Introduction to ATPDraw
version 5

e [ntroduction to ATPDraw
e Multi-phase circuits

* Vector graphics

« Grouping

e Hybrid transformer

« Machines

 Models
 Lines&Cables
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Introduction

« ATPDraw is a graphical, mouse-driven, dynamic
preprocessor to ATP on the Windows platform

 Handles node names and creates the ATP input file
based on "what you see is what you get”

e Freeware

e Supports
— All types of editing operations
— ~100 standard components
— ~40 TACS components
— MODELS
— $INCLUDE and User Specified Components
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Introduction- ATPDraw history

Simple DOS version
— Leuven EMTP Centre, fall meeting 1991, 1992

Extended DOS versions, 1994-95 T

Windows version 1.0, July 1997
— Line/Cable modelling program ATP_LCC BPA
— User Manual Sponsored

Windows version 2.0, Sept. 1999
— MODELS, more components (UM, SatTrafo ++)

— Integrated line/cable support (Line Constants + Cable
Parameters)
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Introduction- ATPDraw history

* Windows version 3, Dec. 2001
— Grouping/Compress
— Data Variables, $Parameter + PCVP
— LCC Verify + Cable Constants
— BCTRAN
— User Manual @ version 3.5

 Windows version 4, July 2004
— Line Check
— Hybrid Transformer model
— Zigzag Saturable transformer
 Windows version 5, Sept. 2006

— Vector graphics, multi-phase cirucits, new file handling
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LateSt neWS, Version 5.0 available from October 2006
Sponsored by BPA & EEUG

 Vector graphics
— Improved zoom
— Larger, dynamic icon; RLC, transformer,

switch... ¢
— Individual selection area oy : L
« Multi-phase nodes il HPKW = ik Fxﬁ‘
— 1..26 phases, A..Z extension
— MODELS input/output X[1..26] mpos
— Connection between n-phase and single phase ' ,_% ' f ,_%
— 21 phases in LCC components ==
« New file management K | A% LAZ
— Project file follows the PKZIP 2 format. rg% ’_Z§% ._ZE%NEG
Improved compression. acp-extension. PULSE 4| |4 sl ls 5|2
— Sup-file only used when a component is e T 6phase o )
created.

— External data moved from files to memory.

— Individual, editable help strings for all
components.
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ATPDraw main windows, v5.2

nr

3. ATPDraw
M aln MenNuU —|Frile Edit view ATP Lbrary Tools ‘Window Help
Toolbar——|1 54 @ B & LDBEX AT AL b @S 2@ ]| ne -
7 y .
Component | = frair i e B R ER M=1E3 ap k3
. g, A
bar (optional) | # 2
= x Lightning posttion, 100 m from 500 m jong e = . .
Head . Circuit
r @ ~ .
eader, <= [} g . — map
- —T | E—
CerU|t flle Z=300 ok L TELy z
name = i i
& £ CAATPMATPD ] - BlX]
g raw\Project\bxa_14.acp = El _|
C| rcu | t o Calcwiation of harmaonics in HIDC 24 puise power sy WHNzing Zigzag transfarmers with +-7.5 deg. phase shift. -
A model FOURIER calcuiates up to 26% harmaonics Bsing & recursive DFT routing. CO m p one ﬂt
1 £ The zigzag ransformer implementation s documented in H. K. Haldalen, F. Spanid il
] Probes & 3-ph ’ :
win d ows e Wsing Zigzag Transtormers with Phase-Shit to reduce Harmanics In AC-DC Systems”, IPSTOS, Montreatq — oo o PHase S eI ectiom menu
\L “4C Branch Linear 4
E g Branch Monline, 4
CI I'C u |t ) Tr@ Lines)Cables Lumped 4
d - ! S cutches : Distributed s
under ——— = 7
. - ZS ¥ Sources 5 Read PCH file,..
construction ) = | @ Machnes ,
) Diads
) Zig-zag bridiges| 0 Transformers 4
-u-@—m-«- Regulation transformers
= fransformers ZNOGET {10 =} MODELS 4
10,740,692 kI
f32 k1 222 mH {13906 k1 BT TACS N
Cable |User Specified 4
% Frequency comp. 4
&l standard comp...
L = w
< | >
MODE: EDIT
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ATPDraw Component dialog

Component: RLC3.S5UP

. Adtributes ]

Editable
data —_ | [DaT4 UNIT VALUE A [NoDE PHASE  [NAME ﬁNode
values Rt~ [ohms 1 INT ABC names

L1 m 0.001 OUTT ABC lLoAD

C.1 uF o™

R_2 Ohms 1 Used for

L2 mH 0.0 L sorting

C 2 uF 0
Windows F_3 Ohrns 1
clippoard | |L3 mH 0.001 2 Label on
support - screen

\EEEPA Faste | entire data gnd Order: Iﬂi Label |Soure imp. e
Branch Carnment: |Impedance am the HY sidd] -« 1 _Comment
output \ - in ATP file
Output = Hi
ide
Edit local \.‘1 — = - | Component
definitions: A not to ATP
. Intage.,
icon/help/ *jvg\
S~ — )

pos/name/ \E'h ~_High
units Edit definitions ‘ ]S Cancel ‘ Help ‘ prECiSiﬂn
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ATPDraw capabillity

e 30.000 nodes

e« 10.000 components

e 10.000 connections

e 1.000 text strings

 Up to 64 data and 32 nodes per component
 Up to 26 phases per node (A..Z extension)
e 21 phases in LCC module

e Circuit world is 10.000x10.000 pixels

e 100 UnDo/ReDo steps
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Wiewy ATP  Library Tool
Y Undo Gridsnap  ChHZ L

11 Redo Delete Chel
ATPDraw Edit options b o
[, Paste Chrl+y
-.3 Duplicate Ctrl+D
Clear Del
® MUItIpIe documents B2 Copy Graphics  Chrl+w
— several circuit windows Nrmret ot
— large circuit windows (map-+scroll) hRemeR e
- grld Snapplng " :Ili.lpbberEands E:::;
. Circuit editing £ conoes.
— Copy/Paste, Export/Import, Rotate/Flip,
— Undo/Redo (100), Zoom, Compress/Extract Commert..
— Windows Clipboard: Circuit drawings, icons, text, circuit data
o Text editor

— Viewing and editing of ATP, LIS, model files, and help files

Help file system
— Help on ATPDraw functionality, all components, and MODELS
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All standard components:

&, ATPDraw - [M:\Prosjekt\ATPDraw\Development\Distrib\ATPDraw50\ProjectiAll acp]

«#h Fle Edit Wiew ATP Lbrary Tools Window Help
== G B EE ¥ | A OS  sde | ® S [znIE -] nmEE -
Frobes & 1
* hase Branch  Naonlin  Lojump  Lodistt  Switches Machines  Trafos Models TACS  Devices Fortran UserSpec
310 .
! —A e .%. spvore eroe e e -IF@—- E‘HIEE: @ ,,. |3 Hunc
I‘G -—“—- - — . EI i 18 a0 59 * ok}
1- T T H e *. p n: é} Eé. Math :jZ'_‘
;I—. wf]le i !1“"5“:?! e o—+>._§_—o \ : ?T i - . A
o—:ﬁa—c '-I";‘f‘:'r' LINE '_[>|_' é) %@- %ﬁ-
l—i'lfn”-l T [TTFE
7 L ] I: H ) '.}._. C B2 "‘?"
@ ke 'ﬂ” * -—.ml s .|@_. @ Lo sl "‘E“'-" FreqComp
cys e e o .. & @ RS I S N O
iy -
S LR 4.@*@* 5=
o _ T, e I InitCond 54 =
i T ] iH] 5—. por TACS |
e = . [THIT:-» 9}% Sl
' _ 117 ._S}TAT_. ) .:) . ¢ 19 55
:;,,k I =
} . ) 3}%. ofeatifs ofsoocfe  ofmsi-e
] ; SVSET g R
'ﬁ'}"‘ iy b IHi}—- -»;; .%. 56 .65
.-'-_II: DEF T'J\ jvgxg\{ iEe ._@:. ._}-’5?. ‘-.
) s D s R
:}E: :':
1ETSS : :
¥ v
< >
MODE: EDIT
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ATPDraw node naming

"What you see is what you get"

Connected nodes automatically get the
same name

— Direct node Overlap nodes connected nodes overlap
— Positioned on connection .
Warnings in case of duplicates and {?\W&
disconnections '
3-phase and n-phase nodes

— Extensions A..Z added automatically \rm
— Objects for transposition and splitting D % ﬁ

— Connection between n- and single
phase Transposition Splitter

Connection

www.ntnu.no
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User’'s manual

 Documents version 3.5 of ATPDraw (246 pages), pdf
« Written by Laszlo Prikler and H. K. Hgidalen

e Content
Intro: To ATP and ATPDraw + Installation

Introductory manual: Mouse+Edit, MyFirstCircuit

Reference manual: All menus and components

Advanced manual: Grouping/LCC/Models/BCTRAN + create

www.ntnu.no

new components
Application manual: 9 real examples

Hans Kr. Hgidalen, NTNU-Norway




Files in ATPDraw

* Project file (acp): Contains all circuit data.

o Support file (sup): Component definitions. Used only
when a component is added to the project.

— Standard components: ATPDraw.scl
— User defined components: Optionally in global library

e Data file (alc/bct/xfm): Contain special data
— Stored internally in data structure

— Optionally in global library
* Help file (sup/txt): User specified help text

— Global help stored in sup-file or /HLP directory (txt file)
— Local help created under Edit definitions

Edit definitions + %

www.ntnuno Y Hans Kr. Hgidalen, NTNU-Norway




Data files In memory

Old:
obj
Memory /
¥ v
Disk data
sup
Problems:

 Where? Lots of
files/messy disk

 Conflicts
between projects

www.ntnu.no

Solutions:

New:

obj
Memory R

data

A

Disk | import/export

Library

Confirm Fir Keep

No files extracted to disk
Import/Export allowed

Clear distinction between
global library and projects

No conflicts between
projects

Froject file is older thal

Hans Kr. Hgidalen, NTNU-Norway




Project vs. Library: Local|Global

« When a new component is
added to the project:

H, ATPDraw - [Noname.acp]
«&p File Edt Wew ATP BN Tools Window Help

 Allinformation copied into the  |J = d B & &S EEE i i
prOJeCt Syncronize  #
« No links to files ) Edit global data
ATPDraw Library
Memory Disk
Circuit New/import ATPDraw.scl
project User specified JUSP
Export/Save as Models IMOD
bodelz L|ne&Cab|eS /LCC
Modeh  [DEFALLT , Edt Bctran/XFMR /IBCT
_ /ResultDir:
Eclt defrifions / Make ATP file | User Specified and
— Run ATP | Line&Cable include files

Edit local data

www.ntnu.no A Hans Kr. Hgidalen, NTNU-Norway




Result Directory

« The user initially specifies where the result should be
stored (ATP and $Include files)

Specify result directony E|
(= M BCTRAMZ. atp -~
= Prosjekt BCTRAMZ. bt
= ATPDram bictrand. lis
bctrand.pch
[=r Developrent C_400.atp
[~ wersjonbl C_400.5ib

o A00 iz "

Cancel

|M:'\F'r-:usiekt'\.f-‘-.TF'Draw"\Develnpment'wer |IE e h"-.c:ressida'x}'j

e ATPDraw.ini in APPDATA/ATPDraw
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Vector graphics

e Sponsored by EEUG (2007)
e Better zooming and dynamics

MODEL
large

* Increased icon size 255x255 (from 41x41)
* Allow more nodes than 12

(4
(4
(4
(4
(4
(4
(4
(4
(4

000000000000

« Additional: Flipping & Individual scalable icons

'@ —
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Dynamic icons

RLC, RLC3, RLCD3, RLCY3; R, L, C, RL, RC, LC, RLC appearance. “N— AN
PROBE_| (Current probe); Single phase or three phase appearance. é'_) é'_)
LCC; Overhead line, single core cable, or enclosing pipe appearance. Length Lcc LcC
of transmission line optionally added. -3%- _r’[_
5.09 km 50. km
All sources; current (rhomb) or voltage (circle) source appearance.
(homb) or voltage (circle) source app HD— =
Universal machines; manual/automatic initialization, neutral grounding. C j@_
I )
TSWITCH (Time controlled switch); opening/closing indications. ;3 _?(o_

Transformers; Coupling (WYye, delta, auto, zigzag), two/three windings. AR
AT

TACS summation. Positive (red), negative (blue), or disconnected input. Click

on the nodes to activate. G(s)-
66 {
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Vector icon editor

 Difficult for the user to change the default icons
— Vector elements
— Node positions

 Vector editor Is text based. Shapes:

— Shapes and Texts [Tme |

Line
] A ectangld
lcon Top : lcon Left; lcon Baottom : Icon Right; Eut. P Ext. P Ellinze
|-20 |-20 |20 |20 |0 |12 Version 1
visble [Tag [T [Pl [P1y  [P2u [P2y  [P3x [P3y  [Pax [P4y e [be [ [bs ow | A Palugar
1 0 1 2 10 1 20 0 0 0 0 28 248 0 0 1 Arc
Bezier
1 i} 3 -20 -10 -10 -10 -10 10 -20 10 240 240 0 i} 1
1 i} 1 -11 -4 -8 4 i] i} 0 i} 240 243 0 i} 1
1 4 3 -10 20 -10 14 -3 14 -3 14 240 240 0 i} 1
1 8 0 a 0 20 0 1] i} 0 i} 240 240 0 i} 3 w
Visible |Tag ‘ F.= | Py ‘ Font | Size ‘ Caolor ‘ Style ‘ Rotate ‘.ﬁ.ngle | Text ‘ - Mame iP.x Py -
i} 0 i] 1 g 242 i] i} 0 Sk Stator i]
1 i} 15 17 8 g 24 i] i} 0 W M_Mode [-10 20
Fieldz, -20 -10
FieldB -20 10
ey W
(n] 4 ‘ Cancel ‘ Irpart... ‘ Export... ‘
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New vector editor (v.5.2)

o Still text based

« NO mouse response
e Visual response

e Color support
 Element ordering

www.ntnu.no

[ﬁ Impart (Exk)
H Export {txt)
4 Cuk

EEY Copy

:2’5 Paste

53 puplicate
"!'¢ Zaom In
'::'{ Zoom Cut

3 Node grid

'—éil Ering up

Y4 send down
4 Bring to front
‘T]__j Send to back

Chrl+x
Chrl+C
Chrl+

ChrHI
Chrl+O

Chrl+0U
CtrH+D
Chrl+F

Chrl+B |

____________________________________________________________

......................................................................................

——————————————————————————————————————————————————————————————————————————————————————

______________________________________________________________________________________

Hans Kr. Hgidalen,

Show laper, (Al -

Edit element |5 e

Ken Walue | ~ Pen
Kind Polin =] .
Yizible True Bruish:
Layer 3

Pen color 1240 .
Pen ztyle _ Solid

Pen width |1

Brush color 1240

Bruzh style  |Salid

F1.x B

F1.p g

P2.x 10

Frame F.x P.y

TopLeft -20
BattamPlight | 20 20

Esternal 17 -10

Modes

Secondary
Starpaint
Frim-M
Sech

T artiam

-10 -20
-10 20
10 20
n iy
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Multi-phase circuits

« EEUG sponsored project

« Why?
— Problems and bugs related to the Splitter
— Better support of MODELS input/output arrays

— Need for multi-phase communication in Groups
and Models
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Principles

 Nodes and connections extended to 26-phase (A..Z
node name extension)

* Only 3-phase nodes transposed
 Model arrays X[1..26] supported

« Special connection between single phase and n-
phase node

e Connection properties: Color, label, phase carried
 Extended Probe capabilities
 LCC module capability increased to 21 phases
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Example 1

* Single phase to 3-phase connection

=, Edit connection g @ E|

O I d : N eW: # Phazes 1 - Colar
o_-!- Lec F>(°__%C(‘ Phaze index |1-&4 _
1CC 1CC .ﬁ - o . T_a[‘
- . > .
rT ﬁ" Label |1
Hel
[v Phaze label on zcreen =
[~ Hide

* The Splitter carries Transpositions the single phase
connection not.
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Example 2

e Multi-phase connections

)\

* Increased circuit readability

# Phazes m Cilar
e ]

Phase index

Label |E-phaze

[v Phaze label on screen
[ Hide
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Example 3

« Multi-phase groups

Aﬁ/ * 'PULSE
* AC e POS
e —r —r o II- "‘[%_.NEG
A S
T s ~ "NEG
PULSE 4] |4 3| |6 5|2
c. 6-ph

 New component: Collector
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Example 4

e Multi-phase Models

MODEL FOURIER

INPUT X

--input signal to be transformed

DATA FREQ {DFLT:50} --power frequency

n

OUTPUT absF[1..26],
VAR

absF[1..26],

{DFLT: 26} --number of harmonics to calculate
angF[1l..26],F0 --DFT signals
angF[1l..26] ,F0,reF[1..26], imF[1..26],
i,NSAMPL,OMEGA,D,F1,F2,F3,F4

MODELM®
fourier [@
1
132/11.3
HVBU .
| A= Regulation
= - R~ transformers
132kV 22.2mH ?? 11.3/10.6 kV

Zig-zag
transformers
ZNO0d11y0
10.7/0.693 kV

www.ntnu.no

5 uH 5mF
Py a'a’aa =
- =
T lee ¢ +T§
_ 0.0265
i}
T te-e
Diode
bridges
5 uH 5mF
a'a'aal
e =
T lee ¢ +T§
_ 0.0265
7
T lee 20
16
12
84
4
0 . : : : : : :
0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 [s] 0.10

(file Exa_14.pl4; x-vart) m:X0027E ~ m:X0027G ~ m:X0027V ~ m:X0027Y

Hans Kr. Hgidalen, NTNU-Norway




Example 5

« Extended Probe capabilities
— Monitor 1-26 phases
— Read and display steady-state values

www.ntnu.no

Open Probe

#Phazes

b aritar;

[~ Hide

|3 2] [

v B-2
v C-3

[ Add current node

Help

W

Steady-ztate
o On zcreen

v Curr/Pow i Mone
i Current

Scale: |333333 i+ Power

i=0.001135<-150.603

| 5=56. 7469+22.17859

X]

-56.7+22.18
|
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Example 6

* Increased LCC capability
* 16-phase overhead line:

i re Model | pata |
: | | : Swystem tpe Standard data
: : |DverheadLine j #Pk: |16 = Rha [ohm®m] {100
o e .
™ Tiansposed Freq. init [Hz] |50
[ auto bunding Length [km] {123
- ki
Iv Skin effect Urits
[ Segmented graund f* Metic
~ '
[ Beal transf. matrix Elglsn
todel
Type
(*+ Bergeron
i Pl
" JIMarti
" Semlyen
™ Moda
Commment: | Elrder:lﬂ Label:l [ Hide
Cancel | Import | Export | Run ATP | Wi | Werify | Edit icon | Help |
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Grouping
e Select a group (components, connections, text)

e Click on Edit|Compress
e Select external data/nodes

Compress Group
Objects

RESISTOR / Targue
CaF_L0

RESISTOR

ACTRH A1

www.ntnu.no

[rata
Anailable:

M odes
Aailable:

To / BUSMG

Added to group:

»s | |RES
— |C
1o+
< | |Amplitude

[ Monlinearity

Added to group:

s

<4

;"1;'1;5

E’nﬂj
+

Cancel

Group name:

tech

[ Keepicon
lzor

i Bitmap
i* “ectar

[ Auto poz

[0 o

Poszition:

B

2 11 1
T

14 9
2 &
3 7

&
]
o

Hans Kr.

@®|GROUH

mech

Wiewy ATP  Library Tool

Y Undo Gridsnap  ChHZ
& cut Chrl+
=5 Copy Chrl4+iC
= ] :
22 Duplicate Ctrl+D
Clear Dl
%ﬂ Copy Graphics  Chrl+w
Select ¥
A7 Edit Text Chrl+T
Z Rotate R Chrl+R
42 Rokate L ChrlL
Al Flip Chrl+F
Rubber Bands Ckel+-B
Carmenkt...

Hgidalen, NTNU-Norway




Compress dialog

Compress Group

Objects

MULTE

DIz /A
DIFF2 / #1
SPLITTER
DEVICESS / Freq
DC_01 4 Anale
DIz /g2
DIFF2 / #2
AMND /11
oCc_o /180
DEVICERS / H1
MNOT

AMND /2
WALWVE /1
WALWVE /3
WALWVE /5
RLC / #1

RLC / #2

RLC / #3
WALVE /4
WALVE /B
WALWVE /2

RLC / #4
BRI/ #R

[rata
Anailable:

Ampl. £
T _stat/ 0.0
T stopd 1

M odes
Aailable:

SOURCE

X]

Added to group: =
EEES 4 Cancel
ﬁNGLE Group name:
C Grp00006
E [ Keepicon
= lzor
C " i+ Bitmap
[ Monlinearity " “ectar
Added to group: I
AL
POS
Position:
7 vl
21w
1 -9
2 &
3 7
45 &

www.ntnu.no

Note:
Group name: just for icon

Keep icon: in case of
recompress

Chose between
Bitmap/Vector

Vector supports automatic
node positioning

Old style 1-12 borderpos
kept

Specify Position=0 to
enable (X, y) pos.
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Grouping - special

« Data with the same name appear only once in the

I I Added to group: DATA UMIT WALLE
InpUt dlalog EES RES Ohims 3,32
— Data value copied v C i 5000000
_ mpituds L[+ Volts 182640692
— Double click on name to change Ampltude  |Valts/Amps  |-374.03889

 Nonlinear characteristic supported
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Example Create 3-phase MOV

Compress Group rz|
Objects [rata K
WLIMRES Anailable: Added to group: =
MLIMRES / #2 Yilazh / 1.1EE vy | [Wilash C |
Ll SPLITTER Tdelay /1 1 [viflash =Aance
S & NLINRES / #3 Jump# 0.0 ilash I :
AR TS VSEAL/ 0.0 < Iih:;fg;zme'
lzor
i+ Bitmap
[v &dd nonlinear [vw Monlinearity " “ectar
Modes =
Aailable: Added to group:
> | [
To/ GROUND —1
ve Poszition:
—_ 2 vl
21w
1 -9
2 &
3 7
45 &
Group: MOV3PH
Aftributes | Characteristic
. | ; it DATA LIMIT WALLIE MHODE FHASE kA
Yilagh Yol [ 3

www.ntnu.no : Hans Kr. Hgidalen, NTNU-Norway



Example — Induction motor

 Induction motor fed by a pulse width modulated
voltage source

 External mechanical load
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Examples

o 3-phase RMS-meter

in 7] BB
out
RMS
; %@ —>

InDUS
I .
i) o
¢ ¢ -
o/IrDisle
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Transformer modeling

Saturable Transformer

[ BCT L
+ BCTRAN (03
* Hybrid Transformer XFMR
QL
e |deal Lgls |
¥ )
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Saturable transformer

Zig-zag
. R Te "™
° Z|gzag Supported 10.710.693 kv g5
Friri. Sec. Tert.
L[] 211 1.23

R [ohm] -0.064193 | 0.00019 E.EE-B
L [mH.ohm] [1.2260045 | 0.00373 000331

Coupling |2 ~||D vl -l
Phase shift |12 T

transformers

I[0)= |0 Fim= |0 v 3leg core 11.3/10.6 i)
| | RHS 132 kV 132/11.3 ey -
F{0)= |0 RO=|1E12 WV 3winding e
i DN
Zd
+6y ES .
Cable -
Y /n L
= A AT i'l ®
zd il I
Cable +1 - 26.5mohm S 5mF
> A
= A AT 2"'5 \ 4 A4 hd
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BCTRAN

* Automatic inclusion of external magnetization characteristic

BCTRAN: M:\Prosjekt\A TPDraw\Developmentiversjon50\Atp\BCTRAN. pch X
Struckure R atings
Mumber of phazes K HY LV
L-L walkage [kv] |432 |15
Murnber af windings 2 -
e Power [Mya]  |290 230
XFMR Type of core Aeqoed stacked core

Test frequency [Hz] 50 Connections |Y ﬂ | D ﬂ

W AR Output v Auto-add nonlinearities Phase shift [deq] 30 hd
[ Ext neutral connectionz

Factamn tests

Open circuit l Shart circuit]

Perfarmed at | | Connectat LY - [ Zemosequence data available

positive segquence

VY
BCTRAN * {2

80
[AL Walt [%) Coarr %] Lozz (kW) |
50+ 75 0.05 £3.094
l 87.5 0.11 118818
20
- Positive core magnetization Wig Copy
-10 " Linear internal {* External Lm i External L |l Bm " Rm " Lro-rmz ©* Lro-flus
404 Order: ||:| Label: | J [ Hide
l Comment: |
-70- ‘ ‘ ‘ ‘
0.00 0.02 0.04 0.06 0.08 [s] 0.10
(file Exa_16.pl4; x-var t) c:X0004A-LV_XA  c:X0004A-LV_BA oK. Cemes] |IT||:ll:lr|: E:-:I:Il:lrt Fun ATP [ — I:l:lp_l,I o HE||:I
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Hybrid Transformer model - XFMR

 The model includes:
— an inverse inductance matrix for the leakage description,
— frequency dependent winding resistance,
— capacitive coupling,
— and a topologically correct core model with individual saturation and
losses in legs and yokes.

e The user can base the transformer model on three

sources of data:

— Design _parameter: specify geometry and material parameters of the
core and windings.

— Test report: standard transformer tests.
— Typical values: typical values based on the voltage and power ratings.
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1. Physical = 2. Magnetic ,, "/ 1" Ru;!jﬂglr +R' ‘ o L
Structure Circuit S A o DR T

L '—’I_
D E F ) l'.". | ‘ I H | ‘ / I‘IH
Joe ) i [ —
R, T Ry
Ron Rpn
3. Dual Electric Circuit, Hybrid Model
cHA*Ka/B
i
Ls
Cr-amn /2 A Rylf) Ng:Ng L, @ Ny:Np Rxlf) a Cx—amm /2
* — s m
| |
7.
cI-M—'I-IH /'? A! | he— a’ e e B e P e ]
= = ~ ot o T
Cramn /2 Cas-me /R m LFS Cx amm /2 (EXTERNAL LINE) 4 L RSy
- B== Ry(f) Ng:Ny Ly Ny 1Ny Ry} b CONNECTIONS —- e
E]—:Gb:;l,’ 2
7.
Cyp-nc /% B
Conn /2 ] <
- C wirt-Circnit Mod
Cx GN’D/"’E d & L& &
o @ P Foy v
. \ﬂ_/
* S || s i WA
¥ Coow/? Lg v FZEE | INTERNAL CONNECTION TO

CORE EQUIVALENT

— Core representation — Resistance
— Leakage representation — Capacitive effects
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— Leakage representation

Corresponds to the [A] = [L]* matrix

Takes into account the coils turn ratios
Introduces artificial N+1th winding at core surface
No mutual coupling between the phases

Low voltage

High veltage
Coil-to-coil
flux hinkage
}}*1- L
equivalent core is attached to hp e
a fictitious N+1th winding Coil-tecore J ™71 =
flux linkages l'_|_|
Ideal N+1th coil of L "_‘_ :'lw-I_:_,:
zero thickness, T -
resting on surface \f E’
of core
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— Resistance (winding)

* Their dependence on the frequency is due to
—  Skin effects
—  Proximity effects
— Eddy currents
« The frequency-dependency of R Is represented
using Foster equivalent circuit (two cells)

[C]-matrix
connection

[A]-matrix

connection
External

bushing
connection
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— Capacitive effects

== E 3
Ci g2 Cay/= l I
a—Jj—=d 1N —1usd . P o o2
Core L =) I
]'E: P o R o o s e i M \“\\ N O N ot T TR T TITT QTR NN N DO e
& [ |- e :\\\:\\k\"\ﬁ:;:{&“\\i\\' 3 \\\\\‘&\b '4:5:1":\\\\&&-'; :\w.t\\s:‘\\\\\ e :\\\\\V S N bt
e g oWt X
1 1

] !
1 L |‘: H Tank Core i

« Capacitances between high and low voltage windings
and core

« Capacitance between high voltage phases, outer legs,
and grounded elements
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— Core representation

e Attached to the fictitious N+1th winding

« Topologically “correct” core model, with
nonlinear inductances representing >
each leg and limb “ LirEoR

— Triplex

equation and relative lengths and B L >R
areas.

« Fitting to Test Report
A

Ro
3
Lo
Ry
— 3- and 5-legged core w’
* Flux linkage-current relation by Frolich L,
Ry
Ly
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Parameter Estimation, Test Report

20 ‘
| |

wl I — s mamsan et Relative areas and lengths

**************************************************

************************************************

mid legs L
outer legs
yokes -
O starting points
| | B
50 60 70

[ ~

Nonlinear optimization routine, fitting test report &

y o
[?“?ns,?neas Q 1000_(5‘ V-1 rms,cal c@!‘ 1000_(_' V 2 + /
I rms,meas @10 0(/( V
N Lmemeas@TLO%V — Tong care@110% V7 2
Ir7713,7?16asi::(;i;‘ 1 10(/( L’v

MinimizeF (a,b) = (

5-legged core
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“F ATPDraw - [Moname.acp] E]@
S n a S h O t S b File Edt Wiew ATP Lbrary Tools Window Help - & %
De|ag £ @] =@/ 4| =
Structure Ratings & connections
Mumber of phazes Prim. Sec.
L-L waltage [k] |432 |1 3
MNurmber of windings 2 v
Pawver [MyA] |290 240
Type of core Bleg stacked -
Test frequency [Hz] |50 Connections |Y j |D ﬂ =
Data bazed on |nd. 7 Resz. 7 Cap.7 Core Phase shif 30 ~
Design param, ol I (o Mode name |Hy L% ) |
Test repart i iy " i - e i
Winding sequence I—_| - Eel el i < »
Typical values - - r - inner-middle-outer hi | Ext. neural connestions — —
MODE: EDIT Modified
Data
Inductance] Hesistance] Capacitance {Core”
% I Average currents Inzert Fielative dimensions
Sec *| [ Zewseq available - B
. Delete Fiatios ref. leg  |Area Length = MC's PlotXY plot X
positive sequence @230 [MVA] g g o0 g@.
Volh [%] | Loss (K lav (%) | ~ ifghiz A
75 0.05 Cuter leg 054 258 ATA
arh 1188 011 2504 ----
“ I
View flfi 125
Wiew core 0
- -125
Settingz. .. ' '
-250 : : Z :
Order: |0 Label: Eomment:| [ Hide -37a+
-500 ; ; : : ;
ak | Cancel | |mpaort | Export | Help | i 10 20 30 40 50 mg 6O
(file XFRM pld; x-var ) cX0017A-K00148  cXOO17B-X0014E  cXO017C-¥0014C
:H:t EI]| 01 ﬁ' ] r Copy| Print
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Machines

* The following types are supported

— Universal machine r@F
— Type 59 synchronous machine jﬁ-
— Type 56 induction machine j@-

* Probably the weakest part of ATPDraw
— Control of machines not standardized
— Several machines (combinations) ?

« Plan for better support of WindSyn
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Type 56 machine

Initial support in ATPDraw

— Improvements required (TACS control, combination with UM)
Brand new versions of ATP and PlotXY required
More numerically stable (phase domain)

Limitations on the mechanical side and in rotor coils

TYpe o4 UM 1
56 a1 < =15 7 <
S
TACS
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Models

e ATPDraw reads the Model text and identifies the circuit
components with input/output/data

e Automatic creation of icon

— User who insists on a special icon should create global Models in
Library

* Indexed Nodes and Data supported

 Create a Model from scratch or load a predified Model
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Add a new Model to a circult

e Select a mod or sup file from the global library

Default rmodel
T TACS Files (supfmod...

T 4
User Specified A ¥Pe

k

— If a sup-file does not exist, default data is used and icon
automatically created

e Create a new Model

Default model

T TACS » Files {supfmod)...

Type 94 ’
User Specified b bz

— Default Model is used (ModelDef.sup from ATPDraw.scl)
— Icon is automatically created

@ @
MODEL]
@1 default [@
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Edit a Model In a circuit

* Inthe Component dialog box click on Edit

b odels

Model  [FLeSH_ T Ed

=
Right click Edit definitions

* The built-in text editor appears

— Edit the text/Import ERERzI

Clle on DOne File Edit Character Done Help
_— MODEL FLASH 1

Information

 Respond to the Model identified message

- Model successfully identified
\lr) Input=3, Cutput=1, Data=4
Edit fil=?

Mo | Cancel |
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Go to Edit definitions

Information E]
* Edit during identification AP o)
— Click Yes: Go to Edit definitions e
— Click No: Accept default icon/node

 If the number of nodes has changed
— ATPDraw will as default create a new icon in vector graphic style

n L
7
E=)  gvooe *
—uz 9 flash_1
o] fiash_
Modelz

o Edit definitions later Modet  [Feni  Edi
— Click Edit definitions

Mo Cancel

Edit definitions
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Edit definitions

e Local: Component dialog|Edit definitions
 Global: Library|Edit|
« Edit data, nodes, icon, and help

Edit local definitions: FLASH_1

Data IHDdES l Standard data
N Ote Mame |Default |L|nits |Min |Ma:-: |F'aram |Digits -
Fzet 1] ks 1] 1] n 10 [
el Ezet 1] ki 1] 1] 1] 10 |
Node. positions changed —— — . —o e
from iconborder 1-12 e 0 ™ |0 i 0 10 e O
L. . data: —
to (X’ y) pOSItlonS Mum. nodes: |4_ﬁ
Switch between - ®
. ] 1]
bitmap/vector Dela  Modes | Y ‘ @‘
M ame | K.ind | HPhazes Pos. Posz.y | A
) - - |zan type
Data|Unit added " : ‘ 2 o I y | O Bimm @ vesl
W2 2 1 -20 -20 Pos.f
iczh 1 1 20 A0 sl ak. Save ba
tip 1 1 20 20 Cancel Help
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Example — Transformer tester

Pocket calculator
RMS and Power calculation
o TTester: Averaging, printout

% Text Editorn
File Edit Character Done Help
MODEL TTe=ster

3

ATP Settings

Simulatiu:un] Elutput] Switu:h.-"LlM] Fu:urmat] Fecord “arables l
$PARAMETER settings
HAME ValLLIE
B1E.5413.+KNT]

hd

Delete

Number of simulations: |9 * | + |

DATA FREEQ., np. Us.Is.Ps
INFUT O[1. . 3].I[1..3].4AF[1.. 3]
QUTEUT Volt,. Curr. Pow
VAR Volt, Curr. Pow, Flag
IHIT
Flag: =0
ENDIHIT
EXEC
Volt: =0
Curr: =0
Pow: =0
FOR p:=1 to np DD
Vaolt : =Valt+=sgrt (3= [pl-np-T=
Curr: =Curr+I[pl-np-I=
Pow: =Pow+AF[p]-P=
ENDFOR
IF t:=2#recip(FREQ) AWD Flag=0 THEHN
Flag:=1
writel(Volt, '
ENDIF
ENDEXEC
ENDHMODEL

', Curr,' ', Fow)

www.ntnu.no

1:1

a. Help

ResultDir\model.1

87.5003664 .17121764 131.434758
93.7503926 .220581306 151.751037
100.000419 .35109472 173.603833
106.250445 .743208151 196.896531
112.500471 2.85953651 221.288092
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Line/Cable modeling

Type
(" Bergeran

o

 Line/Cable Constants, Cable Parameters s
— Bergeron, PI, JMarti, Semlyen, Noda(?) .

" Moda

 View
— Cross section, grounding

39_| loglZ]

Verify

— Frequency response, power frequency params:

Line Check

— Power freq. test of line/cable sections
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Example

* Double circuit case (420 kV + 145 kV)

12 m
JAlm o 11m |
C\ /7 ! 45m
P A - 9.6 m —
00 oo 0o 4.5m4.5m
TB_L
18.6 m ©

< ‘ 355 m .
W//////////////////////////)//////)///////// Dz

www.ntnu.no

Test type Circuit Positive sequence system Zero sequence system

[kV] Z [Q/km] C [nF/km] Z [Q/km] C [nF/km]
Benchmark data 420 0.02+j0.29 12.8 0.19+j0.71 9.3
50 Hz, 100 Om 145 0.06+j0.38 9.7 0.25+j0.80 6.7
Individual testing 420 0.02+j0.29 12.8 0.18+j0.71 9.3
Bergeron model 145 0.06+j0.38 9.7 0.25+j0.80 6.9
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Creating the Bergeron model

Line/Cable Data: C:AATPDRAWAATPDRAW 38Y Line/Cable Data: E:\ATPDHAWMTPDHAWBEHLEE\N_2l]n_3l]l]n.alc:

Model | pata | Model Data
[EgBEmlEs Ph.no. |Rin F ot R eziz Hariz Wrower | Ymid Separ  |&lpha |ME
Owerhead Line #Ph: IE vl
# [2m] [zm] [ohmAkm DC] | [m] [m] [m] [zm] [deq]
[ Transposed 1 0528 1664 0.055 A1 186 86 45 a0 3
IV &uto bunding 5 |2 s 1584 0.055 0 186 85 45 30 3
P Skin effect Urits——— T E 0.528 1534  0.055 11 186  8E 45 a0 3
g ted d {* et
B Eegnantedlgrew e 4 |4 o5 1584  0.055 3 1 7 0 0 0
[ Beal transf, matrix " Engish
= 5 |s 0.528 1584 0055 w5 1 B.7 0 0 0
~ Madel E |6 0.528 1534 0055 40 1 B.7 0 0 0
- Twpe Standard data 7 o oo06 0617 0,359 I 282 207 0 0 0
{+ Bergeron Bha [ohrm] (100
g |o 0.206 0617 0.359 3 282 207 0 0 0
" Fl Freg. init [Hz) |5c|
C IMa a |o 0.206 0617 0359 3325 142 105 0 0 0
Al Lenigth [km] |1
 Noda 10 |0 0.206 0617 0359 3775 148 105 D 0 0
"~ Semlyen
Add row | Delete last rov | [mzert rov copy | 4+ | Move 4 |
Comment; I
ok | Cancel | Irnpaort Save dz ok | Cancel | Irnport | Save Az | HungTF'l i | W erify | Edit izon | Help |
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Testing the Bergeron model

 Line Model Frequency scan. Model OK for 50 Hz.

Line Model Frequency Scan rezults |

—Legend——
13 ] toat g oo Lire model

-------- Exact FI

" Positive seq.
2 £ Mutual seq,

—Phaze number——

1 4

Y &
0.8

i3 B

1.8 _| loglfreg) Copy vmnf

T T T
0.0 1.0 2.0 3.0 Done
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Line Check

 The user selects a group in the circuit
 ATPDraw identifies the inputs and outputs (user modifiable)

=, ATPDraw - [Noname.acp] =, Line Check Definitions

«#} File Edit Wiew BRGNS Library  Tools  Window  Help
D|B| E|®g| Settings. .. F3 ¥ W| |:||ﬁ Iryput Output
L rum AT Fz MNode Circuit MNode Circuit
Edit ATP-file F4 1 1
Edit LI5-File FS IM1A 1 OUT1E 1
Make File &s... IMN1B 1 auTic 1
Make Marmes
IM 24, 2 QLT 24 2
Find node F&
S - IMZE 2 OuUT2B 2
— . . IM2C 2 ouT2c 2
Line Check {group)
Edit Commands. .. Add | Delata | Add | Delata |
Plak Chrl+Al-+0
_E_ _E_ _E_ _E_ Frequency: |50 [v Exact phasor equivalent
E E E E E ok || Eancd Help
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Line Check cont.

 ATPDraw reads the lis-file and calculates the series impedance
and shunt admittance

Self

b Libuial |

—Positive sequence zelf and mutual impedance

—Zem zequence zelf and mutual impedance

ahmdkm Linel Lined Line3d ahmdkm Linel LineZ Line3

Linel 0.002+0.001 3 Linel 01183+ 016

Line2 -0.002+0.0013 0.0567+0.3811 Line2 01183+ 016 0.2219+0.7531
—Positive sequence zelf and mutual admittance —Zem zequence zelf and mutual admittance:

nFfkm Linel Lined Line3d nFfkm Linel LineZ Line3

Linel -4 E-4+0.0019 Linel -3 E-B+40.0119

Line2 -9.E-4+j0.0019 9.7E-3+9.6604 Line2 -3.E-8+0.01159 -4 E-7+ B.897
Calculated at 5O [Hz] Adrmittance unit Scale Length: Length units———
™ Polar coordinates (r‘ uF & pF WS onS (r‘ Mome @ Aength  *factar I-I ’715' e 7 Amileg

Ok

Fepart

Help
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Inrush scanning

e Find the maximum inrush current as a function of
switching instant

— Pocket calculator KNT+MNT
— Writel to MODELS.1

MODEL{@®
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