform

Reset

¢+ TimeLag On

LA 4

Display waveform values 1
Display waveform values 2
Marker Off

“ Change entire graph size
ofF Reset all checkboxes

2 Redraw graph

Sawve as CSV Files

#  Full-resolution mode

| Move up Ctrl+Up

Mowve down Ctrl+Down

Selection
¢ enters the normal mode for selecting a waveform. Click this button to switch from the
‘Enlarge waveform’ mode described below to the normal mode.

Enlarge waveform

¢ enters the mode for enlarging a waveform. This mode causes the mouse cursor to
change to a magnifying glass. Drag any part of the graph to zoom in to that region.
Right-click to return to the normal selection mode.

Restore
e restores an enlarged waveform display to the normal display.

Display time difference

e displays two markers on the graph (red and blue). Use the mouse to drag the markers
to the waveforms you would like to focus on. The times and differences indicated by
the two markers are displayed in the upper left corner of the graph. Select [Delete
marker] to delete that marker.

1

Time1=2532e-002
Time2 = 2.224e-002 Case 1
ATime =3.080e-003
6
4
=
£2
=
3o
=
£-2
o
-4
R T
0.02 0.03 0.04
Time [s]
— L) # TLV)#] e (L) 21
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Display waveform values

Two ordinate value markers are displayed, showing the corresponding values and their
difference.

1

Value1 = 2.000e+000
Value2 =-2.000e+000 Case 1
OValue =4.000e+000

NN NN Y
/NN NN
\/W\\,/\/

0.03 0.04
Time [g]

6

4

)

'
ra

Branch Currents [A]
o

'
B

.
@

=
=
=]

— L) # — L) ] — L) #1

Change entire graph size
e changes the display size of the entire graph.

Change graph size b 4

Change graph area size

Height

vy
Width
Width: | 70000 Henght: | 40000
Units Cancel
(®) Pixels ) Millimeters
Default

Reset all checkboxes
e resets all checkbox settings for the graph selection states.

Redraw graph
e reloads the data files of the displayed graph and redraws the graph. If the data in the

analysis result files (*.xpf files) have changed because a calculation was redone, the
currently displayed graph contents can be replaced with the new analysis results.

Save in CSV format

¢ saves the selected graph in CSV format. Selecting this item displays the file-saving
dialog, where the user can specify a filename. When saving multiple graphs, a CSV file
is created for each graph. The output for a graph saved in CSV format is shown on the
next page. Note that saving a low-resolution graph in csv format causes that data to be
culled. In this case, “culled” will appear on the first line of that file, and “*” will be
appended to the item name of the culled data.
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Signal type

Analysis result file No.

Part name
T tmp63685988T630113412 - Notepad - o *
Fle Edt Fgrmat Yiew Help
Case 1(Some omitted) -
Time [s] Branch Currents [A] i(Lu) £1 Branch Currents [A] i(Lv) §1 Branch Currents [#
2.000000000e-002 -2.259551658e+000 -2.399419247+000 4.658970905+000
2.000200000e-002 -2.245041937+000 -2.414597010e+000 4.659638947e+000
2.000400000e-002 -2.230561225e+000 -2.429744437e+000 4 .BB0305661e+000
2.000600000e-002 -2.229027410e+000 -2.438402613e+000 4.6674300232+000
2.000800000e-002 -2.2345554950+000 -2.443514066e+000 4 .B78069562e+000
2.001000000e-002 -2.240072722e+000 -2.448615205e+000 4.688687928e+000
2.001200000e-002 -2.245579088e+000 -2.453706061e+000 4.6992851492+000
2.001400000e-002 -2.251074591e+000 -2 .4587866632+000 4.709861255+000
2.001600000e-002 -2.256559235e+000 -2 .463857042e+000 4.720416277e+000
2.001800000-002 -2.262033024e+000 -2.468917223e+000 4.730950247e+000
2.002000000e-002 -2.267495964e+000 -2.473967235e+000 4,741463198e+000
2.002200000e-002 =2.272948064e+000 =2.479007102e+000 4.751955166e+000
2.002400000e-002 -2.278389335e+000 -2.484036851e+000 4.762426186e+000
2.002600000e-002 -2.283819788e+000 -2.489056505e+000 4.772876294e+000
2.002800000e-002 -2.289239437e+000 -2.494066089¢+000 4.783305526e+000
2.003000000e-002 -2.294648294e+000 -2.499065626e+000 4,793713920e+000
2.003200000e-002 -2.300046375e+000 -2.504055139+000 4.804101515+000
2.003400000e-002 -2.305433696+000 -2.509034651e+000 4.814468347e+000
2.003600000e-002 -2.304351653e+000 -2 .507545563e+000 4.811887217e+000
2.003800000e-002 -2.299742608e+000 -2.502530243e+000 4.802272851e+000
2.004000000e-002 -2.295142738e+000 -2.497524872+000 4.792667610e+000
2.004200000e-002 -2.290552032e+000 -2.492529440+000 4.783081472e+000
2.004400000e-002 -2.285970474e+000 -2.487543938e+000 4.773514412e+000
2.004600000e-002 -2.281398051e+000 -2.482568352e+000 4.763966404e+000
2.004800000e-002 -2.276834749e+000 -2.477602671e+000 4.754437420e+000
2.005000000e-002 -2.272280553e+000 -2.472646880+000 4.744927433e+000
2.005200000e-002 -2.267735446e+000 -2 .467700966+000 4.735436412e+000
2.005400000e-002 -2.263199414e+000 -2.462764912e+000 4.725964326e+000
2.005600000e-002 -2.258672440e+000 -2.457838703e+000 4. 716511143e+000 "

Low-resolution display mode/Full-resolution display mode

o switch between the low- and full-resolution display modes. The graph display
toggles between these modes each time these items are selected. The current mode
is displayed on the toolbar.

Toolbar in low-resolution mode:

& mQ ) |34 2= :ﬁ:&’r Ejmmw-resmuuunmode 1t 4

Toolbar in full-resolution mode:

B @Q 9 |4 3 % | 2l X Rull-resolution mode | T &

Move up
* Moves the currently active graph up one position.

Move down
e Moves the currently active graph down one position.
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(3) Graph menu

Charts | Freauenov characteristics calc

Sav

Save to Clipboard » |

EMF

Save graph image — Save to file
¢ saves the current graph as an image file such as a metafile or bitmap file.

Save graph image — Save to clipboard
e copies the current graph to the clipboard in bitmap format or metafile format, allowing
it to be pasted into, e.g., Microsoft Word or Excel.

(4) Setup menu

Setup
¢ Opens the setup window, where it is possible to change the settings of XPLT.

<Numerical data output settings>
o Setup

output
Giraph settihgs 1 r
Bﬁﬂ Mumerical data output settings

Program uzed for displaying numerical data

File Setup  notepadexe

Case name display setting when outputting numerical data

Dizplay case name

CGancel

Program used for displaying numerical data

In this option it is possible to choose the program used for displaying numerical
data. By default, the program used for displaying numerical data is the notepad
(notepad.exe), which is installed by default in Windows. However, when opening
large files in notepad it takes a long time to show its contents. Therefore, it is
recommended to use a lightweight text editor.

Case name display setting when outputting numerical data

In this option it is possible to choose to show the case name of the graph in the first
row of the csv file, when outputting numerical data to a csv file. When the checkbox
is checked, the case name will be shown. When the checkbox is not checked, the
case name will not be shown (in this case, the first row will be the data label and
the data will be outputted from the second row)

-111 -



<Graph settings 1>

Setup

|
Murmerical data output setting
= e 1

Giraph settinzs

v
Eﬁﬂ Graph zettings 1

Low-rezolution display setting

Mumber of data points set as amiszion threshold:

10000

When low-resalution mode iz specitied and the number of
points exceeds the number of data points specified here, the
graph iz dizplaved with data amitted with the number of points
zet here az the upper limit.

{Example] Set ta 2000 points

1000 tatal data points for analyziz result
- Display as is (1000 points in total)

G000 total data points for analysis result

=7» Dizplay 1 paoint for every 3 points of
original data (2000 points in total)

Phase dizsplay setting of frequency characteristic caloulation result

Display phase

Low-resolution display setting

Cancel

In this option it is possible to specify the total number of points that triggers the
low-resolution display setting. By default, it is set to 10000 points.

Phase display setting of frequency characteristic calculation result

In this option it is possible to choose to display the phase information when plotting
a frequency characteristic waveform. If the checkbox is checked, the phase will be
displayed in the plot. If the checkbox is not checked, it will not be displayed.

(5) Help menu

About...

¢ Displays the XTAP version information
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(6) Toolbar

Switches the plotting mode

Replots the displayed graph

Clears all checkboxes

Changes the size of the entire graph

Erases markers.

Displays the waveform value difference
(right axis) markers

Displays the waveform value difference
(left axis) markers

Displays markers showing time
difference.

Resets the graph display area

Switches to enlarge waveform display
mode

Switches to selection mode
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10 Creating and Editing Macro Parts

XTAP allows the creation (registering) of multiple circuit parts or control-block parts
together as a single new part. Once a part is registered in this way, it can be reused as
often as needed. When reused, its parameter values can also be changed.

10.1 Packaging procedure (creating macro parts)
A created circuit can be ‘packaged’ to create a new part (a ‘macro part’).

1. Create a circuit diagram. Create appropriate terminals to connect the parts to
each other by selecting the terminals from the ‘00 Installation/terminals’ part
category, and placing them in the diagram. In the example circuit diagram shown
below, a value calculated in the control system is passed to the electrical circuit
as a voltage source. The ‘01 Terminal (circuit) part can be used to connect the
terminals of electrical-circuit parts (circled in red below) to other circuits. The
control-system terminals TIME1, PI, and ‘Frequency’ (circled in blue below) do
not need to be connected to other parts; hence, use the ‘05 Terminating output
terminal (control)’ part to prevent terminals from being automatically appended to
these parts when the circuit is packaged. If the circuit contains a terminal that is
not connected to an output terminal or terminating terminal, the corresponding
terminal is automatically appended to that element when the circuit is packaged.

TT o

LI."

E_CtriSys1

Frequency

Specifying part parameters with text strings enables them to be specified as macro-
part parameters once the circuit has been made into a macro part. In this example, a
parameter is specified for the ‘Frequency’ terminal using the parameter name FREQ.

It should be noted that only alphanumeric characters (uppercase letters, lowercase

letters or numbers) and underscores “_" can be used for the parameter names.

00 Constant - [m] X

Parameters Record Display Help

O

(Specifiable by numbers only)
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The following example screen shot shows a variable named ‘Lval’ being specified for
the parameter of an inductor. It is important to note that when a variable is specified for
a parameter, the auxiliary units of that parameter (i.e., unit prefixes such as M, k, m or
u) are ignored. The value of Lval can be set from the macro part's properties as
described later, but for the present case, if Lval is set to 10.0E-3, the inductor value
used in calculations will be 10.0E-3 [H] and not 10.0E-3 [mH].

01 Inducter = O b'Y

Parameters Initial Vialue Record Display Help

][] |

L

2. Select the circuit area to be packaged. In this example, ‘Select all’ is selected from
the ‘Edit’ menu to select the entire circuit diagram. The entire circuit can also be
selected using the mouse.

TT  fe—ez—o I !
TIMET |
+
| :
© ix) '——3“@ E_CtriSys1
PI =
CALGC1 |
©—+ |
L4
Frequency

3. Select ‘Package’ from the ‘Circuit’ menu.

Circuit

[y| Select

j

Electric circuit wire
Three-phase bus

Electrical circuit N-line concentrator
Control-system wire
Multiple-signal control-system wire
Control system M-line concentrator

Text

Find Ctrl+F

Bl » ¥ 5] £&4HE

Making subcircuit (P)

Edit all branch properties

<l =

Edit all node properties.

Display all branch names.

AN

Display all node names.

This operation can also be performed by clicking the toolbar button indicated below.

p N AIDO][ED S HD
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4. The following screen appears, allowing the macro part to be registered in the part-
category window. Only the category ‘99 User's Components’ can be selected. A
subcategory can be selected only if it has already been created. See Section 10.6
for details of how to create and delete categories in the part-category window.
Select the part name with which the macro part is to be registered, then click ‘OK’.
In this example, the part name ‘Control SIN power source’ has been selected.

Save (subcircuit) Component >
Category: 99 User's Components v E
Subcategory: |<Nene> ~] Gancel
Name: [ ~ ]

Compaonent type:
Seets:

5. Specify the caption name that will be used to label the macro part on the canvas.
This may include upper- and lowercase letters, the underscore character (_), and
numbers. Caption names may not start with a number and cannot contain
Japanese characters or other Asian-width characters.

Caption Name

Enter a caption name.

F Weve |

Click ‘OK’ to create the macro part on the canvas.

[ XTAP - [NewCircuit1] - o
BB File Edit Circuit  Analysis  View  Tools  Window  Help -5 x
DEd @9 - dA@Gon -[Rl]4IAN > AID EBasrdon EE ¥y EHED

D -
0 Girpund, Terminal
01 ALG
02 Voltage Source, Current Source
03 Switch
04 Probe
05 Transmission ard Distribution Line
06 Transfor mer
07 Ganarator
08 DO powes transmission. Frequen

0 PV SIN_Wave1
10 Electrc Motor
20 Auciliary Component fior Power-
40 Arithmetic Function Blotk L]
41 Four Arithmetic Operations Block —
42 Contral Function Black o
43 Dynamic Gontrol Black
44 Time Delay Block |
15 Logi Funclion Block | o
=

46 Special Function Block
47 Sagnal Source
48 alpha-beta, d—g, pu Corversion
49 DLL
B0 Lightriing Overvoltage Studies of
81 Lighinine Overvoltaee Studies of
82 Swvichig Transent Cvervoltage
| 89 User's Components

oF SIN Wave

v
< >

Status IRIGEGG | 2166667
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The original part type determines how the terminals of the created part are handled,
as shown below.

Terminal (circuit) parts become red square terminals.

Input terminal (control) parts become yellow square

._,___,_w{f.__,__, terminals.
100
inp1 outd Example
o> I 4
inp1 out1 ]
ABS1
@5"‘_1 Output terminal (control) parts become blue
square terminals
FIX1

Terminating terminal (circuit) parts and
terminating output terminal (control) parts do
not extend outside the part.

6. The part created in the part-category window is registered.

99 User's Components ;

o/ SIN Wave
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If the part was created in a previously specified subcategory, it is registered in that
subcategory.

Save (subcircuit) Component X
Category: 99 User's Companents v [Il
Subcategory: |user | v Cancel
MName: SIN Wave2 ~|
Component type:

Seets:

99 User's Components

- user |
" SIN Wave?2
/ SIN_Wave

7 Method for setting parameters

In Step 1, the parameter for the ‘Frequency’ part was entered using the text string
FREQ, making it a parameter for the macro part. We here describe how to specify
this parameter when using the macro part.

Composition of macro part (Sin_Wave1)

Sin_Wave1
-~ ’
= [ 3
fr; TIME1 +
- @—)—i fx) p———> E_CtriSys1
Pl CALC1
_| o
Frequacy
X0 Conatant o x
Parameters Recoed Daplay  Help
C [Frecd
(Epacifiable by numbars onby)

Double-click on the macro part ‘Sin_Wave1’ to open its ‘parameter setting’ screen.
Specify the value of the ‘Frequency’ parameter in Sin_Wave1 as 50.0, as shown
below. As explained above, if the original circuit part enabled the selection of
auxiliary units (prefixes for the unit of measurement such as M, k, m, etc.) prior
to packaging, those auxiliary units are ignored when the parameter value is set
in the macro part.
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SIN_Wave2 -

Parameter Recording View  Acquire power-flow calculation information.

1ASA—R
# Set 50.0 Hz to the constant "Frequency”
™~
FREQ = 50.0
v
< >
FHER
N
N
£ >
[ ok | | cancel
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10.2 Changing macro parts

(1) Changing the circuits of macro parts placed in circuit diagrams
This section describes how to change the circuit within a macro part that is placed in a
circuit diagram. Changes made to macro-part elements are applied to all the parts
contained in the circuit diagram (or macroed circuit diagram) that were created from
that part. Changes are applied even to a new part that is introduced into the circuit
diagram via the ‘part category’ window, provided that this change was made in the
circuit diagram. (In the circuit diagram, the same macro parts all have the same
configuration, and the configuration in the circuit diagram has priority). However, part
configurations that are modified in the ‘part category’ window do not affect the original
part configuration; thus, a part placed on another circuit canvas will retain the original
configuration.

1. Right-click the macro part you want to edit. The ‘macro part’ menu appears.
Select ‘Edit packaged diagram’.

SIN_Wave2_1

Cut Ctrl+X
3 Copy Ctrl+C

Paste Ctrl+V
Paste with same name  Ctrl+Shift+V
¥ Delete Del
Figure 3
& Properties
Edit lcon

Component properties

Edit subcircuit diagram

2. The circuit diagram that the macro part was packaged from is displayed. The
background color of the circuit-diagram canvas is gray, as when editing icons.

[ XTAP - [Component/SIN_ Wavel/SIN Wave2_1] (] i |
File Edit Circuit  Analysis View Tocks Window Helj -8 %

-] y p

D& @ a2 @ FrRl 442 0w aB 1E] EE Yy EEaE

0 Ground Terminal

1 ALG

2 Vialtage Source. Current Source

3 Swich

4 Probe

8 Transmizsion and Distribution Line

6 Transhormer

07 Generator T p=>—

&% DG power tranamission. Frequen ~

WV

T8 Electric Motoe

0 Auxilisry Componeri foe Pomer= TIME1

10 Aeihmetic Function Block
e

42 Cort

lxtmsr-:-e_:’:-.-wl Block fix) p—> E_CtriSys1
e (> -
Pl CALC1
x
( : ) EREEEE
Frequency

3. Edit and save the circuit diagram.
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(2) Changing circuits of macro parts registered in the ‘part category’
window

The circuit of a macro part registered in the ‘part category’ window is edited as follows.

1. Select ‘Open’ — ‘Open component’ from the ‘File’ menu, or click the toolbar
button used to open files and select ‘Open component’.

e |

] Create circuit diagram (M) Ctrl+M
5 Open circuit diagram Ctrl+0
E Create component Ctrl+Shift+M
|L_; Open component (Q)  Ctrl+Shift+0
Bename component
Create category Ctrl+G
Cloze
A Save Ctrl+5
Save as
Export 3
Import 3
0 Page Setup
= Print Ctrl+P
&, Print Preview
Exit XTAP

2. Select the macro part you want to edit, then click ‘Display part’.

Open component X
Category: 99 User's Components v Ok
Subcategory: <{None> v Cancel
Name: SIN_ Wave v
Component type:  Circuit N grﬁe_rti_e:s_ loe.s
St n | [Eircomonn]
\Nermmssmmssmmesmmns
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3. The circuit diagram from which the macro part was packaged is displayed on a
canvas with a blue background.

B8 xrae - (G 9 User's Cs 1£5IN_WaveZxml] - o *
BB Fie  Edit Circuit  Analysic  View Tools Window  Help . x|
DBH sL@2-0- A G wx -[Rl44% +r%apaESFrEanEE vy BEE

00 Ground. Termina!

01 RLC
02 Voltags Source, Current Source

03 Switch
04 Probe

05 Transmission and Distribution Line|
06 Transformer

07 Ganarator

08 DG power transmission. Fraguen.
03 PV

10 Electric Mator

20 Ausiliary Comparent for Paver—_
4 Arithmatic Function Black

41 Four Arithmetic Opsrations Black
42 Gontrol Function Block

43 Dynamic Control Block |
44 Tim Delsy Block | [
15 Logic Function Block |
46 Special Function Block | |
47 Signal Source | |
48 alpha-befa d-a pu Conversion _ |
R I [
0 Liehtnine Overvoltage Shadies of | |
01 Lightnine Overvoltsge Studies of _| | |
82 Switching Tranient Overvoliage _| | 1

04 Uzar's Componants | |
= [ umer | I |
o SIN Wavel | |
o SN Wave | |
| |
1 |
| :
| |
|
|
|
| | -
Status 5833333 | 391.6666 .

4. Edit and save the circuit diagram.
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10.3 Editing macro-part icons
The icon of a created macro part is edited as follows.

1. Select ‘Open’ — ‘Open component’ from the ‘File’ menu, or click the toolbar
button used to open files and select ‘Open component’.

Create circuit diagram () Ctrl+M
Open circuit diagram Ctrl+0

B
=
=
E Create component Ctrl+Shift+ M
._; Open component (@) Ctrl+Shift+0

Rename component
Create category Ctrl+G
Cloze

A Save Ctrl+5
Save as

Export 3
Import 3
Page Setup

Print Ctrl+P

[ =

Print Preview

Exit XTAP

2. Select the macro part you want to edit, then click ‘Display part’.

Open component b4

promrm———

Category: 99 User's Components | n |I] 1
- ——

Subcategory: <None> v Cancel

Name: SIN_Wave v

Component type:  Curcuit Properties

Seets: 0 Display component

The button operations are described below.

Ok
¢ opens the editing screen for the icon of the macro part.

Property
¢ used to register parameters/formulas, or change part caption names.

Display part

e displays the parts that compose the macro part (the original circuit diagram). This is
used to change the circuit configuration or part parameters.
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3. The icon-editing screen is displayed on a canvas with a blue background.

B cTap - (SIN_Wave]
& Fle Edit Figue(@ View Took Window Help

D Y IO » %A

09 Ground, Terminal
01 RLG
02 Volage Source. Current Source
03 Switch
4 Probe
05 Trangmassaon and Detribution Line
B Transtormer
07 Ganarator r
% DC power transmission, Frequen
WV
18 Electric Motor
0 Auzciluary Componant for Power=
4 Arithmetic Function Block
A1 Four Arthmete: Operations Block
42 Control Function Block
43 Dynasmic Control Block
44 Time Delay Block.
45 Logie Function Binck
45 Specisl Function Block
AT Sural Source
48 alpha-beta, d-q pu Corversion
49 DLL
0 Lightring Overvollage Studes of
#1 Lichinre Overvolisgs Studms of
82 Switchirg Transient Overvollage
99 Lser's Components r

user|

o S Mool

o SN Wave

Ht2 = t1

The following operations can be performed in the icon-editing screen:

Form (Z) menu (drawing objects)

Figure (£)

Check terminal censistency.

Select
Terminal (F)

Input terminal
Output terminal
Multiple-signal input terminal

Multiple-signal output terminal

Line
Triangle
Rectangle
Ellipse
Text

O0O000 O000 O [@

Select
e selects a drawing object placed on the component canvas.

Straight line
e creates a straight line.

Triangle
e creates a triangle.

Rectangle
e creates a rectangle.

Circle
e creates a circle.

Text string
e creates a text string.
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4l - 4 : a@a

. i .. Line.
.. . Triang
' Récta'ngI'
O ~ Circle
- Text - SR
Text string

Line
e creates a line.

1. Select ‘Line’ from the ‘Form’ menu.
2. Move the mouse cursor to the component canvas, and click the starting location.
3. Drag the mouse to draw the line to the desired end location.
4. Select ‘Select’ from the ‘Form’ menu.
5. Double-click the created line to display its properties screen. Set the required
property values to adjust the line features.
LineDialog X
Pen information —Ok
PenWidth: | 1
Pen Color: B Cancel
Coordinate information Arrow
Begin:  [-42 | [-120] ==

Do not (defaul + |

End (82 | [-120]

Pen information
Pen Width: sets the line thickness.
Pen Color: sets the line color.

Coordinate information
Start point: sets the coordinates of the starting location.
Endpoint: sets the coordinates of the end location.

Arrows

None (default): leaves the line without arrow ends.
Start point: adds an arrow to the starting end of the line.
Endpoint: adds an arrow to the endpoint of the line.
Both: adds arrows to both ends of the line.
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Triangle

e creates a triangle.

1. Select ‘triangle’ from the ‘Form’ menu.

2. Move the mouse cursor to the component canvas, and click the location at which
to create the triangle. A triangle is displayed.

3. Select ‘Select’ from the ‘Form’ menu.

4. Double-click the created triangle to display its properties screen. Set the
required property values to adjust the triangle features.

TriangleDialog X
Pen information Fill information.

Pen Width: L ]'_ Filk D

Pen Cobor: [l Fill Colors: Cancel
Coordinate information

locationt: X [-7 | Y- [-99

location2 X [-26 | v [-61

locationd X [30 | v [-86 |

Pen information
Pen Width: sets the line thickness.
Pen Color: sets the line color.

Fill information
Fill: check this box to fill the triangle with the selected color.
Fill color: sets the fill color.

Coordinate information
e sets the triangle corner coordinates.
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Rectangle
e creates a rectangle.
1. Select ‘Rectangle’ from the ‘Form’ menu.

2. Move the mouse cursor to the component canvas, and left-click at the desired

location of the top-left corner of the rectangle.

3. Drag the mouse to define the size of the rectangle.
4. The rectangle is created when you stop dragging the mouse.
5. Select ‘Select’ from the ‘Form’ menu.
6. Double-click the created rectangle to display its properties screen. Set the
required property values to adjust the rectangle features.
RectangleDialog X
Pen information = Fill information.
Pen Width: 1 Eill G E
Pen Color: . Fill Colors: Gancel
Coordinate information
Location: X |-24 | Y: [-86
Width: [48 | Height: [50
Shapes
Shape
.R-er.‘tang!e v

Pen information
Pen Width: sets the line thickness.
Pen Color: sets the line color.

Fill information
Fill: check this box to fill the rectangle with the selected color.
Fill color: sets the fill color.

Coordinate information

Top-left coordinates: sets the coordinates of the top-left corner.
Width: sets the width.

Height: sets the height.

Rectangle shape

Rectangle: defines a normal rectangle (square corners).
Rounded rectangle: gives the rectangle rounded corners.
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Circle
e creates a circle.
1. Select ‘Circle’ from the ‘Form’ menu.

2. Move the mouse cursor to the component canvas, and left-click at the desired

location of the top-left of the circle frame.

Drag the mouse to define the size of the circle.
A circle is created when you stop dragging the mouse.
Select ‘Select’ from the ‘Form’ menu.

o Ok w

property values to adjust the circle features.

EllipseDialog X

Pen information Fill information. _“
Pen Width: | 1] Fill O
Pen Color: = Fill Colors: eoiz)

Coordinate information
Location: X _-30 Y: _45

Width: (64 | Height: [43

Gustomize ellipsoid
Start angle:

Elliptical arc: O 0 180

Pen information
Pen Width: sets the line thickness.
Pen Color: sets the line color.

Fill information
Fill: check this box to fill the circle with the selected color.
Fill color: sets the fill color.

Coordinate information

Double-click the created circle to display its properties screen. Set the required

Top-left coordinates: sets the coordinates of the top-left corner of the circle frame.

Width: sets the width of the circle frame.
Height: sets the height of the circle frame.

Customize circle

Make into arc: turns the circle into an arc when this box is checked.

Start angle: sets the starting angle of the arc.
Sweep angle: sets the sweep angle of the arc.
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Text string

e creates a text string.

1. Select ‘Text string’ from the ‘Form’ menu.

2. Move the mouse cursor to the component canvas, and click at the desired
location of the text string.

3. The cursor appears for entering text.

4. Enter the desired text string.

5. Select ‘Select’ from the ‘Form’ menu.

6. Selectthe created text string and right-click to display a menu. Select ‘Properties’
from this menu to display the properties screen for the text string. Set the
required property values to adjust the text-string features.

FontDialog X

Current font

Font (@@ ]| sew
Font Size: _9 ool
Font Color: N

Coordinate information v
Center Location: D [E

Text Direction

Direction: __H_o;_i_z_éﬁ_tgl v|

Caption
Text |

Current font

Click ‘Set’ to set the font.

Font X
Font: Font styfe: Size:
[arial Regular 9 |

TR | [ | P | | owen

Arial Rounded MT Narrow Bold 3

\Arial Unicode MS |Narrow Bold Italii 14
Atlanta v | |Bold villlls &

Effects Sample

D Strikeout

[] Underline AaBbYyZz

Color:

[-Black - Seript:

|r\.'féstern v ]

Coordinate information
e specifies the coordinates of the center of the text string.

Display orientation

Normal: displays the text string normally.

Right 90°: rotates the text string clockwise so that its left side is at the top.

Left 90°: rotates the text string counterclockwise so that its left side is at the bottom.

Caption
e specifies the content of the text string.
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10.4 Connection-terminal settings

This section describes the screen for defining the settings of the part terminals.
Terminals can be placed on the component canvas in the same way as when editing
icons. Two parts are shown as examples in the screens below..

=TV = I Y sin B

1. Terminals (default color: red) of an electrical-circuit part are used to connect one
electrical-circuit part to another.

2. Input terminals (default color: orange) of a control-system block part connect an
input signal to the part.

3. Output terminals (default color: blue) of a control-system block part connect to
an output signal produced within the part.
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Form menu (terminals)

Figure (Z)

Check terminal censistency.

Select
Terminal (F)

Input terminal

Output terminal
Multiple-signal input terminal
Multiple-signal cutput terminal
Line

Triangle

Rectangle

Ellipse

Text

O0O000 O00O0 O [@

Terminal
e creates a terminal for an electrical-circuit part.

Input terminal
e creates an input terminal for a control-system block part.

Output terminal
e creates an output terminal for a control-system block part.

Multiple-signal input terminal
e creates a control system block part input terminal for handling vector signals

Multiple-signal output terminal
e creates a control system block part output terminal for handling vector signals
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Terminal properties screen

Double-click on a terminal or right-click on it and select ‘Properties’ from the menu that
appears, to display the terminal’s properties screen.

8 TerminalDialog - O X
Terminal Terminal E
= g g b i
Type: | l‘)Diﬂaction

Color: I [Right(Defa .| | Cancel

Coordinate information
X Y

Center Location: |-108 -48 |
Name

3
Terminal number

[2

Terminal information
Type: displays the terminal type (terminal, input terminal, output terminal).
Terminal color: used to select the color of the terminal.

Display orientation
e selects the orientation of the terminal (horizontal or vertical).

Coordinate information
e specifies the coordinates of the terminal’s center. This must be entered in multiples
of 4 (i.e., 0, 4, 8, etc.) since terminals are always placed on grid lines.

Name
e specifies the name used to manage the connection line (e.g., electric-circuit wire or
control-system wire) connected to the terminal.

Terminal number

e specifies the output sequence of the terminal information output to *.xtf files (XTAP
Text Files). Terminals numbers must be unique in parts.
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10.5 Registering parameters/formulas

Parameters and formulas can be registered in created macro parts. Once registered,
a parameter or formula is entered when the macro part is set in the circuit diagram.

1. Select ‘Open’ — ‘Open component’ from the ‘File’ menu, or click the toolbar
button used to open files and select ‘Open component’.

e |

1 Create circuit diagram (M) Ctrl+M

[ Open circuit diagram Ctrl+0

E Create component Ctrl+Shift+N

|3 Open component (Q)  Ctrl+Shift+0
Bename compenent
Create category Ctrl+G
Close

= Save Ctrl+5
Save as
Export 3
Import 3
Page Setup
Print Ctrl+P

ooy =

Print Preview

Exit XTAP

2. Select the macro part you want to edit, then click ‘Properties’.

Open component X
Category: 99 User's Components w Ok
Subcategory: <{None> v Cancel
Mame: SIN_ Wave ~
Component type:  Circuit Properties
Seets: 0 Display component

3. The part’s properties editing screen appears.
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AddPageDlg X

Type name |SIN Wave
Page Setup

Tab Title File Name A
» HmfParams html - I

Recording RecordOptionsSub html L
View DisplayOptionsCaption html n
Acquire power—flow calculatio_. | PowerFlowinfohtm| = i
Encryption Sub_EncPassword -

Data settings

Tag ID
»

SubExpression

Caption

captiondisp
KFIXID_POWERFLOWINFO

SubOutput

Ok || Cancel

-134 -




4. To register a parameter, select ‘SubParams’ under ‘Tag ID’ and enter the
parameter value next to ‘Value’ under ‘Initial value’. This is demonstrated below for
the parameter ‘b = 100’.

AddPageDlg

Type name |SIN_Wave |
Page Setup

Tab Title File HName -
mefParamshtml

Recording RecordOptionzSub html

Display DisplayOptionsCaption html

Acquire power—flow caloulatio.. |PowerFlowlhio html

Encryption Sub_EncPaszword v

Data settings

Taeg ID
» SubParams| v

SubExpression Direction GDP_NONE
Gaption Dizplay reference labe

— Editing possible Falze
captiondisp e Falze
HFTID_POWERFLOWINFO
SubOutput Input script

Output script

Output

Output zequence

Unit conversion label

|2

Value
Specify the initial value of

the data.

Ok

| | Cancel

To register a formula, select ‘SubExpression’ under ‘Tag ID’ and enter the formula
next to ‘Value’ under ‘Initial value’. This is shown below for the formula ‘a=5*b’.

AddPageDlg “
Type name |SIN_Wave |
Page Setup
Tab Title File Name ~
» HmiParamzhtml
Recording RecordOptionsSub html
Dizplay DizplayOptionsCaption html
Acquire power—flow calculatio.. | Power FlowInfo html
Encryption Sub_EncPassword v
Data settings
Search tag
Taeg ID
SubParams
» Direction GDP_NONE
Gaption Dizplay reference labe
— Editing poszible Falze
captiondizsp e False
HFLAID_POWERFLOWINFO
Input =cript
SubOutput Output zcript
Output
Output zequence | 3
Unit conversion label
Value
Specify the initial value of the data.
Ok | | Gancel
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6. Click ‘Ok’ to close the properties screen. Click ‘Ok’ in the ‘Open component’
screen to close the component.

Open component X
Category:
Subcategory: <None’ ~ Cancel
MName: SIN Wave v
Component type:  Circuit Properties
Seets: 0 Display component

7. When the macro part is placed in the circuit diagram and its properties are
viewed, the registered parameter and formula are entered.

SIN_Wave = B

Parameter | Racording | Display | Acquire power—flow calculation information. | Help

Pararmeters ~

h=100

ath Equations
a=h#%h

Cancel
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10.6 Part-category window composition; creating/deleting

categories
Categories can be created within the ‘99 User's Components’ category in the ‘part
category’ window. Categories created within the ‘99 User's Components’ category or
parts registered there can also be deleted.

(1) Creating subcategories

This section describes how to create categories in the part-category window. All user-
created categories are created as subcategories within the ‘99 User's Components’
category.

1. Select ‘Create category’ from the ‘File’ menu.

j

ile

_] Create circuit diagram (M) Ctrl+M
[ Open circuit diagram Ctrl+O
j Create component Ctrl+Shift+M
._.; Open component (&) Ctrl+5Shift+0
Benamne component
| Create category Ctrl+G
Cloze
[A Save Ctrl+5
Save as
Export 3
Import 3
Page Setup
Print Ctrl+P

oo Y =

Print Preview

Exit XTAP
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2. The ‘category input’ screen appears. Enter the desired category name in the
‘Category name’ field. To create another category within this category, specify
the higher-level category name, followed by the lower-level category name, with
the names separated by %¥'. The screen shot below shows the category ‘User1’
being created.

Enter category X
Category Name:99 User's Components
[“serzl | Cancel

%3 ULL

60 Lightning Overvoltage Studies of |
ﬁlnghﬁ'nng_ Q_vervoltage Studies of ..
62 Switching Transierl Ov_e_r\ioit_agt_e

199 User's Components

user?2 |

Status

(2) Deleting categories/macro parts

To delete a created category, right-click on its name and select ‘Delete’ from the right-
click menu. If any parts have been registered in a category, they must all first be deleted
before the category itself can be deleted. Parts are deleted by the same method as the
one used for categories.
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11 Other

11.1 Starting XTLC (line constants calculation program)

To start XTLC from XTAP, select ‘XTLC (line constants calculation program)’ from the
‘Tools’ menu in the main window.

Tools
Circuit diagram canvas size (X)

Component canvas size

Ed XPLT (graphing program)

4 IXTLC (line-constant calculation program) :

Yt e
4l XFIT (system identification program)

The same operation can also be performed by clicking the toolbar button indicated
below.

‘JJH @9~ GG s -[R]4 34 AR #0FPrAddN EE f/:/;@j

Appendix 1 describes how to use XTLC.

11.2 Starting XFIT (system identification program)

To start XFIT from XTAP, select ‘XFIT (system identification program)’ from the ‘Tools’
menu in the main window.

Tools
Circuit diagram canvas size (X)

Component canvas size

Ed XPLT (graphing program)

A XTLC (line-constant calculation program)
F ]
al

The same operation can also be performed by clicking the toolbar button indicated
below.

inesa Bo-c-dR@GIsx -[RI4AY AL #0F)EE) EE E/-/;'J-@

Appendix 2 describes how to use XFIT.
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1 Introduction

1.1 Overview

The line-constants calculation program (XTLC) calculates the line constants
referenced by the XTAP distributed-constant line model, by placing line conductors
and using physical constants. It can also be used independently and specifically for
line-constant calculations. Figure 1 outlines the basic operation. Further details of how
to use each function are provided in the sections indicated.

0 Line-constants calculation [XTLC]
Creating new data: see Section 2.
Using existing data: see Section 3.

Line-type selection

Overhead line
(distribution line)

Overhead line
(transmission line)

1
:
1
Underground cable .
1
1
1
1
1

, -'"'""""""""! """"""" ' See Section 5
Line ! i
I '
placement 1 3 v !
' g ! No corresponding
) line type : i
- Select line/cable type | ! yp Register in line/cable
boS E::> database
- !
[ l |
o= 1 Register line
1 3 1
@ 1 placement data
' Specify line position |
: pecify line p !
! | Line placement
1
(R ey SRS ' data (*.lin)
y
Calculate line constant Register constants data for line model
"""" 7 Use of constants data for distributed-constant line model [XTAP] | Line model

constants data
(*.xmf)

Reference line model
constants data

Use as constants for distributed-constant
line model See Section 4

Figure 1. Basic XTLC operation workflow

e Line-placement data are contained in files used for calculating constants. They include
physical information for each line, such as overhead-line pole information and buried
cable locations.

e Line model constant data contain saved line-constant information calculated by XTLC.
They can be referenced by XTAP distributed-constant line parts.

- 145 -



1.2 Main window
The main window, that appears when XTLC is started, is the following.

Menu bar

Toolbar

Line placement data area

Status bar
[Irig): Imsert line, [Alt] s [ins]: Sebect row (copy) and insert, [AR]s[ 7 1/] . }: Move row up/down, [Del]: Delete row (multiple selections allowed I
It consists of a menu bar, toolbar, and status bar, and an area for displaying line-

placement data.

1.3 Menu bar and toolbar

The XTLC menu bar is described below.

File (F) menu

J XTLC(Line-constant calculation progr

| Files \ View Database Help

] New Ctrl+N

L Open.. Ctrl+0
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New

e creates a new line-placement data file. The same operation can also be performed
by clicking the toolbar button shown below.

,j XTLC(Line-constant calculation pro

Files View Database Help

Nz - @

Open

e |oads an existing line-placement data file and opens it in the line-placement data
input screen. The same operation can also be performed by clicking the toolbar
button shown below.

.,j XTLC(Line-constant calculation prog

Files View Database Help

MEIEIE

Close

e closes the line-placement data input screen.

Save

e saves the line-placement data (replacing the old data with a newer version). The
same operation can also be performed by clicking the toolbar button shown below.

.j XTLC(Line-constant calculation progra

Save as

e saves the line-placement data under a new user-defined name if required.

Exit

e terminates XTLC.
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View (V) menu

e enables or disables the display of the toolbar or status bar.

.j XTLC(Line-constant calculation prog

Files | View | Database Help
] Toolbar

Databases menu

e opens the line/cable databases, letting the user search and edit line types already
registered in the databases, and register new lines. See Section 5 for details of how
to register a new line type.

.j XTLC(Line-constant calculation program):(Untitled)

Files View | Database | Help

] BB ) Overhead transmission line
Overhead distnbution line
Cable

Overhead transmission line

e opens the overhead-transmission-line database.

Overhead distribution line

e opens the overhead-distribution-line database.

Cable

e opens the cable database.

Help (H) menu

J XTLC(Line-constant calculation program):{Untitled)

Files View Database Help-

_1 ___E -.;-.3 Instruction Manual

Instruction manual

e gives access to this manual.
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2 Creating New Line-Placement Data

2.1 Selecting the line type

Select ‘New’ from the ‘File’ menu in the menu bar, or click the _1 toolbar button.
The ‘line-type selection’ dialog appears.

Line type selection

Overhead line
(@) Transmizsion line

() Distribution line

Undereround cable
() Conduit-line distribution cable

| Select | | Cancel

Select the type of line-placement data to create, then click the ‘Select’ button.

2.2 Entering line-placement data

The line-placement data input screen is divided into areas for inputting line-
placement data and displaying them diagrammatically. The items specified in the
input area differ for overhead lines and underground cables.

.‘_a XTLC(Line-constant calculation program):(Untitled) - m] bt

Files View Database Help

DEH S
[ ————————

. Steel tower
| Horizontal  * | . Number of  Gonductor-
Type Gonductor na. Line type o installation Di ! Transposed
position o conductors interval
no NAM Xinl  heleht opfn gl nenel Voo

« | Donot delete +

Line placement data input area

Ground resistivity l:l[nm] | Draw(Check) Save Calculate

Line placement diagram display area

[Ins]: Insert line, [Alt]+[Ins]: Select row (copy) and insert, [Alf]+[ * )/[ ! ]: Move row up/down, [Del]: Delete row (multiple selections allowed) 8

The input area is used to enter line-placement data and the ground resistivity. The
data are entered in the following steps:
@ Select the type.

Select either ‘Erase’ or ‘Do not erase’. (Select ‘Erase’ if it is assumed that the
full line is at zero potential. This item is not available in the case of an
underground cable.)
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@ Conductor No. (input not required)
The conductor number is automatically assigned when the line type is specified
(Item 3 below). (0 when selecting ‘Erase’ in the type selection.)

@ Specify the line type.

Double-click the ‘Line type’ item to specify a line type. The Line/cable database
screen appears. Select the desired line or cable.

Chverhad tramseretaicn b dtabase uiection

[ s | ]

Develoge:-pravided

] A |

Search name Sewrsh w (<[> » 0

If the desired line or cable does not exist, save the data and close the line-
placement screen. See Section 5 for details of how to register the desired line
or cable in a line/cable database. After registering this line or cable, load the
saved data and continue the procedure. (See Section 3 for details of how to
load existing data.)

@ Enter the line placement.

e Overhead line

Specify the conductor placement by entering the pole information in the line-
placement data. A distribution line does not involve poles or conductor-interval

settings.
[ - Steel tower
; Horizontal % : . Number of  Conductor-
Type Conductor no. Line type s installation D - Transposed
position . conductors interval
NO NAME % [m] herfm DIP?m] NCOND SEP [m] eroup
e m not &|el¢ = -
: Enter
Add automatically
: Stee| tower
- Horizontal % . - Number of  Conductor-
Type Line t s installation D s Transposed
position 2 conductors nterval
NAM: ¥ m] he-f:i DIP?m] NCOND SEP [m) eroup
Do not deiefe 1 KTACSR 410 [ 0
0

!

nI Do not delete -~
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To check conductor placement, click the ‘| Draw (check)’ button to draw the
conductor placement in the line-placement diagram, as shown below.

<

. XTLC(Line-constant calculation program):C:¥XTAP_CRIEPI¥work¥Examples¥STL-02¥verticallylin O x
prog P! Y.
Files  View Help
QDEH G
. Steel tower ~
- Horizontal % y . Mumber of  Conductor-
Type Conductor no Line type - installation Diy f Transposed
position H conductors interval
NO NAME % [m] ?\ﬂ{?rl[ggﬁ DIP Em] NGOND SEP [m] group
» Delete 0 1AGSR. 150 | -145 795 0 1 0 v
Delete ~ 1] IACSR 150 145 795 0 1 0~
Do not delete 1 TACSR 410 =112 720 0 6 05 0 v
Do not delete 2 TACSR 410 -116 575 0 6 05 0~
Do not delete 3 TACSR 410 -120 430 0 6 05 LI
Do not delete ~ 4 TACSR 410 12 120 0 & 05 0~
Do not delete 5 TACSR 410 116 575 0 b 05 0 v
Do not delete 6 TACSR 410 120 430 0 6 05 0 v|w
Ground resistivity [om] 1 Draw(Check) Save Galulate
X310 ~
0 0
. §
e o
.. L
.. .
2 5
ol <
3 6
L] .8
D) D
.o .

|[Ins]: Insert line, [Alt]+[Ins]): Select row (copy) and insert, [Alt]+[ " 1/[ . ]: Move row up/down, [Del]: Delete row (multiple selections allowed)

e Underground cable

Specify the conductor placement by entering the buried cable positions and

conduit-line information in the line-placement data.

. - | = Conduit-line
- Harizontal Conduit-line Conduit-line - - -
Cable no. Line t pre] Derlh = - dielectric Triplex
position diameter thickness
NO NAMI % [m) Y [m) OF [mm] TP [mm) COEI‘IP%;‘R group
- I 1 -
—] ——
—~
Enter
) g . Canduit-line
1zontal Conduit-line Conduit-line : . -
Cable no. ition E_eﬂ'lli']l diaiater thick dnelec::l: Triplex
Pt DP [mm] TF [mm] i v

CAZV220V 600
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To check conductor placement, click the ‘| Draw (check)’ button to draw the
conductor placement in the line-placement diagram, as shown below.

i XTLC(Line-constant calculation program):{Untited) [m] b4
Eiles Yiew [Database Help
A5 H G
) o ) Canduit-line

1 CAZV220V 600 -081| 1 4| 1] 1 [

2. CAZV220kY 600 L} l_ ﬁl_ “. 1 0w~
v 3| cazvzaoe oo RN 1 54| " 1 [
. 1 0w

Growdresistivity| |iomd T DrawdCheck) Save Cakulate

[llm]: Insert line, [Alt] +[Ins]: Select row (copy) and insert, [Al]+[ * )/[ . ]: Move row up/down, [Del]: Delete row (multiple selections allowed)

® Specifying a Twist group

For a ‘Twist group’ (overhead line) or ‘Triplex group’ (underground cable),
specify three lines or cables as a group by selecting the same group number
for them.

Example: Setting conductors 1 to 3 as Group 1, and 4 to 6 as Group 2.

’ Horizontal  Steel tower ; Number of Conductor=

Type mﬁow no. lmﬂ p?fﬂ':j" mr;ilélim Dlgﬁn] "50’ NIDS ;EIST,':& Tra:::md

Delete of 1ACSR 150 -5 795 | 0/ 1 _

Delete - 0 1AGSR 150 s 705 0 1
T 1T T —— |
Do not delete 2 TAGSR 410| =115 575 o 1]
Do rot delete 3 TAGSR4ID|  -120 430 0| 6
Do not delete 4 TACSR 410 12| 720| o| 6 Group 2
Do not delete 5 Tn\\CSRIlB_ e 515 o 1]
Do ot delete « 0l TAGSR 410 120 wn o 0

For a non-twist line, input a 0 under “Twist group’ or ‘Triplex group’.

Since in the case of underground cables, the assumption is that each cable will be
installed along the conduit lines, it is not possible to rigorously simulate situations
where triplex cables are installed in a group along a single conduit line. When triplex
cables are placed as underground cables, place three cables based on the
assumption that all three phases of the triplex cable can be fit into the conduit line.
Place in such a way that the three cables are attached in an equilateral triangle.

® Save the line-placement data.

Select ‘Save’ from the ‘File’ menu on the menu bar, click the toolbar button,
or click the ‘Save’ button to save the data. To apply the updated information to
the calculation, data must be saved before performing the line-constant
calculation.

The following operations can be performed in the line-placement data input
screen:
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Selection

Click the first cell in a row to select that row.

. teel tower
. Horizontal = p . Number of Conductor-
Type Conductor no. lm:“ cosith nsr:fhlm DIE?m] condict erval Tru:posed
Ho X [m] et NCOND  SEP [m) "

not delete TAGSR 410 | | 0~
. h ' 0~
Click I

The row'is then selected.

: Steel tower '
- Horizontal = - : MNumber of  Conductor—
Type Conductor no. Line type ] nstallation D 2 Transposed
position : ? conductors interval
No NoWE Xim  heght OPIl o Uhconp  sePim o

| b; TACSR 410

Selected

Multiple selection (continuous range)

Hold down the Shift key on the keyboard and click the first cells of the first and last
rows in the desired range.

H " Steel tower -
Firstrow 1, ., Line type Horzoral nstallation 0% Number of - Ganductar= 7, 1epased
MAME o hﬁm o [ml  “NESNET S bl eroup
0 IACSR 150 -145] 795 0| 1 0~
0 IACSR. 150 145 795 0 1 [
Do not delete 1 TACSR 410 -112 720 0 5 05 0
Do not delete 2| TACSR 410 -118| 575 0 6| 05 0~
Do not delste 8 TACSR 410 -120 430 0 5 05 (E?
Do not delete ¢ TACSR 410, 12| 720 0 6 05 0~
Do not delete 5 TAGSR 410 116 575 0 5 05 [E®
| o ot delete § TAGSR 410 120 430 0 5 05 [] V[I
All the rows in that range will then be selected.
- Steel tower
Z Horizontal % : 2 Mumber of Conductor-
Type Conductar no. Line type i nstallation D g Transposed
position H conductor: interval
NO NAME X ml eigh oFlw | Socas| e fm] o
Delete 0 IACSR 150] 148 795/ 0| 1 w
Delete 0 IACSR 150 15 795 ) 1 P

olelelele|=lel=

Selected

Multiple selection (separate rows)

Hold down the ‘Ctrl’ key on the keyboard and click the first cells of each required
row.

Horizontal  Steel tower

Type Conductor o Lie type bocion metalatin O HNumber of  Canducter 7, nspased
Xm  fegt OPInl . CioohpT  sEP[m oW

Delete ~ 0 IACSR 150 -145] 795 ] 1 0w

Delete 0 IACSR 150 145/ 795 0| 1 0 v

[ TPe rot delete - 1 TAGSR 410 ETF] 720 ] 5 05 0
Do not delete 2 TAGSR 410 16 575 0 G 05 0 v

| [0 not delete + 3 TAGSR 410 -120 430 ] 5 05 0
Do not delete ~ ' TAGSR 410 12 720 0 3 05 o

Do not delete 5 TAGSR 410 18/ 575 0l 5 05 0w

| [0o not delete 3 TAGSR 410 120 430 ] 5 05 0
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Only these rows will then be selected.

Type Conductor no Line type Pl Tealn Dy Mumber of - Cenductor~ 1 4nspased
o Nane T hewn oPlm SGESET S Voo
Delete 0 IACSR 150 -145 795 0 1 K
Delete 0| 1ACSR 150 145 795 a 1 4|
Do not delete - f | 0~ '|
Do not delete 2 TACSR 410 -118 575 0 § 05 |
Do not delete 0~
Do not delete s TACSR 410 12 720 0 § 05 |
Do not delete - 5| TAGSR 410 18| 575 0 8| 08 7 ||
Do not delete 0 v}
Inserting

Select the location at which to insert a new row. Press the ‘Insert’ key on the
keyboard to insert a new row immediately above this location.

| tower
. Horizontal f . Mumber of  Conductor=
Type Conductor no. Line type : nstallation D Transposed
position f conduclors mnterval
NAME %m] hemﬁ D]PTHI] NCOND SEP [m] eroup

TACSR 410

Inserting a selected (copied) row

New row is inserted

Select the location at which to insert a new row. Press the ‘Alt’ and ‘Insert’ keys on
the keyboard together to insert a new row immediately above this location. The new
row has the same content as the row previously at this location. Conductor numbers
are automatically changed.

Steel tower
. Horizontal % - . Mumber of  Conductor-
Type Conductor no. Line type Pt installation D Transposed
position f conductors interval
o NAME Xtml el oPlnl  REET EEfN ewe
| oo te v| 1 TACSR 410 -112 720 0 § =

Domtue@:_c\“\z TAGSR 410 -112 720 0 6 0~
»e | Do not delete - ! 0~

- Copied row is inserted -

Delete

Select one or more rows and press the ‘Delete’ key on the keyboard to delete them.

. Steel tower
. Horizontal % : Mumber of  Conductor=
Type Conductor no Line type s installation D - Transposed
position conductors interval
NO NAME i height DPGn) | Odclors it oy wow
Delete - ] IACSR 150 -145 795 | 0 1 0~
Delete 0 IACSR 150 145 795 0 1 0~
Do not delste A L
Do not delete 2 TACSR 410 -116 575 ] fi 05 0~
Do not delete : i [
Do not delete L TACSR 410 12 720 ] 3 11 0~
Do not delete 5 TACSR 410 16 515 0 6 05 [
Do not delete R i | [
Conductor numbers are automatically changed.
Steal tower
. Horizontal % < . Mumber of  Conductor—
Type Conductor no Line type p installation D i Transposed
position 2 conductors interval
O NAME X [m) hetght opta  cRgeee o (m] o
Delete ~ o IACSR 150 ] -145 795 | 0 1 |
Delete l'l_ IACSR 159_ |.|.5. 795 [} 1 0~
Do not delete 1 TACSR 410 -116 515 0 6 05 0~
Do not delete 2 TACSR 410 112 20 0 6 05 0 vl
Do not delete - | 3 TACSR 410 15 575 [} B 05 0w
Do not delete - 0~

Moving

A single selected row can be moved up or down. Select the row and press ‘Alt’ and
the ‘up arrow’ cursor key on the keyboard together to move the row upward. Similarly,
use the ‘down arrow’ cursor key to move the row downward. Conductor numbers
are automatically changed to handle the move.
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2.3 Line-constant calculation

Click the ‘Calculate’ button to perform the line-constant calculation. After creating or
updating line placement data, the data must be saved before proceeding to the line-
constant calculation.

Ground resistivity | 300] [am) 1 Draw{Check) Save

The ‘calculation-type selection’ dialog appears. Select the type of calculation to
perform. If twist or triplex are specified, the ‘Create fixed-constant line model' and
‘Create frequency-dependent line model’ items cannot be selected®.

*For transmission lines with a three-phase twist, it is possible to simulate a fixed-parameter line
constant line model by using ‘Three-phase twist line model (fixed-parameter)’ in the XTAP
distributed-constant line parts.

Calculation type selection

(®) 7 type equivalent circuit model creation
() Fixed constant line model creation

(") Frequency dependent line model creation
() Matching resistance

() Gongtant calculation anly

Different parameters are required for each of the selected calculation types. For
example, when the frequency-dependent line model has been selected, the following
screen appears. Enter the required parameters, then click ‘Run’ to start the line-
constant calculation.

Calculation frequency setting Select unit:
e Hz
Frequency sample  Start point | UI Hz | < Endpoint | __IU MHz ~ o kHz
(Logarithmic sample) Number of Samples 400| Point 2 2 * MHz
Line length 5000|/m Select unit:
= em
== ok

If either of the following items is selected, a ‘file selection’ dialog appears when the
calculation finishes. The file selected in the dialog is then used to save the line-model
data for use by XTAP.

e Create m-type equivalent circuit model
e Create fixed-constant line model

e Create frequency-dependent line model
eMatching resistance

Enter a file name, then click ‘Save’.
4 Save As n
B Deikiog
& Dowrdcads
o Homegrean

8 Thes PC

i Metwork

File rames v

e s type: | Line placermsent dats [ e -

= Hide Felders Save Cancel



2.4 Displaying line-constant calculation results

Line-constant calculation results are displayed in the ‘Line-constant calculation results’
or ‘Plot dialog’ screen. One of these screens appears when the line-constant
calculation ends.

Q) Line-constant calculation results

This displays the line-constant calculation results. If ‘Constant calculation only’ or
‘Create frequency-dependent line model’ was selected in Section 2.3, the ‘Plot
dialog’ described below in Item 2 is displayed first, and then the ‘Line-constant
calculation results’ screen appears when this dialog is closed.

4 Line-constant calculation result - O X

Files  Edit

4.57980E-01 =-3.72024E-01 5.32439%E-01 2.13857E-02  -2.69505E-01 -4. A

Current transformation matrix Til (i_phase = Til*i_mode)
3.49065E-01 5.98357E-01 2.37213E-03 =7.33994E-01 -2.32791E-01 -3.
3.04669E-01  -5.23027E-02  -4.25494E-01 1.23271E-01 5.89933E-01  -S.
5.55739E-01 -4.09 0 -5.92833E-01 -1.€3711E-03 -3.453€3E-01 4.
3.49065E-01 9

3

5

-2.37213E-03 -2.32791E-01 3.
.04€69E-01 4.25494E-01 5.89933E-01 5.
.55739E-01 -4.09¢€€7 5.92833E-01 =3.45363E-01 -4.

Imaginary part of Ivl which will be discarded

-5.13987E-02 €.17858E-02 1.51759E-01 -2.83532E-02 -4.19947E-02 7
-1.03230E-03 1.15180E-01 -1.324€4E-02 -1.70220E-01 -8.80652E-04 5.
3.28500E-02 7.55374E-02 1.01145E-02 -1.05105E-01 21E-02 1.
-5.13987E-02 €.17858E-02 -1.51759E-01 2.83532E-02 -7
-1.03230E-03 1.15190E-01 1.32464E-02 1.70220E-01 -5
3.28500E-02 7.55374E-02 -1.01145E-02 1.05105E-01 -1

If ‘Constant calculation only’ or multiple ‘Specified frequency’ values were
previously specified, only the result calculated first is displayed. To display all the
frequency results, check the *.mat file located in the same folder as the result file.
They can then be checked using MATLAB. To save the calculation results, select
‘Save’ from the ‘File’ menu. Alternatively, select ‘Copy all’ from the ‘Edit’ menu to
save the results by pasting them into external software.

.| Line-constant calculation result

| Eiles | Edit

Save Ctrl+S L T2024E~(
Save As... )

pn matris

Exit L 98357E-(

<. VI eSE=UL =95.23027E-(

5.5573%E-01 -4.0966TE-(

.4 Line-constant calculation result

Files | Edit

s Copyau 24E-01

Current transformation matrix 1]

Table 1 shows the line constant list displayed in the ‘Line constant results’. Refer
to the following documentation for details regarding each constant.

[11 Central Research Institute of Electric Power Industry (CRIEPI) Research
Report H04014, “Development of a Line Constants Calculation Program for
Overhead Transmission Lines - An eigenvector normalization algorithm and
an approximate formula for ground-return impedance —” (can be downloaded
from CRIEPI's Web site)
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Table 1 Line constant list

Frequency = 5.00000E+001 [Hz]

————————————— I Phase domain constant (before GW elimination) I

PHASE DOMAIN QUANTITIES (before ground-wire elimination)

Space inductance Ls in phase coordinates [H/m]

1.15332E-006 2.86656E-007 1.63786E-007 3.72004E-007

1.95357E-007

2.86656E-007 1.15332E-006 2. E-007
1.63786E-007 2.86656E-007 1.15332E-006
3.72004E-007 3.03782E-007 1.95357E-007

1.95357E-00]

3.03782E—WI
1.81650E-00!

Space inductance |

1.95357E-007 3.03782E-007 3.72004E-007 2.58400E-007
Ground-return impedance Ze (including Ls) in phase
Real part:

4.71730E-005 4.71656E-005 4.71435E-005
4.71656E-005 4.71730E-005 4.71656E-005
4.71435E-005 4.71656E-005 4.71730E-005 4.67989E-005
4.68207E-005 4.68167E-005 4.67989E-005 4.64
4.67989E-005 4.68167E-005 4.68207E-005 4.6
Imaginary part:

5.61990E-004 2.87882E-004 2.44337E-004
2.87882E-004 5.61990E-004 2.87882E-004
2.44337E-004 2.87882E-004 5.61990E-004
3.06716E-004 2.84512E-004 2.47195E-004
2.47195E-004 2.84512E-004 3.06716E-004

4.68207E-005
4.68167E-005

3.06
2.84512E-004
2.47195E-004
7.52239E-004
2.60287E-004

Conductor internal impedance Zc in phase coordinates [ohm/m]
Real part:

1.81650E-006

4.67989E-005
4.68167E-005
4.68207E-005

2.84512E-004
3.06716E-004
2.60287E-004
7.52239E-004

3.52761E-005 3.52761E-005 3.52761E-0
Imaginary part:
1.93711E-006

1.93711E-006 1.93711E-0

] Conductor internal impedance |

Total series impedance Z in phase coordinates [ohm/m]
Real part:
8.24491E-005
4.71656E-005
4.71435E-005
4.68207E-005

4.71656E-005 4.71435E-005
8.24491E-005 4.71656E-005
4.71656E-005 8.24491E-005 4.67989E-005
4.68167E-005 4.67989E-005 3.39503E-004

4.68207E-005
4.68167E-005

4.67989E-005
4.68167E-005
4.68207E-005
4.64600E-005

—

4.67989E-005
Imaginary part:

4.68167E-005 4.68207E-005 4.6:

Line series impedance |

5.63927E-004
2.87882E-004
2.44337E-004
3.06716E-004
2.47195E-004

2.87882E-004 2.44337E-004 3.
5.63927E-004 2.87882E-004 2.84512E-004
2.87882E-004 5.63927E-004 2.47195E-004
2.84512E-004 2.47195E-004 7.58026E-004
2.84512E-004 3.06716E-004 2.60287E-004

Space
1.08700E-011
-1.96320E-012

Cs in phase [F/m]
-1.96320E-012 -6.06465E-013

2.84512E-004
3.06716E-004
2.60287E-004
7.568026E-004

~1.76637E-012 -4.65239E-013

1.12047E-011 -1.96320E-012
-1.96320E-012 1.08700E-011
-1.10364E-012 -4.65239E-013
-1.10364E-012 -1.76637E-012

—1.10364E-

-4.65239E
6.79219E:

—4.96389E-

-6.06465E-013
-1.76637E-012
—-4.65239E-013

Shunt admittance in phase coordinates [S/m]
Real part:
0.00000E+000
0.00000E+000
0.00000E+000
0.00000E+000

0.00000E+000 0.00000E+000
0.00000E+000  0.00000E+000
0.00000E+000 0.00000E+000 0.00000E+000
0.00000E+000  0.00000E+000 0.00000E+000

0.00000E+000
0.00000E+000

Space capacitance

13 6.79219E-012

0.00000E+000
0.00000E+000
0.00000E+000
0.00000E+000

0.00000E+000
Imaginary part:
3.41492E-009

0.00000E+000  0.00000E+000 0.

-6.16757E-010 -1.90527E-010 -5.549:

] Line parallel admittance I

-6.16757E-010
-1.90527E-010
-5.54921E-010
-1.46159E-010

3.52006E-009 -6.16757E-010
-6.16757E-010 3.41492E-009
-3.46718E-010 -1.46159E-010
-3.46718E-010 -5.54921E-010

-3.46718E-010 -3.46718E-010
-1.46159E-010
2.13383E-009 -1.55945E-010
-1.55945E-010 2.13383E-009

-5.54921E-010

fffffffffffffff I Phase domain constant (after GW elimination) I

PHASE DOMAIN QUANTITIES (after ground-wire elimination)

Total series impedance Z in phase coordinates [ohm/m]
Real part:

8.79763E-005 5.18901E-005 4.95627E-005
5.18901E-005 8.79618E-005 5.18901E-005

Imaginary part:

4.95627E-005 5.18901E-005 8.79763E-005 I
4.16443E-004 1.39217E-004 1.02141E-004

Line series impedance |

1.39217E-004 4.11339E-004 1.39217E-004
1.02141E-004 1.39217E-004 4.16443E-004

Shunt capacitance C in phase coordinates [F/m]
1.08700E-011 -1.96320E-012 -6.06465E-013

-1.96320E-012 1.12047E-011 -1.96320E-012
—6.06465E-013 —1.96320E-012 1.08700E-011

| Line parallel capacitance |

Shunt admittance Y in phase coordinates [S/m]
Real part:
0.00000E+000 0.00000E+000 0.00000E+000
0.00000E+000  0.00000E+000 0.00000E+000

0.00000E+000  0.00000E+000 0.00000E+000
Imaginary part:

I Line parallel admittance I

3.41492E-009 -6.16757E-010 —-1.90527E-010
-6.16757E-010 3.52006E-009 -6.16757E-010
-1.90527E-010 -6.16757E-010 3.41492E-009

Propagation constants Gamma in phase coordinates [1/m]
Real part:
1.07247E-007
3.85996E-008
4.23153E-008

3.33391E-008
1.03556E-007
3.33391E-008

4.23153E-008
3.85996E-008
1.07247E-007

Imaginary part:

1.14810E-006 7.57169E-008 8.16053E-008

I Propagation constant I

8.68693E-008
8.16053E-008

1.12976E-006
7.57169E-008

8.68693E-008
1.14810E-006
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Cl d 20 in phase [ohm]
Real part:
3.56699E+002 9.46781E+001 6.08974E+001
9.46781E+001 3.54126E+002 h
oosaTamIO0 SdeTEIEO0N Characteristic impedance I
y
-3.58050E+001 -1.88627E+001 —T. TE+00T

-1.88627E+001
—-1.77957E+001

-3.60287E+001
-1.88627E+001

-1.88627E+001
—-3.58050E+001

Modal domain constant -

woodl (before transformation matrix normalization)

Series impedance z in modal coordinates [ohm/m]
Real part:
1.91824E-004 3.84136E-005 1

Imaginary part:

Line series impedance |
6.66733E-004 3.14302E-004

Shunt admittance y in modal coordinates [S/m]
Real part:
-6.45612E-012 - . .

Imaginary part I Line parallel admittance |

2.50197E-009 3.60544E-009 4.

-5.66088E-025

Propagation constants gamma in modal coordinates [1/m]
Real part: -
182258E-007 6.49314E-008 7.085995' Propagation constant I
Imaginary part:
1.30484E-006

1.06650E-006 1.05462E-006

Propagation speed |

Propagati locities in modal coordinat [I
2.40765E+008 2.94571E+008 2.97887

ct isti d:
Real part:
5.21332E+002 2.95802E+002 2.
Imaginary part:

—-7.41909E+001 -1.80093E+001 —

dinates [ohm]

20 in modal

Characteristic impedance I

adviv)

Voltage transformation matrix Tv (v_phase = Tvkv_mode)
Real part:
5.79195E-001 -7.07107E-001
5.73639E-001 -7.46545E-01
5.79195E-001 7.07107E-00
Imaginary part:
-1.94289E-016 -1.11022E-0
2.47400E-003 -3.62296E-017 0.00000E+000
0.00000E+000  0.00000E+000 -2.82716E-003

-3.68007E-001
—001

Voltage transformation matrixl

Current transformation matrix Ti (i_phase = Tiki_mode)
Real part:
6.05018E-001 -7.07107E-001 -4.06454E-001
5.21512E-001 -5.02228E-0
6.05018E-001 7»07‘°7E’°°| Current transformation matrix I
Imaginary part:
—-2.17105E-003 -4.80084E-016 -2.94431E-004
2.13498E-003 8.63732E-016 -2.94526E-003
-2.17105E-003 -5.91107E-016 -2.94431E-004

Modal domain constant [

wooal (after transformation matrix normalization)

Series impedance z1 in modal coordinates [ohm/m]
Real part:
1.90103E-004 3.84136E-005
Imaginary part:
6.67223E-004 3.14302E-004 g

Line series impedance I

T

Shunt admittance y1 in modal coordinates [S/m]
Real part:
000000E+000 000000€+000 0f | jng parallel admittance I
Imaginary part:

250200E-009 3.60544E-009 4.5T5T E-000

Characteristic impedance z01 in modal coordinates [ohm]
Real part:

5.21519E+002 2.95802E+002 2.l CharacterIStICImpedance I

Imaginary part:
-7.28452E+001 -1.80093E+001 -4

advu)

Voltage transformation matrix Tv1 (v_phase = Tv1*v_mode)
5.79194E-001 -7.07107E~ " "
5.73641E-001 -7 465455—1 Voltage transformation matrix I
5.79194E-001 7.07107E

Current transformation matrix
6.05016E-001 -7.07107E~
5.21505E-001 -5.05808E~
6.05016E-001 7.07107E:

Imaginary part of Tvi which will be discarded
I Imaginary part of voltage transformation matrix I

Symmetrical components -
(only displayed in case of three-phase line)

i1 (i phase = Til*i_mode)
—

Current transformation matrix I

SYMME]

Positive-Sequence Impedance [ohm/km]
Real part: — -
3.69E-02 I Positive-sequence-phase impedance I
Imaginary
2.88E-01

Zero-Sequence Impedance [ohm/km]
Real part:

1.90E-01 J
Imaginary

6.68E-01

Zero-sequence-phase impedance I




If the results screen is closed without saving, a ‘save confirmation’ dialog appears.
Click ‘Yes'’ to save the results.

Confirmation

o Save results data?

Yes | No

@ Plot dialog

The ‘Plot dialog’ appears if ‘Constant calculation only’ or ‘Create frequency-
dependent line model’ was selected in Section 2.3.

a. ResView1
This is displayed when the item below is selected as the calculation type, but not
when only one frequency has been specified.

e Constant calculation only

n ResView1 — X

Frequency response of the attenuation
constants and propagation velocities

Plot

Frequency response of the
characteristic impedance matrix

Plot

Frequency response of the voltage
transformation matrix

Row * |1

Plot

Close

Each ‘Plot’ buttons displays the corresponding plot.
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[l Damping constant and propagation-velocity frequency response

B Figure

- o x
-

B rigue2
Eile

Eile
DEE& aans e 08

DeE& Qaany 08

[1 Characteristic-impedance frequency response

e

- o x
-

B Fgure s

DEE& aam® ¢ 0E

B Figure s
Ele

DesE& aany @ 0d
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b. ResView2

This is displayed when the following item is selected as the calculation type.
e Create frequency-dependent line model

This dialog allows checking of the model precision by comparing the frequency
characteristics of the calculated line constant and of a frequency-dependent
model created by fitting it.

B Resview2 — X

Fitting result of the characteristic
admittance matrix [YO]

Row 3 |1
Column * I1
Plot

Frequency response of the eigen
value of the characteristic
admittance matrix [YO]

Plot

Fitting result of the propagation

matrix [HO]
Row = [1
Column * |1
Plot
Close

Each ‘Plot’ buttons displays the corresponding plot.

[1 Characteristic admittance matrix [YO0] fitting results

The graphs for the specified row or column are displayed.

B Figure 1 - =] X
Eile e

Deds aade e 0

,5X10° YO(1,1)

| -
0

magnitude [mho]

o
=

phase angle [deg]
s

=]
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[1 Characteristic admittance matrix [Y0] eigenvalue frequency characteristics
(stability evaluation)

[l Propagation function matrix [H] fitting results

The graphs for the specified row or column are displayed.

H Figure —|:|><I
k]l

il
Dedd& aays « 08

™
\
e \
K A
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3 Referencing Existing Line-Placement Data

3.1 Referencing line placement data

Select ‘Open’ from the ‘File’ menu on the menu bar, or click the =] toolbar button.
The ‘file selection’ dialog appears. Select a line-placement data file (*.lin file).

4 Open
Tk work ¢ Eample  STL0Z v € SearchSTL02 ]
Ovganise *  New folder m . | @
i Favourites ! Ty
B Deskiop L werticalby.fin ORA/2019 12:04 LIN File
i Devwnloads
5. Recern places
o} Hemegroup
18 This PC
i Metwnek
File name: | vertically Jin W Line placemnent data ("lin: ".cn v
Open Cancel

3.2 Revising line-type information

To revise a line type, double-click on the line type.

|
. Horizontal !9 Gonductor

Type Cor\da:éor no. Lma?e D?.;sﬂ,ﬁn $ sngt;"[',:]] Tra:ao%sed

Delete - 0 IAGSR 160 . 0] 1 |

Delete - o IACSR 150 795 0 1 -\
Do not delete 1 TACSR 410 720 0| § 05 =l
Do not delete 2 TACSR &) 575 0| § 05 |}
Do not delete 8 120 430 0| 5 05 ~||
Do not delete ' TACSR 410 12| 720 0 § 05 |
Do not delete 5 TACSR 410 15| 575 0| § 05 |
Do not delete § TAGSR 410 120 420 0 6 05 0 ||

The ‘line/cable database’ screen appears. Select the desired line type.

Cverhesd transmission fine database selection
==

Devaloper-provided mmf'_rKEs'ﬁ'i'fﬂ - —I

Crose-sectional area | 4134 |imm2]

Ewctric resistance | 00718tk
Ralative maenstic permeability | [}
Outaide Diametes | 205 lmm)

Sesrch name | Sewch | &€ (<[> 3 ] [/

If the desired line type does not exist, save the data and close the line-placement
screen. Register the line type in the line/cable database (see Section 5), then load
the saved data and continue the procedure.

3.3 Calculating line constants and displaying results
See Sections 2.3 and 2.4.
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4 Using Line Model Data Created in XTLC

4.1 How to specify the data for the distributed-parameter line
model

The following distributed-line constant parts can be used for created line-model
data:

e 01 m-type equivalent-circuit line model (XTLC)
e 03 Fixed-parameter distributed-constant line model (XTLC)

e 04 Frequency-dependent distributed-constant line model

8 k1A - iNewCireuitt]

E File Edit Circuit  Analysic  View TJools Window Help
J1&d | - @R @ o -[R]4HH A
1=}
00 Ground, Terminal
01 RLG
02 Voltage Source, Current Source
03 Switch
04 Frobe

05 Transmission and Distribution Line
o 10 Pl-Equivalent Gircuit Line
o 01 Pl-Equivalent Gircuit Line
o 02 Constant-Parameter Distri
o 03 Constant-Parameter Distri Pi_LineX1
o 04 Frequency-Dependent Dist
o 05 Segle=Circuit 8-Phase Tre =] HE
o 06 Double-Circuit 3-Phase Tr g i.‘""' ""i, =

Click ‘Browse’ in the ‘parameter setting’ screen to select line-model data. It is also
necessary to specify the number of phases (number of conductors) for the selected
line model data along with the line length. (It is not necessary to specify the line

length in the case of a distributed constant line model that is dependent on
frequency).

01 Pi-Equivalent Cincuit Line Model ((TLC) o b

[Forameters] Display Help

0K Cancel

If the following message appears when clicking ‘Browse’, select ‘Save as’ from the
‘File’ menu on the menu bar to save the circuit diagram.

XTAP X

The xsf file must be saved in order to specify a reference.

An example is shown below.
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e Overhead line example

When a conductor placement in XTLC as shown in the figure on the left below is
specified and then calculations are executed by selecting the 1 type equivalent
circuit model ,line model data is created as shown in the figure on the right below.

| Sl XTLCLine-commtam calculation peogeamLintithed) - [a] *

[les  Yew Datsbase  Help
|0se a
el tomer -
Horgoeasl 38 Mumber ol Corduhin- o
Tee Conducter na Line 1 - rstallston 0 i~ Transposed
. e condctors  mereal
] g W O} m o T NCOMD . SEF [m) [
Toiote - | 1RGSR 120 -n H [ [ [
Delete ' 1SR 120 " "s ] [ (X
Do rot delate 1 WAGER MO -n ns [] [ s ]
Do rot delete - ? IAGER 140 [ ET [] [ 1 1~
Do rot delete 1 IAGSR 40 " ns 1 1 1 (=
Grourd resistivity 204 fnm) 1 CramiCheck} Seve Calculae
wfn
L] L]

Tine]s ingert lne. [Al]« [ing]: Select row (copy) and insert, [AR]+] 7 1] . | Move row up/down, [Del]: Delete row (multpie selec tions allowed)

Pl equivalent model (Pl Line)
generated by XTLC on 15-Dec-2017 at 10:10:54.

number of phases = 3
frequency = 5. 00000E+001.

A AEIE AW

Resistance matrix:

8.797634353271378E-005,
5. 189005219432020E-005,
4, 956270486571305E-005,
Inductance matrix:
1. 325579292074468E-006,
4. 431426603242247E-007,
3. 251253068737617E-007,
# Capacitance matrix:

1. 087001699569906E-011,
-1. 963198686487293E-012,

5. 189005219432021E-005.
6. 796184294781148E-005,
5. 189005219432019E-005.

4.431426603242247E-007.
1.309332621128096E-006.
4. 431426603242246E-007,

4, 956270486571306E-005
5. 189005219432019E-005
8. 7976343532T1372E-005

3. 251253068737617E-007
4. 431426603242246E-007
1. 325579292074468E-006

-1. 963198686487293E-012, -6. 064653830262532E-013
468703054563E-011, -1, 963198686487293E-012

1.120
-6. 064653830262532E-013, -1. 963198686487293E-012,

1. 087001699569907E-011

This example has three conductors and three phases. Therefore, specify ‘3’ as the
number of phases in the parameter setting screen. Select the line-model data above
as the data file.

01 Pl-Equivalent Circust Line Model (XTLC) =

Paramsters Display  Help

Humber of

Prases= 3V

Data File

har zontalhy omi

|[==E]

Cancel

The number of part terminals in the circuit diagram is then updated to 3. The terminal

sequence is the conductor number sequence specified in XTLC.

- 164 -



BB rap - MewCirewitt]
B File Edt  CGircuit  Analysis  View  Tooks  Window  Help
DB @ 9-0- (@R (@ o -[R] 43 A

=

00 Ground, Terminal

01 RLG

02 Voltage Source, Current Source:

03 Switch

04 Probe

05 Transmission and Distribution Line
& 00 Pl-Equivalent Gircuit Line
o 01 Pl-Equivalent Gircuit Line
o 02 Constant-Parameter Distri
o 03 Constant-Parameter Distri PI_LineX1
o 04 Frequency-Dependent Dis
o 05 Sigle-Circuit 3-Fhase Tr =
o 06 Double-Circuit 3-Phase Tr

it

thihch

e Cable example

Conductor No. 1
Conductor No. 2
Conductor No. 3

When a conductor placement in XTLC as shown in the figure on the left below is
specified and calculations are executed by selecting the fixed-constant line model,
line model data is created as shown in the figure on the right below.

El XTLCiLne-corsran caloutation progesmi{Ustitied) - o B
Fls  Yoew Oatsbsss  Help
QEd @
Gorduit-1
Cable ro Line Herinoad Condai-the | Cordieire | " Gopeci; Triphes
postt ot damater ks
W A (A OFlaml  Thlma] e
[ CAZVIIORV 600 -0t 1 [ " 1 [E*
2 CAZVIIRV 59 0 1 5 "/ 1 [
v 1 cazvarny oot RN i i " 1 1 v
1 K

Grourd ressstivty lion] S Cakulste

Ins}: Insert line, [Al] « {Inl: Sebect row (copy) and insert, [AR+] T T | | Move row upsdown, [Del]: Defete row (multiple selections allowed)

1. 122868059792730E-001, 5. 720938400081267E-01
. TOGBE245177:
.D 0257838259604E 00
- 04515421597 TA7E-OL
. T20938400080560€
. 106352451 773400€

# Constant-parameter line model (CP_Line)

# penerated by XTLC on 15-Dec-2017 at 10:20:37.

# number of phases = &

# freguency = 5. 00000E+001.

# Characteristic impedance, propagation velocity, and resistance pul

# for_each mac
2. 9723260083624326+002, 3. 159105162634020E+007, 3. 663198069T6460E-004
1. 22718678601 1015€+002, 8. 317946528250203E+4007, 7. 05076531 2056788E-005
1. 176680763622533E+002, 8. 901337679855768E+007, 6. 58131679280E-005
4. 521474950815233E+001, 1. 2T5693485622390E+008, 7. 12727780672E-005
4. 423883503844301E+001, 1. 312387314873098E+008, 7. 135028556933606E-005
4. 335513851 276821E+001, 1. 35983T004898905E+008, 6. 762140702187589E-005

# Current transformation matrix:
-1.584153312457315E-003, -3. 24B010232970500E-002, -7. 256210685965727E-002, -4. 190300423946063E-001,
8. 0B4130185341912E-001, -0. 995790B46765363E-001, 5. GA0GOTO4D657I6EE-001, 4. 1844 T43B669BES1E-001. 7.4
-6, 471890427155092E-004, ~1. 887379141862766E-015, 1. 404242015834 744E-001, & 1124271 459 1.
8. 341811038951 926E-001, 5. 329070518200751E-015, 1. 099B34570856578E+000, -9. 261798835463320E-001,
-1, 5B41533124573156-003, 3. 2401023297051 1E-002, -7. 256210685964817E-002, -4, 190390123’945|80!-00.
8 1897E-001, 9. 995790846765322E-001, -5. G0G07949657289E-001, 4. 784474386697932E-001,

1~

This example has three conductors and three phases, with each phase consisting
of a core-and-sheath combination. Therefore, specify ‘6’ as the number of phases
in the parameter setting screen. Select the above line-model data as the data file.
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01 Pl-Equivalent Circust Line Model (XTLC) - o x
Paameters Display  Help

Number of

Fhaseas [0 V]

Eal i = Cx

Dats Fils

ETE =%

e

The number of part terminals in the circuit diagram is then updated to 6. The terminal

sequence is the conductor number sequence specified in XTLC. For each conductor,
the core is set first, then the sheath.

9 XTAP - [NewCircuit1]

H File Edit Circuit Analysis View Tools Window Help

DS s @9 -0- R @ e -[R]4 344

=)

00 Ground, Terminal

01 RLG

02 Voltage Source, Current Source
03 Switch

04 Probe

05 Transmission and Distribution Line

o' 00 Pl-Equivalent Gircuit Line Conductor No. 1 core

s L Pl LineX1 Conductor No. 1 sheath
o 01 PI-Equivalent Gircuit Line. ing Conductor No. 2 core
’ 02 Constant-Parameter Distri Conductor No. 2 sheath
’ 03 Constant-Parameter Distri / Conductor No. 3 core

’ 04 Frequency-Dependent Dist E“' "i / Conductor No. 3 sheath

o 05 Single-Gircuit 3-Phase Trz
&' 06 Double-Gircuit 3-Phase Tr

PHRIRGIG

rhrh&{
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4.2 How to specify the data for matching resistance
The created model data of the matching resistance can be used by using the
following component.
e 07 Matching Resistance

You can set the model data file to this component by selecting “Choose file”, in the
parameter screen. Note that it is necessary to choose the number of phases used
in the selected model data.

When the following screen appears when you click on “Choose file”, it is necessary
to save the circuit schematic file by clicking on File > Save as, in the menu bar.

XTAP

The xsf file must be saved in order to specify a reference.

e Example using an overhead line

Specify the line position parameters in XTLC, like the figure below, then click on the
button “Calculate”. Finally, choose “Matching Resistance” in the window that appears
on the screen. After the calculation ends, the data about the matching resistance
matrix will be displayed on the screen, like the figure below.

A XTLC(Line-constant calculation program):C:¥temp¥test_XTAP_EN_V240¥work¥Examples... - O IEM
Files  View BEAhA: Hedp

L o Mol QLT pp  Mmberol Combotor pesed
NARE (- ol R o e
IACER. 120 T [ 0

IACER. 120 T 15 0

IACSR 240 =i %S5 o 4 L L]

IACSR 240 o m®s o 1 LL]

IACER 10 [ 286 1 ] [N

Ground registivil ity 0 [nm) 1 DramelChech) Save Cakulare

I[tns]: Ingert bee, [Al]+[rs]: Select row (copy) and insert, [Alt]+[ T 14 1: Move row up/down, [Del]: Delete row [multiphe selectios

Matching resistance mode! (MR_model)
generated by XTLC on 15-Dec-2017 at 10:30:00

number of phases = 3
frequency = 1. 00000E+003

H O HHE HR

Matching resistance matrix:

3.433253471860778E+002, 8. 254967115982926E+001, 4. 906233190223031E+001
8. 254967115982930E+001, 3. 414932169438846E+002, 8. 254967115982927E+001
4.906233190223029E+001, 8. 254967115982926E+001, 3. 433253471860777E+002

- 167 -



Go back to XTAP and place the component “07 Matching Resistance” on the circuit
schematic file and save it. In this example a 3-phase 3-conductors line is considered,
therefore the parameter “Number of phases” of the XTAP component “07 Matching
Resistance” is set to “3”. Moreover, the data file calculated by XTLC is chosen in the
“Data file” parameter.

07 Matching Resistance = =

Parameters | Record | Display | Help

Murnber

of
Phazes

Data file
horizontally xmf ‘ | Chooze Fi
< >

After you set these values and close the properties screen of the component, the
number of terminals on each side of the component will be updated to be three.
Moreover, the order of the terminals is the same order as specified in XTLC.

B XTAP Ver. 2.41 - [C:¥temp¥test_XTAP_EN_V240¥work¥Examples¥STL...

B8 File Edit Circuit  Analysis View Tools Window Help

NEH B9-0-dR@225% -[R]4 38

s
=::=

00 Ground, Terminals

01 RLG Components CondUCtor NO- 1
02 oltage and Current Sources

03 Switches ,

08 Prbes R_Matching1 Conductor No. 2

05 Transmission and Distribution Line

y 00 PI-Equivalent Gircuit Line
o 01 PFEquivalent Gircuit Line Conductor No. 3

y 02 Caonstant-Parameter Distri

o 03 Constant-Parameter Distri

y 04 Frequency-Dependent Dist E_ +

d 05 Single-Circuit 3-Phase Tr:

& 06 Double-Circuit 3-Phase Tr [=H —/\/\/\/—
o/ 07 Matchine Resistance E‘

< >

06 Transformers
07 Generators
08 DG power transmizsion, Freguen..

e Example using an underground cable

Specify the cable position parameters in XTLC, like the figure below, then click on the
button “Calculate”. Finally, choose “Matching Resistance” in the window that appears
on the screen. After the calculation ends, the data about the matching resistance
matrix will be displayed on the screen, like the figure below.
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a3 KTLE{Line-constant calculation program):cable.lin - B “

Elles  Wiew | Database | Help

DS a
- o Carvuit-lre:
Cable no Line type ’f,"ﬂ":"’."z“" Degth Condiitlre  Conduit-loe " ipleciric Tripkese
o HA ) Yinl DFimm) TP [mm) e L
1 CAZVIRY G0 -u81 1 5| " | [
—_
2 CAZVIRY G0 I 1 1 1 | [
—_
» 3 CAZVZIRY GO0 081 1 « [ 1 [
—_
- 1 v
Ground restivity 100 [m) [ CramelCireck Save Caloulate

[{ins]: Tnsert line, [AI]+[Tns]: Select row (copy) and insert, [Alt]+[ T VL4 J: Move row up/dawn, [Del]: Delete row (multiphe selectior

Matching resistance model (MR mode
penerated by XTLGC on 15-09:—20” at IB 38:26.

mumber of phases = 6
frequency = 1. 00000E+003.

Matching resistance matrix:

1. 194200748458 744E+002. 8. 064406622622302E+001, 2, BG00T509962383TE+001, 2. &ﬁl]’ﬂoﬁéﬁﬂm ISE-DGI 2. 33217206424 T621E+001, 2. 33347650684 TII2E+001
B.064406622622296E+001,  B. 057851 79666B292E+001, 2. B61707065603043E+001, 2. BGIATOBA1 7901 12E+001, 2 333476506847240E+001, 2. 334756021 460083E+001
2. 860075999623719E+001, 2. BE1TIT065602998E-001. 1.1 4502E+002, 7. 8916032761651 28E+001, 2 BG00THO0962361 TE-001, 2 BGIT7Y 02G00E+001
2. B61TOT065603032E+001, 2. SGEQ?WITDDIOIE%L ? M 6932? GH240E+001, 7. B84847732828051E+001, 2. B61797065603028E-001, 2 479841795008E+001
2.332172964247524E+001, 2. 3334765068472 1, 23760E+DD1, 2. BGIT! 560200 1. L 194200743456 744E . B.DB4405622622290E+001
2. 3334T6506847234E+001, 2. 33-#?5692“59’9?]‘[;&1. 2.%!"‘ JE+001, 2. BEI4TOB4ITIO103E-001, B.0 . B.05785170666E2EHE+001

Go back to XTAP and place the component “07 Matching Resistance” on the circuit
schematic file and save it. In this example a 3-phase 3-conductors line is considered,
however for each cable its core and its sheath are considered separately. Therefore,
it is necessary to set the parameter “Number of phases” of the XTAP component “07
Matching Resistance” to “6”. Moreover, the data file calculated by XTLC is chosen in
the “Data file” parameter.

07 Matching Resistance = B

Parameters |Record | Display | Help |

Murmber

of

Phases

Data file

cable xmf | ‘ Choose File

< >

| K | | Cancel |

After you set these values and close the properties screen of the component, the
number of terminals on each side of the component will be updated to be six. Moreover,
the order of the terminals is the same order as specified in XTLC. However, for each
cable its core and its sheath are considered as different phases
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XTAP Ver. 2.41 - [C:¥temp¥test_XTAP_EN_V240¥work¥Examples¥<

File Edit Circuit  Analysis

DEH [F- Y

00 Ground, Terminals

Window

@R ¢ EE -]+ e

01 RLG Camponents

02 Voltage and Current Sources

03 Switches

04 Probes

05 Transmission and Distribution Line

j 00 PI-Equivalent Circuit Line
i 01 PI-Equivalent Gircuit Line
& 02 Constant-Parameter Distri
& 03 Constant-Paramster Distri
& 04 Frequency-Dependent Dist
o 05 Single-Gircuit 3-Phase Tre
4/ 06 Double-Circuit
e P

< >

06 Transformers

07 Generators

08 OG power transmission, Fredquen

09 Photovoltaic Power Generation

10 Electric Motors, Loads

N Areiliare Camnonents for Praer

P
=
Oy
o
o
=
S5
Q
—

HHHIEGE

iRl
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5 Registering Information in Line/Cable Databases

This section describes how to register information in line/cable databases. Before
registering information, close the line-placement screen if it is open.

5.1 Databases

There are six line/cable databases:

[0 Developer-provided databases

e Overhead transmission lines: Overhead transmission lines.cbl

e Overhead distribution lines: Overhead distribution lines.cbl

e Underground cables: Underground cables.cbl

[1 Databases for users

e Overhead transmission lines: Overhead transmission lines (for users).cbl
e Overhead distribution lines: Overhead distribution lines (for users).cbl

e Underground cables: Underground cables (for users).cbl

Searches are the only operation that can be done on developer-provided databases.
These databases cannot be updated by adding or deleting information. Databases
for users can have new or edited information registered in them. You can edit
developer-provided information by searching for the required information and then
performing the ‘New’ operation to rename it and register it in a database for users.

o« €] ¥ =

Search, edit,

Lawrch rams Sewoh . = =
-
User-use

Developer-
provided database

database

Developer-provided For users
Overhead ission fine datat editing Overhead transmission line database editing
O Search @ Mew Register O Search ® Edit O New Delete
Developer-provided - - User-created Name [test overht

Name |

Cross—sectional area 2708 [mm2) Cross-sectional area | 3708 [mm2)

Electric resistance | 298| [0/m] Electric resistance | 294 | [n/km]

Relative magnetic permesbility | 1] Relative magnetic permeability | 1

The search function and track-bar slider function enable simultaneous access to
developer-provided and databases for users, enabling seamless use of the
databases by the user.
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5.2 Overhead transmission lines

Select ‘Overhead transmission line’ from the ‘Databases’ menu on the menu bar.

J XTLC(Line-constant calculation program):(Untitled)

Files View | Database | Help

RR=A" | Overhead transmission line
Overhead distribution line
Cable

The ‘overhead-transmission-line database editing’ dialog then appears.

Owerhead transmission line database editing

@ Search ¢ O New Frgiate Import agur Exit
Daveloper—provided

Cross-sections area | 2709 [mm2]
Eleciric resistance | 294 |kl

Fielatroe magratc pormasbility 1

Cuitside Diamates 88 lmm)

Search name | | | Seach «l (<[> 8 [ sm

Different operations can be performed on the database, depending on whether the
referenced information is registered in the developer-provided overhead-
transmission-line database or the one for users. See Section 5.1 for the available
operations.

To edit previously registered data, select the ‘Edit’ radio button.

() Search ® Edit () New \

To register new data, select the ‘New’ radio button.

(O Search  Edit (@ New

After revising or entering the data, click ‘Register’ to register the information in the
database.

‘ O Search @ Edit O New  Delete |

To delete registered data, select the ‘Edit’ radio button and click ‘Delete’.

‘ O Search @ Edit O New " Register | |

To finish editing, click ‘Exit’.
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5.3 Overhead distribution lines

Select ‘Overhead distribution line’ from the ‘Databases’ menu on the menu bar.

f_a XTLC(Line-constant calculation program:{Untitled)

Files View | Database | Help
DEHE | Overhead transmission line
[ Overhead distribution line
Cable

The ‘overhead-distribution-line database editing’ dialog appears.

Overhead datnbution line database editing

| @ Sawch 1 Ein | O Wew T =1

[Devetoper—peavided

PPN S—
Electric resistance 118 |Ekm)
Fietalive magretic permesbility 1]

Name [ACSR-0C 25

Outside Duarmeter | __B3][mn]

Search nane [ 1 [ ] € [ F] B3] 8 —

See Section 5.2 for details of how to register information.

5.4 Cables

Select ‘Cable’ from the ‘Databases’ menu on the menu bar.

;_a XTLC(Line-constant calculation program):(Untitled)

Files View | Database | Help
N A Overhead transmission line
Overhead distribution line
[ cable

The ‘cable database editing’ dialog appears.

Cable dstabase editing
@) Search 8 O Hew g e Import zev Exit
b osacoacd Hane [GAZVEZEV 800
Core wro cross—sectional area] 800 (men]
Gore wha siscwrc reaistance| 308 ke Extermal semiconductor layer thickness|  8]tmm]

Gont wiw relbtive maratic parmaabdity | 1

Main inculator capacitance | 017l i)

Metal sheath slecirical resiwity | 262608 | im]

Metsl shaath relative magnetic permeability | 1

Metal sheath cuter nsulator dislectric constant |

Humber of axtarral corductors | 0]

If one or more external

/L

conductors is set, enter
external conductor

See Section 5.2 for details of how to register information.
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5.5 Line/cable database functions

This section describes the line/cable database functions.

Search

This facility is used to search the databases for lines or cables. Enter the text string
to search for in the ‘Search name’ field, and click ‘Search’. Searches are not case-
sensitive and blanks are ignored.

Seathname[l Ii Search

The program searches for results containing the entered string. When multiple
search results are returned, clicking ‘Search’ again displays the next search result.

Example: When ‘AC’ was entered as the search string, ‘AC30’ is displayed.

Developer-provided Nau[m % 1
Cross-sectional amabnm?]
Electric: resistance 204 [n/km)
Raltive magnetic permeability[ 1]

Outside Diameter —68[mn]

Clicking ‘Search’ again displays the next search result, ‘AC38’.

prveperpronied T N
Cross-sectional area|  30.15|[mm2]

Electric resistance [n/km]

Relstive megnetic permesbilty[ 1]

Cutsids Diamster 78] (mim)

Display switching buttons

The display switching buttons are used to change the data displayed.
e [<<] button

Displays the first data.
e [>>] button

Displays the last data.
e [<] button
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Displays the data immediately before the current data.
e [>] button

Displays the data immediately after the current data.

Track bar

Moving the track-bar slider right or left scrolls the displayed data forward or
backward. A number can also be entered in the input field, before pressing the
‘Enter’ key to display the data at the indicated location.

AT

Slider Numerical input

Import

This registers user-created line/cable information in CSV format to a database for
users. Overhead lines and cables each use a different file format.

e Import file layout

Overhead lines Cables
Name Name
Cross—sectional area Number of external conductors
Outer diameter Core wire cross—sectional area
Electrical resistance Core wire outer diameter
Relative magnetic . . .

. Core wire electrical resistance
permeability

Core wire relative magnetic permeability

Flag

Main insulator capacitance, or dielectric constant

Inner semiconductor layer thickness

Outer semiconductor layer thickness

Metal sheath outer diameter

Metal sheath thickness

Metal sheath electrical resistivity

Metal sheath relative magnetic permeability

Cable outer diameter, or metal sheath outer insulator
outer diameter

Metal sheath outer insulator dielectric constant

e |[tems with a pound sign (#) in the first column are treated as comments.

Example

#Name, cross-sectional surface area, outer diameter, electrical resistance,
dielectric constant

AC 1,27.09,6.9,2.94 1
AC 2,125.5,14.5,0.688,1

Export

This outputs information registered in a database for users to a CSV-format text file.
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Appendix 2

XFIT (System Identification Program)
Version 1.30

Instruction Manual

Central Research Institute of Electric Power Industry (CRIEPI)
October, 2021
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XFIT (System Identification Program for XTAP)
Version 1.30

Instruction manual

Central Research Institute of Electric Power Industry (CRIEPI)
October, 2021

e Note that starting with Version 1.20, the file format of the frequency-characteristic data
described in Section 3 of this manual has changed.

1. Overview

XFIT is one of the auxiliary programs accompanying the power system transient analysis program
XTAP (Expandable Transient Analysis Program) developed by CRIEPI. XFIT is a fitting program
that identifies a linear model given numerical frequency-characteristic data. It can identify models
for multiple-input/multiple-output systems (multiple phases in the case of electrical circuit elements).
It can also create an electrical-circuit model that uses the given frequency characteristic as its
admittance frequency response, and use it in XTAP. This program was previously provided as a
stand-alone program called SysIP (System Identification Program).

2. Linear Model fitting

Multiphase (multiple-input/multiple-output) pole-residue models are linear models fitted to
reproduce a frequency characteristic provided in the form of numerical data. In other words, the
numerical data provided follow a model expressed as
Y(jw)= i R, (1)
=1 JO— P,

where Y(jw) is the frequency-response matrix provided by the user in the form of numerical data
(in the case of M phases, this is a matrix of size M x M), R is the residue matrix (of size M x M),
pn is a pole, and w is the angular frequency. Models were fitted using a least-squares approach.
See the following references for the detailed procedure.

[11 CRIEPI Research Report T03013: “A sub-network reduction method for the calculation of
electromagnetic transients in a power system (Part 1)” [in Japanese] («— Can be downloaded
from the CRIEPI website.)

[2] T. Noda, “Identification of a multiphase network equivalent for electromagnetic transient
calculations using partitioned frequency response”, IEEE Trans., Power Delivery, Vol. 20, No.
2, Part 1, pp. 1134-1142, Apr. 2005 (« Can be downloaded from the IEEE website.)

[3] T.Noda, “Abinary frequency-region partitioning algorithm for the identification of a multiphase
network equivalent for EMT studies”, IEEE Trans., Power Delivery, Vol. 22, No. 2, pp. 1257-
1258, Apr. 2007 (+ Can be downloaded from the IEEE website.)

[4] J. Martinez (ed.) “Power System Transients: Parameter Determination”, CRC Press (« Link
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to Amazon listing; the procedure is described in Appendix A of this book.)

3. Frequency-Characteristic Data Preparation

(1) The pole-residue models described by Formula (1) are fitted to reproduce a provided numerical

frequency characteristic. This section describes the method for preparing the frequency

characteristic data. XFIT assumes the data are stored in files with the following format:

e The numerical data is separated by spaces or tabs.

e If the model to be identified has M phases (M inputs and M outputs) (i.e., the Y(jw) term in
Formula (1) has size M x M), the frequency-characteristic data are stored in M separate files.

e Each file stores the data for one row of Y(jw).

e The number of frequencies must be the same in each of the M data files.

e The data format of the file storing the jth row of Y(jw) is as follows:

£f(1) mag(l,j,1) phi(l,j,1) mag(2,3j,1) phi(2,3j,1) °* mag(M,j,1l) phi(M,j,1)
£(2) mag(1l,j,2) phi(l,j,2) mag(2,j,2) phi(2,3j,2) ** magM,j,2) phi(M,j,2)
f (k) mag(l,'j,k) phi(l,.j,k) mag(2,.j,k) phi(2,5,k) mag(M,.j,k) phi(M,'j,k)
£ (K) mag(l,'j,K) phi(l,.j,K) mag(2,.j,K) phi(2,3,K) mag(M,.j,K) phi (M, j,K)
where f(k) is the kth frequency;

mag(i,j,k) is the amplitude of element (i, j) at the kth frequency;
phi(i,j,k) is the phase [deg] of element (J, j) at the kth frequency;
K is the number of frequencies.
o Note that this is an updated format created for the current version of XFIT (Version 1.20).

e The first few lines of each file can be used freely as a header. Header lines are automatically
skipped.
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4. Five Steps for Model Fitting

Using the XFIT window (shown below), follow the five steps below to fit the model.

A xFm3 - x
Number of phases
Nph = =

Frequency response data files

Icol = 14+ Notyet selected

Select No files selected

Error tolerence in relative quantity

EpsR= [ 1.0] %

Low level fitting parameters

Nmin = 65 Nmax= | 1ér5
Nitr = 301 Nsvd = 215
synmmetric [] timit poles
[ pole clustering EpsP = 5.0, %
outputs

Default

Start fitting

Start Not yet fitted

Close Help About

Step 1
(Section in window: Number of phases)
Specify the number of phases M (‘Nph’ on the screen). M corresponds to the size of Y(jw).

Step 2
(Section in window: Frequency response data files)
Specify the M files prepared as described in the last section.

Step 3

(Section in window: Error tolerance in relative quantity)

Specify the error tolerance as a relative value (%). This value is used for pole fitting. Specify a value
in the range 0 < EpsR. The default value is 1%.
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Step 4

(Section in window: Low level fitting parameters)

Specify detailed parameter settings if necessary. Note that most of these parameters are set to
default values considered to be appropriate, and should not normally need alteration.

Nmin: Start order for an optimal model-order search. (Range: 1 < Nmin < Nmax; Default: 6)
Nmax: Stop order for an optimal model-order search. (Range: Nmin < Nmax; Default: 16)
Nitr: Iteration stop count for a rational function fitting process. (Range: 1 < Nitr; Default: 30)
Nsvd: Constant used in SVD (singular value decomposition) calculations in the least-squares
method. If the number of significant digits in a given value is less than this constant, the value
is removed from the simultaneous equations. (Range: 0 < Nsvd < 16; Default: 2)

symmetric: Flag indicating whether the system to be fitted (i.e., the matrix provided) is
symmetric (checked) or asymmetric (unchecked). (Default: checked)

limit poles: If this flag is checked, the poles with an absolute value greater than the maximum
angular frequency are removed. (Default: unchecked)

pole clustering: Flag determining whether or not to consolidate nearby poles into a single pole.
Poles are consolidated when this setting is checked, and kept separate when unchecked.
(Default: unchecked)

EpsP: When the ‘pole clustering’ setting above is checked, any poles within the radius specified
by this parameter are consolidated into a single pole. The value is specified as a relative value
(%). (Default: 5%)

outputs: When this flag is checked, intermediate results are output. When not checked,
intermediate results are not output. (Default: checked)

Step 5

(Section in window: Start fitting)

Press ‘Start’ to begin fitting the model. When it is finished, the ‘ResultViewer’ window opens to
display the results.

5. Displaying and Saving ldentification Results

The ‘ResultViewer’ window shown below opens automatically when model fitting is completed. This
window can be used to display the following graphs:

Plot (i,j) element of Y: shows the fitting of model element (i, j). It compares the frequency
characteristic of element (/, j) in the data provided to the frequency characteristic of element (J,
J) in the model. The horizontal axis (frequency) may be either linear or logarithmic.
Eigenvalues of Re{Y?}: plots the eigenvalues of Re{Y(jw)} versus frequency for the fitted model.
The horizontal axis (frequency) may be either linear or logarithmic. If the eigenvalues of
Re{Y(jw)} are positive for all the frequencies, the fitted model is guaranteed to be positive-
definite (i.e., passive).
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. ResultViewer - a X

Plot (i,j) element of Y

i (row) = hi
j(col)= 15
Lin. Plot Log. Plot

eigenvalues of Re{Y}

LinPlot Log. Plot

Save results

Generate
a network equivalent in XTAP format.

Save
results to file in binary format (see help).

Save
results to file in text format

Save
results to file in Matlab .mat format.

Close Help

The fit results can be saved in the following formats from the ‘ResultViewer’ window:

network equivalent in XTAP format: generates and saves data in a format that can be used
from a ‘Condensed multiphase circuit model’ (NetEquiv) XTAP part. An admittance element
with the frequency response fitted by XFIT can be created in an XTAP circuit diagram by
placing a condensed multiphase circuit model in the circuit diagram, double-clicking on it, and
using the window that appears to specify the file generated by this item.

binary format: outputs the identification results as a binary file.

text format: outputs the identification results as a text file.

MATLAB format: outputs the identification results as a MATLAB *.mat file, enabling them to be
loaded into MATLAB using the load’ command.
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Binary files have the following format:

1)

Number of phases M (integer)

2) Number of real poles N (integer)

3) Number of complex poles Nc (integer)

4) Real poles (double; number of values = N;)

5) Real parts of complex poles (double; number of values = Nc)

6) Imaginary parts of complex poles (double; number of values = Nc)

7) Residue matrix of real poles (double; number of values = M x M x Ny; each matrix row is
provided first, then N matrices)

8) Real part of residue matrix of complex poles (double; number of values = M x M x Ng; first
each matrix row, then Nc matrices)

9) Imaginary part of residue matrix of complex poles (double; number of values = M x M x
Ng; first each matrix row, then Nc matrices)

where

‘integer’ is an integer type (32-bit)
‘double’ is a floating-point real number type (64-bit)
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