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Introduction
What 1s OpenDSS?

The Open Distribution System Simulator
(OpenDSS, or simply, DSS) is a comprehensive
electrical system simulation tool for -electric
utility distribution systems.

* Open = Open Source
* DSS - Distribution System Simulator

» The Development of OpenDSS began in April 1997. Roger
Dugan is the principal author of the software.

» In 2004, the DSS had been acquired by EPRI Solutions.

» 1In 2008, EPRI released the software under an open-source
license to cooperate with other grid modernization efforts.
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Objectives

1. Develop an object-oriented circuit description language that minimize the
conversion effort (files in different format).

2. Build a user-friendly simulation software.

3. Build a tool that can model several substations and the distribution

circuits between them simultaneously.

4. Capture both the time- and location-dependent value of DG.

5. Simulate some untypical situations.

6. Build a tool that could seamlessly incorporate harmonics analysis into the
powerflow analysis without requiring the user to laboriously enter
nonlinear device models.
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Features

1. The OpenDSS supports nearly all rms steady-state (i.e., frequency
domain) analyses commonly performed for utility distribution systems
planning and analysis.

2. In addition, it supports many new types of analyses that are designed to
meet future needs (e.g. DGs), many of which are being dictated by the
deregulation of utilities worldwide and the advent of the “smart grid”.

3. Other features: support energy efficiency analysis of power delivery,
smart grid applications, and harmonics analysis.

4. The DSS 1s designed to be indefinitely expandable so that it can be easily
modified to meet future needs.
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Introduction
What can OpenDSS do?

* Power flow analysis
When a power flow is completed, the losses, nodal voltages, currents and power flows are

available for the total system, each component, and certain defined areas.
» OpenDSS can handle both radial distribution (MV) circuits and network (meshed)

systems.
» It can also be used to solve small- to medium-sized networks with a transmission-style
power flow.
» The power flow executes in numerous solution meodes including the standard single
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Introduction

What can OpenDSS do?
* Fault study

Fault study can give us the short-circuit currents and voltages, which can further be used for
selecting circuit breakers, setting relays or reclosers, and analyzing the stability of system
operation.
» OpenDSS can perform fault study for all buses, reporting currents and voltages on all
phases for all types of faults, including 3-phase faults, SLG faults on each phase, LL and
L-L-G faults.
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Introduction
What can OpenDSS do? o

* Fault study L6
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Introduction
What can OpenDSS do?

* Harmonic flow analysis

It can give us power flow results corresponding to each frequency. The user
defines various harmonic spectra to represent harmonic sources of interest. The
spectra are connected to Load, Generator, voltage source, current source objects
and a few other power conversion elements as desired.
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https://www.electricalindia.in/harmonics-in-power-system/
https://electronics.stackexchange.com/questions/264234/why-are-there-no-even-harmonics-in-ac-machines
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Introduction
What can OpenDSS do?

* Dynamics

The OpenDSS can perform basic electromechanical transients, or dynamics,
simulations. The capability of OpenDSS has been expanding steadily due to
needs 1n inverter modeling and other applications where machine dynamics
are important.

The built-in Generator model has a simple single-mass model that 1s adequate
for many DG studies for common distribution system fault conditions. In
addition, users may implement more sophisticated models by writing a DLL
for the Generator model or by controlling the Generator model from an
external program containing a more detailed governor and/or exciter model.
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Introduction
What can OpenDSS do?

* Dynamics
The OpenDSS can perform basic electromechanical transient, or dynamic

simulations.
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Introduction
What can OpenDSS do?

* Load parametric variation

The capabilities for doing parametric evaluation are provided for a variety of
variables. Certain variables will be allowed to vary according to a function
(e.g., load growth) or vary randomly for Monte Carlo and statistical studies.
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Introduction

What can OpenDSS do?

* Geomagnetically induced current (GIC) analysis

OpenDSS is capable of performing geomagnetically induced current (GIC)
analysis of power systems. Currently, the analysis capability 1s limited to
three-phase systems, and cannot be integrated into other types of simulations,
e.g. load flow. The GIC analysis takes advantage of the N-phase modeling
capability of OpenDSS to perform the analysis on a three-phase basis as
opposed to a single-phase basis.
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Presenter Notes
Presentation Notes
GIC are quasi‐dc; thus, GIC simulations involve performing a low frequency (typically 0.1 Hz) analysis of the resulting dc network. The driving force behind the flow of GIC in the network is the induced voltage in the transmission lines. The induced voltage is generated by the coupling of the transmission lines with the induced geoelectric field at the surface of the earth.


Specific Applications

Distribution Planning and Analysis

General Multi-phase AC Circuit Analysis

Analysis of Distributed Generation Interconnections
Annual Load and Generation Simulations
Risk-based Distribution Planning Studies
Probabilistic Planning Studies

Solar PV System Simulation

Wind Plant Simulations

Nuclear Plant Station Auxiliary Transformer Modeling
Distribution Automation Control Assessment
Protection System Simulation

Storage Modeling

Distribution Feeder Simulation with AMI Data
Distribution State Estimation
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Ground Voltage Rise on Transmission Systems
Geomagnetically-Induced Currents (GIC)

EV Impacts Simulations

Co-simulation of Power and Communications
Networks

Analysis of Unusual Transformer Configurations
Harmonic and Interharmonic Distortion Analysis
Neutral-to-earth Voltage Simulations
Development of IEEE Test feeder cases

Phase Shifter Simulation

Arc Furnace Simulation

Impulse Loads (car crushers, etc.)

And more ....
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Resources

* OpenDSS Download:
https://sourceforge.net/projects/electricdss/

* Forum/Discussion:
https://sourceforge.net/p/electricdss/discussion/

* Documents/Files:
https://sourceforge.net/projects/electricdss/files/

CPEI ELECTRIC POWER
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https://sourceforge.net/projects/electricdss/
https://sourceforge.net/p/electricdss/discussion/
https://sourceforge.net/projects/electricdss/files/
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Download

* Click https://sourceforge.net/projects/electricdss/

* Click “Download” button, the software will be downloaded
automatically.

SOURCEFORGE

Open Source Software  Business Software Services

Thousand

housand

Network Intelligence
Planning Guide

Read Today

Last Update:

The OpenDSS s an electric power Distribution System Simulator (DSS) for supporting distributed resource integration and grid modernization
efforts. See Discussion Forum for latest news.

Project Samples

Installers by Eﬁ
BITROCK .
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Installation

* Open the downloaded OpenDSSInstaller.

(If your PC displays the reminder as below, click “more info”, then click “Run anyway”.)
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Installation

* Click “Yes” 1n the popup dialog box.

User Account Control b

Do you want to allow this app from an
unknown pubhsher to make changes to your
device?

OpenDSSInstaE»IérBAf‘l‘;’l,.exE

Publisher: Unknown | =" ' i
File origin: Hard {irwe on 'thIS ccamputer

IOWA STATE UNIVERSITY ECpE Department




Installation

 (lick “Next” button.

¥ OpenDSS - Install&ware Wizard —

Welcome to the InstallAware Wizard for
OpenDsS

YWARMNIMG: This program is protected by copyright law and
international treaties.

To continue, dick Mext,

InstallAware < Badk ' Cancel

IOWA STATE UNIVERSITY

The InstallAware Wizard will install OpenDs5 on your computer,
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Installation

* Select “I accept the terms of the license agreement” and click
“Next”.

o OpenDSS - InstallAware Wizard —

License Agreement
Flease carefully read the following license agreement.

* Copyright (<) 2008-2019, Electric Power Research Institute, Inc. Y
* Al rights reserved.

* Redistribution and use in source and binary forms, with or without

* modification, are permitted provided that the following conditions are met:
*  *Redistributions of source code must retain the above copyright

*  notice, this list of conditions and the following disdaimer.

*  *Redistributions in binary form must reproduce the above copyright
*  notice, this list of conditions and the following disdaimer in the

*  documentation and/or other materials provided with the distribution.
*  *Meither the name of the Electric Power Research Institute, Inc., nor
*  the names of its contributors may be used to endorse or promote

*  products derived from this software without specific prior written

* permission.

pt the terms of the license agreementi
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Installation

* Click “Next”.

o} OpenDSS - InstallAware Wizard -

Important Information
Please carefully read the following program information.

The Open Distribution System Simulator, OpenDs5 ~

Copyright (c) 2008-2019, Electric Power Research Institute, Inc.
All rights reserved.

Version 8.4.1.1

The Version 3 is the first to be delivered with parallel processing capabilities in both 32-bit (X58)
and

a4-hit (X64) versions, The OpenD55Instaler download indudes both X86 and X649 versions,
along

with optional documentation and examples.

If you have &64-bit Windows, you may install both the 64-bit and 32-bit

versions, The 32-bit version is required if vou plan to automate OpenDSs5

from Excel or any other 32-bit program. The &64-bit version is reguired to

automate OpenDSS from &4-bit MatLab on a 64-bit system. R

InstallAware < Badk Cancel
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Installation

* Then, a dialog box like the picture on the left will appear.
Click the red cross and select “Will be installed on local hard

drive”.

F OpenDSS - InstallAware Wizard -

Custom Setup
Choose the program features you would like to install.

Click on an icon in the list below to change how a feature is installed.

Feature Description

v - =] Win32 32-hit Windows wersion.

p— ¥ | Standalone
i e =0 v | COM Server
b= - | WinG4
Documents

Examples
TrainingSlides

Required: 155,437 KB
Remaining: 53,183 MB

InstallAware = Back Cancel
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oF OpenDSs - Install&ware Wizard —

Custom Setup
Choose the program features you would like to install.

Click on an icon in the list below to change how a feature is installed.

Feature Description
W =l v| Win32 P

Standalone executable for 32-bit

Wil =)@ Entire feature will Ge
Do
Exg
TrainingSlides

b4 Entire feature will be unavailable

Required: 155,437 KB
Remaining: 63,171 MB

InstallAware < Back Cancel
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Installation

* Choose the directory where you want to install and click

“Next”.

o OpenD5S - InstallAware Wizard

Destination Folder
Select folder where setup will install files.

% |

Install CpenDss to:

C:\Program Files\OpenDs5

Change...

Destination Folder
Required Disk Space:
Remaining Disk Space:

161,394 KB
63,157 MB

< Back ' Cancel

IOWA STATE UNIVERSITY
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Installation

* Click “Next”.

F OpenDSs - InstallAware Wizard -

Select Program Folder
Select the location where you would like to create new shortouts,

Setup will add program shortcuts to the Program Folder listed below. You may type
a new folder name, or accept the suggested name. Click Mext to continue.

Program Folder;
Jopenpss

Install this application for:
(®) Anyone who uses this computer (all users)
() Only for me (current user)

InstallAware < Badk Cancel
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Installation

* Click “Next”.

J OpenD55 - InstallAware Wizard —

Completing the InstallAware Wizard for
OpenDss

The Installaware Wizard is now ready to configure OpenDss on
this computer.,

- Click Mext to begin configuration

- Click Back to change settings

- Click Cancel to exit

InstallAware < Back || Next> | | Cancel

26
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Installation

* Click “Finish” and check if the software has been successfully
installed.

o OpenDSSs - InstallAware Wizard —

Completing the InstallAware Wizard for
OpenDSS

You have successfully completed the InstallAware Wizard for
OpenD55.

InstallAware < Back Cancel
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Installation

» If successful, an interface like below will appear.

E OpenDSS Data Directory: C:\Program Files\OpenD5S\IEEE TestCases\13Bus), - O x
File Edit Do 5et Make Export Show Visualize Plot Reset Help
& & a = | | | v v||

v| ¢ v p|| @] X 7 |[BaseFrequency =60 Hz

ject\EC2\To Yuxuan for GAN'\1225(observe 109 158)4143 to 149 equal 0\Master.dsJe ‘ E g{' | b |Ver5inn 8.4.1.1 (B4-bit build) ||

Main  JEEE13Modeckt.dss

Messages OpenDSS - C:\Program Files\OpenDSS\IEEET estCases\13Bus\IEEE13Modeckt.dss

Summary Results

Memaory: 23524K Mo Active Circuit
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User Interface

* When opening OpenDSS, the user 1s greeted with the
following window:

.| OpenDSS Data Directory: Chopendss\IEEETestCases\123Bus) 1] E‘m
File Edit Do Set Make Export Show Visualize Plot Reset Window Hel [8]

B2 @ E = [capacita] ~|| [3] ~|E ¢ v P . | X Basequuenc_-,-:El]Hz
C:hopendzshEEE T est 23BushIEEET 230 aster. dag [4] | = Ev? =:f'|.;} [5] I

-

8] C\opendss\IEEETestCases\123Bus\IEEE123Master.dss 6] o || B 23

Font...

Mew Line.l? Phases=1 Busl=12 Bye?-1 1 LinalCoda—11 1 anath-1 76 .
Mew Line.L? Phases=3 Bu

Mew Line.L4 Phaszes=1 By = Main Seript Window [?] E@

New Line L% Phases=1 Bu Font.__ LR
Hew Line L6  Phazesz=1 By

Hew Line L7 Phases=3 Bu B
Mew Line.L8 Phases=1 Bu
Mew Line.Ll9 Phaszesz=1 By
Mew Line.L10 Phases=3 B
Hew Line L11 Phases=1B
Mew Line.L12 Phases=18
Mew Line.L13 Phases=3B
Mew Line.L14 Phasesz=1B

Mew Line.L15 Phases=1B
Mew line 1 1R Phases=1 R ol

Memonry: 11868K Mo Active Circuit

— —
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User Interface

e [1] Menu Structure: which drives most of the workflow 1n
OpenDSS.

.| OpenDSS Data Directory: Chopendss\IEEETestCases\123Bus)

(PS5
[1]

File Edit Do Set Make Export Show Visualize Plot Reset Window Hel [3]

B2 H F = [capacitar] ~ || [3] ~ T e v P e | X BaseFlequenc_l,l=EI]Hz
C:hopendssh EEE T estC 23BushIEEET 230 aster. dag [4] | = Ev? =:f'|.;} [5] I

-

8] C\opendss\IEEETestCases\123Bus\IEEE1 23Master.dss

Font...

Mew Line.l? Phases=1 Busl=12 Bye?-1 1 LinalCoda—11 1 anath-1 76 =
Mew Line.L? Phases=3 Bu

Mew Line.L4 Phaszes=1 By = Main Seript Window [?] E@
New Line L% Phases=1 Bu Font.__ LR
Hew Line L6  Phazesz=1 By Il
Hew Line L7 Phases=3 Bu B
Mew Line.L8 Phases=1 Bu
Mew Line.Ll9 Phaszesz=1 By
Mew Line.L10 Phases=3 B
Hew Line L11 Phases=1B
Mew Line.L12 Phases=18
Mew Line.L13 Phases=3B
Mew Line.L14 Phasesz=1B
Mew Line.L15 Phases=18 i
Hew line 1l 1R Phazesz=1 R

o || B &
(6]

Memonry: 11868K Mo Active Circuit

-
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User Interface

* [1] Menu Structure:

-- Do: the “Selected Line(s)” 1s commonly used, it 1s like
“Run,, .

B OpenDSS Data Directory: C:\Users\fbut\Desktop',
File Edit Do Set Make Export Show Vi

& |§ Selected Line(s)  Ctrl+D E
Command ..

C:\Usersi Calc Voltage Bases I:|
\OpenDSS Take Sample
\Examplel o
DSy Initialize [
Rebuild ¥ Matrix Ctrl+Y
B&| Make Bus List
Interpolate !
Reduce r
Allocate Loads [
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User Interface

* [1] Menu Structure:
-- “Set”: It allows us to set any solution parameter that can
be set via the options scripting command.

B OpenDS5S Data Directory: C:\Users\fbu'\ Desktop\EE
File Edit Do Set Make Export Show Visu

= | & Base Frequency==60
Base Frequency="50

Mode= L
C:\Usersifbul\D L
\OpenDSS Number= i
\ExampleCircui Bus=
DSV Load Model=
Load Multiplier=
% Growth=
Year= b
Default Daily= £
Allocation Factors= |
Editor= _
Datapath= :
Other Option ... 3
True/False L
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User Interface

[1] Menu Structure:
-- “Export”: It allows us to save various reports to csv files

B OpenDSS Data Directory: CA\Users\fbu'\Desktop\EE555, OpenDSs,

File Edit Do 5Set Make

Be A EE

Export Show  Visualize

Plat Reset Help

Results for Actor ID # 1
CPU selected & 0

Status = SOLVED
Solution Mode = DUtycyde
Mumber = 86400

Load Mult = 1.000
Devices = 17

Buses =6

Modes = 18

Control Mode =TIME
Total Iterations = 2
Control Iterations = 1
Max Sol Tter = 2

- Circuit Summary -

‘fear =0

Hour = 24

Max pu. voltage = 1,1293

Min pu. voltage = 0.93742
Total Active Power: -5.72806 M
Total Reactive Power: 1.15839
Mvar

Total Active Losses: 0.602598
MW, (-10.52 %)

Total Reactive Losses: 1,35215
Myvar

Frequency = 60 Hz

Mode = DUtycyde

Control Mode = TIME

Load Model = PowerFlow

IOWA STATE UNIVERSITY

Result
Voltages
Currents
Powers
Losses
Summary
Buscoords
Fault Currents
Capacity
Overloads
Unserved
Generators
Loads
MNode Mames
Node Order
Meters
Estimation
Manitors ...
Yprims

Y

SeqZ

ssource] -]

Buses
Sequence

Element

it.ExampleCircui
)0 0.0 60.0 3 20C

ad shapes for th
ole of defining pa
ay 8 3.0

8.62.87.95.94
ole of aninline ca
vind 2400 {1 24,
vind.csv) action=

de for the lines -
bmatrix nphases:
¥, and xmatrix an
DO ft

RARS | N N29R3(
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User Interface

* [1] Menu Structure:
“Export”: e.g., Export = Voltage > Element

Insert Page Layout Formulas Data Review View Developer Ad
ke —
0 J Cut Calibri S e AN T=o - EewapTe (
-~ - ER Copy -~ o
Mame [Date modified Pﬂfte ¥ FormatPainter B 1 U~ - DA === &= 3= E Merge & Center -
@ 1. Introduction.pptx 1/19/2019 613 PM et = — = e =
@] 2. Installation.pptx 1/19/2019 4:49 PM 812 - F
@Y 3. Overview.pptx 1/26/2019 8:31 PM E £ e | E | F | €
i S e '|Element Nterminals Nconductors V_1 Ang_1
=] DSSViewlntercom. Tt 1/26/2019 2:15 PM |vsource.source 2 3 66396.2 0.02 663962 -119.98
B ampleCircuit.dss F26/2019 8:15 PM | Transformer.subxfrm 2 4 ©£6396.2 0.02 663%96.2 -119.98
o . |Line.linel 2 3 7449.58 -28.82 74434 -148.82
B ExampleCircuit_EXP_ElemVoltages.CSV 1/26/2019 %37 PM |Line.tine2 2 3 7576.65 9618  J555.3  -146.44
M| Topology of 1/26/2019 2227 PM |Line.line3 2 3 7755.74 -23.48 7706.18 -143.98
Capacitor.capl 2 3 7755.74 -23.48 7706.18 -143.98
. FTESIOE T .
B:] zavwind.csv /26/2019 3:03 PM |Transformer.regl 2 4 813042  -17.99 8018.17 -138.94
H ravwindold.cov 1/26/2019 2:41 PM _Load.loadl 1 4 7576.65 -26.18 7555.3 -146.44
Load.load2 1 3 7755.74 -23.48 7706.18 -143.33
1 3 733845 -17.57 7236.56  -138.52
[ 1
14|
15 |
16
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User Interface

* [1] Menu Structure:

-- “Export”: e.g., Export = Powers = Sequence

Marne B Date modified

@ 1. Introduction.ppt: 1192019 &:13 PM
2. Installation.pptx 1/19/2019 4:49 PM
=) 3. Overview.pptx 1/26/2019 8:31 PM
D DS5Viewlntercom, Txt 1/26/2019 8:15 PM
M_WI ExampleCircuit.dss 1/26/2019 8:15 PM

. : 1/26/2019 8:37 PM
1/26/2019 8:41 PM

1/26/2019 2:27 PM
B zavwind.csv S20/20719 3:03 PM
B:) zavwindold.csv 1/26/2019 2:41 PM

IOWA STATE UNIVERSITY

Insert Page Layout Formulas Data Review View Developer Add-ins
&D f}E’C“t Calibri e AN ==l ®- EwepTed General
ER Copy ~ |
Pa:ste & Format Painter B I U - = = = £=3= Merge&:Center - $ -0
Clipboard [P Font [P Alignment ] M
M35 = Fe
A | B | D |
1 |Element Termindg P1{kW) Q1(kvar) P2
2 |Transformer.SUBXFRM 1 - il . 0
3 _Transformer.SUBXFRM 2 5734.9 -1038.8 o 0 0 o
4 |Line.LINE1 1 -5734.9 1038.8 o 0 0 o
5 |Line.LINE1 2 5853.2 -796.2 o 0 0 o
6 |Line.LINE2 1 -6454.1 471.9 o 0 0 o
7 |Line.LINE2 2 6596.1 -180.3 a 0 0 1]
& |Line.LINE3 1 -6907.2 698.4 1] 0 0 o
9 |Line.LINE3 2 7221.6 -52.7 1] 0 0 1]
10 |Capacitor.CAPL 1 0 -636 o 0 0 o
11 |Capacitor.CAP1 2 0 0 o 0 0 o
12 |Transformer.REG1 1 -7221.6 32.7 o 0 0 o
13 |Transformer.REG1 2 7242.7 0 o 0 0 0
14 | Load.LOAD1 1 600.9 324.3 o 0 0 o
15 | Load.LOAD2 1 311.1 167.9 o 0 0 o
16 |Generator.GEN1 1 -7242.7 0 a 0 0 1]
17
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ser Interface

* [1] Menu Structure:
-- “Show”’: It contains much of the same information as the
reports as the Export menu, but displays them directly in
the GUIL

B OpenDSS Data Directory: C:\Users\fbu\Desktop\EES55\0penDSSy
File Edit Do 5et Make Export Show Visualize Plot Reset Help

& | & Q | | 50 Summary I '“l

ject\EC2\To Yuxuan for GAN\1225 Voltages Voltages LN

_— Currents L4 Voltages LL
Results for Actor ID # 1 ff
CPU selected : 0 Powers L4 Voltages LN Nodes
Status = SOLVED
Solution Mode = DUtycyde cle Buses Voltages LN Elements
Mumber = 85400 Ne Voltage LL Nodes
Load Mult = 1,000 BusFlow..
Devices = 17 I Converged 20000 21000 4.0 5.0
Buses =&
MNodes = 18 Elements
Control Mode =TIME H
Contrel Mode =TI // Elernents in Class or the loads and wind
Control Iterations = 1 1T 1g parameters via their de
Max 5ol Tter = 2 Energy Meters gp

Ne Event Log
- Circuit Summary -

v 0 Generators .94 60)
‘fear =0 5
ot = 24 7 Isolated ne calculation, see OpenC
o e 1120 | e Lo 24 /)
in pu. voltage = 0. I )

Total Active Power: -5.72806 MW | |™ 1 kV Base Mismatch ion=normalize
Total Reactive Power: 1.15839 .
Mvar Line Constants ...
Toral ey 0002 //|  Loops nes - unbalanced 336 MC
;ovtaarl Reactive Losses: 1.35215 Mé Mismatch ases=3
Frequency = 60 Hz ! 1S ix are in lower triangular

Mode = DUtycydle

Monit it
Control Made = TIME Il ool opior]

LosdMode ~ Foneron ~y  Zonelmeted 98305 0.0887966 | 0.02
1 Zone [meter] Treeview
vy Lt 472100.1961452 | 0.07
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User Interface

* [1] Menu Structure:
-- “Show”: e.g., Currents = Currents Elm

7| ExampleCircuit_Curr_Elem.Txt - Notepad — [} ke
File Edit Format View Help

LIRCUIT ELEMENT CURRENTS
{Currents into element from indicated bus)
Power Delivery Elements
Bus Phase Magnitude, A Angle (Real) +j (Imag)

ELEMENT = "Vsource.SOURCE"

SOURCEBUS 1 29.328 /_ 11. 28.745 +3 5.8189
SOURCEBUS 2 29.342 /_ -108. -9.3247 +j -27.821
SOURCEBUS 3 29.347 j_ 131. -19.421 +j 22.002
SOURCEBUS a 29.328 /_ -168.6 = -28.745 +3 -5.8189
SOURCEBUS a 29.342 f_ 71.5 = 9.3247 +3 27.821
SOURCEBUS a 29.347 /_ -48.6 = 19.421 +j -22.882
ELEMENT = "Transformer.SUBXFRM"

SOURCEBUS 1 29.328 /_ -188.6 = -28.745 +j -5.8189
SOURCEBUS 2 29.342 /_ 71.5 = 9.3247 +j 27.821
SOURCEBUS 3 29.347 /_ -48.6 = 19.421 +j -22.802
SOURCEBUS e 8 /_ 8.0 = 8 +J 4]
SUBBUS 1 26@.72 /_ -18.6 247.11 +3 -83.144
SUBBUS 2 268.84 /_ -138.5 -195.45 +j -172.73
SUBBUS 3 268.81 /_ 181.5 = -51.889 +J 255.59
SUBBUS 2} 8.36439 /_  58.1 = @.23382 +] ©.27948
ELEMENT = "Line.LINE1"

SUBBUS 1 268.72 /_ 161.4 = -247.11 +j 83.144
SUBBUS 2 260.84 /_ 41.5 = 195.45 +] 172.73
SUBBUS 3 26@.81 /_ -78.5 = 51.889 +j -255.59
LOADBUSL 1 268.73 /_ -18.6 = 247.14 +j -83.0858
LOADBUSL 2 268.86 /_ -138.5 = -195.4 +j -172.82
LOADBUSL 3 26@.83 /_ 181.5 = -51.982 +j 255.8
ELEMENT = "Line.LINE2"

LOADBUSL 1 285.66 /_ 157.9 = -264.62 +J 187.6
LOADBUSL 2 285.86 [/_ 37.9 = 225.35 43 175.55
LOADBUSL 3 285.83 /_ -82.1 = 39.413 +3 -283.1
LOADBUS2 1 285.66 /_ -22.1 264.65 +] -187.51
LOADBUS2 2 285.66 /_ -142.1 -225.29 +3 -175.63
LOADBUS2 3 285.84 /_ 97.9 = -39.587 +j 283.1
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User Interface

* [1] Menu Structure:
-- “Visualize”: It provides a graphical output of the device
selected via the element selector.

B OpenDSS Data Directory: C\Users\fbutDesktop'\EE555\0penDSS,
File Edit Do 5et Make Export Show  Visualize Plot Reset  Help

& %3 E E E | FMEEL ¢ Currents [Element] |
%E L=

ject\EC2\To Yuxuan for GAN\1225(obsenjt Rt ety (213, Ry

— " P Powers [Element]
EEE“SEEL_EEE"—PE D=1 /[ The firststep1s-anwaystocrear the DSS anc
Status = SOLVED
Solution Mode = DUtycyde clear . ] . . .
rurrébﬁr E Bﬁf?,% . New object=circuit.ExampleCircuit
og Uit = 1.
Devices = 17 ~ basekv=115 1.00 0.0 60.0 3 20000 21000 <
Buses =6
Modes = 18
Control Mode =TIME :
Control Mode =TI /[ Define some load shapes for the loads and
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User Interface

* [1] Menu Structure:
-- “Visualize™: e.g., Visualize 2 Currents[Element].

Currents — O *
File Edit View About

e| oaje| 2 s & m[E

Line.LINE1 Currents

SUBBUS LOADBUS1
260721 0_ 16140 -» < 260726 f_ -1858
260.84 _ 447 > < 260886 [ -138.51
sse | w2 < s L0 Note: Specific element should be firstly
Line LINET selected, as follows:

File Edit Do Set Make Eipg

PrCI'ECtI'l,ECZI'l,TO Yuxuan for Gr'il‘-l'\lr_.«_m, VLo v v i..-‘-”,_ R R =L RIER ¥ | L7 AF | ol |Ls\Woc(o)l] De

0384392 J_ 12992 > < 0362877 /_ 4948
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User Interface

* [1] Menu Structure:
-- “Plot”: It provides graphical output relevant to the
whole system.

E OpenD5S Data Directory: ChUsers\fbut\Desktop\EE3550penD5S,
File Edit Do 5Set Make Export Show  Visualize Plot  Reset  Help

= | & a =N | (T Circuit Plots 3 TE

Project\EC2\To Yuxuan for GANY1225(observe 109 158 Manitor (
e Loadshapes —

Results for Actor ID # 1 .

CPL) selected : 0 /[ The first step Profile e [

Status = SOLVED

Solution Mode = DUtycyde clear i . TCC Curves

Nun;ber : 85400 New object=cir Interpolate

Load Mult = 1.000 .

Devices = 17 ~basekv=115 1 Ooti 10 .

ptions...
Buses =6
Modes = 18
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User Interface

* [1] Menu Structure:
-- “Plot™: e.g., Plot = Profile.

L-N Voltage Profile - b X
File Edit View About

e ejoje| [@]  semm s o el m B 5

p.u. Voltage L-N Voltage Profile

Note, Energymeter need to be
. T [ N deﬁned in the script:
RS ————— . ————— ST
00 100 20 %0 00 e.g., New Energymeter.em]1 line.linel
Distance (km)
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User Interface

* [2] Toolbar: provides direct access to many commonly used
OpenDSS commands such as “Solve,” “Summary,” and “Do
Command.”

-
7| OpenD5S Data Directory: Chopendss\IEEETestCases\,123Bus), [1] E@ﬂ
File Edit Do Set Make Export Show Visualize Plot  Reset Window Hel [8]
E2j= R ca -|| [3] e v P | P | w |Base Frequency = 60 Hz
C-hopendss EEE T estCazesi] 23BusMEEE 123 aster dag [4] - | = E’? :@ [5] I
K] C:\opendss\IEEETestCases\123Bus\IEEE1 23Master.dss (6] (= @] =]
Font... |
New Line L2 Phasez=1 Bus1=12 Buae?—13 3 LinalCoda=11 | anath-—01 75 "
Mew Line.Ld Phases=3B . .
Now Line L4 Phases—1 By - Main Script Window 7] =% Eol ==
MNew Line.l5 Phases=1B Font... | is
Mew Line.L6 Phases=1B |
Mew Line.L7 Phasez=3 B |
II Mo 1 ima 1 O Dhannan-1 D.

B OpenDSS Data Direc

.\ . A o WP PO Y T
Do Commandi
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User Interface

* [3] Element tools: allows the user to select what circuit
clement (by type) to edit or display visualizations for.

-
7| OpenD5S Data Directory: Chopendss\IEEETestCases\,123Bus), [1]

File Edit Do Set Make Export Show Visualize Plot Reset Window Hel [8]

B2l E E = ca -|| [3] ~ e v P | - | w |Base Frequency = 60 Hz
C:hopendsshEEE T estCazesh] 23BushEEE123M aster. dss [4] - | = E’? :@ [5] I

5] C\opendss\IEEETestCasest123Bus\IEEE1 23Master.dss [6] (= @] =]
Font... |

Mew Line L2 Phases=1 Bus1-1% Bued-13 3 LinalCada=11 | anath-0l 75 .

New Line.L4  Phasesci By - Main Script Window EI@‘

NewLinel5 Phases=1Bd  Font.. | - L

e el

Export Show 2 -
7 &FDelements leine j |LINE1 ® | X @ | BaseFre
\EC2\To Yuxud B 0018 R ] "\Users\fbu\Deskto[ OpenDSS\ExampleCircuit_Profile@9¢

Select element Show current, voltage, power

ol B
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User Interface

* [4] Script tools: which allows one to select which of the
current opened scripts to run.

.| OpenDSS Data Directory: Chopendss\IEEETestCases\123Bus) [1] E‘m
File Edit Do Set Make Export Show Visualize Plot Reset Window Hel [8]

B2 = ! [capacitol ~ || [3] ~ e v P . | X Base Frequency = 60 Hz
C:opendsshEEE TestCases'] 238 s\ EEE123M aster. dss [ EY| | = Ev? =:f'|.;} [5] I

-

8] C\opendss\IEEETestCases\123Bus\IEEE1 23Master.dss

[=] || &2
(6] =
Font...
Mew Line.l? Phazes=1 Busl=1% Bue?—3 3 LinaCada-11 1 anath—01 75 14
Mew Line L3 Phases=3 Bu _ . . .
Mew Line.L4 Phaszes=1 By = Main Seript Window E@

New Line L% Phases=1 Bu Font.__ (71 LR
Hew Line L6  Phazesz=1 By |
Hew Line L7 Phases=3 Bu B
Mew Line.L8 Phases=1 Bu
Mew Line.Ll9 Phaszesz=1 By
Mew Line.L10 Phases=3 B
Hew Line L11 Phases=1B
Mew Line.L12 Phases=18
Mew Line.L13 Phases=3B
Mew Line.L14 Phasesz=1B
Mew Line.L15 Phases=18 i
Hew line 1l 1R Phazesz=1 R

Memonry: 11868K Mo Active Circuit

-
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User Interface

* [5] Results bar: which provides a condensed version of the
Results window which can be accessed through Show =2
Result Form.

| OpenD5S Data Directory: Chopendss\IEEETestCases\123Bus), [1] E‘Elﬂ
File Edit Do Set Make Export Show Visualize Plot  Reset Window Hel [8]

B2 =HEES [capacital - [3] - c v P P by BaseFlequency=Bl]Hz
C:hopendssSsIEEE T estCazesh 1 23BusNEEE 1 23M aster. dzs [4] - | = Ev? {d.:} [5] I

X Chopendss\IEEETestCases\123Bus\IEEE1 23Master.dss = || =] ER

6
Font.__. [ ]

Mew Line.l? Phazes=1 Buzl=12% [T LinaCoda-—11 1 anath- 0 95
Mew Line.L3 Phaszes=3 By . . -

Hew Line L4 Phazes=1 Bu 21 Main Script Window [?] E\@
Mew Line.l5  Phases=1 Bu Font... il
Mew Line LG Phaszesz=1 Bu |
Hew Line L7 Phaszes=3 By bl
Mew Line.L8 Phaszes=1 By
Hew Line L9 Phazes=1 Bu
MHew Line.L10 Phases=3 B
Mew Line.L11 Phasesz=1B
Mew Line.L12 Phases=1B
Hew Line.L13 FPhases=3 B
Hew Line L14 Phases=18B

Mew Line.L15% Phases=1B
Hew line 1 1R Phazez=1 R T

Memony: 11868K Mo Active Circuit
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User Interface

* [6] Script Windows: to directly edit various *.dss files.

.| OpenDSS Data Directory: Chopendss\IEEETestCases\123Bus)

(PS5
[1]

File Edit Do Set Make

B2 =

C:hvopendess|[EEETestCa

Export Show Visualize Plot Reset Window Hel

[8]

[capacitor ~|| [3]

uzhEEET 23 aster. dss [4]

- & ¢ v P e [ X BaseFlequenc_-,-=El]Hz
-l i & I5] |

-

Font...

8] C\opendss\IEEETestCases\123Bus\IEEE1 23Master.dss

(€]

Mew Line L2
Mew Line L3
Mew Line L4
Mew Line L5
Hew Line L6
Mew Line L7
Mew Line L8
Mew Line L9
Mew Line.L10
Hew Line L11
Mew Line L12
Mew Line.L13
Mew Line. L14
Mew Line.L15
HNew line 1 1R

Phases=1 Bus1=12 Buoc?-3 3 LinaCada=11 | anath-0 75

Phases=3 Bu
Phaszes=1 Bu
Phases=1 Bu
Phaszes=1 By
Phazes=3 Bu
Phases=1 Bu
Phaszes=1 By
Phaszes=3 B
Phases=1B
Phasesz=18
Phases=3 B
Phases=1B
Phazes=18B
Phazez=1 R

Memonry: 11868K

| Main Script Window

Font... (7]

Mo Active Circuit

-
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User Interface

* [6] Script Windows: to directly edit various *.dss files.

B OpenDSS Data Directory: C:\Users\fbulDesktop\EES55\OpenDSS\ - X
File Edit Do Set Make Export Show Visualize Plot Reset Help
ER=RR | B | [Poelements ~|[tine RIEE ~|® c v p| | ®|X @ BaseFequency = 60 Hz
[c:\sers\fou\Desktop\Froject\EC2\To Yuwan for GAN\1225(observe 109 158)\143 to 1 ~| & ¢ | |
[Resuls for Actor D # 1 // The first step is always to clear the DSS and instantiate a new circuit -
|Status = SOLVED clear
ISolution Mode = DUtycycle R . o
{Vunéh’:r‘tﬁﬁfﬂﬂuﬂu New object=circuit.ExampleCircuit
oad Mut = 1. . -
IDevices = 17 ~ basekv=115 1.00 0.0 60.0 3 20000 21000 4.0 3.0 I edit the voltage source this line of code equals: ~ basekv=115 pu=1.00 Angle=0.0 Frequency=60.0 Phases=3 Mvasc3=20000 Mvasc1=21000 x1r1=4.0 x0r0=3.0
[Buses =6
INodes = 18

(Control Mode =TIME

Irotal Tterations = // Define some load shapes for the loads and wind

;Dﬂﬁsﬂ“!ltgah s = I This is an example of defining parameters via their default order in this case, the num of points and interval
iax Sol Iter = . N
New loadshape.day 8 3.0 I'number of points = 8, time interval =3 hours
- Crauit Summary - ~ mult=(.3 .36 .48 .62 .87 .95 .94 .60) 1 Array of multiplier values for active power (P) or other key value (such as pu V for Vsource).
e = I This is an example of an inline calculation, see OpenDSS Manual for more info
m“pﬁ“‘ﬁ«‘;ﬂ::u]é?y?z New loadshape.wind 2400 {1 24 [} Lunit must be hours {1 24 /}=0.041666666666667
Total Active Poner: -5.72805mw | |~ mult=(file=zavwind.csv) action=normalize I'wind turbine characteristic
|Total Reactive Power: 1.15839
Mvar
;‘ﬁ'é;@‘";‘.ffex 060258 // Define a linecode for the lines - unbalanced 336 MCM ACSR connection
;"v‘:r' Reactive Losses: 1.35215 New linecode.336matrix nphases=3 I horizontal flat construction
[Frequency = 60 Hz | rmatrix, xmatrix, and xmatrix are in lower triangular matrix format.
IMode = Dutycyde
IControl Mode = TIVE '1n ohms per 1000 ft

lLoad Model = PowerFlow

~ rmatrix=(0.0868455 | 0.0298305 0.0887966 | 0.0288883 0.0298305 0.0868455)

I'In ohms per 1000 ft

~ xmatrix=(0.2025449 | 0.08472100.1961452 | 0.0719161 0.0847210 0.2025449)

I'In nf per 1000 ft

~ cmatrix=(2.74 | -0.702.96] -0.34-0.712.74)

~ Normamps = 400 Emergamps=600 I'normal rated current, maximum current

// Define Substation transformer

I Note that the buses property provides an alternate way to specify the buses beyond bus1=and bus2=

New transformer.subxfrm phases=3 windings=2 buses=(SourceBus subbus)

~ conns="delta wye' kvs=(115 12.47) kvas=(20000 20000) XHL=7 I conns: winding connections, kvas: base kVA ratings for windings, XHL: percentage reactance high-to-low (winding 1 to winding 2)

// Define the lines

New line.linel busl=subbus bus2=loadbus1 linecode=336matrix length=10

New line.line2 loadbus1 loadbus2 336matrix 10 I an altanertive way to define a line
New line.line3 Loadbus2 loadbus3 336matrix 20

// Define the loads

New load.load1 busl=loadbusl phases=3 kv=12.47 kw=1000.0 pf=0.88 model=1 ! model=1 means: constant P and constant Q load
~ class=1 duty=day I'name of Duty cycleload shape

New load.load2 bus1=loadbus2 phases=3 kv=12.47 kw=500.0 pf=0.88 model=1

~ class=1 duty=day conn=delta

Main _ ExampleCircuit.dss |

Messages0penDSS - C:\Users\fbu\Desktop|\EESS5\0penDSS \ExampleCircult.dss
4-L N

OLVED | Total Iterations = 2, Control lterations = 1, Max Solutien Iterations = 2 '
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User Interface

* [7] Main Script Window: Main Script Window 1s a sort of
“notepad” or “interactive window” for OpenDSS. The user

can type small commands and run them via the “Do
Command” feature (Ctrl-D).

5| OpenD55 Data Directory: Chopendss\IEEETestCases\123Bush, [1] E@lﬁ
File Edit Do Set Make Export Show Visualize Plot FReset Window Help | [3]
B2~ EEES [Capacital - 131 | c v p| . | X Base Frequency = 60 Hz

C:hopendsshEEET estCazesh1 23B Uz EEET 23 aster.dzs| [4] j = ? ::4.;} I Il [ 5 ] I

& C\opendss\IEEETestCases\123Bus\IEEE123Master.dss (6] = = E3
Font...
Mew Line L2 Ph 1 Busi=12 Bae?—3 23 LinaCada=11_ | anath—0 75 -
New Line L3 Phaszes=3 Bu . . . -
HNew Line L4 Phases=1 Bu = main S s [71 E@
New Line LS Phases=1 Bu Font.__
New Line LG Ph =1 By | W
Mew Line L7 Phaszes=3 Bu
Mew Line L8 Phazes=1 Bu
Mew Line L9 Phases=1 By
MHew Line.L10 Phaszes=3 B
Mew Line L11 Phases=1B
MHew Line.L12 Phases=1B
MNew Line L13 Phases=3 B
MHew Line.L14 Phases=1B
MNew Line L15 Phases=1B 18
Mew line | 1R Phazesz=1 R
Memonrny: 11868K Mo Active Circuit
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User Interface

* [8] Help button: brings up the OpenDSS Command and
Element Properties Reference which gives a tree-view guide
to the various script commands in OpenDSS.

5| OpenD5S Data Directory: Chopendss\EEETestCases\123Bus), [1] E‘Eﬂ
File Edit Do Set Make Export Show Visualize Plot  Reset  Window Hel [8]

E2f= (== [zapacitod] || [3] | T c v P e | X BaseFlequenc_l,l=El]Hz
C:hopendssSsIEEE T estCazesh 1 23BusNEEE 1 23M aster. dzs [4] - | = ? {ﬁ.‘:} [5] I

(X ChopendsshIEEETestCases\123Bus\IEEE1 23Master.dss

)
Font._.. [ ]

Mew Line l? Phases=1 Bus1=12 Due?-3 2 LinaCoda—11 1 anath-0 95 oL
Hew Line L3 Phazes=3 Bu

" . . .

Mew Line.L4 Phases=1 Bu 21 Main Script Window [?] E\@
Mew Line.LS Phaszes=1 By Font.__ i
MHew Line LG Phases=1 Bu |
Mew Line.L7 Phases=32 Bu b
Hew Line L8 Phaszes=1 Bu
Hew Line L9 Phaszes=1 Bu
Hew Line L10 Phases=3 B
Mew Line.L11 Phases=1B
Mew Line.L12 Phases=1B
Mew Line.L13 Phases=3 B
Mew Line.L14 FPhases=1B
Hew Line.L15 Phases=18B
Hew line 1l 1R Phazez=1 R T

d
@
Bﬂ\

Memory: 11868 K Mo Active Circuit
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User Interface
* [8] Help button: Very useful.

B DSS Commands & Properties — O et

[+ Executive PRI M 2 of bus toowhich first terminal is connected.

G- Options

- Show

- Export

& Plot

== PD Elements ===

AutoTrans

all terminal

bzl =hushame.

#- Capacitor

- GICTransformer

EI Line
- B0

- B1
- hasefreq

- bugl

- hug2

- C0

1

- cmatrix

- cncables

- EarthModel

- BEMEergamps

- enabled

- faultrate

- geomelry

- lergth

- like

- linecode

- NOIMamps W

Save All ta File Property Order: {+ Alphabetical i Mumnerical Close |
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Worktlow

In general, the user has 4 steps to develop a project:
e Define the circuit;
* Set up the circuit options;
 Solve;

* Perform analysis.

IOWA STATE UNIVERSITY ECpE Department



1. Define circuit

Create new lines, transformers, loads, generators, etc...
 the best way to do this 1s by creating a dss script;

* Once a script has been written, use “Compile file listed”
button to run the selected script.
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2. Set up circuit options

Such as the solution mode (snapshot, daily, harmonic,
etc...)

* This 1s accomplished through the commands 1n the Set
menu. The most basic form of analysis 1s the “snapshot”
which 1s analogous to a traditional power flow.
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3. Solve

Solve the power flow problem.

* Ensure that the bus list is created and the base voltages
found by running Do = Calc Voltage Bases;

 Then use the “Solve” button 1n the toolbar to solve the
circuit.
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4. Perform analysis

The specifics of how to accomplish this vary from
analysis to analysis, but some general tasks include:

Zl Voltages l‘:' E] ﬂ‘
File Edit Miew About
& alaje s () n | l] EHE 2/ F

 Looking at a branch, transformer,
load, or other element in the system LineL10 Vtsges
— To do this, first select the element BRI
type and then the element from the
element toolbar. Then select the C,
V, or P buttons to see a current,
voltage, or power visualization.
Select the “Form edit on active
element” button to edit the element.
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4. Perform analysis

The specifics of how to accomplish this vary from
analysis to analysis, but some general tasks include:

EL-N tage Profile - = W= - mFEo)
J Jﬂ @l RV | e - ) il
* Visualize the voltage profile of s - g _____
the system — Type “plot profile” e T
into the main script window, and “’” """" """ """ """" | _ """" s e
press Ctrl-D to Do that IR~ u g I
command. A voltage profile will T
come up showing how the el N A A B B
voltage progresses as  one U 1 S O O O O W O T O
progresses down the feeder. —
—
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4. Perform analysis

The specifics of how to accomplish this vary from
analysis to analysis, but some general tasks include:

. of ajnal [B] _smlnln] o ole

* Visualize data onto a one-line of -y L =
the feeder — If you provide bus BRI
location data via the “buscoords” - 1 I
command, you can superimpose N H_HT L
power flow data onto a T |
map/one-line of the system. To ool . Hl—mﬁ"
do this, go Plot > Circuit Plots > 4[
Circuit Plot. e T "X e e
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4. Perform analysis

The specifics of how to accomplish this vary from
analysis to analysis, but some general tasks include:

» Export data for analysis in 3rd party program — All results obtained
through OpenDSS can be exported through the various commands in

the “Export” menu. Results are .csv files.
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Q General introduction of OpenDSS
Q Installation & User interface

aQ Workflow

a Overall concept

A Overall structure of solving power flow
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Overall concept

e Overall circuit model;
 Bus and terminal models;

* Power delivery elements;
 Power conversion elements;

* Putting it all together.
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Overall circuit model

The OpenDSS consists of a
model of the electrical power
distribution system in the rms
steady state, overlaid with a
communications network that
interconnects  controls on
power delivery elements and
on power conversion
clements.

IOWA STATE UNIVERSITY

Inf. Bus
(Voltage, Angle)
o |
'\_V_//' —

Power Delivery
System

Bwer Conversion
Element
("Black Box")

Control
Center \
Comm

Msg Queue 2 Control

Figure 11: Electrical Circuit with Communications Network
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Bus and terminal models
-- Bus definition

* A bus is a circuit element having [1..N] nodes. Buses
are the connection point for all other circuit elements. In
many other power system analysis programs, “bus” and
“node” are nearly synonymous, but they are
distinctively different in OpenDSS. Bus 1s the container
of Node objects. That is to say, a Bus has Nodes.

@ 0 00 O @
01 23 4

Figure 12: Bus Definition
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Bus and terminal models
-- Bus definition

* The main electrical property of a Bus is voltage.
Each node has a voltage with respect to the zero voltage
reference (remote ground). There 1s a nodal admittance
equation written for every node (i.e., the current is
summed at each node). That basically dictates the size
of the problem that must be solved, although there i1s
also computational overhead computing the injection, or
compensation, currents.

o 0 00 O L
01 23 4

Figure 12: Bus Definition
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Bus and terminal models
-- Bus naming

* Buses are named by an alphanumeric string of characters. The
names may be numbers, but are always treated as strings. Internally,
buses will be numbered (actually, each node is numbered), but are
referenced through the COM or command interface by name. The
internal index number is subject to change if something in the circuit
changes and is not a reliable way to refer to a bus or node.

e ]t is better if names do not contain blanks, tabs, or other “white
space” or control characters. If the name contains a blank, for
example, 1t must be enclosed in quotes (single or double, parentheses,
or brackets). This can be a source of errors because of the different
entry points for the names (user interface, files, COM interface).
However, names from models in other programs such as PSS/E may
contain names (may also be duplicates).
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Bus and terminal models
-- Bus naming

 Names may be any length and are passed to the OpenDSS through
the COM interface as standard null-terminated strings (actually,
widestrings). This is the common way for representing strings in the
Windows environment. Thus, it is a simple matter to drive the
OpenDSS from most programming languages.
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Bus and terminal models
-- Terminal definition

 Each electrical element in the power system has one or more
terminals. Each terminal has one or more conductors. Each
conductor conceptually contains a disconnect switch and a TCC (fuse)
curve [The Fuse simulation in the terminal conductors has been
disabled 1n this version and is being redesigned; a Relay object or a
separate Fuse object can be used, if needed, to control the switches in
the terminal conductors.]. The conductors are numbered [1, 2, 3,...].

P
1 . \u Pa—
2 @ Sy — Power Delivery.
or Power Conversion
Element
3 . I\ _r E—
N @ N\ ]

Figure 13: Terminal Definition
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Bus and terminal models
-- Terminal definition

* If the terminal is connected to an N-phase device, the first N
conductors are assumed to correspond to the phases, in order.
The remaining conductors may be virtually any other conductor but
are frequently neutrals or other non-power conductors.

* The OpenDSS bus 1s a connecting place with 1 or more nodes for
connecting individual phases and other conductors, from the
terminals of both power delivery elements and power conversion

elements.
P
1 @ s P
2 @ Sy — Power Delivery
or Power Conversion
Element
3 . I\ _r E—
N @ N\ ]

Figure 13: Terminal Definition
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Bus and terminal models
-- Terminal definition

* Buses are named with null-terminated strings of arbitrary
length. Therefore, you may use quite long names.

* Node 0 of each bus is implicitly connected to the voltage
reference (i.e., the node's voltage 1s always zero and is never
explicitly included in the Y matrix).

P
1 @ s !
2 @ Sy — Power Delivery
or Power Conversion
Element
3 . I\ _r E—
N @ N\ ]

Figure 13: Terminal Definition
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Bus and terminal models
-- Terminal references

 Terminals are not named separately from the device. Each
device will have a name and a defined number of multiphase
terminals. Terminals will be referenced explicitly by number [1, 2,
3 ...] or by inference, in the sequence in which they appear.
Internally, they will be sequenced by position in a list.

P
1 @ s !
2 @ Sy — Power Delivery
or Power Conversion
Element
3 . I\ _r E—
N @ N\ ]

Figure 13: Terminal Definition
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Bus and terminal models
-- Phases and other conductors

* Each terminal has one or more phases, or normal power-carrying
conductors and, optionally, a number of other conductors to represent
neutral, or grounding, conductors or conductors for any other
purpose. By convention, if a device 1s declared as having N phases, the
first N conductors of each terminal are assumed to be the phase
conductors, in the same sequence on each terminal. Remaining conductors
at each terminal refer to “neutral” or “ground” or "earth* conductors.
However, the conductors can represent other power carrying conductors.

There 1s no hard —
1 @& A\ o—
2 @ 4\ _p — Power Delivery
or Power Conversion
Element
3 @ <\ _r —
N @ el P

Figure 13: Terminal Definition
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Bus and terminal models
-- Phases and other conductors

e All terminals of a device are defined to have the same number of conductors.
For most devices, this causes no ambiguity, but for transformers with both delta
and wye (star) winding connections, there will be an extra conductor at the
delta-connected terminal. The neutral is explicit to allow connection of neutral
impedances to the wye-connected winding. The extra conductor for the delta
connection i1s simply connected to ground (voltage reference) and the admittances
are all set to zero. Thus, the conductor effectively does not appear in the problem; it
is ignored. However, you may see it appear in reports that explicitly list all the
voltages and currents in a circuit.

* The terminal conductors and bus nodes may be combined to form any
practical connection.

B

d 4 n
A
2 This picture is from
C ‘ c https://electrical-engineering-

portal.com/3-phase-transformer-
connections
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Bus and terminal models
-- Phases and other conductors

* Buses have Nodes: A bus may have any number of nodes (places to connect device
terminal conductors). Nodes are integer numbers. The nodes may be arbitrarily
numbered. However, the first N are by default reserved for the N phases of devices
connected to them. Thus, if a bus has 3-phase devices connected to it, connections
would be expected to nodes 1, 2, and 3. So the DSS would use these voltages to
compute the sequence voltages, for example. Phase 1 would nominally represent
the same phase throughout the circuit, although there is nothing to enforce that
standard. It is up to the user to maintain a consistent definition. If only the default
connections are used, the consistency is generally maintained automatically,
although there can be exceptions.

* Any other nodes would simply be points of connection with no special meaning.
Each Bus object keeps track of the allocation and designation of its nodes.

B

* n
A
s This picture is from
C . 2 https://electrical-engineering-

portal.com/3-phase-transformer-
connections
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Bus and terminal models
-- Phases and other conductors

* Node 0 of a bus is always the voltage reference (a.k.a,
ground, or earth). That 1s, 1t always has a voltage of
exactly zero volts.

o 0 00 O e
01 23 4

Figure 12: Bus Definition
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Bus and terminal models
-- Specifying connections

The user can define how terminals are to be connected to buses in three ways,

not just one way:

* Generically connect a circuit element’s terminal to a bus without
specifying node-to-conductor connections. This is the default connection.
Normal phase sequence is assumed. Phase 1 of the terminal is connected
to Node 1 of the Bus, and so on. Neutrals default to ground (Node 0).

1 @\ —o 1 @— N ]
2 @ Power Delivery 2 @— o —] Power Delivery
or Power Conversion o000 o hd or Power Conversion
Element 01 23 4 Element
3 @\ ] 3 @ —|
N o — - Figure 12: Bus Definition N ® e |
Figure 13: Terminal Definition Figure 13: Terminal Definition
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Bus and terminal models
-- Specifying connections

The user can define how terminals are to be connected to buses in three ways,

not just one way:

* Generically connect a circuit element’s terminal to a bus without
specifying node-to-conductor connections. This is the default connection.
Normal phase sequence is assumed. Phase 1 of the terminal is connected
to Node 1 of the Bus, and so on. Neutrals default to ground (Node 0).

1 @\ —o 1 @— N ]
2 @ Power Delivery 2 @— o —] Power Delivery
or Power Conversion o000 o hd or Power Conversion
Element 01 23 4 Element
3 @\ ] 3 @ —|
N o — - Figure 12: Bus Definition N ® e |
Figure 13: Terminal Definition Figure 13: Terminal Definition
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Power delivery elements

Power delivery elements usually consist of two or more multiphase
terminals. Their basic function is to transport energy from one point
to another. On the power system, the most common power delivery
elements are lines and transformers. Thus, they generally have more
than one terminal (capacitors and reactors can be an exception when
shunt-connected rather than series-connected). Power delivery
clements are standard electrical elements generally completely defined
in the rms steady state by their impedances. Thus, they can be
represented fully by the primitive y matrix (Yprim).

Power Delivery

Terminal 1 Element Terminal 2

O\ — o - ——@
e\ — — . — @
Iterm = [Yprim] Vterm B
o\ — o - @
o O\ | -~ > @

Figure 14: Power Delivery Element Definition
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Power conversion elements

Power conversion elements convert S S 9 S
power from electrical form to some
other form, or vice-versa. Some may /
temporarily store energy and then give [ ]
it back, as 1s the case for reactive
elements. Most will have only one
connection to the power system and, Power Conversion
therefore, only one multiphase

terminal.

Figure 15: Power Conversion Element Definition
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Power conversion elements

Within the OpenDSS, the typical implementation of a PC element is as shown below.
Nonlinear elements, in particular Load and Generator elements, are treated as Norton
equivalents with a constant Yprim and a “compensation” current or injection current
that compensates for the nonlinear portion. This works well for most distribution
loads and allows a wide range of models of load variation with voltage. It converges
well for the vast majority of typical distribution system conditions. The Yprim matrix
is generally kept constant for computational efficiency, although the OpenDSS does
not require this. This limits the number of times the system Y matrix has to be rebuilt,
which contributes greatly to computational efficiency for long runs, such as annual
loading simulations.

o1
Y 1 Compensation
prim Current
® 1

Figure 16. Compensation Current Model of PC Elements (one-line)
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Power conversion elements

The Compensation current is the current that is added into the injection current vector in the
main solver (see next section). This model accommodates a large variety of load models quite
easily. The Load element models presently implemented are:

* Constant P and constant Q load model: generically called constant power load model. 1t is
the model most commonly used in power flow studies. It can suffer convergence problems
when the voltage deviates too far from the normal range;

* Constant Z (or constant impedance) load model: P and Q vary by the square of the
voltage. This load model usually guarantees the convergence in any loading condition. The
model is essentially linear;

* Constant P and quadratic Q load model: the reactive power, Q, varies quadratically with

the voltage (as a constant reactance) while the active power, P, is independent from the voltage,

somewhat like a motor; ® T

Y 1 Compensation
prim Current
® 1

Figure 16. Compensation Current Model of PC Elements (one-line)
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Power conversion elements

* Exponential load model: the voltage dependency of P and Q is defined by exponential
parameters (see CVRwatts and CVRvars). This model is typically used for Conservation
Voltage Reduction (CVR) studies. It is also used for general distribution feeder load mix
models when the exact behavior of loads is not known;

* Constant I (or constant current magnitude) load model: P and Q vary linearly with the
voltage magnitude while the load current magnitude remains constant. This is a common in
distribution system analysis programs;

* Constant P and fixed Q2 (Q is a fixed value independent of time and voltage);

* Constant P and quadratic Q: Q varies with square of the voltage

» ZIP load model: P and Q are described as a mixture of constant power, constant current and
constant impedance load models whose contribution is defined by coefficients (see ZIPV).

&

Y 1 Compensation
prim Current
® 1

Figure 16. Compensation Current Model of PC Elements (one-line)
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Power conversion elements

Loads can be exempt from loadshape mulitipliers. All load models
revert to constant impedance constant Z load model outside the
normal voltage range (that can defined by the user), in an attempt to
guarantee convergence even when the voltage drops very low. This is
important for performing annual simulations.

o1
Y 1 Compensation
prim Current
® 1

Figure 16. Compensation Current Model of PC Elements (one-line)
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Putting 1t all together

The figure below illustrates how the DSS puts all the PD elements and PC

elements together to perform a solution.

* Basically, the upper structure of the OpenDSS (the part that 1s written in
Delphi) manages the creation and modification of the primitive y matrices
(Yprim) for each element in the circuit as well as managing the bus lists,
the collection of results through Meter elements, and the execution of
Control elements. The Yprim matrices are fed to the sparse matrix solver,
which constructs the system Y matrix.

ALL Elements

| Yprim1 | | Yprim 2 | I Yprim 3 I —_———
\

PC Elements Y
[ ]
(=1 | |, |- o] nete
— : > " Y Voltages
i
1
o Iteration Loop

Figure 17. OpenDSS Solution Loop
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Putting 1t all together

* An iitial guess at the voltages 1s obtained by performing a zero load
power flow. That is, all shunt elements are disconnected and only the
series power delivery elements are considered. This gets all the phase
angles and voltage magnitudes in the proper relationship. This is
important because the OpenDSS is designed to solve arbitrary n-phase
networks in which there can be all sorts of transformer ratios and

connections.
ALL Elements
| Yprim1 | | Yprim 2 | I Yprim 3 I —_———
-
PC Elements Y
[ ]
T B
— > Voltages
i
1
EXy _
Iteration Loop

Figure 17. OpenDSS Solution Loop
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Putting 1t all together

* The iteration cycle begins by obtaining the injection currents from all the
power conversion (PC) elements in the system and adding them into the
appropriate slot in the Iinj vector. The sparse set 1s then solved for the
next guess at the voltages. The cycle repeats until the voltages converge to
typically 0.0001 pu. The system Y matrix is typically not rebuilt during
this process so the iterations go quickly.

ALL Elements

| Yprim1 | | Yprim 2 | I Yprim 3 I —_———
\

PC Elements Y
[ ]
(=1 | |, |- o] nete
— : > " Y Voltages
i
1
o Iteration Loop

Figure 17. OpenDSS Solution Loop
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Putting 1t all together

* This simple iterative solution has been found to converge quite well for
most distribution systems that have adequate capacity to serve the load.
The key is to have a dominant bulk power source, which is the case for
most distribution systems. In the DSS, this is the “Normal” solution
algorithm. There is also a “Newton” algorithm for more difficult systems

(not to be confused with the typical Newton-Raphson power flow
method).

ALL Elements

| Yprim1 | | Yprim 2 | I Yprim 3 I —_———
\

PC Elements Y
[ ]
(=1 | |, |- o] nete
— : > " Y Voltages
i
1
o Iteration Loop

Figure 17. OpenDSS Solution Loop
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Putting 1t all together

*  When performing Daily or Yearly simulations, the solution at the present time
step 1s used as the starting point for the solution at the next time step. Unless
there 1s a large change in load, the solution will typically converge in 2
iterations — one to do the solution and one to check it to make sure it is
converged. Thus, the DSS 1is able to perform such calculations quite
efficiently.

* Control iterations are performed outside this loop. That i1s, a converged
solution 1s achieved before checking to see if control actions are required.

ALL Elements

| Yprim1 | | Yprim 2 | I Yprim 3 I —_———
\

PC Elements Y
[ ]
(=1 | |, |- o] nete
— : > " Y Voltages
i
1
o Iteration Loop

Figure 17. OpenDSS Solution Loop
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Overall Structure of Solving Power Flow

ALL Elements

Yprim 1 Yprim 2 Yprim 3 -_——— Yprim n
PC Elements Y

I1 )
12 Node
I . = \"/

! " Y Voltages
—_— >

1

1

[

Im )

Iteration Loop

Figure 17. OpenDSS Solution Loop

This figure illustrates how the OpenDSS puts all the power delivery elements and power conversion
elements together to perform a solution.

* Power delivery elements transport energy from one point to another.
» Line, transformer, capacitor and reactor, etc.

Power conversion elements convert power from electrical form to some other form, or vice versa.
» Load and generator, etc.
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Overall Structure of Solving Power Flow

Example 1 (Constant-Z Load):

Bus k Bus m Busn

Vsource Load (const. Z)

Line 1 Line 2
= 1 T

1
= : -
2 2 2
—(—— o o——]
3 3 3
= =
OpenDSS model:
Clear
[/ —mm = Define a new circuit -----------------——- //

new circuit.experiment

[/ =mmm e Define line codes -—-—————-————————-——-—- //
New LineCode.Codel nphases= 3 Units= mi

~ Rmatrix= (0.62 | 0.17 0.62 | 0.17 0.17 0.62 )

~ Xmatrix= (1.21 | 0.43 1.21 | 0.43 0.43 1.21 )

New LineCode.Code2 nphases= 3 Units= mi
~ Rmatrix= (1.19 | 0.23 1.19 | 0.23 0.23 1.19 )
~ Xmatrix= (1.21 | 0.49 1.21 | 0.49 0.49 1.21 )
(continued)
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Overall Structure of Solving Power Flow

Example 1:
Vsource Bus k Bus m Busn
Line 1 Line 2 Load (const. Z)
—(— o ol
1 1 i
__<:>_[:j 3 o 0 1
2 7 5
(D 0 ]
3 3 3 L
ANNNN <
OpenDSS model:
.. (continued)
[[==mmmmm e Define line 1 and 2 —————————————————— //

New Line.l phases=3
New Line.2 phases=3

New Load.L Busl=n.1.2.3.0

Set VoltageBases = "13.8"

Solve

IOWA STATE UNIVERSITY

Busl=k.1.2.3 Bus2=m.
Busl=m.1.2.3 Bus2=n.

length=1 units=mi LineCode=Codel
length=1 units=mi LineCode=CodeZ2

e

Define a load

Phases=3 Conn=wye Model=2 kV=13.8 kWw=500 kvar=0

/

Constant-impedance
load

ECpE Department




Overall Structure of Solving Power Flow

Example 1 (Injection Current):

Vsource Bus k Bus m Busn

Load (const. Z)

Line 1 Line 2
—(——— o o 1
— (o o ol
2 2 2
O : o
3 3 3
)X <
Load with
I compensation
Vsource Bus k OHEE Busk Bus n Busn  current
1
Vs1 — o Load (const. Z) —
—(t O 1 o —
- | o7 ] EENC
|
2 o\
( )VSS — 2152 2 2 @
| 3 M) 2 3| — o —
~= \_)/ I s3 ~= . \(_/
N ~\

For const.
Various loads to a generic load model

Thevinen equivalent to Norton equivalent (Constant Z + compensation current)
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Overall Structure of Solving Power Flow

Example 1 (Injection Current):

Vsource Bus k Bus m Bus n Lond y
Line 1 Line 2 oad (const. Z)
—(~ ) ° o : i
1 1 1
_®_|: O o O 1
\J S U
2 2 2
_@_: o o o 1
\J \J
3 3 3
ANNNN ANNNN
Vsource Bus k Line 1 Bus m Line 2 Bus n Load
Zi1 Iy | [ Tema| Zpmy Imk1 | I Imn1 | Zpma Inmi | [t Ina z
— r{ ko <« i m | <+ i M |L1|
| IS | N | | =4 | I =4 | I |
Vkl le an
: Zkm12 - Zkm13 ; Zmni12  Zmni3 i
Zk2 IkZ *Ill(g Ika Zkm2 m m Imkz ¢I$2 Ing Zmn?2 mn mn Ian*l_,ll"% In2 Zn2
— «— X > — “— X - | — «— X - —
L = | I | = | I | = | I |
Vi V2 Via
I ] Zkm23 I in 1 Zmn23 I in I
Z k3 in ‘km3| z mk3 n imn3| z nm3 | [ n3 Z
|ﬁ| <« i1k3 — ,ﬁ? -— *Im3_> 'ﬂ? 4_*113 — |£|
L = | = | ~ L T
Vk3 Vm3 Vn3
Ve Zy Zym Zon Zn ~=
. . . Compensation current:
. s1 . s2 . s3 Iln — Im — Il?’l — O . . .
Illcn:Islz 'Illcg:IsZ 'II?;:ISS— ml m2 m3 Li=L5=1I5=0
Zk1 Zko Zk3 ni n2 n3
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Overall Structure of Solving Power Flow
Example 1 (Constructmg Y):

Vsource Line 1 Bus m Line 2 Busn Load (const. Z)
Zr1 Ik1 Im Ikml Zrmi Lkt | I Imn1 | Zna Lyma | [ Ing z
— ¢ | — <+ i ™ <+ * "M |L1|
| I | I | = | I =4 | I |

Vi Vin1 %
] Zkm12 - Zkm13 i Zmni12 ¢ Zmn13 ;
Zieo Iy, IL 8 lkm2| Zymo Iz $ I Imn2 | Zpno 1nm2¢1,‘3 Inz Zp2
| +«— 3 = «— 7 - | — +«— 7 - —
| I = | e LT = LT
Vk2 sz VnZ
I ] Zkm23 I in 1 Zmn23 I in I
Zy3 k3 | (in ‘km3| zp.,.3 mk3 | [\ imn3| Z,,,.3 nm3 | | n3 Zn3
— b i k3 4 —— <+ ,{ m3 —p | T <+ i n3 5 L
| I | = | e T = LT
Vk3 Vm3 Vn3
777 Z, Zim Zn VAR S
Definitions:
Zr1 0 0 Y1 0 0
-1
Zk = 0 VA 0 , Yk = Zk = 0 Y2 0
0 0 Zk3 0 0 Vi3
Zkm1  Zkm12 Zkma13] [ Ykm1  Ykm12 Ykmi3
Zim = |Zkmiz Zkmz  Zkm23|, Yim = Zip, = [Vkmiz  Yikmz  Yim23
Zkm13  Zkm23  Zkm3 | [ Ykm13  Ykm23  YVkms3
Zmni  Zmn12 Zmn13] [ Ymn1  Ymn12 Ymni3
Zopn = |%Zmn12 Zmn2  Zmn23|, Yoy = Zr_nln = (Ymn12 Ymn2 Ymn23
Zmn13  Zmn23  Zmn3 | [ Ymn13  Ymn23  Ymn3
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Overall Structure of Solving Power Flow
Example 1 (Constructmg Y):

Vsource Line 1 Bus m Line 2 Busn Load (const. Z)
Zy1 Ik1 ;I”‘ Iﬁll Zkm1 113&1 *I,%Ifﬁl Zmn1 12121i1}3 1£1> Zn1
L L f O 1 O 1

Via Vi1 Vn1
; Zkm12 r Zkm13 - Zmn12 ¢ Zmn13
Z2 Lk_Z *I}(’% IETZ Zkmz2 " " Izliz *I,‘,’llz Ir_nllz Zmn2 m m nm2¢1 L 1£2> Zn2
L S
Vk2 sz VnZ
q Zk 23 g Z 23 q
Zk3 Lk_:” ilifé IELnB Zkms3 " I’:‘E?’ }\117113 IL";B Zmn3 " I’:"_ﬁilrlzr?l) Ifi Zn3
| I | et | S| | | = | |
Vk3 Vm3 Vn3
777 Zy Zim Zyn Zn =
(1) Busk:
1) Branch currents of Vsource:
According to Kirchhoff’s voltage law:
-1
Vit 0] |%k1 Iy Ii1 zkr 00 Vikr =0 Yer 0 0 [[Viq
Viz| =0 + 0 Zkz Ikz = Ikz =10 Zz O Vie=0]1=10 yka 0 |[Vi2
Vi3 0 Ik3 Ik3 0 0 zkg| |Ws—0 0 0 yr3lVks
L1 Vi1
= Ik = Yka' Where, Ik = IkZ , Vk = sz
I3 Vi3
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Overall Structure of Solving Power Flow
Example 1 (Constructmg Y):

Vsource Line 1 Bus m Line 2 Busn Load (const. Z)
Zr1 Ik1 Im Ikml Zrmi Lkt | I Imn1 | Zna Lyma | [ Ing z
— ¢ | — <+ i ™ <+ * "M |L1|
| | | | ~ | | ~ | |
Via Vi1 Vn1
; Zkm12 - Zkm13 - Zmn12  Zmn13 .
Zieo Iy, IL 8 lkm2| Zymo Iz $ I Imn2 | Zpno 1nm2¢1,‘3 Inz Zp2
| +«— 3 = «— 7 - | — +«— 7 - —
| | 4 | S| = | | = | |
Vk2 sz VnZ
I o1 Zkm23 I in 1 Zmn23 I in I
Zy3 k3 | (in ‘km3| zp.,.3 mk3 | [\ imn3| Z,,,.3 nm3 | | n3 Zn3
— b i k3 4 —— <+ ,{ m3 —p | T <+ i n3 5 L
| | et | S| = | | =4 | |
Vk3 Vm3 Vn3
777 Z, Zim Zn VAR S
(1) Busk:

2) Branch currents of Line 1:
According to Kirchhoff’s voltage law:

Vi1 Vin1 [ Zkm1 Zkm12  Zkm13] [lkma lema Zkm1i  Zkmiz  Zkmis] "t Vit = Vs
Via| = |Vimz| + |Zkm12 Zkm2 Zkm23 | [ lem2 Ikm2| = |Zkm12 Zkm2 Zkm23 V2 = Vina
Vk3 Vm3 [Zkm13  Zkm23  Zkm3 Ikmg Ikmg Zkm13  Zkm23  Zkm3 Vk3_ m3
em1 Yem1  Yiem1z  Yem13] [Vir — Vi
= |lkmz| = |Yemiz Ykmz  Yiem23 | |Viz = Vinz| 2 Ixm = Yiem (Vi — Vin)
 em3 Ykm1z  Yim23  Yim3 1 Wiz — Vips
Ikml le
where, Iy, = [Ikm2 |, Vin = |Vinz |-
Ikm3 Vm3
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Overall Structure of Solving Power Flow
ExampleBL k(Constructing Y):

Vsource Line 1 Bus m Line 2 Busn Load (const. Z)
Zk1 Iy |1 Tema Zrkm1 Imk1 | I | z 1 Lyma | [ Ing z
— 4—*k1—> — 4—*"11—» '_|mn <_*nl_> nil
| | ~ | | ~ | | ~ | |

Vi Vin1 V1
; Zkm12 - Zkm13 - Zmn12  Zmn13 .
Zieo Iy, IL 8 lkm2| Zymo Iz $ I Imn2 | Zpno 1nm2¢17‘3 Inz Zp2
| +«— 3 = «— 7 - | — «— 7 - —
| | 4 | S| = | | = | |
Viz Vinz Vna
I 1 Zkm23 I in 1 Zmn23 I in [
Zk3 k3 | jim ‘km3| zp.4 mk3 | [\ imn3| Z,,,.3 nm3 | | n3 z
— b i k3 4 —— <+ ,{ m3 —p | T <+ i n3 5 ,n_3|
| | et | S| = | | =4 | |
Vk3 Vm3 Vn3
777 Z, Zim Zn VAR S
(1) Busk:
Injection currents at Bus k:
in
i ha]  [lem1
Lo | = k2| + |Tkemz2
in I I
Ik3 k3 km3

ST =T+ Ly =YV + Vi (Vi — Vi)
=Y+t Y )V = YimVim
I
= i)
I

in
where, I},
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Overall Structure of Solving Power Flow
Example 1 (Constructmg Y):

Vsource Line 1 Bus m Line 2 Busn Load (const. Z)
Zi1 Ik1 *I”‘ lemi| Zymy Ik *I,‘,’llllmnl Zmm1 Inm1¢lriﬁ In1 Zn1
— | — +— X = | — - X —> —
L | | | | ~ | |
Via Vi1 Vn1
. Zrxm12 - Zkm13 , Z Z .
Zi2 Iz INE lkm2| Zymo m M2 Iz $ I Imn2| Zpno mniz rfmnl3 Ian*I,‘[} Inz Zno
| +«— 3 = «— 7 - | — +«— 7 - —
L = | I | = | | = | |
Vk2 sz VnZ
Z Z. .
I ] km23 Ji in I mn23 L in [
Z k3 im tkm3| z mk3 n Imn3| z nm3 | [ n3 zZ
k3 -— i]k3 =3 | %km3 il }\Img b mn3 — i n3 n3
| I | ~ | I | = | | = | |
Vk3 Vm3 Vn3
777 Z, Zim Zn VAR S

(2) Busm: Strictly, Zym. should be Zp,..
For a line, Zgpms« = Zmps, SO

1) Branch currents of Line 1 :
Zm« 18 used here.

According to Kirchhoff’s voltage law:

Vin1 Vi1l [Zkm1  Zkmiz  Zkma3 mk1 mk1 Zkm1 Zkmi2z  Zkm13]F [V — Via
Vinz | = |Vi2| + |Zkm12 Zkm2  Zkma23 mk2 mk2 = |Zkm12  Zkm2  Zkm23 Vinz = Vi
Vins Vsl  1Zkm1z Zkm2z  Zkms |l s Ik Zkm13  Zkm23  Zkm3 Vinz — Vs
k1 Yem1  Yiem12  Ykm13] [Vt — Vi
= |Inkz| = |Yiemiz Ykmz  Yiem23 | |Vinz — Viz| @ Ik = Yiern (Vi — Vi)
| Lnke3 Ykm13  Ykm23  YVim3 1 WVy3 — Vs
Imkl
where, I, = [Inkz |-
Imk3
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Overall Structure of Solving Power Flow
Example 1 (Constructmg Y):

Vsource Line 1 Bus m Line 2 Busn Load (const. Z)
Zi1 Ik1 Iin Ikml Zkem1 Ik L 1™ It | Zont Inmi | 110 Ing z
— ¢ | — <+ * m | <+ * "M |L1|
L | | =4 | I | ~ | IS |

Via Vi1 Vn1
; Zkm12 r Zkm13 ; Zmn12 ¢ Zmn13 i
Zieo Ly, IL 8 lkm2| Zymo Ik $ I Imn2| Zmno 1nm2¢ I Inp Zp2
1 <« 3 = — «— ! —» | — <+« ¥ - 1
L = | I | = | I | = | I |
Vk2 sz VnZ
I . Zkm23 I in 1 Zmn23 I in I
Zy3 k3 | jim ‘km3| zp.4 mk3 | [\ imn3| Z,,,.3 nm3 | | n3 A
— b i k3 4 —— <+ ,{ m3 —p | T <+ i n3 5 ,n_3|
| I | ~ | I | | I | = | I |
Vk3 Vm3 Vn3
777 Z, Zim Zn Zn =
(2) Busm:
2) Branch currents of Line 2
According to Kirchhoff’s voltage law:
Vin1 V1 [ Zmn1  Zmni12  Zmni3 mnl mnl Zmni  Zmniz Zmn13]" Y [V — Vm
Vil = V2| + |Zmn12 Zmn2z  Zmn23 mnz mn2 = |Zmn12 “Zmn2 Zmn23 Vinz — Vna
Vm3 Vng [ Zmn13  Zmn23 Zmn3 mn3 mn3 Zmn13  Zmn23 Zmn3 Vm3 - Vn3
nt Ymni  Ymn12 Ymn13][Vmi — Vi
= |nnz | = |Ymn1i2 Ymnz  Ymn23 | (Vi = V2| = Lnn = Yiun Vi, — Vi)
| [n3 Ymn13  Ymn23  Ymn3 1 W3 — Vi3
Imnl an
where, I, = | Imnz|, Vi = [Vaz |-
Imn3 Vn3

ECpE Department
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Overall Structure of Solving Power Flow
Example 1 (Constructmg Y):

Vsource Line 1 Bus m Line 2 Busn Load (const. Z)
Zi1 Ier | 1 Dem1 Zpq Imk1 | I Imn1| Zppny Inm1 | [0 Ina z
— 4—*k1—> — 4—*"11—» '_|mn <_*nl_> nil
L ~ | | | | | |

Vit V1 Vi
; Zkm12 r Zkm13 ; Zmn12 ¢ Zmn13 i
Zieo Iy, IL 8 lkm2| Zymo Iz $ I Imn2 | Zpno 1nm2¢17‘3 Inz Zp2
| +«— 3 = «— 7 - | — «— 7 - —
L = | S| = | | = | |
Via V2 Vn2
I 1 Zkm23 I in 1 Zmn23 I in [
Zy3 k3 | (in ‘km3| zp.,.3 mk3 | [\ imn3| Z,,,.3 nm3 | [ n3 Zn3
— b i k3 4 —— <+ ,{ m3 —p | T <+ i n3 5 L
| I | ~ | S| = | | = | |
Vk3 Vm3 Vn3
777 Z, Zim Zn VAR S
(2) Bus m:
Injection currents at Bus m:
mkl mnl
Im mk2 mn2
[m Ik Imn3

=>I£;r11 =l + I = Ykm(v Vk)+Ymn(Vm—Vn)
= (Ykm + Ymn)Vm —YimVi = YmnVy

in
Iml

where, I% = | [ |.
Iin
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Overall Structure of Solving Power Flow
Example 1 (Constructmg Y):

Vsource Line 1 Bus m Line 2 Busn Load (const. Z)
Zr1 Ik1 Im Ikml Zrmi Ik L 1™ It | Zont Inmi | 110 Ing z
— ¢ | — <+ i ™ <+ * "M |L1|
| | | | ~ | | ~ | |
Via Vi1 Vn1
; Zkm12 - Zkm13 - Zmn12  Zmn13 .
Zieo Iy, IL 8 lkm2| Zymo Iz $ I Imn2 | Zpno 1nm2¢1,‘3 Inz Zp2
| +«— 3 = «— 7 - | — +«— 7 - —
| | 4 | S| = | | = | |
Vk2 sz VnZ
I o1 Zkm23 I in 1 Zmn23 I in I
Zy3 k3 | (in ‘km3| zp.,.3 mk3 | [\ imn3| Z,,,.3 nm3 | | n3 Zn3
— b i k3 4 —— <+ ,{ m3 —p | T <+ i n3 5 L
| | et | S| = | | =4 | |
Vk3 Vm3 Vn3
777 Z, Zim Zn VAR S
(3)Busn:

1) Branch currents of Line 2
According to Kirchhoff’s voltage law:

V1 Vi1 [ Zmn1  Zmni12  Zmni13] [Inm1 nmi Zmn1  Zmniz Zmn13] ! [V — Vi
Viz| = V2| + |Zmn12 Zmn2 Zmn23] [ nmz] \ nmz2| = [Zmnlz Zmn2  Zmn23 Viz = Vinz
Vn3 Vm3 [Zmn13  Zmn23  Zmn3 nm3 nm3 Zmn13  Zmn23  Zmn3 Vn3 - Vm3
m1 Ymnt  Ymniz Ymn13][Vn1 — Vi
= Ian] = \yman Ymnz  Ymn23||Vaz = Vinz| = Inm = Yiun (Vi — Vi)
_Inmg Ymn13  Ymn23 Ymn3 Vn3 - Vm3

Inml
where, I,;, = |Inmz2 |-

Inm3
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Overall Structure of Solving Power Flow
Example 1 (Constructmg Y):

Vsource Line 1 Bus m Line 2 Busn Load (const. Z)
Zr1 Ik1 Im Ikml Zrm1 Imkl Iin Imnl Zmni Inml Iin Inl Z
— ¢ > “— * m |ﬂ| “— * M |L1|
L | | =4 | I | ~ | IS |
Via Vi1 V1
; Zkmi2 ¢ Zkm13 ; Zmni2 ¢ Zmn13
Zio Iiz IL 8 lkm2| Zymo Ik $ I Imn2 | Zpno nmz¢ I Inp Zp2
| +«— 3 = «— 7 - | — - —
L = | I | = | I | | I |
Vk2 sz VnZ
I ] Zkm23 I in 1 Zmn23 I in I
Zy3 k3 | (in ‘km3| zp.,.3 mk3 | [\ imn3| Z,,,.3 nm3 | | n3 Zn3
— b i k3 4 —— <+ ,{ m3 —p | T <+ i n3 5 L
| I | ~ | I | N | I | = | I |
Vk3 Vm3 Vn3
777 Z, Zim Zn VAR S
(3)Busn:

2) Branch currents of Load
According to Kirchhoff’s voltage law:

Va1 0 Zn Iy Znr 0 0 Va1
V| = [0] + 0 an [ ]=> [1n2]= 0 2z, O Vo
Vs 0 I3 0 0 zy3 Vs
Iny Yni Vi1
:>[1n2 =10 y. o]V ]:>1 =Y, V,
Lin3 0 0 Yn3|Wns

[ In1
where, I, = | I,z |.
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Overall Structure of Solving Power Flow
ExampleBL k(Constructing Y):

Vsource Line 1 Bus m Line 2 Busn Load (const. Z)
Zr1 Ikl Iin Ikml Zrm1 Imkl Iin Imnl Zmn1 Inml Iin Inl Z
— < * Kl <+ i ™y “— * "M |L1|
| | ~ | | ~ | | ~ | |

Vi Vin1 V1
; Zkm12 r Zkm13 - Zmn12 ¢ Zmn13 .
Zieo Iy, IL 8 lkm2| Zymo Iz $ I Imn2 | Zpno 1nm2¢17‘3 Inz Zp2
| +«— 3 = «— 7 - | — «— 7 - —
| | 4 | S| = | | = | |
Viz Vinz Vna
I 1 Zkm23 I in 1 Zmn23 I in [
Zy3 k3 | (in ‘km3| zp.,.3 mk3 | [\ imn3| Z,,,.3 nm3 | [ n3 Zn3
— b i k3 4 —— <+ ,{ m3 —p | T <+ i n3 5 L
| | et | S| = | | =4 | |
Vk3 Vm3 Vn3
777 Z, Zim Zn VAR S
(3)Busn:
Injection currents at Bus n:
in
17_11 Inm1 Iny
1713 = [lnmz2 | + [In2
I_rllg Inm3 In3

= I;'ln =y, +1I, = ymn(Vn - Vm) +Y,V,
=Ymn +Y)V0 = YoV
I
where, It = |[i%].

in
In3

ECpE Department
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Overall Structure of Solving Power Flow

Example 1 (Constructmg Y):

Vsource Line 1 Bus m Line 2 Busn Load (const. Z)
Zi1 Ik1 *Iln lyma ZkemA Iﬁl ilrlrrllllffl Zmm1 I:"ilélrlﬁ Iﬁl» Zn1
Via } Vi1 V1
I in I Zkm12 - Zkm13 I in | Zmni2 - Zmni3 || in |
22 gl 12 fo 2 § i g2 Zonnz b S R
Vk2 sz VnZ
) Zkm23 ] Zmn23 ;
Zis g i sz ks § 117, fmn3| Zouny s | 1% '3 Zn3
| I | ~ | I | | = LT
Vk3 Vm3 Vn3
777 Z, Zim Zn Zn =
Put all the injection currents together:
;;n =Y +YerdVi = YiemVm
1%7111 = (Ykm + Ymn)Vm —YimVie =YV
I = Ymn + Y )V = YV
] [Ye+Yin  —Yim 0 Vi
= [IZ|=| —Yim Yim +Ymn —Ymn Vin
yid 0 —Y.on Yoo + Y, | LV,
= linj =YV
1" Ye+Yem  —Yim 0 Vi
where, linj =|Inl, Y= —Yim Yim +Ymn Yion |LV=1|Vn
g 0 —Y.n Yon + Y, V,
Conclusions for constructingY: (1) Y;; =Y;;; (2)Y;;=-Y;;; Q)Y =Y; + Z’,Ll'k# Yir

IOWA STATE UNIVERSITY
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Overall Structure of Solving Power Flow

Exported primitive admittance matrix of each element from OpenDSS: g B
Vsource v v
-
0.2 0 0 0 0 0 -0.2 0 0 0 0
Yy 0 0.2 0 0 0 0 0 -0.2 0 of — Yk
0 0 0 0.2 0 0 0 0 0 -0.2 0
-0.2 0 0 0 0 ol|( 0.2 0 0 0 0
-Y, 0 -0.2 0 0 0 0 0 0.2 0 o Yy
0 0 0 -0.2 0 0 0 0 0 0.2 0
Line 1
0.4314| -0.7738] -0.1235 0.1881| -0.1235 0.1881||| -0.4314 0.7738 0.1235] -0.1881 0.1235| -0.1881
ykm -0.1235 0.1881 0.4314| -0.7738] -0.1235 0.1881 0.1235| -0.1881| -0.4314 0.7738 0.1235[ -0.1881 _Ykm
-0.1235 0.1881| -0.1235 0.1881 0.4314| -0.7738 0.1235| -0.1881 0.1235| -0.1881| -0.4314 0.7738
-0.4314 0.7738 0.1235| -0.1881 0.1235| -0.1881|)( 0.4314] -0.7738] -0.1235 0.1881| -0.1235 0.1881
_Ykm 0.1235 -0.1881| -0.4314 0.7738 0.1235] -0.1881||| -0.1235 0.1881 0.4314| -0.7738] -0.1235 0.1881 Ykm
0.1235| -0.1881 0.1235 -0.1881| -0.4314 0.7738|)| -0.1235 0.1881| -0.1235 0.1881 0.4314| -0.7738||
Line 2
0.5176] -0.4304| -0.1491 0.0696| -0.1491 0.0696 f -0.5176 0.4304 0.1491] -0.0696 0.1491| -0.0696
Ymn -0.1491 0.0696 0.5176] -0.4304| -0.1491 0.0696 0.1491] -0.0696| -0.5176 0.4304 0.1491| -0.0696 _Ymn
-0.1491 0.0696] -0.1491 0.0696 0.5176| -0.4304 0.1491] -0.0696 0.1491] -0.0696| -0.5176 0.4304
-0.5176 0.4304 0.1491| -0.0696 0.1491] -0.0696|)( 0.5176] -0.4304] -0.1491 0.0696| -0.1491 0.0696
- Ymn 0.1491] -0.0696| -0.5176 0.4304 0.1491f -0.0696||| -0.1491 0.0696 0.5176| -0.4304| -0.1491 0.0696 Ymn
0.1491] -0.0696 0.1491f -0.0696| -0.5176 0.4304|]| -0.1491 0.0696| -0.1491 0.0696 0.5176| -0.4304
Load
0.002625 0 0 0 0 ol) -0.00263 0 Why the Vsource has 6 rows, Wh%le the Load bas 4 rqws?
Y In OpenDSS, a 3-phase Vsource is a two-terminal object,
n 0 0] 0.002625 0 0 0] | -0.00263 0 and is defined as a voltage source behind an impedance,
0 0 0 0| 0.002625 0[) -0.00263 0| — so it has 6 nodes. In contrast, a 3-phase wye-connected
-0.00263 ol -0.00263 ol -0.00263 ol 0.007877 0 \ load only has one terminal, and only has 4 nodes, A, B,

\_C and neutral.
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Overall Structure of Solving Power Flow

Put all elements’ Yprim together:

\Vsource
0.2 0 0 0 0 0 0.2 0 0 0 0 0
Y, 0 0 0.2 0 0 0 0 0 0.2 0 0 o| =Yy
0 0 0 0 02| o C 0 0 0 0 02 0
0.2 0 0 0 0 0 0.2 0 0 0 0 0
—-Y, 0 0 0.2 0 0 0 0 0 0.2 0 0 o Y
0 0 0 0 0.2 0 0 0 0 0 0.2 0
Line 1
0.4314 -0.7738 -0.1235 0.1881 -0.1235 0.1881 -0.4314 0.7738 0.1235, -0.1881 0.1235 -0.1881
Yim -0.1235 0.1881 0.4314 0.7738 -0.1235 0.1881 0.1235 -0.1881 0.4314 0.7738 0.1235 01881 — Y0
20.1235 0.1881 20.1235 0.1881 0.4314 0.7738 0.1235 -0.1881 0.1235 -0.1881 ~0.4314 0.7738
0.4314 0.7738] __ 0.1235] 0.1881 0.1235| 0.881))( _ 0.4314 0.7738 0.1235 0.1881 0.1235 0.1881
—Yim 0.1235 -0.1881 0.4314 0.7738 0.1235 0.1881 0.1235 0.1881 0.4314 0.7738 0.1235 01881 Yim
0.1235 -0.1881 0.1235 20.1881 0.4314 0.7738 0.1235 0.1881 0.1235 0.1881 0.4314 0.7738
Line 2
0.5176 -0.4304 20.1491 0.0696, 20.1491 0.0696 0.5176 0.4304 0.1491 20.0696 0.1491 20.0696
Yin 20.1491 0.0696, 0.5176 20.4304 20.1491 0.0696 0.1491 -0.0696 0.5176 0.4304 0.1491 -0.069|| —Ymn
-0.1491 0.0696 -0.1491 0.0696 0.5176 -0.43 G 01491 -0.0696 0.1491 -0.0696 -05176 0 42%
_y 05176 0.4304 0.1491 ~0.0696 0.1491 20.0696 0.5176 -0.4304 -0.1491 0.0696, 20.1491 00656
mn 0.1491 20.0696 20,5176 0.4304 0.1491 20.0696, 20.1491 0.0696 0.5176 20.4304 20.1491 0.0696 mn
0.1491 -0.0696 0.1491 ~0.0696 05176 0.4304 20,1491 00696, -0.1491 00696 05176 -0.4304
Load
0.002625 0 0 0 0 ol -0.00263 0
Y, 0 of 0002625 0 0 of|  -0.00263 0
o 0 0 o 0002625 o) -0.00263 0
-0.00263 of  -0.00263 of  -0.00263 o[ o.07877 0
Yi+ Yim 3} ConstructingY — -¥,, Y + Yo v,
{ { / /
K.1 K.2 K.3 M.1 [ M.2 [ M.3 [ /N1 N2/ N.3
K.1 0.6314] 07738 -0.1235] o0.881] -0.1235] o0.1881) -0.4314] 0.7738] 0.1235] -0.1881] 0.1235] -0.1881] / o 0 o /o 0 0
K.2 0.1235] o0.1881] 06314 -07738] 01235 o0.1881] 0.1235] -0.1881] -0.4314] 07738 o0.1235] 01881 / o 0 o / o 0 0
K.3 -01235] 01881] -01235] 01881 06314] -07738] 0.1235| -0.1881 0.1235] -0.1881] -0.4314] 0.7738 0 0 o ¥ o 0 0
M.1 04314 07738] 01235] -0.1881] 01235 -0.1881( 0.0490] -1.2042] -0.2726] 0.2577] -0.2726] 0.577)\( -0.5176] 0.4304] 0.1491] -0.0696] 0.1491] -0.0696
M.2 0.1235] -0.881 -04314] 07738] 0.1235] -0.1881| -0.2726] 0.2577] 09490 -1.2042] -0.2726] o0.2577||| 0.1491] -0.0696] -0.5176] 0.4304] 0.1491] -0.0696
M.3 01235 -0.1881] 01235 -0.1881] -04314] o0.7738| -02726] 02577 -0.2726] 02577 0.9490 -0.0696]  0.1491] -0.0696] -0.5176] 0.4304
N.1 0 0 0 0 0 T ol ~0.4304] _0.1491]  0.0696] -0.1491] _ 0.069
N.2 0 0 0 0 0 of| o0.1491] -0.0696] -0.5176] 0.4304] 0.1491] -0.0696ll| -0.1491] o0.0696] 05202 -0.4304] -0.1491] 0.0696
N.3 0 0 0 0 0 of|_o1491] -0.06%6] 01491 -0.0696] -0.5176] 0.4304f| -0.1491] o0.0696 -0.1491] o.0696] 0.5209 -0.4304]
bl bl
~Y Y,+Yun

IOWA STATE UNIVERSITY ECpE Department




Overall Structure of Solving Power Flow

How to solve power flow?

ALL Elements

I Yprim 1 I | Yprim 2 | | Yprim 3 I —_———
—
PC Elements V

III I = Y Vv Node

inj

> Voltages

Iteration Loop

Figure 17. OpenDSS Solution Loop

A general outline of solution of the power flow:
« Step 1: Initialization.
» Calculate the injection currents of the Vsource: Ispyrce = Ysource * Vsource
> Calculate the initial nodal voltages using I5,,-ce With all other injections currents set to 0: Vo = Y1 % Linjo
e Step 2:
Calculate the injection (compensation) currents for all the power conversion (PC) elemengs and adding them into the
appropriate slot in the current vector to obtain I, j ,, where, n denotes the n'th iteration

° Step 3 Note, regarding the injection currents:
_ 1.1 does not change in each
Update voltage vector: V,.,; = Y71 « Linjn R
o Ste P 4- 2. The injection currents for a non-

constant-Z load will change in each
iteration.
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Overall Structure of Solving Power Flow

R X
v o4

4.9355| 0.0004| 0.0001] 0.0002| 0.0001| 0.0002| 4.9274|-0.0152|-0.0022| -0.0053|-0.0022| -0.0053| 4.9119| -0.0307|-0.0052| -0.0116|-0.0052| -0.0116
0.0001] 0.0002| 4.9355| 0.0004{ 0.0001] 0.0002|-0.0022|-0.0053| 4.9274]-0.0152|-0.0022| -0.0053| -0.0052| -0.0116| 4.9119|-0.0307(-0.0052|-0.0116
0.0001] 0.0002| 0.0001] 0.0002| 4.9355| 0.0004]|-0.0022|-0.0053|-0.0022| -0.0053| 4.9274(-0.0152|-0.0052| -0.0116|-0.0052| -0.0116| 4.9119| -0.0307

-1 4.9274|-0.0152| -0.0022| -0.0053| -0.0022| -0.0053| 5.5428| 1.1746| 0.168 0.4164] 0.168| 0.4164| 5.5301] 1.1525| 0.1674| 0.4063| 0.1674| 0.4063
Y = |-0.0022|-0.0053| 4.9274|-0.0152|-0.0022| -0.0053| 0.168| 0.4164| 5.5428| 1.1746| 0.168| 0.4164| 0.1674| 0.4063| 5.5301| 1.1525| 0.1674| 0.4063
-0.0022| -0.0053| -0.0022| -0.0053| 4.9274|-0.0152| 0.168| 0.4164] 0.168| 0.4164| 5.5428| 1.1746| 0.1674| 0.4063| 0.1674| 0.4063| 5.5301| 1.1525
4.9119| -0.0307| -0.0052| -0.0116|-0.0052| -0.0116] 5.5301| 1.1525] 0.1674| 0.4063| 0.1674| 0.4063| 6.7083| 2.3318| 0.3988| 0.8812| 0.3988| 0.8812
-0.0052| -0.0116| 4.9119|-0.0307|-0.0052| -0.0116| 0.1674| 0.4063| 5.5301| 1.1525| 0.1674| 0.4063| 0.3988| 0.8812| 6.7083| 2.3318| 0.3988| 0.8812
-0.0052| -0.0116| -0.0052| -0.0116| 4.9119|-0.0307| 0.1674| 0.4063| 0.1674] 0.4063| 5.5301] 1.1525| 0.3988| 0.8812| 0.3988| 0.8812| 6.7083| 2.3318

i
k1,0
mol [al [ 162536 +j0
in Is, —812.68 — j1407.6
1513'0 Is| [-812.68+1407.6
Isource = |Is2| = Ysource * Vsource 7;’7111'0 0 0
Is3 linjo = [Imz0| =

1625.36 + j0O LU

= |—812.68 —j1407.6| A n

—812.68 + j1407.6

Isl

SO O OO

in

n2,0 -
in

L In3,0 i
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Overall Structure of Solving Power Flow

Matlab code for solving power flow using OpenDSS’s method:

clear;

j = sart(-1);

o

% Compute the Y matrix of each element
Vsource

o

Z k [5+3j*0, O, O0; O, 5+3*0, 0; O, 0, 5+3*07];
Y k = inv(Z_k);
% line 1

Rmatrix 1 [0.62, 0.17, 0.17; 0.17, 0.62, 0.17; 0.17, 0.17, 0.62];
Xmatrix 1 = [1.21, 0.43, 0.43; 0.43, 1.21, 0.43; 0.43, 0.43, 1.21];

Z km = Rmatrix 1 * 1 + j * Xmatrix 1 * 1;
Y km = inv(Z km);

% line 2

Rmatrix 2 = [1.19, 0.23, 0.23; 0.23, 1.19, 0.23; 0.23, 0.23, 1.19];
Xmatrix 2 = [1.21, 0.49, 0.49; 0.49, 1.21, 0.49; 0.49, 0.49, 1.21];
Z mn = Rmatrix 2 * 1 + j * Xmatrix 2 * 1;

Y mn = inv(Z mn);

o
=

S load = 500 + j * 0;

S n = [S_load/3; S_load/3; S_load/3];
V_load mag = 13.8;

Z_LN = 1000*V_load mag"2/conj (S_load);

z [z 1IN, 0, 0; O, Z LN, 0; 0, 0, Z INJ;
Y = inv(Z n);

% system Y matrix

Y [Y k + Y km, -Y km, zeros(3,3);
=Y km, Y km + Y mn, -Y mn;

A constant-Z load zeros(3,3), -Ymn, Y mn + Y nl;
does not need a - - -
compensation current. 22 initialization
This is the final I source = [(1.02*13800/370.5)/5; (1.02*13800/370.5)/5 * (-1/2-3*370.5/2); (1.02*13800/370.5)/5 * (-1/2+3*370.5/2)1;
voltage vector. I 0 = zeros(9, 1);

I 0(1:3, :) = I source;

V_0 = Y\I_0; % For a constant impedance load, we do not have to perform iterations
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Overall Structure of Solving Power Flow

Matlab code for solving power flow using Forward method:

clear;

J = sart(-1);

%% Compute the Z matrix of each element

% Vsource

Zz k = [5+3*0, O, O; O, 5+3*0, O0; 0O, 0, 5+3*01];

% line 1

Rmatrix 1 = [0.62, 0.17, 0.17; 0.17, 0.62, 0.17; 0.17, 0.17, 0.62];
Xmatrix 1 = [1.21, 0.43, 0.43; 0.43, 1.21, 0.43; 0.43, 0.43, 1.21];

Z km = Rmatrix 1 * 1 + j * Xmatrix 1 * 1;

% line 2
Rmatrix 2 = [1.19, 0.23, 0.23; 0.23, 1.19, 0.23; 0.23, 0.23, 1.19]1;
Xmatrix 2 = [1.21, 0.49, 0.49; 0.49, 1.21, 0.49; 0.49, 0.49, 1.21];

Z mn = Rmatrix 2 * 1 + j * Xmatrix 2 * 1;

S load = 500 + j * O;

S n = [S load/3; S load/3; S load/31;

V load mag = 13.8;

Z LN = 1000*V_load mag”2/conj (S load);

Z n=[Z LN, O, O; O, 2 LN, O; O, O, Z INJ;

oe

% Vsource & Z total

V0 = 1.02*13800/(370.5);

Vnom = [V0;V0*exp (3* (-2*pi/3));V0*exp (j* (2*pi/3))];
Z total = [Z2 k+Z km+Z mn+Z n];

oe

% Load Current
I = inv(Z total) *Vnom;

%% Bus Voltage

Vk = Vnom - Z k*I; % Forward
Vm = Vk - Z km*I; % Forward
Vn = Vm - Z mn*I; % Forward
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Overall Structure of Solving Power Flow

Result Comparison:

Node Real Imaginary Node Real Imaginary Node Real Imaginary
v v v v v v v v v
vkl 8021.87 0.41 vkl 8021.87 0.41 Vk1 8021.87 0.00
vk2 -4010.58| -6947.34 Vk2 -4010.58| -6947.34 Vk2 -4010.94| -6947.14
vk3 -4011.28] 6946.94 vk3 -4011.28] 6946.94 Vk3 -4010.94) 6947.14
Vm1l 8012.36 -15.92 Vm1l 8012.36 -15.92 Vml 8012.38 -15.38
Vm2 -4019.97| -6930.94 Vm2 -4019.97| -6930.94 Vm2 -4019.51] -6931.23
Vm3 -3992.39| 6946.87 Vm3 -3992.39| 6946.87 Vm3 -3992.87|  6946.61
Vnl 7992.16 -30.95 Vnl 8012.36 -15.92 Vnl 7992.17 -30.69
Vn2 -4022.89| -6905.93 Vn2 -4019.97| -6930.94 Vn2 -4022.66| -6906.08
Vn3 -3969.27| 6936.89 Vn3 -3992.39| 6946.87 Vn3 -3969.51]  6936.77
Computed Voltages (volts) b
Mot EC U 18 O( D)SS}: Computed Voltages (volts) Voltages (volts) Exported
atla ode Usin en S :
goup by Matlab Code Using from OpenDSS

Method Forward Method
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Overall Structure of Solving Power Flow

Example 2 (Constant-PQ Load):

Bus k Busm Busn

Vsource Load (const. PQ)

Line 1 Line 2
—(- o o———
1 1
O — 2
—(— o ——{—
3 3 3

—0

O
N O

~=< E:::> ~<
P+j
OpenDSS model: e
Clear
[/ —mm = Define a new circuit -----------------——- //

new circuit.experiment

[/ =mmm e Define line codes -—-—————-————————-——-—- //
New LineCode.Codel nphases= 3 Units= mi

~ Rmatrix= (0.62 | 0.17 0.62 | 0.17 0.17 0.62 )

~ Xmatrix= (1.21 | 0.43 1.21 | 0.43 0.43 1.21 )

New LineCode.Code2 nphases= 3 Units= mi
~ Rmatrix= (1.19 | 0.23 1.19 | 0.23 0.23 1.19 )
~ Xmatrix= (1.21 | 0.49 1.21 | 0.49 0.49 1.21 )
(continued)
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Overall Structure of Solving Power Flow

Example 2:

Bus k Busm Busn

Vsource Load (const. PQ)

Line 1 Line 2
—(~ ) : 1 —

1 1
_®_|: o o o —
O O \
2 2 2
_@_: o & 5 —
L \J
3 3 3
=< A
OpenDSS model:
. (continued)
[/ =—m—m————————— Define line 1 and 2 —-—-=-———--———-—————- //
New Line.l phases=3 Busl=k.1.2.3 Bus2=m.1.2.3 length=1 units=mi LineCode=Codel
New Line.2 phases=3 Busl=m.1.2.3 Bus2=n.1.2.3 length=1 units=mi LineCode=CodeZ2
[/==—mm Define a load  -—-—-—-———————————-————- //
New Load.L Busl=n.1.2.3.0 Phases=3 Conn=wye Model=1] kV=13.8 kw=500 kvar=500

/

[ Constant-PQ load J

Set VoltageBases = "13.8"
Solve
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Overall Structure of Solving Power Flow

Example 2 (Injection Current):

Vsource Bus k Bus m Busn

Load (const. PQ)

Line 1 Line 2
—(——— o o 1
1 1 1
- : o=
2 2 2
—(— o o——]
3 3 3
)X <
Load with
I compensation
Bus k Souree Bus k Busn current
Vsource — Bus n
V., L ° Load (const. PQ) 1}
—( )t O 1 o
| o T EENC
|
_@VS_Z:'__S = ~ S o——{ ] = o —
— 2 2 2 I
ng 'XISZ _/
~=< N s3 3 ©
= A ~<

Various loads to a generic load model

Thevinen equivalent to Norton equivalent (Constant Z + compensation current)
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Overall Structure of Solving Power Flow

Example 2 (Injection Current):

Vsource Bus k Bus m Bus n
Line 1 Line 2 Load (const. PQ)
: 1 1 1
(o3 o o o——
2 2 2
—(— o o——{]
3 3 3
)X U <
‘ . Load
Vsource Bus k Line 1 Bus m Line 2 Busn S =P +0)
Zr1 Ly | 1 Tkema Zrm1 Inkr | I Imnt | Zigna Iyma | [0 Ing Zn1
— r{ o <« i ™ R <+ i M —
| | N | | N | | N | |
Vi1 Vi1 Vn1
: Zkm12 - Zkm13 ; Zmni12  Zmn13 i
Zk2 Iy 17 lemz| Zymo Lz LI Lnn2 | Zpna mn mn Inm2¢ in Ing Zp2
— «— X - — “— X - | — +— T - —
| | - | | = | I | N | |
Viz V2 Vn2
I ] Zkm23 I in 1 Zmn23 I o 1
Z k3 in ‘km3| z mk3 N Imn3| z nm3 | [ n3 Z
k3 -— i]k3 —3 | Zkm3 — i]m3 . mn3 — * n3 n3
L =4 | S e | I = LT
I/k3 Vm3 I/113
77 Zy Zym Zinn Compensation current: Zy <=
jin — _[( S ) _Vu
vV ni 3Vn1 Zng
in _ _ 'Sl 4in _ _ 'S2 qin _ _ 's3 in _ jin _ jin _ in _ S\ Vg
Ly =Ign=——lka =Ilsp =-—, 3= Is3 = —— Iy = Iz = Inz = 0 Updated Inz = _[(3v ) ~ n
Zk1 Zk2 Zk3 : n2 n2
in each ; S %2
Iln — n3
iteration n3 — _[(3Vn3) _a]
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Overall Structure of Solving Power Flow

R X
v o4

4.9352| 0.0634| 0.0003}-0.0001{ 0.0003|-0.0001| 4.9119| 0.0556|-0.0073|-0.0035|-0.0073|-0.0035| 4.8812| 0.055[-0.0163|-0.0068|-0.0163|-0.0068
0.0003|-0.0001] 4.9352| 0.0634| 0.0003|-0.0001}-0.0073|-0.0035| 4.9119| 0.0556|-0.0073|-0.0035|-0.0163|-0.0068| 4.8812| 0.055|-0.0163|-0.0068
0.0003|-0.0001] 0.0003}-0.0001| 4.9352| 0.0634|-0.0073|-0.0035|-0.0073|-0.0035| 4.9119| 0.0556|-0.0163|-0.0068|-0.0163|-0.0068| 4.8812| 0.055
Y_]__ 4.9119| 0.0556|-0.0073|-0.0035[-0.0073|-0.0035| 5.5076| 1.2497| 0.155| 0.4179| 0.155| 0.4179| 5.4732| 1.2398| 0.1446| 0.4084| 0.1446| 0.4084

— [-0.0073]-0.0035| 4.9119| 0.0556[-0.0073|-0.0035| 0.155| 0.4179| 5.5076| 1.2497| 0.155| 0.4179| 0.1446| 0.4084| 5.4732| 1.2398| 0.1446| 0.4084
-0.0073|-0.0035|-0.0073|-0.0035| 4.9119| 0.0556] 0.155| 0.4179| 0.155| 0.4179| 5.5076| 1.2497| 0.1446| 0.4084| 0.1446| 0.4084| 5.4732| 1.2398
4.8812| 0.055|-0.0163|-0.0068[-0.0163|-0.0068| 5.4732| 1.2398| 0.1446| 0.4084| 0.1446| 0.4084| 6.6214| 2.4303| 0.3614| 0.8818| 0.3614| 0.8818
-0.0163|-0.0068| 4.8812| 0.055|-0.0163|-0.0068| 0.1446| 0.4084| 5.4732| 1.2398| 0.1446| 0.4084| 0.3614| 0.8818| 6.6214| 2.4303| 0.3614| 0.8818
-0.0163|-0.0068|-0.0163|-0.0068| 4.8812| 0.055| 0.1446| 0.4084| 0.1446| 0.4084| 5.4732| 1.2398| 0.3614| 0.8818| 0.3614| 0.8818| 6.6214| 2.4303

This is different from \7

the Y~ in Example 1, Cin A
due to a different load. ) I k1,0
mol a1 [ 162536 +j0

in I,| |-812.68—j1407.6
B0 Is|  |-812.68 +1407.6
Iml,O 0 0
1#112,0 =

Iy

Isource = IS
I

s3 . Linjo =

1625.36 + j0 ) .

= [-812.68 — j1407.6| A m3,0

—812.68 + j1407.6 o
in
n2,0 -

= Ysource * Vsource

SO O OO

in
-In3,0 .
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Overall Structure of Solving Power Flow

Matlab code for solving power flow using OpenDSS’s method:

clear;

j = sqrt(-1);

o\°

% compute the Y matrix of each element

% Vsource

Zz k = [5+3*0, 0, 0O0; O, 5+3*0, 0; O, O, 5+3*0];

Y k = inv(Z k);

% line 1

Rmatrix 1 = [0.62, ©0.17, 0.17; 0.17, 0.62, 0.17; 0.17, 0.17, 0.62];
Xmatrix 1 = [1.21, 0.43, 0.43; 0.43, 1.21, 0.43; 0.43, 0.43, 1.21];
Z _km = Rmatrix 1 * 1 + j * Xmatrix 1 * 1;

Y km = inv(Z_km);

% line 2

Rmatrix 2 = [1.19, 0.23, 0.23; 0.23, 1.19, 0.23; 0.23, 0.23, 1.19];
Xmatrix 2 = [1.21, 0.49, 0.49; 0.49, 1.21, 0.49; 0.49, 0.49, 1.21];
Z mn = Rmatrix 2 * 1 + j * Xmatrix 2 * 1;

Y mn = inv(Z_mn);

% load

S load = 500 + j * 500;
S n = [S_load/3; S_load/3; S_load/3];
V_load mag = 13.8;
Z LN = 1000*V_load mag”2/conj (S load);
Zn=[2 1IN, O, 0; O, 2 IN, 0; 0, 0, Z LN];
Y = inv(Z n);

(continued)
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Overall Structure of Solving Power Flow

Matlab code for solving power flow using OpenDSS’s method:

..(continued)

% system Y matrix

Y = [Y k + Y km, -Y km, zeros(3,3);
-Y km, Y km + Y mn, -Y mn;
zeros (3,3), -Y mn, Y mn + Y n];

%% initialization

I source = [(1.02*13800/370.5)/5; (1.02*13800/370.5)/5 * (-1/2-3*370.5/2); (1.02*13800/370.5)/5 * (-
1/2+3*370.5/2)1;

I 0 = zeros(9, 1);

I 0(1:3, :) = I source;

| |
<
e

$% iteration

V_error = [];

for i = 1:10000
I load inj = - conj(1000*S n ./ V_i(end-2:end, :)) + ¥ n * V i(end-2:end, :);
I i(end-2:end, :) = I load inj;

V_ i = Y\I_i;

V diff iter = V. i - V last;

V _diff iter pu = max(abs(V_diff iter))/(13800/370.5);
V _last =V i;

V_error = [V error; V diff iter pul;

if V diff iter pu <= 10”7 (-15)
break;
end
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Overall Structure of Solving Power Flow

Matlab code for solving power flow using Backward-Forward algorithm:

clear;
J = sqrt(-1);

%% Compute the Z matrix of each element
% Vsource
Z k = [5+j*0, O, O; O, 5+3*0, O; 0, O, 5+3*01;

Rmatrix 1 = [0.62, 0.17, 0.17; 0.17, 0.62, 0.17; 0.17, 0.17, 0.62];
Xmatrix 1 = [1.21, .43, 0.43; 0.43, .21, 0.43; 0.43, 0.43, 1.21];
Z km = Rmatrix 1 * 1 + j * Xmatrix 1 1;

% line 2

Rmatrix 2 = [1.19, 0.23, 0.23; 0.23, 1.19, 0.23; 0.23, 0.23, 1.19];
Xmatrix 2 = [1.21, .49, .49; 0.49, .21, 0.49; 0.49, 0.49, 1.21];
Z mn = Rmatrix 2 * 1 + j Xmatrix 2 1;

% load

S load = 500 + j * 500;

S n =[S load/3; S load/3; S load/3];

V_load mag = 13.8;

Z LN = 1000*V_load mag”2/conj (S load);

Z n= [z LN, O, O; O, Z LN, O; O, O, Z LNJ;

)
=

*

)
)
=

*
*

(continued)
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Overall Structure of Solving Power Flow

Matlab code for solving power flow using Backward-Forward algorithm:

. (continued)

%% Initilization

I = zeros(3,1);

Vprevious = zeros(3,1);

VO = 1.02*13800/(370.5);

Vnom = [V0; VO*exp (3* (-2*pi/3)); V0*exp (i* (2*pi/3))];
Vk = Vnom - Z k*I;

Vm = Vk - Z km*I;

Vn = Vm - Z mn*I;

Verror = abs(abs(Vn) - abs(Vprevious))/(13800/370.5);
m = 0;

%% Iteration

ave Verror = [];

while (max (Verror)>=10"(-15))
Vk = Vnom - Z k*I; % Forward
Vm = Vk - Z km*I; % Forward

Vn = Vm - Z mn*I; % Forward
I = conj (1000*S n./Vn); % Backward

Verror = abs (abs (Vn)-abs (Vprevious))/(13800/370.5);
Vprevious = Vn;
m = m+l;
ave Verror = [ave Verror, max (Verror)];
end
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Overall Structure of Solving Power Flow

Results:
5
a0 ‘ ‘ ‘ 0.025
.| 0.02
0.015
gy = Vil = Vil >, >
Vnominal 0.01¢
" 1 0.005 |
0 ' © © © 0 e
0 2 4 6 8 10 0 5 10
Iteration Number Iteration Number
Matlab Code Using OpenDSS’s Method Matlab Code Using Backward-Forward Method
Node Reial Imaglinary Node R(ial Imaglinary Ni)de Rfial Ima%mary
Vk1 8020.78 103.35 Vk1 8020.78 103.35 Vk1 8020.78 103.60
Vvk2 -3920.89]  -6997.88 Vk2 -3920.89]  -6997.88 Vk2 -3920.67]  -6998.00
Vk3 -4099.90|  6894.53 Vk3 -4099.90  6894.53 Vvk3 -4100.11]  6894.40
vm1 7995.12 96.12 vm1 7995.12 96.12 vm1 7995.13 96.29
Vm2 -3914.32|  -6972.04 Vm2 -3914.32]  -6972.04 Vm2 -3914.18]  -6972.13
Vm3 -4080.80  6875.92 Vm3 -4080.80,  6875.92 Vm3 -4080.95|  6875.84
vnl 7959.89 100.70 vnl 7995.12 96.12 vnl 7959.91 100.03
Vn2 -3892.74 -6943.81 Vn2 -3914.32 -6972.04 vn2 -3893.33 -6943.50
Vn3 -4067.15 6843.12 Vn3 -4080.80 6875.92 Vn3 -4066.59 6843.47
Computed Voltages (volts) by Matlab Computed Voltages (volts) by Matlab Voltages (volts) Exported
Code Using OpenDSS’s Method Code Using Backward-Forward Method from OpenDSS
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Thank you!
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