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1 - Introduction to Modelica in Twin Builder

Twin Builder is a software package used to design and analyze complex technical systems.
Simulation models created with Twin Builder can contain circuit components from different
physical domains, block elements, and state machine structures modeled in Modelica.

Twin Builder’s simple graphical interface makes even complex models easy to design. Fast and
stable simulation algorithms reduce simulation time and provide reliable results.

The various tools used for modeling, simulating, and analyzing are integrated within the Twin
Builder application which manages the project files, sets options for both simulation and program
environment, runs analyses, and generates reports.

Modelica is an open standard non-proprietary, object-oriented, equation-based language to
conveniently model complex physical systems containing, for example, mechanical, electrical,
electronic, hydraulic, thermal, control, electric power or process-oriented subcomponents. The
language is standardized and developed by the Modelica Association. The association also
supports a large open source library developed in Modelica called the Modelica Standard Library
(MSL).

As a modeling language, Modelica has the following advantages for modeling engineering
systems:

 ltis a very capable modeling language, which is well designed considering all physical
and signal domains. It allows user to focus on high-level mathematical descriptions of
engineering component. While deep knowledge of complex solution enabling topics, such
as differential-algebraic equations, symbolic manipulation, numeric solvers, etc., is not
required. These solver-related aspects of simulation models are handled by Modelica
compiler through complex algorithms behind the scenes.

« The language syntax supports both behavioral and structural definition of a model. For
behavioral definition, it is an equation-based language, which enables easy high-level
modeling of various engineering components (e.g. springs, resistors, clutches, etc.). And
the structural definition supports convenient connection between components, so they
can be easily combined into systems and architectures.

* |t supports a wide range of modeling formalisms. It allows both causal (often used for
control system design) and acausal (often used in creating schematic oriented physical
designs) approaches within the same model. And it also supports continuous and discrete
behaviors. As a result, both physical design and control design can be done using
Modelica.

* |tis designed to support effective library development and model exchange. It is built on
object-oriented constructs, with JAVA like Syntax, to facilitate reuse of models. Being an
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open language also makes it possible to import and export Modelica models between
different tools that support the standard.

More information on Modelica can be found here: http://www.modelica.org.

General Description of Contents

Introduction

Provides an overview of the Twin Builder software package for use in designing and analyzing
complex technical systems using components, including components created using the
Modelica modeling language.

Working with Modelica in Twin Builder

Provides an overview of the Twin Builder environment, the use of the Modelica environment
within Twin Builder to create and use Modelica components in Twin Builder designs, analyzing
designs and obtaining results, and includes an example workflow for creating, compiling, and
simulating a Modelica model in Twin Builder.

Case Studies

Uses six case study examples to provide an in-depth understanding of how to use Modelica
models in Twin Builder designs.

Twin Builder Documentation

Use the following guides and manuals to quickly find help while working with Twin Builder.

Table 1: PDF Manuals

Getting Program functionality at a glance, new functions, step-by-step simulation
Started examples, program conventions. Click Help > Twin Builder Getting Started
Guides or Help > Twin Builder PDFs > Twin Builder Getting Started
Guides > Twin Builder Getting Started Guide.

Modelica |Detailed descriptions and examples of Twin Builder's Modelica functionality (this
Tutorial guide). Listed under Help > Twin Builder PDFs > Twin Builder Getting
Started Guides > Modelica Tutorial

Installation | Description of how to install the Ansys Electromagnetics Suite including Twin
Guide Builder.

If Twin Builder was installed in the default location, the Installation Guide is
available in
C:\Program Files\AnsysEM\<version>\Win64\Help

Table 2: Help

Help Click Help > Twin Builder Help to access the Help with index and search

Introduction to Modelica in Twin Builder 1-2
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capabilities available for the Twin Builder programs and installed models.

Help also has a description of additional Twin Builder modules such as Interface
and Coupling elements, C-interface, and optimization algorithms.

Click Help > Twin Builder PDFs > Twin Builder Help to access the PDF of the
Twin Builder Help.

Examples |Examples are available for installed Twin Builder models. Open the example by
right-clicking on the model in the Project Manager and selecting Load Example.

If Twin Builder was installed in the default location, Twin Builder application
examples are available in

C:\Program Files\AnsysEM\version\Win64\Examples\Twin
Builder\Applications

and the Modelica Tutorial examples are available in

C:\Program Files\AnsysEM\version\Win64\Examples\Twin Builder\Modelica
Tutorial\Tutorial Examples
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2 - Working with Modelica in Twin Builder

The topics in this section:

» Provide an overview of the Twin Builder user interface, Twin Builder projects and the
Project Manager window, and Twin Builder components.

« Explain basic user operations: creating a Modelica component in Twin Builder, using a
Modelica component in a Twin Builder design, analyzing designs, and plotting results.

» Provide an example workflow for creating, compiling, and simulating a Modelica model in
Twin Builder.

Overview of the Twin Builder Interface

The figure below and the table following describe the major Twin Builder interface elements for
an existing project with its associated schematics.
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Project The Project Manager window shows all the components, models, and other
Manager elements of each design in the project. Each project has its own expandable
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window and || Project Tree. Many operations on the design elements can be performed directly

Project Tree |[from the Project Manager window.

Component |Displays, on the Components tab, the component categories, including

Libraries Favorites, Most Recently Used, Simplorer Elements, and Project Components.

window The Project Components section lists the elements that are active in your
projects. It also provides a search feature on the Search tab.

Note that the Modelica libraries are not displayed in this window, because
Modelica models cannot be directly used in Twin Builder Design. Only after a
Modelica model is compiled in a project and a component is generated, will it be
displayed in this window under Project Component.

The Modelica libraries are displayed only in the Twin Builder Modelica
Environment.

Message Displays error, informational, and warning messages for the active project.

Manager

window

Progress Displays solution progress information.

window

Properties |Displays the attributes of a selected object in the active model, such as the

window object’s name, electrical or other associated physical quantities, orientation, and
color.

Also displays information about a selected command that has been carried out.
For example, if a circle was drawn, its command information would include the
command’s name, the circle’s center position coordinates, and the size of its
radius.

Design area | Displays one or more editor windows such as the Schematic Editor, model

window editors, and symbol editor. It also displays various report windows.

Menu bar Provides various menus that enable you to perform Twin Builder tasks, such as
managing project files, designs, and libraries; customizing desktop components;
drawing objects; and setting and modifying project parameters and options.

Ribbons Provides tabs containing icons that act as shortcuts for executing various
commands.

Status bar (Shows current actions and provides instructions.

Note | The screen layout may be different from what is shown in the picture above, depending

on the View menu settings.

For additional information, please refer to the help and the Twin Builder Getting Started

Guide.
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Overview of the Twin Builder Modelica Environment

When adding a Modelica model, or editing an existing one, a Twin Builder Modelica environment
dedicated for Modelica modeling is presented for the user. This environment resembles the Twin
Builder schematic editor environment. The following figure and table describe the areas that
differ from the schematic editor environment when the Twin Builder Modelica environment is
active.
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Ribbons Provides a Modelica tab containing icons that act as shortcuts for Modelica

special commands.

Component |Displays only the Modelica libraries, which can be used in the Modelica
Libraries Environment. Library file supported here is the Modelica package file, which is
window formatted differently than the main Twin Builder libraries.

Properties | Displays Modelica model properties of a selected instance in the diagram editor.
window User can also edit property values here.

Also displays information about a selected command that has been carried out.
For example, if a circle was drawn, its command information would include the
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command’s name, the circle’s center position coordinates, and the size of its
radius.

Design area
window

Provide two views for a Modelica model: text, and diagram. You can switch
between the two views using the tabs at the bottom of this window.

You will be asked whether to overwrite from diagram when switching to the text
view, or when compiling. This is because a model created or edited using the
Diagram Editor can be saved and used in the project only after the model text
has been updated.

Starting

Twin Builder and Creating a New Project

Twin Builder can be started like all Windows applications - by using the Start menu on the
Windows task bar.

1. Click Start, and select Programs > Ansys EM Suite version > Ansys Twin
Builder version.

By defa

ult, opening Twin Builder creates a new project named Projectn and inserts a new

design named TwinBuildern, where n is the order in which each was added to the current
session. A project is a collection of one or more designs saved in a single *.aedt file.

Project Manager o =

=REEN

roject20

E{Tﬁ TwinBuilderl

@ Ports

-8k Analysis

l@ Optimetrics
----- Results

E||:| Definitions

EJ---D Components
-1 Symbols

..... (L1 Footprints

..... [ Padstacks

..... ([ Models

..... [ Packages

..... [ Materials

..... ([ surface Materials

The new project, which appears in the Project Manager window, contains a file structure
that organizes design elements such as Ports, Analysis, Optimetrics, and Results. Project
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Definitions such as Components, Symbols, Models, Packages, Materials, and Scripts are
also listed.

The Project Manager window shows the projects loaded into Twin Builder. Each project
may consist of one or more designs. The Project Manager window contains details about
all open Twin Builder projects in a form known as the project tree, as shown below:

Project Manager v B X

= (1] RC_Optimization®
= fi? TwinBuilder1 Double-click to open in
Click + to expand = ] ports Schematic Editor.

the tree. Click - to &G 1

collapse the tree. Double-click to open

[0 Port1 global and interface
port properties.

= i Analysis
{8 Opbons Double-click to open
™ ana_lysis setup and
Right-click any & Optimetrics LB L
object in the tree & [7] Resuts
to open its shortout T e .
menu. E Xy Plot 1 Double-click to display

= Time plot results.
) Defirstions

The top node listed in the project tree is the project name. Expand the projecticon to view
all the Twin Builder design information and definitions for the project. If there are multiple
designs in a project, each design’s ports, analysis setup, and results are displayed as
entries in a separate sub-tree.

The label of the selected Project Tree element that is active (that is, has focus) may be
rendered in bold text; or a small “window” icon may display next to the selected Project
Tree element. The icon will be gray if the editor or plot window associated with the
selected element is closed, or not in focus. Clicking the gray icon will open the window and
bring it into focus.

Right-clicking a folder or item opens a shortcut menu that allows you to perform various
operations. For example, right-clicking the analysis icon for a design displays a menu
similar to this:

Working with Modelica in Twin Builder 2-5
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Project

Manager

= RC_Optimization*
=-fif® TwinBuilder1

EE' Ports

=

=[] Res
55

[#-[_7] Definitior

1.00
Paste Ctrl+V
Analyze
Solution Setup [

Add Solution Options...
Import SDEB File...
Import Data File...

Virtually all project editing and management can be done from the Project Manager
window using the right mouse button shortcut menus. Many of these menus are also
available from the main menu bar in the Twin Builder menu.

Once you insert a Twin Builder design into a project, it is listed as the second node in the
project tree. It is named TwinBuildern by default, where n is the order in which the design

was added to the project. Expand the design icon in the project tree to view all of the
specific data about the model, including its solution and post-processing information.

The TwinBuildern node contains the following project details:

Ports

Displays the interface and global ports added to a Twin Builder
design.

Analysis

Displays the solution setups and solution options for a Twin
Builder design. A solution setup specifies how Twin Builder will
compute the solution. The solution options provide settings such
as the integration formula, iterations, and maximum and
minimum errors.

Optimetrics

Displays any Optimetrics setups added to an Twin Builder
design.

Results

Displays any post-processing reports generated.

Refer to The Project Manager Window in the main Twin Builder help for more information.

2. Torename the design, right-click Twin Buildern in the project tree, and choose Rename

on the shortcut menu.
3. Type a name of your choosing, and then press Enter to complete the change.

Working with Modelica in Twin Builder 2-6
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Note | To use the example files provided for this Tutorial, choose File > Open Examples from
the main menu and navigate to the example *.aedt files in the Tutorial Examples folder
in C:\Program Files\AnsysEM\<version>\Win64\Examples\Twin Builder\Modelica
Tutorial.

The Twin Builder Component

A Twin Builder component (for example, a resistor, a transistor, or a motor) has several
definitions associated with it. It needs a Symbol definition to describe the appearance of its
schematic symbol, a Model definition to define the characteristic behavior of the component,
and a Component definition as a kind of high-level wrapper.

In Twin Builder projects, library component definitions are accessed once per component —
when you place the first instance of a component onto a schematic. Once a component is
placed, all the definitions for that component are transferred (copied) from the library to the
project file.

Editing component definitions and updating instances on a schematic are then controlled from
the project definitions, which are listed in the Definitions folder in the Project Manager window.
In other words, you edit the various definitions associated with a component in the project, not in
the library.

For a component's model definition, Twin Builder supports multiple modeling languages, as
shown below in the Add Model dialog box. Modelica is one of the supported languages. Adding
or editing a Modelica model is done using the Twin Builder Modelica Environment.

Add Model X

Mame: SimModel
Type:
" YHDL-AMS 7 C-Model 7 sSML (" Spice * Modelica

(04 | Cancel

After a Modelica model is compiled, Twin Builder creates a component of the same name in the
project definitions. The component, and its associated symbol and model, are local to the
project. You can locate the component either in the project tree Definitions > Components in
the Project Manager, or in the Component Libraries window, under Project Components as
shown in the figure below. Within the project, you can drag-and-drop the Modelica component
onto the schematic of a design, where it can be connected with other Twin Builder components,
and simulated with the design.

Working with Modelica in Twin Builder 2-7
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i Project Manager 1 x
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=-{23 Components
.77 SMPM_Inverter_MultPhase

SMPM_Inverter_MultiPhase1

[:I Footprints

[ Padstacks S0
77 Models MOD'ELICA
:Proper‘ties 1 x
1 New Page
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You can right-click the component in the project tree to:

Component Libraries n

ﬂ Favorites
- Most Recently Used
Elﬂ Simplarer Elements
-[E1 Basic Elements
[+ Basic Hements VHOLAMS
-2 Digital Elements
(-2 Aircraft Blectrical VHDLAMS
(-3 HEV VHDLAMS
[+ Manufacturers
-7 Muttiphysics
(-3 Power System VHDLAMS
B+ Tools

(-3 VDALbs VHDLAMS

{777 SMPM_Invetter MultiPhase

Components | Search

« Edit the component's symbol, which changes its appearance on the schematic.

» Export the component to a user library (UserLib) or personal library (PersonalLib). (Refer

to the Twin Builder help for information on Working with Libraries.)

Project Manager o =
E|-- SMPM_Inverter_MultiPhase A

m TwinBuilderl
523 Definitions
E||:| Components

P g R
- _E TwinBuilder G2 Copy Ctrl+C
(] Symbols Edit Component...
g :322;:: Edit Symbol _
-2 Models Edit Footprint |
g SMPM_Inve Export to Library...

You can also right-click the model to:

« Edit the model, which opens the Modelica environment for editing.

* Export the compiled Modelica model to a user or personal library.

« Export the model as a Functional Mock-up Unit (FMU).
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Project Manager o x
E--@ SMPM_Inverter_Multifhase ~
m TwinBuilderl
E||:| Definitions
|_—‘_||:| Components

.77 SMPM_Inverter_MultiPhase Sh
.k TwinBuilder 1
- Symbols
..... (L1 Footprints
..... [ Padstacks m
=20 Models HODELIC
]
Edit Model
Froperties Export to Library...
Export as FML...
T

Related Topics

"Overview of the Twin Builder Modelica Environment" on page 2-3
Creating a Modelica Component in Twin Builder

You can create a Modelica component in Twin Builder in either of two ways:

» Import an existing Modelica model .mo file.

¢ Use the Twin Builder Modelica diagram editor.

Importing a Modelica Model File

To create a Modelica component in Twin Builder by importing a Modelica model .mo file:
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1. Ina Twin Builder project, select: Tools > Project Tools > Import Twin Builder Models.

L Twin Builder - ANSYS Electronics Desktop - Project! - TwinBuilder] - SchematicEditar - [Project] - TwinBuilder] - Schematic]
K] File Edit View Project Draw Schematic Twin Builder Tools Windew Help
Edit Libraries E

H @ & ZaomIn Col m ? E| Add Model }
. €}, zoom Out & Library Tools : el impert Mogel
W wpwte X ey Clzoomaes ¥ Ot @ |y [ PrejectTooks 5 B Updste Definitions... :
Desktop View Schematic Simulation Results LoinER > |l Remove Unused Definitions..
T, E Run Seript... Synchronize Definitions |
= 57 Project1 Pause Script #] Import Twin Builder Models... i
& I'!E TwinBuilder Record Script To File... enport Circuit Models |
- L] Definibans Record Script to Project... |

QOpen Command Window
Password Manager...

Options ¥
Keyboard Shortouts...
External Tools..

2. Navigate to the Modelica model you want to import, and click Open.

u {'lptn. 4
+ « Modelica » Electnical » Analog w & earch Analog £
Organize « Mew folder - i | ﬂ
~
Mame Uate modried ype Size i
Examples 8/10/2018 10:58 AM  File folder
| Basic.mo OB 108 AM MO File
| tdeal.me SAMET0E AM MO File K
: Interfaces.mo RS0NE 1108 AM M e iTKE
: Lines.mo 52008 11:08 AM MO File 43 KB
| package.mao TIS201811:08 AM MO File 2 KB
| Semiconductors.mao WEZNB 108 AM MO File 4 KB
| | Sensors.mo 75208 11:08 AM MO File 1MEB
| Sources.mo 52008 11:08 AM MO File 111 KB v
Sensors.mo Date modified:  7/5/2018 17:08 AM Date created= BM0/2018 10:58 AM
MO File Sz 10.5KB Lvmlabilty:  Available offline

File name: | Sencors.me v| Modelica Models{*.me;". moc)

Cancel
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3. Inthe Select Model dialog box, select the check boxes to make sure the desired model’'s
information is transferred into Twin Builder, then click OK.

Select Madel

2R e _ Eoin |

-, Expand

=0 [ Intefaces .

5@ ™ Delay Collapse Al

-0 [ Basic Options

A0 [ Gates

_t.lr— Sources [T Usa Bxtemal Sohos
BIl Set

14l
1@
X ]

4. Selectinterface and other properties for the imported Modelica model.

B Salect Step Interfaces =

Options
[T selectintermnalfocal output propertes
Sedect hierarchy kevel up to: |1|:.uj| vI
BRI |
iyW¥ before
iy stepTime
i W ¥
F- B [ AdvancedSettings

Apply Changss I Discard Chamges
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5. After the Modelica model, function, or package has been successfully transferred into
Twin Builder, the following dialog box appears.

Import Components *
import Simulation Models | SDB Qutputs | Non-Conservative Pins |
Import More tems... Recompile Al
Models 1 scanned, 1 compiled, 0 failed ﬂ
Import | Action | Madel Name | Type |

[w Creste  Step Modelica|C:/Program Files/AnsysEM/ AnsysEM19.3Win
£ >
Symbols 0 scanned ﬂ
Components ﬂ

Import | Action |Cu:um|:u:ner|t MName | Models | Symbols

[w Creste Step Step  Step [Autocreate]
QK | Cancel ‘

6. Click OK and the entire model/function/package is included in one component in the
Project Manager tree in the Definitions > Components folder. You can now select a

component and place it on the schematic.
Using the Diagram Editor to Create a Modelica Model

To create a Modelica component in Twin Builder using the Modelica Model diagram editor:
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1. Ina Twin Builder project, do one of the following to create a Modelica model:

¢ Click Twin Builder > Add Model.

* Right-click the Models folder under Definitions in the Project Manager pane and
select Add Definition.

¢ Press Ctrl+Shift+M.
The Add Model dialog box appears. Ensure that the Modelica type is selected.

Add Model >

MName: SimModel
Type:
" yHOL-aMS © C-Model © sML " Spice * Modelica

QK | Cancel

2. Enter a name for the model and click OK. The model file opens in Twin Builder's Modelica
model diagram editor in a separate Diagram tab.

SimMods®  Diagram:SimModel

Note |/If an editable model has been imported, you must add a new Diagram Editor by
clicking the Add Diagram Editor icon in the Modelica ribbon, or by clicking
Modelica Model Editor > Add Diagram Editor.

3. From the right side of the Diagram Editor, drag and drop the component you want on the
Diagram Editor. Press Esc to complete the action.

+ To move a component after placing it, select and drag it.
» To rotate a component before placing it, press R before releasing the mouse click.

« To rotate a component after placing it, select it and press Ctrl +R, which rotates it
by 90°, or right-click the component and select the Rotate option.

Note |When you rotate a block or component, the diagram editor removes wires
connected to unselected components. You must reconnect the blocks and
components.
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¢ To delete a component, select it and press Delete, or right-click and select Delete.

Note |[When you delete a block or component, the Diagram Editor removes all
connected wires.

For more information, refer to Component Libraries in the Twin Builder help.

4. After arranging the components, use wires and connectors to connect the components.
Click on the input/output pins of the component and connect them to the desired pins.
Integ1
Divis1

<

Integ?2

5. For Modelica models, if the component has an array interface port and you make a
connection, you can select the connection and change the default value of 1 for
ArraylndexOfConnectionX in the Properties window.
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Mame

Valpe | Linit [E'.r-aiL

Mame
Type

Connaction 1

Connection?

net_3 Real1
Connsction

ArayindexOf Connection 1 2

Real?

3 <

Real? '_

Smlose”  Diagram:SimModel” |

sumi

6. After you complete the diagram, edit the properties and parameters of the components in
the Properties window.

10.

11.

Variable’s attributes inside a Modelica instance cannot be directly changed in the
Properties window. If you want to do so, you can add modifier to this instance by select it
in the diagram, then click Add Modifier in Modelica ribbon.

=

Save

4

Desktop View

& w | & variables
=N A B | & squations
Compile &
Update Project E :Iﬂ Add Madifier

Modelica Simulation Automation

ﬁ Rotate

*.‘Q Flip Vertical
dk Flip Horizontal

#y Delete Diagram Editor
& Update Text from Diagram

You can also declare variables or add equations by clicking the Variables and Equations
icons in Modelica ribbon.

To update the model file text, click Modelica Model Editor > Update Text from Diagram
or click the Update Text from Diagram icon on the Modelica ribbon. For more
information, refer to Updating Text from Diagram in the Twin Builder help.

Now the Modelica model is complete, it is ready to be compiled and added to the Twin
Builder project as a component. Click Compile & Update Project on the Modelica ribbon

tab.

A model created or edited using the Diagram Editor can be saved and used in the project
only after the model text has been updated. Thus, after clicking Compile & Update
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Project, an overwrite model text dialog will be displayed. The same dialog is also
displayed whenever you switch tabs to SimModel to view Modelica model text. You can
choose either to overwrite from the diagram, or to use the current model text and not
overwrite from the diagram. The latter choice won’t apply any change to the diagram since
the last save or compile.

Diagram has changed. Oversnite model texct from diagram?

[T Remember selection and don't show this messacs scsn,

Yes, overarite Fom dagram | Mo, use curvent model bext Cancel |

12. Following the compile operation, you can select interfaces for the component, which will
be accessible in the higher-level Twin Builder design. Click Apply Changes to continue.

B Select Step Inberfaces A

Options
[T Sebact nternal focal output propestes

Selecthierarchylevelwpto: [1(al) ]

g
4V before
4 ¥ stepTime
53 = ¥
-5 T AdvancedSettngs

[ Apply Changes Discard Changes |

13. The resulting Update Components dialog box allows you to confirm whether to create
orupdate an existing Twin Builder component.

Click OK and the Modelica component is ready to use in a Twin Builder design.
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You can find the newly created Modelica component in the Project Manager's
Definitions > Components folder.

Using a Modelica Component in a Twin Builder Design

After a Modelica component is created in a project, you can locate it in the project tree under
Definitions>Components, and drag and drop it in a Twin Builder design schematic.

If a complete system is built inside the Modelica component, it is ready to simulate and plot
results as described in Analyzing a Design and Plotting Results.

You also have the option to implement a subsystem inside a Modelica component, then connect
the Modelica component with other Twin Builder components in a design schematic. For an
example of this workflow, refer to the case study: Simple Motor Power Train.

Analyzing a Design and Plotting Results

Twin Builder enables you to set up and run analyses (simulations) on the designs you construct
in the Schematic Editor, using the simulator engine in the background for running the analyses.
For a given simulation, you typically have an interest in looking at the results for specific
conditions in the schematic. To create reports or plots of simulation results, you must first define
outputs in the Output dialog box to make them available for plotting. Running an analysis then
provides results for any reports and plots you create.
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1. To define outputs for plotting, click on Output Dialog on the Schematic tab of the ribbon.

B " Qutput
Defined Output

Caze 1PID_YZ1.Inertal_a
CaseIPID_YZ1.Inertial a

Case IPID_YZ1.Integrator _y
Case IPID_YZ 1.KmemPTP _y_1_
Case IPID_YZ1.loadTorgue _phi
Case IPID_YZ 1.loadTorque_taw

Add Remove
¥ Outputs [ Inputs | InOuts [ Subdrcuite [ Derivatives

-
{)Iﬁ)(

| Case 1PID_YZ1.Inertia1_a

:

18] Design variables A

E- % CaselPID YZI1
10 @ T der_Inertial_phi_

[~ der_Inertial w_
der_Inertia2_phi_
der_Inertia2_w_
der_Integrator_y_
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Inertial_a
Inertial_flange_a_phi
Inertial_flange_a_tau
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31418
z g E

0
=
2
]

fefafata1sTetsts1e1a1a
0 4 @ W ® © © © 0 0o
i B i e e B e

x| Corcel |

2. Select the outputs that are needed for your plots. (Refer to Setting the Outputs for
Simulation in the Twin Builder help for more information.)

3. Inthe Project Manager Results context menu, you can then select from a list of report
types under Create Standard Report for the design to be simulated. The defined outputs
will be available for plotting. For details of viewing simulation results, see Generating
Reports and Postprocessing in the Twin Builder Help.

4. By default, a transient analysis TR is created for each design. You can find it in the Project
Manager under Analysis for the design. A transient analysis simulates the time-domain
response of the system. Double-click TR to set up the end time and desired time step for
the simulation. For more details of transient analysis, see Transient Analysis Setup in the
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Twin Builder help.

Transient Analysis Setup

Analyzis Setup Name TR

Analpziz Cantral

| Dizable this analysis

End Time - Tend |4 |s j
tin Time Step - Hmin |'|DE| |us ﬂ
b ax Time Step - Hrax |1 |""'S j

[ Usze Initial Values

| L]

[ Enable continue to solve

Analyzis Options [Default Optiong) |

OF. | Cancel |

5. To start the transient simulation, do one of the following:

¢ On the ribbon Schematic tab, click the blue arrow Analyze icon.
* In Project Manager, right-click on TR of the design, and select Analyze.

6. When simulation is complete, you can review reports under Results in Project Manager.

Workflow for Creating, Compiling, and Simulating a
Modelica Model in Twin Builder

Modelica Example: PID Controller

This example illustrates the workflow for creating, compiling, and simulating a Modelica model of
a simple drive train controlled by a PID controller. The Modelica system diagram is shown below.
The model consists of a causal connection (including Torque, Inertias, Spring, load Torque) and
an acausal control loop (including KinemPTP, Integrator, Pl, and SpeedSensor). The two blocks
kinematic_PTP and integrator are used to generate the reference speed. To check whether
the system starts in steady state, the reference speed is zero until time = 0.5 s, and then follows
the sketched trajectory. The Pl block is a Pl controller in which several practical important
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properties, such as anti-windup-compensation, have been added. The output of the controller is
a torque that drives a motor inertia, inertia1. The load inertia, inertia2 is attached using a
compliant spring/damper component. A constant external torque of 10 Nm is acting on the load
inertia.

This example is based on the following example project located in the Modelica Tutorial
Examples folder:

<Installation location>\Examples\Twin Builder\Modelica Tutorial\Tutorial Examples\Blocks PID
Controller.aedt

Bl R il S

PID Controller Example Workflow

In this example, we will create a Modelica PID P2P model, and analyze its performance in the
Twin Builder environment. The following steps outline the process for accomplishing these
goals.

* Add a new project and Modelica Model in Twin Builder.

» Place the Modelica components for the new model into the Diagram Editor.

* Connect the Modelica components.

* Provide an initial equation and variable declarations.

+ Assign the various component properties.

* Compile and update the Twin Builder project.

+ Add the Modelica component to the Twin Builder Schematic.

» Define outputs and Create Reports for the simulation results.

¢ Setup and run a Transient analysis.

Adding a New Project and Modelica Model in Twin Builder

1. Select File > New to create a new projectin Twin Builder. You can rename the project by
right-clicking the project icon in the Program Manager, and selecting Rename from the
context menu.

2. Create a new Modelica model by doing one of the following:
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o Select Twin Builder > Add Model.
¢ Press Ctrl+Shift+M.

* Inthe Program Manager Definitions folder, right-click Models folder and select
Add Definition.

Add Model

Mame: Case1PID

Type:

" YVHDL-AMS  C-Model 7 sML (" Spice {* Modelica

(04 | Cancel

3. Select Modelica as the Type and enter a Name for the new model.

The Modelica environment is displayed, with the Modelica libraries appearing in the

Component Libraries window on the right.

Next, you will place the Modelica components that are needed for the new model into the

Diagram Editor.

Placing Modelica Components for a New Model

All of the required components for the PID Controller example can be found in the Modelica
library in the locations shown in the following table.

Component Instance

Location in Modelica Library

KinemPTP

Modelica/Blocks/Sources/KinematicPTP

Integrator Modelica/Blocks/Continuous/Integrator
Pl Modelica/Blocks/Continuous/LimPID
Torque Modelica/Mechanics/Rotational/Sources/Torque

Inertia1, Inertia2

Modelica/Mechanics/Rotational/Components/Inertia

Spring Modelica/Mechanics/Rotational/Components/SpringDamper
loadTorque Modelica/Mechanics/Rotational/Sources/ConstantTorque
SpeedSensor Modelica/Mechanics/Rotational/Sensors/SpeedSensor
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1. Locate each of the components in the library.

2. Drag and drop the components into Diagram Editor in the Modelica Environment,
arranging them as shown in the figure below. (Connections will be added later.)

HinemETE

T O T R T

#

houm T ongus

3 )

3. You can change the instance names for the components by clicking on the component to

display its Properties window. You can enter the desired instanceName in the associated
Value field on the Properties tab

4. Press Esc to complete each action.
Next, you will add connections between the various components.

Connecting Modelica PID Controller Components

To connect the components for the PID Controller as shown in the diagram below:

EinemETE ragrano = o Targus
Torque - E —
I gy =
P

1. Click on an input or output pin of one of the components and connect it to the desired pin

of another component.
2. Repeat for each connection.

Note ||[More graphic options are available in a context menu by right-clicking on a component,

as shown below. For more information on these options refer to the Diagram Editor
section in the Twin Builder help.
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Initial Equation

Next, you will add an initial equation and declare a variable for the PID Controller model.
Adding an Initial Equation and Variable Declaration to the PID Controller

For this example, an initial equation is needed for spring initialization, and a drive angle variable
declared.

1. For the initial equation, on the Twin Builder Modelica tab, click the Equations icon to open

the Edit Model dialog box.

2. Select Initial Equation, then click the ¢

the Equation editor, and enter the equation:

der(Spring.w_rel) = 0;

button in the upper right of the dialog to open
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B Equation x

der(Spring.w_rel) =0; List of Variables |

- ~
Arithmetic o |
Array
conditional and loop =
Conversion -
Derivative *
Event o
Logical S
Mathematical .+
Miscellaneous /

QK | Cancel

3. Click OKto close the dialog box, adding the equation to the Edit Model dialog box.
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= Mode Iriitial tion .
variabie Maodel: | Case 1PID ¥ '...]I H
Initial Equation
Eouation Equations Edit | |
der{Spring.w_ref) = 0;

oK | cancel |

4. Click OK to close the Edit Model dialog box. The Overwrite Model Text dialog
boxdisplays.

Diagram has changed. Overemite model teact from diagram?

[T Repmermier selecton and don't show Bhis mesesces sqan,

Tes, gverwrite Fom diagram tig, e qurrenit mode text Cange |

5. Click Yes, overwrite from diagram to generate the equation and add it to the model text.

initial egquaticn
der (Spring.w_rel) = 0;

Variable Declaration

1. To create a new variable for the real parameter driveAngle, on the Twin Builder Modelica
tab, click the Variables icon to open the Edit Model dialog box.
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2. Click the { | button in the upper right of the dialog to open the Edit Variable dialog box,

and enter the settings as shown below.

B Edit Variable x
Mame Array dimension
|dHVEAngE
Value
157 =]
Variability Type
|parameter j |Real j J
Prefix Connector Causality

[ final [ inner {* none {* none

[ replaceable [ outer " flow (" input

[ protected " stream " autput
Description

K | Cancel

3. Click OK to close the dialog box, adding the variable to the Edit Model dialog box.

4. Click OK to close the Edit Model dialog box. The Overwrite Model Text dialog box
displays.

5. Click Yes, overwrite from diagram to add the variable declaration to the model text.

f/Declaration(s)

parameter Real driveAngle = 1.37;

Next, you will set up properties for the PID Controller model.

Setting Up Model Properties for the PID Controller

The model properties for the components used in this example are summarized in the following
table.

Component Instance |Properties

KinemPTP deltaq = {driveAngle}
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Component Instance

Properties

qd_max = {1}
qdd_max = {1}
startTime =0.5

Integrator

Use the default values.

Pl

controllerType = Modelica.Blocks.Types.SimpleController.PI
Ti=0.1

yMax =12

wp =1

k=100

limitsAtInit = false

Ni=0.1

initType = Modelica.Blocks.Types.InitPID.SteadyState

Torque

Modelica/Mechanics/Rotational/Sources/Torque

Inertia1

J=1
phi(fixed = true,start = 0)

a(fixed = true,start = 0)

Inertia2

J=2

Spring

c=1e4

d=100

loadTorque

tau_constant=10

SpeedSensor

Use the default values.

To display the editable parameters and properties of a component:

1. Click the model to open the model’s Properties window.

2. Select the various tabs at the bottom of the Properties window to browse and find
parameters and properties you need to edit. All other properties retain their default values.

3. Enter values or select options as needed.

For example, to set properties for the KinemPTP component in the Diagram Editor:
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1. Click on the KinemPTP component to display its Properties window.

Properties o x
MName | | Value | Lt |

deftag % idrivefngle}

gd_max ||

qdd_max % i1}

start Time (05 5

nout % 1

v =

General | Properies

2. Onthe General tab, per the information in the above table, enter {driveAngle} for the
deltaq property; {1} for the qd_max and qdd_max properties; and 0.5 for startTime.
nout remains at its default value of 1. No changes are needed on the Subcircuit tab. The
Properties tab allows you to set the name of the component instance.

Next, you will compile and update the project.

Compiling and Updating the PID Controller Project

A model created or edited using the Diagram Editor can be saved and used in the project only
after the model text has been updated. When you have completed the Modelica model, itis
ready to be compiled and added to the Twin Builder project as a component. To do this:

1. Click Compile & Update Project on the ribbon Modelica tab as shown below.

5] File Edit View Project Modelica Model Editor Tools Window Help

| I , Cut Unde @ | S Check Syntax
. Cop Redi [t ] —H ) Revert Changes
Save Compile &  Save Uncompiled

Paste X Delete  ypdate Project Changes [# Export Model Text

Desktop View Modelica Simulation Automation

The Overwrite model text dialog box appears.
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Diagram has changed. Oversmite model texct from diagram?

[T Rpmermier selecton and dont show Hhis mesesces soan,

Yes, overwrite Bom dagram | o, use cument model bext Cancel |

Note | This same dialog box appears when you switch to the SimModel tab to view the
Modelica model text. You can choose either to overwrite from the diagram, or to
use the current model text. The latter choice won't apply any changes made in the
diagram since the most recent save or compile.

2. Forthe PID Controller example, all the editing has been completed in the diagram, so
select Yes, overwrite from diagram. The model is compiled. (This may take several
seconds.)

3. Following the compile operation, you can select interfaces for the PID or just accept the
default set of preselected interfaces.

Optons
[T Sslect nternalfocal output proper s

Select hierarchy kevelup to: |1 -

Inertal
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PI

Spea AT
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i B driveangis

-

1
H
a

Ly g
DA NNA99

- 3 W AdvencedSettngs

Apply Changes Descard Changes

4. When finished selecting interfaces, click Apply Changes to close the dialog box and
apply the changes to the PID Controller model. The Update Components dialog box
appears with both the PID model and component selected for import into Twin Builder.
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Update Components >

Update Models | SDB Ouputs | Non-Conservative Pins

Wodeds 1 scanned, 1 compded, Ofaled 2]

" Jimpon | Action | Model Name | Type [ Source |
_I [+ odate  CaselFID Modelica jproject]

Symibols O scanned &
Croemponsrts ﬁl
_| [* Updste |Cass1PID Casa1PID Casa1PID

oK Cancel |

5. Click OK to complete the update and import the PID Controller model and component into
Twin Builder.

The Modelica PID Controller component is now ready to use in a Twin Builder design. You can
find the Modelica component in the Project Manager > Definitions > Components folder, as
shown below.
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Froject Manager B ox
= |1 Blocks_PID_Controller
= 2 TwinBullderl
= (L) Defritions
*F TwirBulger ]
= 120 Symbels
{E CaserriD

) Materials
1 Surface Maberials
+ _I Lopts

Next, you will add the component to a Twin Builder schematic.

Adding the PID Controller Component to a Twin Builder Schematic

When Modelica PID Controller component is ready to use in a Twin Builder design, you can find
the component in the Project Manager > Definitions > Components folder, as shown below.

Project Manager B ox
= 1) Blocks_PID_Controller
= 2 TwinBudder
= [ Defiritons
T Twardulder |
= [ Symbels
] Case1FID

] Materials
1 Surface Maberials
+ _I Sopits

1. Toopen the schematic editor for a design, in the Project Manager window, find the project
in which the Modelica component definition is located, then double-click the icon for an
existing design to open the schematic editor.
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2. Locate the Modelica PID controller component in the Project
Manager > Definitions > Components folder, then drag and place it in the design
schematic, as shown below.
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Note |/If you need to look inside or modify the Modelica model, do one of the following to

open the model again in the Modelica environment:

* In the schematic editor, right-click the Modelica component and select Edit
Model.

* Inthe Project Manager, find the model in Definitions > Models folder, then
right-click the model icon and select Edit Model.

Any change made in the Modelica environment will need to be compiled and
updated to the project again.

Because the entire PID controller system is built inside the Modelica component, the Twin
Builder design is now complete and ready to analyze.

Next, you will define outputs and create reports for simulation results.

Working with Modelica in Twin Builder 2-32
Twin Builder 2024 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

information of ANSYS, Inc. and its subsidiaries and affiliates.



Twin Builder Modelica Tutorial

Defining Outputs and Creating Reports for the PID Controller

When Modelica PID Controller component is ready to use in a Twin Builder design, you can find
the component in the Project Manager > Definitions > Components folder.

1.

To create reports or graphical representations of simulation results, you must first define
outputs in the Output dialog to make them available for plotting. This can be done by
clicking on Output Dialog in the Schematic tab of the desktop ribbon. For this example,
the following outputs are selected as shown below:

Case1PID1.Inertia1_a
Case1PID1.lnertia1_b
Case1PID1.loadTorque_phi
Case1PID1.loadTorque_tau
Case1PID1.Pl_y
Case1PID1.SpeedSensor_w
Case1PID1.Spring_lossPower
Case1PID1.KinemPTP_y 1

Refer to Setting the Outputs for Simulation in the Twin Builder help for more information.
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2. Inthe Project Manager, you can then right-click on Results and choose Create Standard
Report to add various types of reports for the design being simulated.

The outputs you set in the Output dialog box will be available in the Report dialog boxes
for plotting. For details on the various ways for viewing simulation results, see Generating

Reports and Postprocessing in the Twin Builder help.

Next, you will set up and run a transient analysis to generate PID Controller simulation results.

Setting Up and Running a Transient Analysis for the PID Controller

In this example, we would like to simulate the time-domain response of the PID Controller
system. This requires that a transient analysis needs to be performed on the design. By default,
atransient analysis, TR, is created for the design. You can find it in the Project Manager under

Analysis of the design.
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1. Double-click on TR to set up end time and the desired time step for the simulation.

Transient Analysis Setup

Analyzis Setup Mame TR

Analpziz Cantral

| Dizable this analysis

End Time - Tend |4 |s j
tin Time Step - Hmin |'|DE| |us ﬂ
b ax Time Step - Hrax |1 |""'S j

[ Usze Initial Values

| L]

[ Enable continue to solve

Analyzis Options [Default Optiong) |

OF. | Cancel |

2. Forthis example, set End Time to 4s, Min Time Step to 100us, and keep Max Step Time
as the default 1 ms. For more details about transient analysis, see Transient Analysis
Setup in the Twin Builder help.

3. To start the simulation, run the transient analysis by doing one of the following:
* On the desktop ribbon, Schematic tab, click the Analyze icon.
« Inthe Project Manager, right click on TR of the design, then select Analyze.

Below are sample reports of the simulation results for the design.
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3 - Case Studies

The following examples describe the use of multiple Modelica model architectures for different
levels of complexity, different modeling styles, and different behavior.

Mechanics Example: Heat Losses

Fluids Example: Controlled Tanks

Thermal Example: Parallel Pump Drop Out
Magnetic Example: SMPM Inverter MultiPhase
Electrical Example: AIMC with Losses

Simple Motor Power Train

Mechanics Example: Heat Losses

This model demonstrates how to model the dissipated power of a drive train. In this example, the
heat Ports of all components are enabled and connected via a convection element to the
environment. The total heat flow generated by the elements of the drive train, and transported to
the environment, is present in variable convection.fluid.
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This example is based on the following example project located in the Modelica Tutorial
Examples folder:

<Installation location>\Examples\Twin Builder\Modelica Tutorial\Tutorial Examples\Heat losses.aedt
Heat Losses Example Workflow

In this example, we will create a Modelica heat loss model and analyze its performance in Twin
Builder environment. The following steps outline the process for accomplishing these goals.

* Add a new project and Modelica Model in Twin Builder.

* Place the Modelica components for the Heat Losses model into the Diagram Editor.

* Connect the Modelica Heat Losses components.

+ Assign the various component properties.

¢ Compile and update the Twin Builder project.

* Add the Modelica component to the Twin Builder Schematic.

» Define outputs and Create Reports for the Heat Losses simulation results.

+ Setup and run a Transient analysis for the Heat Losses design.

Adding a New Project and Modelica Model in Twin Builder

1. Select File > New to create a new projectin Twin Builder. You can rename the project by
right-clicking the project icon in the Program Manager, and selecting Rename from the
context menu.

2. Create a new Modelica model by doing one of the following:

* Select Twin Builder > Add Model.
¢ Press Ctrl+Shift+M.

 In the Program Manager Definitions folder, right-click the Models folder and select
Add Definition.

Add Model X

Mame: SimModel
Type:
" YHDL-AMS 7 C-Model 7 sSML (" Spice * Modelica

(04 | Cancel

3. Select Modelica as the Type and enter a Name for the new model.
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The Modelica environment is displayed, with the Modelica libraries appearing in the
Component Libraries window on the right.

Next, you will place the Modelica components that are needed for the new model into the
Diagram Editor.

Placing Modelica Components for the Heat Losses Model

All of the required components for the Heat Losses example can be found in the Modelica
library in the locations shown in the following table.

Component Instance Location in Library

sine, sine2 Modelica/Blocks/Sources/Sine

const Modelica/Blocks/Sources/Constant

spring3 Modelica/Mechanics/Rotational/Components/Spring

inertia 1-6 Modelica/Mechanics/Rotational/Components/Inertia

torque Modelica/Mechanics/Rotational/Sources/Torque
springDamper Modelica/Mechanics/Rotational/Components/SpringDamper
elastoBacklash Modelica/Mechanics/Rotational/Components/ElastoBacklash
bearingFriction Modelica/Mechanics/Rotational/Components/BearingFriction
damper Modelica/Mechanics/Rotational/Components/Damper

fixed Modelica/Mechanics/Rotational/Components/Fixed
lossyGear Modelica/Mechanics/Rotational/Components/LossyGear
clutch Modelica/Mechanics/Rotational/Components/Clutch
oneWayClutch Modelica/Mechanics/Rotational/Components/OneWayClutch
brake Modelica/Mechanics/Rotational/Components/Brake
convection Modelica/Thermal/HeatTransfer/Components/Convection
TAmbient Modelica/Thermal/HeatTransfer/Celsius/FixedTemperature

1. Locate each of the components in the library.

2. Drag and drop the components into the Diagram Editor in the Modelica Environment,
arranging them as shown in the figure below. Press Esc after placing each component to
stop the placement action. (Connections will be added later.)
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3. You can change the instance names for a components by clicking on the component to

display its Properties window. You can enter the desired instanceName in the associated
Value field on the Properties tab

4. Press Escto complete each action.

Next, you will add connections between the various Heat Losses components.

Connecting Modelica Heat Losses Components

To connect the components for the Heat Losses example as shown in the diagram below:
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Click on an input or output pin of one of the components and connect it to the desired pin
of another component.

Repeat for each connection.

Note

More graphic options are available in a context menu by right-clicking on a component,
as shown below. For more information on these options refer to the Diagram Editor
section in the Twin Builder help.
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Next, you will set up model properties for the Heat Losses example.

Setting Up Model Properties for the Heat Losses Example

The model properties for the components used in this example are summarized in the following
table.

Component Instance  Properties
. amplitude = 20

sine
freqHz =5
amplitude = 1
freqHz=0.2

sine2 phase =0
offset=0
startTime =0

const k=20

torque

convection

fixed

TAmbient T=25

inertia 1 J=2
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Component Instance

Properties

phi(start = 0)
w(start =0)

inertia2 -4

J=2
phi(fixed = true,start = 0)

w(fixed = true,start = 0)

inertia5 6

J=2

damper

d=10
phi_nominal = 1e-4

useHeatPort = true

springDamper

c=1e4
d=20
phi_rel0=0

phi_nominal = 1e-4
useHeatPort = true
phi_rel(start = 0)
w_rel(start =0)

a_rel(start=0)

elastoBacklash

c=1eb5

d=100

b =0.001
phi_rel0=0
useHeatPort = true
phi_nominal = 1e-4

w_rel(start =0)

bearingFriction

tau_pos =[0, 1]
peak =1
useHeatPort = true

w_small=1e10
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Component Instance  Properties
c=1e4
spring3
phi_rel0=0
ratio =2
lossTable =[0,0.8,0.8,1,1;1,0.7,0.7, 2, 2]
useHeatPort = true
Unknown =3
lossyGear
Free=2
Forward =1
Stuck =0
Backward = -1
mue_pos = [0, 0.5]
peak =1
cgeo =1
fn_max=10
clutch phi_nominal = 1e-4
useHeatPort = true
w_small=1e10
phi_rel(fixed = true)
w_rel(fixed = true)
mue_pos = [0, 0.5]
peak =1
cgeo =1
fn_max =1
oneWayClutch useHeatPort = true
phi_nominal = 1e-4
w_small=1e10
phi_rel(fixed = true)
w_rel(fixed = true,start = 0)
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Component Instance  Properties

mue_pos = [0, 0.5]

peak =1
cgeo =1
brake
fn_max =2

w_small=1e10

useHeatPort = true

To display the editable parameters and properties of a component:

1. Click the model to open the model’'s Properties window.

2. Select the various tabs at the bottom of the Properties window to browse and find
parameters and properties you need to edit. All other properties retain their default values.
3. Enter values or select options as needed.

For example, to set properties for the Spring3 component in the Diagram Editor:

1. Click on the Spring3 component to display its Properties window.

Properties o x
Mame | | Value | Uit |

C % led MN.m/rad

phi_rel0 % 0 rad

General | Intizlize | SubCircuit | Properties |

2. Onthe General tab, per the information in the above table, enter 1e4 for the cproperty;

and 0 for phi_rel0. No changes are needed on the other tabs. The Properties tab allows
you to set the name of the component instance.

Next, you will compile and update the project.
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Compiling and Updating the Heat Losses Project

A model created or edited using the Diagram Editor can be saved and used in the project only
after the model text has been updated. When you have completed the Modelica model, itis
ready to be compiled and added to the Twin Builder project as a component. To do this:

1. Click Compile & Update Project on the ribbon Modelica tab as shown below.

5] File Edit View Project Modelica Model Editor Tools Window Help

| I @ | S Check Syntax
1 [z —H E£) Revert Changes
Save Compile &  Save Uncompiled

X Delete  ypdate Project  Changes L% Export Model Text

Desktop View Modelica Simulation Automation

The Overwrite model text dialog is displayed.

Ciagram has changed. Overemie model texct from dagram?

[ Remmemier sslaction and don't show Hhis megsacs sosn.

Yes, everwrite Fom diagram o, use qurment mooe text Cange |

Note | This same dialog is also displayed whenever you switch to the SimModel tab to
view the Modelica model text. You can choose either to overwrite from the
diagram, or to use the current model text. The latter choice won’t apply any
changes made in the diagram since the most recent save or compile.

2. For Heat Losses example, all the editing has been completed in the diagram, so select
Yes, overwrite from diagram. The model is compiled. (This may take several seconds.)

3. Following the compile operation, you can select interfaces for the Heat Losses model, or
just accept the default set of preselected interfaces.

Case Studies 3-10
Twin Builder 2024 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

information of ANSYS, Inc. and its subsidiaries and affiliates.



Twin Builder Modelica Tutorial

B Select Heatlosses Interfaces o
Cptions
Sebact wtenal looal sutpuit properbes
Sabact hierarchy keved up bo: [: j

LA e A0 A0E AR A A1RC A e A e 4 e A e A0 A 0C 4 et IR 4 C A 4

IFEFEFEEFEFEEEEEEEEREEBE

[ Apgdy Changes Discard Changes

4. When finished selecting interfaces, click Apply Changes to close the dialog and apply the
changes to the Heat Losses model. The Update Components dialog is displayed with
both the Heat Losses model and component selected for import into Twin Builder.
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5. Click OK to complete the update and import the Heat Losses model and component into
Twin Builder.

The Modelica Heat Losses component is now ready to use in a Twin Builder design. You can
find the Modelica component in the Project Manager > Definitions > Components folder, as
shown below.
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Next, you will add the component to a Twin Builder schematic.

Adding the Heat Losses Component to a Twin Builder Schematic

When Modelica Heat Losses component is ready to use in a Twin Builder design, you can find
the component in the Project Manager > Definitions > Components folder, as shown below.
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1. To open the schematic editor for a design, in the Project Manager window, find the project
in which the Modelica component definition is located, then double-click the icon for an
existing design to open the schematic editor.

2. Locate the Modelica Heatlosses component in the Project

Manager > Definitions > Components folder, then drag and place it in the design
schematic, as shown below.
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Note |/If you need to look inside or modify the Modelica model, do one of the following to
open the model again in the Modelica environment:

« In the schematic editor, right-click the Modelica component and select Edit
Model.

 In the Project Manager, find the model in Definitions > Models folder, then
right-click on the model icon and select Edit Model.

Any change made in the Modelica environment will need to be compiled and
updated to the project again.

Because the entire PID controller system is built inside the Modelica component, the Twin
Builder design is now complete and ready to analyze.

Next, you will define outputs and create reports for simulation results.

Defining Outputs and Creating Reports for the Heat Losses Design

When Modelica PID Controller component is ready to use in a Twin Builder design, you can find
the component in the Project Manager > Definitions > Components folder, as shown below.
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1. To create reports or graphical representations of simulation results, you must first define
outputs in the Output dialog to make them available for plotting. This can be done by
clicking on Output Dialog in the Schematic tab of the desktop ribbon. Refer to Setting
the Outputs for Simulation in the Twin Builder help for more information.

=

B Dutput

Defined Output

e

Heatiosses 1, convection_fluid_T
Heatosses 1. convecton_Gc

Hestiosses 1. convection_Q _flow
Heatlosses 1, springDamper_|ossFower

i

Add Remove
M Cutputs [ Inputs [ InDuts [ Subdrosits [ Derivatives
T3] Design variables

+| i Heablosses1

{1

cu:| cancel |

2. Inthe Project Manager, you can then right-click on Results and choose Create Standard
Report to add various types of reports for the design being simulated.

The outputs you set in the Output dialog box will be available in the Report dialog boxes
for plotting. For details on the various ways for viewing simulation results, see Generating
Reports and Postprocessing in the Twin Builder help.

Next, you will set up and run a transient analysis to generate PID Controller simulation results.

Setting Up and Running a Transient Analysis for the Heat Losses Design

In this example, we would like to simulate the time-domain response of the Heat Losses system.
This requires that a transient analysis needs to be performed on the design. By default, a
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transient analysis, TR, is created for the design. You can find it in the Project Manager under
Analysis of the design.

1. Double-click on TR to set up end time and the desired time step for the simulation.

Transient Analysis Setup

Analyzs Setup Name [[[3

Analyss Cortrol
[~ Disabile ths analysiz

EI'!dTITH TEﬂd 1 & -
Miri Time Step - Hmin 10 u o
Mz Time Step - Hmax 1 L

I Use Initisl Vabues
I Emable continue to sobe
Analysis Options [Diefauk Options) |
oK Cancal |

2. Forthis example, set End Time to 1s, Min Time Step to 10us, and keep Max Step Time
as the default 1 ms. For more details about transient analysis, please refer to Transient
Analysis Setup in the Twin Builder help.

3. To start the simulation, run the transient analysis by doing one of the following:
» On the desktop ribbon, Schematic tab, click the Analyze icon.
* Inthe Project Manager, right click on TR of the design, then select Analyze.

Below are sample reports of the simulation results.
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Fluids Example: Controlled Tanks

This example demonstrates a tank filling/emptying system with a controller as shown below.

b=ic=r =il

.

sian

anic?

SA00

fankControlier

.

SR

In this case, the two tanks are filled and emptied by following scheme:

1.
2
3
4.
5

6.

Valve 1 is opened and tank 1 is filled.

. When tank 1 reaches its fill level limit, valve 1 is closed.

. After a waiting time, valve 2 is opened and the fluid flows from tank 1 into tank 2.

When tank 1 reaches its minimum level, valve 2 is closed.

. After a waiting time, valve 3 is opened and the fluid flows out of tank 2.

When tank 2 reaches its minimum level, valve 3 is closed.

The above process can be influenced by three buttons:

Button “start” starts the above process. When this button is pressed after a "stop" or "shut"
operation, the process operation continues.
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« Button “stop” stops the above process by closing all valves. Then, the controller waits for
further input (either "start" or "shut" operation).

« 3)Button “shut” is used to shut down the process, by emptying at once both tanks by
opening valve 2 and valve 3. When this is achieved, the process goes back to its start
configuration where all 3 valves are closed. Clicking on "start", restarts the process.

The example uses the following button settings:
« Button start pressed at 20 s;
» Button stop pressed at 220 s;
« Button start pressed at 280 s;
« Button stop pressed at 650 s;
e Button shut pressed at 700 s;
e Simulate for 900 s.

This example is based on the following example project located in the Modelica Tutorial
Examples folder:

<Installation location>\Examples\Twin Builder\Modelica Tutorial\Tutorial Examples\ControlledTanks.aedt
Controlled Tanks Example Workflow

In this example, we will create a Modelica controlled tanks model and analyze its performance in
Twin Builder environment. The following steps outline the process for accomplishing these
goals.

+ Add a new project and Modelica Model in Twin Builder.

* Place the Modelica components for the Controlled Tanks model into the Diagram Editor.

¢ Connect the Modelica Controlled Tanks components.

¢ Declare a fluid medium for the Controlled Tanks model.

* Assign the various component properties.

* Compile and update the Twin Builder project.

* Add the Modelica component to the Twin Builder Schematic.

» Define outputs and Create Reports for the Controlled Tanks simulation results.

+ Setup and run a Transient analysis for the Controlled Tanks design.

Adding a New Project and Modelica Model in Twin Builder

1. Select File > New to create a new project in Twin Builder. You can rename the project by
right-clicking the project icon in the Program Manager, and selecting Rename from the
context menu.
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2. Create a new Modelica model by doing one of the following:

o Select Twin Builder > Add Model.
¢ Press Ctrl+Shift+M.

 In the Program Manager Definitions folder, right-click on the Models folder and
select Add Definition.

Add Maodel

Marme:

Type:

SimModel

" YHOL-AMS ( C-Model 1 sML " Spice * Modelica

K | Cancel

3. Select Modelica as the Type and enter a Name for the new model.

The Modelica environment is displayed, with the Modelica libraries appearing in the

Component Libraries window on the right.

Next, you will place the Modelica components that are needed for the new model into the

Diagram Editor.

Placing Modelica Components for the Controlled Tanks Model

All of the required components for the Controlled Tanks example can be found in the Modelica
library in the locations shown in the following table.

Component Location in Library
Instance
source Modelica/Fluid/Sources/Boundary pT

tank1, tank?2

Modelica/Fluid/Vessels/OpenTank

valve1, valve2,
valve3

Modelica/Fluid/Valve/ValveDiscrete

tankController

Modelica/Fluid/Examples/ControlledTankSystem/Utilities/TankController

ambient1 Modelica/Fluid/Sources/Boundary pT

system Modelica/Fluid/System

start Modelica/Fluid/Examples/ControlledTankSystem/Utilities/RadioButton
stop Modelica/Fluid/Examples/ControlledTankSystem/Utilities/RadioButton
shut Modelica/Fluid/Examples/ControlledTankSystem/Utilities/RadioButton
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Component Location in Library
Instance
levell, level2 Modelica/Blocks/Sources/RealExpression

1. Locate each of the components in the library.

2. Drag and drop the components into the Diagram Editor in the Modelica Environment,
arranging them as shown in the figure below. Press Esc after placing each component to
stop the placement action. Connections will be added later.
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3. You can change the instance names for a components by clicking on the component to

display its Properties window. You can enter the desired instanceName in the associated
Value field on the Properties tab.

4. Press Esc to complete each action.

Next, you will add connections between the various Controlled Tanks components.

Connecting Modelica Controlled Tanks Components

To connect the components for the Controlled Tanks example as shown in the diagram below:
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1. Click on an input or output pin of one of the components and connect it to the desired pin
of another component.

2. Repeat for each connection.
3. An additional step is required to set the vector port indexes for tank1 and tank2.

a. Fortank1, we want to have tank1.ports[1] connect to valve1.port_b, and tank1.ports
[2] connect to valve2.port_a. To specify the connection in diagram editor, click on
connection line between valve1 and tank1, and set ArraylndexOfConnection2 to
1 in the Properties window. Similarly, click on connection line between valve2 and
tank1, and set ArraylndexOfConnection2 to 2.
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Properties 0 = Properties I
MName Value L MName Value 1]

Mame net_1 Mame net_2

Type Connection Type Connection

Id 17 Id 113

Connection1 valvelport_b Connection 1 valveZ:port_a

Connection? tank 1:ports Connection? tank 1:ports

AmayIndexfConnectionZ |1 AmayindexfConnectionZ |2

£ > £ >

Properties Properties

b. Similarly, for the connections between valve2 and tank2, set
ArraylndexOfConnection2 to 1; and between valve3 and tank2, set
ArraylndexOfConnection2 to 2.

The above valve-to-tank settings generate the following lines in the Modelica model
text code:

connect (valvel.port b, tankl.ports[l]);
connect (valve2.port a, tankl.ports[2]);
connect (valveZ.port b, tank2.ports[l]);

connect (valve3.port a, tank2.ports[2]);

Note More graphic options are available in a context menu by right-clicking on a component,
as shown below. For more information on these options refer to the Diagram Editor
section in the Twin Builder help.
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Next, you will add a declaration of a fluid medium variable for the model.

Declaring a Fluid Medium Variable for the Controlled Tanks Model

When modeling a fluid system in Modelica, the fluid medium is an important property to set for all
models in the system. Models from the Modelica.Fluid library are implemented to use a medium
defined in the Modelica.Media library, so you can declare a Medium package type variable
from the Modelica.Media library, then reuse it for all Medium property settings.

For the Controlled Tanks example, the medium is water. Seven models in the example have a
Medium property.

1. Todeclare the Medium to be water, select any one of the Controlled Tanks models that
have the Medium property, for example, valve1.

2. Inthe Properties dialog box General tab, select Create Variable from the dropdown list
in the Value column.
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Properties o x
Mame | | Value I it | |
shut
dp_nominal =l 15 Pa
m_flow_nominal | ==||40 ko=
opening_min £=|| 0.000000 Ll
Open E=
Medium ==| | Medium vI
Medium
Modelica. Media. Interfaces . Partial Medium
Insert Class Reference. ..
Create Variable...
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£
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The Add Variable dialog box appears.
B | Add Variable x
Mame Array dimension
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3. Click the [...] button for the Value field and select ConstantPropertyLiquidWater in the
Modelica > Media > Water library. Select package in the Type drop-down menu.

4. Click OK. The declaration of package Medium is created in Modelica model text:

//Declaration (s)
package Medium =
Modelica.Media.Water.ConstantPropertyLiquidWater ( );

Now that Medium is defined, it is available for selection in the remaining six models in the
Controlled Tanks model that have the Medium property by choosing Select Variable,
then choosing Medium in the Select Variable dialog box.

5. To change the fluid medium in the system, click Modelica > Variables on the ribbon. The
Edit Model dialog box appears.

6. Click Model > Variable in the directory tree. Select the declared Medium value and edit
as desired.

Next, you will set up properties for the Controlled Tanks model.

Setting Up Model Properties for the Controlled Tanks Example

The model properties for the components used in this example are summarized in the following
table.

Component Instance Properties
p=25*101325

source nPorts =1

redeclare package Medium = Medium
height=4

crossArea =6
level_start=0.05

Medium = Medium

nPorts = 2

tank 1 Re_turbulent = 100.000000

portsData = {Modelica.Fluid.Vessels.BaseClasses.VesselPortsData
(diameter=0.2, height=4, zeta_out=0, zeta__
in=1),Modelica.Fluid.Vessels.BaseClasses.VesselPortsData
(diameter=0.2, height=0, zeta_out=0, zeta_in=1)}

Note: portsData is an array of records that defines diameter and port
level of the bottom and side connectors.
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Component Instance

Properties

tank 2

height=5

crossArea =6
level_start=0.05

Medium = Medium

nPorts =2

Re_turbulent =100.000000

portsData = {Modelica.Fluid.Vessels.BaseClasses.VesselPortsData
(diameter=0.2, height=5, zeta_out=0, zeta_
in=1),Modelica.Fluid.Vessels.BaseClasses.VesselPortsData
(diameter=0.2, height=0, zeta_out=0,zeta_in=1)}

Note: portsData is an array of records that defines diameter and port
level of the bottom and side connectors.

valve 1

dp_noninal =1e5
m_flow_nominal =40

Medium = Medium

valve 2

dp_noninal =1
m_flow_nominal =100

Medium = Medium

valve 3

dp_noninal =1
m_flow_nominal =10

Medium = Medium

tankController

maxLevel =0.9*4
minLevel =0.01

waitTime = 50

nPorts = 1
ambient1
Medium = Medium
system energyDynamics = Modelica.Fluid. Types.Dynamics.FixedInitial
button Time Table = {20, 280}
start
reset = {stop.on, shut.on}
stop button Time Table = {220, 650}
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Component Instance Properties

reset = {start.on, shut.on}
button Time Table = {700}

shut

reset = {start.on, stop.on}
level 1 y =tank1.level
level 2 y =tank2.level

To display the editable parameters and properties of a component, click the model to open its
Properties dialog box.

For example, to set properties for the valve1 component in the Diagram Editor:

1. Click on the valve1 component to open its Properties dialog box.

Properties o =
Mame | | Value | Lt |
dp_nominal g 1eb Fa
m_flow_nominal % 40 ko=
opening_min g 0.000000
open E=
Medium =| Medium

General |;’-‘v:|~.ranu:eu:| ] Assumptions ]ﬂ P | » |

2. Click the General tab. Using the information in the above table, enter 1e5 for the dp_
nominalproperty and 40 for m_flow_nominal. To edit the Medium property, choose
Select Variable from the drop-down list. The Select Variable dialog opens. Select
Medium for the Medium property. No changes are needed on the other tabs. Note that
you can set the name of the component instance in the Properties tab allows.

Next, you will compile and update the project.

Compiling and Updating the Controlled Tanks Project

A model created or edited using the Diagram Editor can be saved and used in the project only
after the model text has been updated. When you have completed the Modelica model, itis
ready to be compiled and added to the Twin Builder project as a component. To do this:
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1. Click Compile & Update Project on the ribbon Modelica tab as shown below.

B File Edit View Project  Modelica Model Editor  Tools  Window  Help

| I 67 | S Check Syntax
1 [ “H EE) Revert Changes
Save Compile &  Save Uncompiled

X Delete Update Flrﬂ_iect changes E F_Xpl:lr‘t Model Text

Desktop View Modelica Simulation Automation

The Overwrite model text dialog box appears.

Diagram has changed. Oversnite model texct from diagram?

[ Remember selaction and don't show this messacs scsn.

s, overwrite Fom dagram N, Ul ournent model text Cancl |

Note | This same dialog box appears when you switch to the SimModel tab to view the
Modelica model text. You can choose either to overwrite from the diagram, or to
use the current model text. The latter choice won’t apply any changes made in the
diagram since the most recent save or compile.

2. Forthe Controlled Tanks example, all the editing has been completed in the diagram, so
select Yes, overwrite from diagram. The model is compiled. This may take several
seconds.

3. Following the compile operation, you can select interfaces for the Controlled Tanks model.
Make sure to select outputs that need to be plotted and parameters that need external
input. In this example, you should at least select start->on, tank1->level, and tank2-
>level, in order to generate simulation reports as demonstrated later in this tutorial..
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4. When finished selecting interfaces, click Apply Changes to close the dialog and apply the
changes to the Controlled Tanks model. The Update Components dialog is displayed
with both the Controlled Tanks model and component selected for import into Twin
Builder.
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Update Components *

Update Modsls | SDB Outputs | Non-Conservative Pins

Madels 1 scanned, 1 compied, 0 faled 2]

] [ pdsie ControledTanks Modelica [project]

Symbols Oscanned 2

Components Al
import | Action |Componert Name | Models |  Symbols |

|| [ Updste ControbedTanks ControledTanks CortrodedTarks

mclt:ama|

5. Click OK to complete the update and import the Controlled Tanks model and component
into Twin Builder.

The Modelica Heat Losses component is now ready to use in a Twin Builder design. You can
find the Modelica component in the Project Manager > Definitions > Components folder, as
shown below.
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Project Manager

= [ controlledTanks*
- i TwinBulder1®
=[] Dafnitions

Next, you will add the component to a Twin Builder schematic.

B Components

7 ControlledTanks
'F TwinBuslder 1

= ] Symbols

[ ControlladTanks
{5 TwinBuider 1
L] Foolprints
] Padstads

[ ] Models

& ControlladTanks
] Packages
) Materials
] Surface Materials

M Saipts

Adding the Controlled Tanks Component to a Twin Builder Schematic

When the Modelica Controlled Tanks component is ready to use in a Twin Builder design, you
can find the component in the Project Manager > Definitions > Components folder, as shown

below

Project Manager

= [ controlledTanks*
- i TwinBulder1®
=[] Dafnitions

B Components

7 ControlledTanks
'F TwinBuslder 1

=2 Symbols

[ ControlladTanks
{1 TwinBuider 1
) Fooltprints
(L) Padstadks

= ] Models

{2 ControlladTanks
] Packages
] Materials
) Surface Materials

M ] Saipts

To open the schematic editor for a design, in the Project Manager window, find the project
in which the Modelica component definition is located, then double-click the icon for an
existing design to open the schematic editor.
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2. Locate the Modelica ControlledTanks componentin the Project
Manager > Definitions > Components folder, then drag and place it in the design
schematic, as shown below.

E

Wl 5T AEDL rre el Sl fanil Bt EIns o
LL o ¢ Saraterd gt ) camtse & Minter (] cotput ey B % n{.,

ControlledTanks1
MODELICA

Charnnas [ o | Farws ol | Soenl | Syt | .l New e

[r—

TR v 1|

Note |/If you need to look inside or modify the Modelica model, do one of the following to
open the model again in the Modelica environment:

« In the schematic editor, right-click the Modelica component and select Edit
Model.

 In the Project Manager, find the model in Definitions > Models folder, then
right-click on the model icon and select Edit Model.

Any change made in the Modelica environment will need to be compiled and
updated to the project again.

Because the entire Controlled Tanks system is built inside the Modelica component, the
Twin Builder design is now complete and ready to analyze.

Next, you will define outputs and create reports for simulation results.
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Defining Outputs and Creating Reports for the Controlled Tanks Design

When the Modelica Controlled Tanks component is ready to use in a Twin Builder design, you
can find the component in the Project Manager > Definitions > Components folder.

1.

To create reports or graphical representations of simulation results, you must first define
outputs in the Output dialog to make them available for plotting. This can be done by
clicking on Output Dialog in the Schematic tab of the desktop ribbon. For this example,
three outputs are selected, ControlledTanks1.start_on, ControlledTanks1.tank1_
level, and ControlledTanks1.tank2_level as shown below. Refer to Setting the Outputs

for Simulation in the Twin Builder help for more information.

If a quantity of interest inside the Modelica model is not available to select as output, go
back to Compiling and Updating the Controlled Tanks Project and check if the

quantity is selected as an interface when the Modelica model is compiled.

Defined Output

e

ControlledTanks 1.start_on
ControlledTanks 1. tank 1_level
ControlledTanks 1, tank2_level

| |

Add Remove
W cutputs [ Inputs [ InOuts [ Subdrouits [ Derivatives

I |

{11 | Design variables e B t Al
=1 # ControledTanks1
10 @™ ambient]_flowDirection Hement None
10 8 [ ambient]_medum_d
10 @[ ambientl_medum_h Expand Al
10 @ ™ ambient_medum_pMM
10 @™ ambienti_medum_p Collapss all
10 @[ ambient]_medum_p_bar
10 @ [ ambient]_medum_preferrediedi.
10 | [ ambientl_medom_f
190 @ ™ ambient1_medum_standardOnden
10 @™ ambienti_medum_state_p
10 @[T ambient]_medum_state T v
< >

oK Canced

B Output x
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2. Inthe Project Manager, you can then right-click on Results and choose Create Standard
Report to add various types of reports for the design being simulated.

The outputs you set in the Output dialog will be available in the Report dialogs for plotting.
For details on the various ways for viewing simulation results, see Generating Reports
and Postprocessing in the Twin Builder help.

Next, you will set up and run a transient analysis to generate Controlled Tanks simulation
results.

Setting Up and Running a Transient Analysis for the Controlled Tanks
Design

In this example, we would like to simulate the time-domain response of the Controlled Tanks
system. This requires that a transient analysis needs to be performed on the design. By default,

atransient analysis, TR, is created for the design. You can find it in the Project Manager under
Analysis of the design.

1. Double-click on TR to set up end time and the desired time step for the simulation.

Transient Analysis Setup

Analysis Setup Mame TR

Analysiz Control

[ Dizable thiz analysis

End Time - Tend |E||:||:| |3 ﬂ
Min Tirne Step - Hrnir |'|DE| |us ﬂ
b ax Time Step - Hrnax |1':I |""'S ﬂ

| Use Initial ¥ alues
| ]

[ Enable continue ba solve

Analyziz Options [Default Optionsz) |

OF. | Canizel |
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2. Forthis example, set End Time to 900s, Min Time Step to 100us, and Max Time Step to
10 ms. For more details about transient analysis, see Transient Analysis Setup in the Twin

Builder help.

3. To start the simulation, run the transient analysis by doing one of the following:

« On the desktop ribbon, Schematic tab, click the Analyze icon.

* Inthe Project Manager, right click on TR of the design, then select Analyze.

Below is a sample report of the simulation results.
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Thermal Example: Parallel Pump Drop Out

This example demonstrates a thermal system in which two prescribed heat sources dissipate
their heat through thermal conductors via coolant flows.
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The coolant flow is taken from an ambient source, and is driven by a pump with prescribed
constant flow rate. The coolant flow is then split into two flows connected to the two heat
sources, and afterwords merged. The pump is set up to run for 0.2s; then is shut down (using a
ramp of 0.2s) for 0.2s; then started again (using a ramp of 0.2s).

This example is based on the following example project located in the Modelica Tutorial
Examples folder:

<Installation location>\Examples\Twin Builder\Modelica Tutorial\Tutorial
Examples\ParallelPumpDropQOut.aedt

Parallel Pump Drop Out Example Workflow

In this example, we will create a Modelica parallel pump drop out model and analyze its
performance in the Twin Builder environment. The following steps outline the process for
accomplishing these goals.

* Add a new project and Modelica Model in Twin Builder.

 Place the Modelica components for the Parallel Pump Drop Out model into the Diagram

Editor.
¢ Connect the Modelica Controlled Tanks components.

* Assign the various component properties.

* Compile and update the Twin Builder project.

* Add the Modelica component to the Twin Builder Schematic.
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» Define outputs and Create Reports for the Controlled Tanks simulation results.
+ Setup and run a Transient analysis for the Controlled Tanks design.

Adding a New Project and Modelica Model in Twin Builder

1. Select File > New to create a new project in Twin Builder. You can rename the project by

right-clicking the project icon in the Program Manager, and selecting Rename from the
context menu.

2. Create a new Modelica model by doing one of the following:

* Select Twin Builder > Add Model.
¢ Press Ctrl+Shift+M.

 In the Program Manager Definitions folder, right-click the Models folder and select
Add Definition.

Add Model ot

Mame: SimModel
Type:
" YHDL-AMS ( C-Model 1 sML " Spice * Modelica

QK. | Cancel

3. Select Modelica as the Type and enter a Name for the new model.

The Modelica environment is displayed, with the Modelica libraries appearing in the
Component Libraries window on the right.

Next, you will place the Modelica components that are needed for the new model into the
Diagram Editor.

Placing Modelica Components for the Parallel Pump Drop Out Model

All of the required components for the Controlled Tanks example can be found in the Modelica
library in the locations shown in the following table.

Component Instance Location in Library
heatFlow1, heatFlow2 Modelica/Blocks/Sources/Constant

prescribedHeatFlow,
prescribedHeatFlow2

Modelica/Thermal/HeatTransfer/Sources/PrescribedHeatFlow

heatCapacitor1,

. Modelica/Thermal/HeatTransfer/Components/HeatCapacitor
heatCapacitor2
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Component Instance Location in Library

convection1, convection2 Modelica/Thermal/HeatTransfer/Components/Convection

thermalConductance1,

thermalConductance? Modelica/Blocks/Sources/Constant

volumeFlow Modelica/Thermal/FluidHeatFlow/Examples/Utilities/DoubleRamp
ambient1, ambient2 Modelica/Thermal/FluidHeatFlow/Sources/Ambient

pump Modelica/Thermal/FluidHeatFlow/Sources/VolumeFlow

pipe1, pipe2 Modelica/Thermal/FluidHeatFlow/Components/HeatedPipe

pipe3 Modelica/Thermal/FluidHeatFlow/Components/IsolatedPipe

1. Locate each of the components in the library.

2. Drag and drop the components into the Diagram Editor in the Modelica Environment,
arranging them as shown in the figure below. Press Esc after placing each component to
stop the placement action. Connections will be added later.
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3. You can change the instance names for a components by clicking on the component to
display its Properties window. You can enter the desired instanceName in the associated
Value field on the Properties tab

4. Press Esc to complete each action.

Next, you will add connections between the various Parallel Pump Drop Out components.
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Connecting Modelica Parallel Pump Drop Out Components

To connect the components for the Parallel Pump Drop Out example as shown in the diagram
below:
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1. Click on an input or output pin of one of the components and connect it to the desired pin
of another component.

2. Repeat for each connection.

Note More graphic options are available in a context menu by right-clicking on a component,
as shown below. For more information on these options refer to the Diagram Editor
section in the Twin Builder help.
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Next, you will set up model properties for the Parallel Pump Drop Out example.

Setting Up Model Properties for the Parallel Pump Drop Out Example

The model properties for the components used in this example are summarized in the following
table.

Component Instance Properties
heatFlow1 k=5
heatFlow2 k=10
prescribedHeatFlow1 default values
prescribedHeatFlow2 default values

C=0.1
heatCapacitor1

T(fixed = true)

C=0.1
heatCapacitor2

T(fixed = true)
convection1 default values
convection2 default values
thermalConductance1 k=1
thermalConductance2 k=1
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Component Instance Properties

volumeFlow default values

constantAmbientPressure =0
ambient1
constantAmbientTemperature = 293.15

constantAmbientPressure =0
ambient2
constantAmbientTemperature = 293.15

useVolumeFlowlnput = true
constantVolumeFlow = 1
m=0

pump
T0=293.15
TOfixed = false

tapT =1

h g=0
m=0.1
T0=293.15

_ TOfixed = true
Pipe V_flowLaminar =0.1
dpLaminar=0.1

V_flowNominal = 1

dpNominal =1

h_g=0
m=0.1
T0=293.15

_ TOfixed = true
Pipe V_flowLaminar =0.1
dpLaminar=10.1

V_flowNominal = 1

dpNominal =1

pipe3 h g=0

Case Studies 3-43
Twin Builder 2024 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

information of ANSYS, Inc. and its subsidiaries and affiliates.



Twin Builder Modelica Tutorial

Component Instance

Properties

m=0.1

T0=293.15

TOfixed = true
V_flowLaminar = 0.1
dpLaminar=0.1
V_flowNominal = 1

dpNominal =1

To display the editable parameters and properties of a component:

1. Click the model to open the model’s Properties window.

3.

Select the various tabs at the bottom of the Properties window to browse and find
parameters and properties you need to edit. All other properties retain their default values.

Enter values or select options as needed.

For example, to set properties for the Spring3 component in the Diagram Editor:

1.

Click the pump component to display its Properties window.

Properties o =
Name | Walue | Lt | L

wseYolume Flow Input g true

constantolume Flow = |1 m3/s

medium =

m =0 kg

T0 =) 29315 K

Tlfeeed =] [false

tapT :=| 1.000000

volume Flow i=

T i K

T.a i= K v

General | Intizlize | SubCircuit | Properties |

2. Onthe General tab, per the information in the above table, select true for the
useVolumeFlowlinput property; 1 for constantVolumeFlow, 0 for m, 293.15 for TO,

false for TOfixed, and 1 for tapT. No changes are needed on the other tabs. The

Properties tab allows you to set the name of the component instance.

Case Studies 3-44

Twin Builder 2024 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

information of ANSYS, Inc. and its subsidiaries and affiliates.




Twin Builder Modelica Tutorial

Next, you will compile and update the project.

Compiling and Updating the Parallel Pump Drop Out Project

A model created or edited using the Diagram Editor can be saved and used in the project only
after the model text has been updated. When you have completed the Modelica model, itis
ready to be compiled and added to the Twin Builder project as a component. To do this:

1. Click Compile & Update Project on the ribbon Modelica tab as shown below.

%] File Edit View Project Modelica Model Editor Tools Window Help

| I 67 | S Check Syntax
1 L] “H ) Revert Changes
Save Compile &  Save Uncompiled

X Delete  Update Project  Changes L% Export Model Text

Desktop View Modelica Simulation Automation

The Overwrite model text dialog box appears.

Diagram has changed. Oversnite model text from diagram?

[T Remember selection and don't show this messacs scsn,

s, overwrite Fom dagram N, Ul ournent model text Cancl |

Note | This same dialog box appears when you switch to the SimModel tab to view the
Modelica model text. You can choose either to overwrite from the diagram, or to
use the current model text. The latter choice won’t apply any changes made in the
diagram since the most recent save or compile.

2. For Parallel Pump Drop Out example, all the editing has been completed in the diagram,
so select Yes, overwrite from diagram. The model is compiled. This may take several
seconds.

3. Following the compile operation, you can select interfaces for the Parallel Pump Drop Out
model, or just accept the default set of preselected interfaces.
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4. When finished selecting interfaces, click Apply Changes to close the dialog and apply the
changes to the Parallel Pump Drop Out model. The Update Components dialog box
appears with both the Parallel Pump Drop Out model and component selected for import
into Twin Builder.
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Models

Updste Cormponents X

Update Models | SDB Outputs | Mon-Conservative Pins

1 scarmed, 1 compded, Ofaled

¥

date  PamlelPumplrmopOul Modelca [projed]

Symbly Oscannad |
Componants ﬂl
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o ]

Cancel |

5. Click OK to complete the update and import the Parallel Pump Drop Out model and
component into Twin Builder.

The Modelica Parallel Pump Drop Out component is now ready to use in a Twin Builder design.
You can find the Modelica component in the Project Manager > Definitions > Components
folder, as shown below.
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Next, you will add the component to a Twin Builder schematic.

Adding the Parallel Pump Drop Out Component to a Twin Builder
Schematic

When the Modelica Parallel Pump Drop Out component is ready to use in a Twin Builder design,
you can find the component in the Project Manager > Definitions > Components folder, as
shown below.

Project Manager B x
= [ ParaBelPumplropiut®
4 2 TwinBuildera
=-|_] De=firiticons
=) Components
7 ParalePumpDoopOut
UF TwinBusider 1
=) Symbois
{F PoralePumpDropint
] TwinBulder 1
) Footprints
) Packstacis
) | Medeis
B ParalePumplroput
] Packages
| Materiss
] Surface Maberiak
w2 Sapts

1. To open the schematic editor for a design, in the Project Manager window, find the project
in which the Modelica component definition is located, then double-click the icon for an
existing design to open the schematic editor.
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2. Locate the Modelica ParallelPumpDropOut component in the Project

Manager > Definitions > Components folder, then drag and place it in the design
schematic, as shown below.
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Note |/If you need to look inside or modify the Modelica model, do one of the following to
open the model again in the Modelica environment:

* In the schematic editor, right-click the Modelica component and select Edit
Model.

* Inthe Project Manager, find the model in Definitions > Models folder, then
right-click on the model icon and select Edit Model.

Any change made in the Modelica environment will need to be compiled and
updated to the project again.

Because the entire PID controller system is built inside the Modelica component, the Twin
Builder design is now complete and ready to analyze.
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Next, you will define outputs and create reports for simulation results.

Defining Outputs and Creating Reports for the Parallel Pump Drop Out
Design

When Modelica Parallel Pump drop Out component is ready to use in a Twin Builder design, you

can find the component in the Project Manager > Definitions > Components folder, as shown
below.

Progect Mansges ] X
= [ ParaBelPumpbropbut®
+ [i2 TwinBuilder
= || De=firiticns
-2 Components
T ParaleFumpDropOut
Y TwerBusder 1
=) Symbois
[ ParalePumpDaoput
U TwinBulder 1
] Footprints
) Pacstacks
) Miccleta
B ParalePumplropOut
) Fackages
] Maberisis
] Surface Materisls
%1 Soipts

1. To create reports or graphical representations of simulation results, you must first define
outputs in the Output dialog to make them available for plotting. This can be done by
clicking on Output Dialog in the Schematic tab of the desktop ribbon. For this example,
three outputs are selected, ParallelPumpDropOut1.pipe1_T,
ParallelPumpDropOut1.pipe1_T, and ParallelPumpDropOut1.pipe3_T, as shown

below. Refer to Setting the Outputs for Simulation in the Twin Builder help for more
information.
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2.
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In the Project Manager, you can then right-click on Results and choose Create Standard
Report to add various types of reports for the design being simulated.

The outputs you set in the Output dialog box will be available in the Report dialog boxes
for plotting. For details on the various ways for viewing simulation results, see Generating
Reports and Postprocessing in the Twin Builder help.

Next, you will set up and run a transient analysis to generate parallel pump drop out simulation
results.
Setting Up and Running a Transient Analysis for the Parallel Pump Drop
Out Design

In this example, we would like to simulate the time-domain response of the Parallel Pump Drop
Out system. This requires that a transient analysis needs to be performed on the design. By
default, a transient analysis, TR, is created for the design. You can find it in the Project

Manager under Analysis of the design.
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1. Double-click on TR to set up end time and the desired time step for the simulation.

Analysic SetupMame [TH

Anabeiz Contiol
[T Dizablis thiz anabsis

End Time - Tend [ =
MnTimeStep-Hmn  [100  [w =]
MoxTime Step-Hmax [1 [ms ]
™ Use Iniial Vahues

| -

I Enable continue Lo sobve |

Anahrsis Options [Drefauk Options) |

D, Cancel |

2. Forthis example, set End Time to 2s, Min Time Step to 10us, and keep Max Time Step
as the default 1 ms. For more details about transient analysis, please refer to Transient
Analysis Setup in the Twin Builder help.

3. To start the simulation, run the transient analysis by doing one of the following:
« On the desktop ribbon, Schematic tab, click the Analyze icon.
« Inthe Project Manager, right click on TR of the design, then select Analyze.

Below is a sample report of the simulation results.

Case Studies 3-52
Twin Builder 2024 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

information of ANSYS, Inc. and its subsidiaries and affiliates.



Twin Builder Modelica Tutorial

320.00

315.00

310,00
g
g
%3:]5.0&
a
5
" 300.00

29500

290.0

8.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00
Time [s]

Magnetics Example: SMPM Inverter MultiPhase

This example demonstrates a permanent magnet synchronous induction machine fed by an
ideal inverter.
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For this example, two equivalent permanent magnet synchronous induction motors with different
numbers of phases are modeled and compared, and their equal behavior is demonstrated. An
ideal frequency inverter is modeled using VfController and SignalVoltage. Frequency is then
raised by a ramp function, causing the permanent magnet synchronous induction motors to
start, and accelerate their respective load inertias. A load torque is applied to each motor at time
tStep.

This example is based on the following example project located in the Modelica Tutorial
Examples folder:

<Installation location>\Examples\Twin Builder\Modelica Tutorial\Tutorial Examples\SMPM _Inverter
MultiPhase.aedt

SMPM Inverter MultiPhase Example Workflow
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In this example, we will create a Modelica SMPM Inverter MultiPhase model and analyze its
performance in the Twin Builder environment. The following steps outline the process for
accomplishing these goals.

* Add a new project and Modelica Model in Twin Builder.

* Place the Modelica components for the SMPM Inverter MultiPhase model into the
Diagram Editor.

¢ Connect the Modelica SMPM Inverter MultiPhase components.

* Provide an initial equation and variable declarations.

* Assign the various component properties.

* Compile and update the Twin Builder project.

* Add the Modelica component to the Twin Builder Schematic.

+ Define outputs and Create Reports for the SMPM Inverter MultiPhase simulation results.

+ Setup and run a Transient analysis for the SMPM Inverter MultiPhase design.

Adding a New Project and Modelica Model in Twin Builder

1. Select File > New to create a new project in Twin Builder. You can rename the project by
right-clicking the project icon in the Program Manager, and selecting Rename from the
context menu.

2. Create a new Modelica model by doing one of the following:

o Select Twin Builder > Add Model.
¢ Press Ctrl+Shift+M.

 In the Program Manager Definitions folder, right-click the Models folder and select
Add Definition.

Add Model x

Mame: SimModel
Type:
" YHOL-AMS ( C-Model 1 sML " Spice * Modelica

K | Cancel

3. Select Modelica as the Type and enter a Name for the new model.

The Modelica environment is displayed, with the Modelica libraries appearing in the
Component Libraries window on the right.
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Next, you will place the Modelica components that are needed for the new model into the

Diagram Editor.

Placing Modelica Components for the SMPM Inverter MultiPhase Model

All of the required components for the SMPM Inverter MultiPhase example can be found in the
Modelica library in the locations shown in the following table.

Component Location in Library
Instance
222:!\; and Modelica/Magnetic/FundamentalWave/BasicMachines/Synchronousinducti

onMachines/SM_PermanentMagnet

terminalBoxM
and
terminalBox3

Modelica/Electrical/Machines/Utilities/TerminalBox

loadlnertiaM
and loadlnertia3

Modelica/Mechanics/Rotational/Components/Inertia

torqueStepM
and
torqueStep3

Modelica/Mechanics/Rotational/Sources/TorqueStep

rotorAngle3

Modelica/Electrical/Machines/Sensors/RotorDisplacementAngle

Modelica/Electrical/Machines/Utilities/ParameterRecords/SM_

smpmData PermanentMagnetData

currentRMSens

orM and . . . ,
Modelica/Electrical/Machines/Sensors/CurrentQuasiRMSSensor

currentRMSens

or3

feedback Modelica/Blocks/Math/Feedback

gain Modelica/Blocks/Math/Gain

vfController and
vfController3

Modelica/Electrical/Machines/Utilities/VfController

signalVoltageM

and Modelica/Electrical/MultiPhase/Sources/SignalVoltage
signalVoltage3

ramp Modelica/Blocks/Sources/Ramp

starM and star3

Modelica/Electrical/MultiPhase/Basic/Star

groundM and
ground3

Modelica/Electrical/Analog/Basic/Ground
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1. Locate each of the components in the library.

2. Drag and drop the components into the Diagram Editor in the Modelica Environment,
arranging them as shown in the figure below. Press Esc after placing each component to
stop the placement action. (Connections will be added later.)
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3. You can change the instance names for a components by clicking on the component to
display its Properties window. You can enter the desired instanceName in the associated
Value field on the Properties tab

4. Press Esc to complete each action.

Next, you will add connections between the various SMPM Inverter MultiPhase components.
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Connecting Modelica SMPM Inverter MultiPhase Components

To connect the components for the SMPM Inverter MultiPhase example as shown in the
diagram below:

ground s

- a1 4]

.,_<

P signal/olagat =il proenaid

S { —i{) >_°_'—||'

1.

sorguaStans

Click on an input or output pin of one of the components and connect it to the desired pin
of another component.

Repeat for each connection.

An additional step is required for the connections between model instances of
vfController3 and signalVoltage3, and between vfController and signalVoltageM.
These connections are multiphase electrical vector connections that require manual
adjustment to match the array size of connectors.
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grounds star3

ramp viCantrallar3 signalfoitage3
/_ ]
/S > |)
e
)
viContrallar sign agjmba:;eu

—

gain

a. Forthe connection between vfController3 and signalVoltage3, click the
connecting wire between the components, then in the Properties window, delete the
default numbers for ArraylndexOfConnection1 and ArraylndexOfConnection2
and leave them empty.

Properties o x
MName Value L

Mame net_2
Type Connection
Id 22
Connection yfCortrollerday
AmayIndexfConnection1
Connection2 signalVoltage v
AmayIndexfConnection?
£ >

Properties

Properties o =

Mame | Value | L

Mame net_5 )
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b. Similarly, \fFor the connection between vfController and signalVoltageM, click the
connecting wire between the components, then in the Properties window, delete the
default numbers for ArraylndexOfConnection1 and ArraylndexOfConnection2
and leave them empty.

The above valve-to-tank settings generate the following lines in the Modelica model

text code:

connect (vfController3.y,

connect (vfController.y,

signalVoltage3.v) ;

signalVoltageM.v) ;

Note

More graphic options are available in a context menu by right-clicking on a component,
as shown below. For more information on these options refer to the Diagram Editor

section in the Twin Builder help.

loadInertia )
1 4
Qo *E@
u 4]
a
X
Q
Q
0
@
L

Add Modifier

Rotate

Flip Vertical
Flip Horizontal
Delete

select All

Zoom In
Zoom Out
Zoom Area

Zoom Previous

Fit Drawing
Redraw

Pan

Ctrl+R

Delete
Ctrl+A

Ctrl + +
Chrl + -

Ctrl + Enter

Next, you will add an initial equation and declare a variable for the SMPM Inverter MultiPhase

model.

Adding an Initial Equation and Variable Declaration to the SMPM Inverter
MultiPhase Design

For this example, an initial equation is needed for each of the synchronous machines, and
several variables declared.

Initial Equation
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1. For the initial equation, on the Twin Builder Modelica tab, click the Equations icon to open
the Edit Model dialog box.

2. Select Initial Equation, then click the ™| button in the upper right of the dialog to open

the Equation editor, and enter the equations:

smpm3.is[1:2] = zeros(2);
smpmM.is[1:2] = zeros(2);

B | Equation >

smpm3.is[1:2] = zeros(2); List of Variables #
empmM.iz[1:7] = zeros(2);|

- ~
Arithmetic (
Array

conditional and loop
Conversian
Derivative *
Event ¥
Logical s
Mathematical o+
Miscellaneous /

W < >

QK | Cancel

3. Click OK to close the dialog box, adding the equation to the Edit Model dialog box.
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Edit Model x
- Madsl Initial Equation
oariabls Maosded: | SMPP_Irrverter M = L.H EJ
Iritial Eqgua'tion | [ ]
i | Equations [ Ear | |

Jm—mls,’i;:‘] = peros(2);
]srrm:h‘!.m[::E: = e 2);

1!

4. Click OK to close the Edit Model dialog box. The Overwrite Model Text dialog box
appears.

Diagram has changed. Oversnite model texct from diagram?

[ Remember selaction and don't show this messacs scsn.

Yes, gverwrite Fom diacram ho, e qurrent moded text Cangel |

5. Click Yes, overwrite from diagram to generate the equation and add it to the model text.

initial equaticn
smpm3.is[1l:2]
smpmM.is[1:2]

zeros(2);
zeros(2);

Variable Declarations

1. To create the needed variables for this design, on the Twin Builder Modelica tab, click the

Variables icon to open the Edit Model dialog box.

2. Click the ¥

box, and enter the settings such as for the integer parameter m3=3 shown below. (The

button in the upper right of the dialog box to open the Edit Variable dialog
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Prefix, Connector, and Causality settings remain the defaults as shown.)

B " Edit Variable *
=~ Model Mame Array dimension
Variable ||_n3
Initial Equation
Equation Valus
k -]
Variability Type
|pararneter ﬂ |Inte-;er ll J
Prefix Connector Causality
[~ final [ inner {* none * none
| — -
[ replaceabls [ outer ™ flow ™ input
[~ protected (" stream " output
Description
OK Cancel |
— Cancel

3. Click OK to close the dialog box, adding the variable to the Edit Model dialog box.

4. Repeat, adding the variables listed in the following table:

Variable Name Value Variability Type Type

m3 3 parameter Integer

m 5 parameter Integer

VsNominal 100 parameter Modelica.Slunits.Voltage
fsNominal 50 parameter Modelica.Slunits.Frequency
fKnee 50 parameter Modelica.Slunits.Frequency
tRamp 1 parameter Modelica.Slunits.Time

T Load 181.4 |parameter Modelica.Slunits. Torque
tStep 1.2 parameter Modelica.Slunits.Time

J Load 0.29 parameter Modelica.Slunits.Inertia
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5. Click OK to close the Edit Model dialog box. The Overwrite Model Text dialog box
appears.

6. Click Yes, overwrite from diagram to add the variable declarations to the model text.

//Declaration (3)

parameter Integer m3 = 3;

parameter Integer m = 3;

parameter Modelica.S5Iunits.Voltage VsNominal = 100;
parameter Modelica.S5Tunits.Frequency fsNominal =
parameter Modelica.S5Tunits.Frequency fEnee = 50;
parameter Modelica.SIunits.Time tRamp = 1;
parameter Modelica.STunits.Torque T Load = 181.4;
parameter Modelica.S5Iunits.Time tStep = 1.2;
parameter Modelica.3Tunits.Inertia J Load = 0.29;

Next, you will set up properties for the SMPM Inverter MultiPhase model.

Setting Up Model Properties for the SMPM Inverter MultiPhase Example

The model properties for the components used in this example are summarized in the following
table.

Component

Instance Properties

m=m
Jr=smpmbData.Jr

p = smpmData.p

fsNominal = smpmData.fsNominal
VsOpenCircuit = smpmData.VsOpenCircuit
TsOperational = 20

smpmM TrOperational = 20

Rs = smpmData.Rs*m/3

TsRef = smpmData.TsRef

alpha20s = smpmData.alpha20s

Lssigma = smpmData.Lssigma*m/3

Lszero = smpmData.Lszero*m/3

Lmd = smpmData.Lmd*m/3
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Component

Instance Properties

Lmqg = smpmData.Lmqg*m/3

useDamperCage = smpmData.useDamperCage
Lrsigmad = smpmData.Lrsigmad

Lrsigmaqg = smpmData.Lrsigmaq

Rrd = smpmData.Rrd

Rrq = smpmData.Rrq

TrRef = smpmData.TrRef

alpha20r = smpmData.alpha20r

frictionParameters = smpmData.frictionParameters
statorCoreParameters = smpmData.statorCoreParameters
strayLoadParameters = smpmData.strayLoadParameters

permanentMagnetLossParameters =
smpmData.permanentMagnetLossParameters

NOTE: For the phiMechanical, wMechanical, and ir properties, refer to
the "Modification of variables ir, phiMechanical and wMechanical " on
page 3-68 step below.

m=m3

Jr=smpmbData.Jr

p = smpmData.p

fsNominal = smpmData.fsNominal
VsOpenCircuit = smpmData.VsOpenCircuit
TsOperational = 20

Smpm3
TrOperational = 20

Rs =smpmData.Rs

TsRef = smpmData.TsRef
alpha20s = smpmData.alpha20s

Lssigma = smpmData.Lssigma

Lszero = smpmData.Lszero
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Component
Instance

Properties

Lmd = smpmData.Lmd

Lmqg = smpmData.Lmq

useDamperCage = smpmData.useDamperCage
Lrsigmad = smpmData.Lrsigmad

Lrsigmaqg = smpmData.Lrsigmaq

Rrd = smpmData.Rrd

Rrg = smpmData.Rrq

TrRef = smpmData.TrRef

alpha20r = smpmData.alpha20r

frictionParameters = smpmData.frictionParameters
statorCoreParameters = smpmData.statorCoreParameters
strayLoadParameters = smpmData.strayLoadParameters

permanentMagnetLossParameters =
smpmData.permanentMagnetLossParameters

NOTE: For the phiMechanical, wMechanical, and ir properties, refer to
the "Modification of variables ir, phiMechanical and wMechanical " on
page 3-68 step below.

terminalBoxM

m=m

terminalConnection = “Y”

terminalBox3

m=m3

terminalConnection = “Y”

loadlnertiaM J=J Load
loadlnertia3 J=J Load
stepTorque =-T_Load
torqueStepM offsetTorque =0
startTime = tStep
stepTorque =-T_Load
torqueStepM offsetTorque =0

startTime = tStep
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Component Properties
Instance

rotorAngle3 p =smpm3.p
smpmData Use defaults

currentRMSensorM [|[m=m

currentRMSensor3 |m=m3

feedback Use defaults

gain k =(m/m3)
m=m
orientation = -

vfController Modelica.Electrical.MultiPhase.Functions.symmetricOrientation(m)

VNominal = VsNominal

fNominal = fsNominalBasePhase = +Modelica.Constants.pi/2

m=m3

orientation = -
vfController3 Modelica.Electrical.MultiPhase.Functions.symmetricOrientation(m3)

VNominal = VsNominal

fNominal = fsNominalBasePhase = +Modelica.Constants.pi/2

signalVoltageM m=m
signalVoltage3 m=m3

height = fKnee
ramp

duration = tRamp
starM m=m
star3 m=m3
groundM Use defaults
ground3 Use defaults

To display the editable parameters and properties of a component:

1. Click the model to open the model’'s Properties window.

2. Select the various tabs at the bottom of the Properties window to browse and find
parameters and properties you need to edit. All other properties retain their default values.

3. Entervalues or select options from the table above as needed. For example, to set
properties for the vfController component in the Diagram Editor:
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a. Click on the vfController component to display its Properties window.

Properties o =
Mame | | Value | Unﬁ|

m E%Jm

orentation E -Modelica. Blectrical MuttiPhase . Functions symmetricOrientation(m)
WMNominal % WaMominal 1)
FMaominal =] | FsNominal Hz
BaseFPhase % +Modelica.Constants pi/2 rad
nout =

u =

K = rad
amplitude % 1)

: =

£ >

General | Properties

property; VsNominal for VNominal, fsNominal for fNominal,

b. Onthe General tab, per the information in the above table, enter m for the m

Modelica.Electrical.MultiPhase.Functions.symmetricOrientation(m) for

orientation, and +Modelica.Constants.pi/2 for BasePhase. No other changes are
needed. The Properties tab allows you to set the name of the component instance.

Modification of variables ir, phiMechanical and wMechanical

This example requires modification of variables ir, phiMechanical and wMechanical for the

machines smpmM and smpma3. This cannot be done directly in the Properties window, but
instead requires that modifiers be added.

1.

ir (fixed=true)
wMechanical (fixed = true)

phiMechanical (fixed = true)

To add modifiers to smpmM, select the smpmM instance in diagram editor and on the
ribbon Modelica tab click Add Modifier (or right click on the smpmM instance and select
Add Modifier from the context menu). In the Add Modifier dialog box, add the following 3
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Modelica.Magnetic.FundamentalWave.BasichMachines. Synchronousinductio... X
Add Modiier |

Modifier test {e.g.. alstart = 1), bimin = 1))

|ir|_Tb-:E:u:| =true) Add

Existing Modffiers ﬂ E E
TriDperational = 20 A
m=m

Jr = smpmData.Jr

p =smpmOata p

tsMominal = smpmData fsMominal

TeOperational = 20

phiMechanicalfoeed =true)
wMechanicalfied =tue)

Lmd = smpmData.Lmd*m/3
Lmg = smpmData.Lmg™m3
Lrsigmad = smpmData. Lrsigmad
Lrsigmag = smpmData. Lrsigmag
Rrd = smpmData.Rrd

Rrg = smpmData.Rrg

TrRef = smpmData. TrRef
alphaZlr = smpmData alphair
Rs = smpmData.Fs*m/3

TsRef = smpmData. TsRef
alpha?ls = smpmData.alphals

QK | Cancel

2. Repeat the above to add similar modifiers to smpm3.

Next, you will compile and update the project.

Compiling and Updating the SMPM Inverter MultiPhase Project

A model created or edited using the Diagram Editor can be saved and used in the project only
after the model text has been updated. When you have completed the Modelica model, it is
ready to be compiled and added to the Twin Builder project as a component. To do this:
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1. Click Compile & Update Project on the ribbon Modelica tab as shown below.

B File Edit View Project  Modelica Model Editor  Tools  Window  Help

| I , Cut Unde 67 | S Check Syntax
1 Cop Redi [ —H EE) Revert Changes

Save i . Compile &  Save Uncompiled
Paste K Delete  ypdate Project Changes [# Export Model Text
Desktop View Modelica Simulation Automation

The Overwrite model text dialog box appears.

Diagram has changed. Oversnite model texct from diagram?

[ Remember selaction and don't show this messacs scsn.

s, overwrite Fom dagram N, Ul ournent model text Cancl |

Note | This same dialog box appears when you switch to the SimModel tab to view the
Modelica model text. You can choose either to overwrite from the diagram, or to
use the current model text. The latter choice won’t apply any changes made in the
diagram since the most recent save or compile.

2. For SMPM Inverter MultiPhase example, all the editing has been completed in the
diagram, so select Yes, overwrite from diagram. The model is compiled. This may take
several seconds.

3. Following the compile operation, you can select interfaces for the SMPM Inverter
MultiPhase model, or just accept the default set of preselected interfaces.
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Y Select SMPM Imverter Ml hase inkerlsoes

Oprticrs
™ Sebect mbernalflocal cutput propertes

Select ierarchy vl up tee |1 -

W 1 Load
W ¥ T _Load
¥ Vellamral
@ U 7 osrentiMsenion
B b F osrentiMSsenson
4 fines
m B ¥ feedback
#4 ¥ fehiominal
BREF =]
B b W grounds
Bk F del
B B F goundv
B B F loadinertia3
BB F loadinertish
M m
|.'..r-# m3
B B v
#- B F rosorangles
m T ET R

.WTC'W'S Desgard Changes

4. When finished selecting interfaces, click Apply Changes to close the dialog box and
apply the changes to the SMPM Inverter MultiPhase model. The Update Components
dialog box is displayed with both the SMPM Inverter MultiPhase model and component

selected for import into Twin Builder.
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Update Componénts pd

Update Waodels iSDHELm.h| Hon Carmervation Prs |

Models | scanned, 1 compled, Dfaded 5]
| Update  SMPM_brverter_MuliPhase Modsica o]
Syebeis Dacarned 2|
Components &
[+ SMIPR_lrvvarter_MliPhosss SMPM_inverter_MulliPhass SMPM_inoss
£ *
ok | caes |

5. Click OK to complete the update and import the SMPM Inverter MultiPhase model and
component into Twin Builder.

The Modelica SMPM Inverter MultiPhase component is now ready to use in a Twin Builder
design. You can find the Modelica component in the Project
Manager > Definitions > Components folder, as shown below.
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Project Manager 2 =
=[] SMPM_Inverter_MultiPhase®
@ fi TwinBuider 1=
=[] Definitions
=[] Components
A SMPM_Irverter_MultPhass
"F TwinBuider1
=0 Symbots
[ sMemM_Erverter_MultPhase
] TwinBuider 1
] Footprints
|| Padstacks
=] Models
2 sMPM_Inverter_MultPhace
] Packages
]| Materials
|| Surface Materials
E-] Sorpts

Next, you will add the component to a Twin Builder schematic.

Adding the SMPM Inverter MultiPhase Component to a Twin Builder
Schematic

When the Modelica SMPM Inverter MultiPhase component is ready to use in a Twin Builder
design, you can find the component in the Project Manager > Definitions > Components
folder, as shown below.

Project Manager 2 x
= ﬁ SHPM_Inverter_Multifhase™
- fi# TwinBuider 1
=11 Definitons
=1-| Components
0 SMPM_Inverter_MultiPhase
'F TwinBuider 1
=+ Symbals
] sapM_troverter_MultPhase
[FF] TwinBuilder1
] Foatprints
(L] Padstacks
=1 Modeis
2 sMPM_Inverter_MultPhase
) Packages
'] Materials
(L] surface Materials
E-] Sopts
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1. To open the schematic editor for a design, in the Project Manager window, find the project
in which the Modelica component definition is located, then double-click the icon for an
existing design to open the schematic editor.

2. Locate the Modelica SMPM_Inverter_MultiPhase component in the Project
Manager > Definitions > Components folder, then drag and place it in the design
schematic, as shown below.

0 @ A
| Pemiedl Baniged 4
[ SHPH_lsverier Hull®hase”
= [ Twmbbiern®
) Culruors
| o
Rl - SR S

U Trdhider |

- T SMPM_Inverter_MultiPhase1

[ Tranfuien |
] Femrray
- Padaiecis
— Melecinin.
P e b MU

O Padages
r— u/'rr':’
I Surace Materaia MODELICA

=2l Sroh

Fcprin

1] _NI:HT'I!I:.

Chvntieg | g | P Vees | Gerenm | Sstal |

Liri=b)r Ruafuged
B ' SUPM et BUEMa T CUsenfaiang Tooumentn ek |

Hrumibei o stieiid tmi § X 1540ma T 157 T =

Note |/If you need to look inside or modify the Modelica model, do one of the following to
open the model again in the Modelica environment:

* In the schematic editor, right-click the Modelica component and select Edit
Model.

* Inthe Project Manager, find the model in Definitions > Models folder, then
right-click on the model icon and select Edit Model.

Any change made in the Modelica environment will need to be compiled and
updated to the project again.

Because the entireSMPM Inverter MultiPhase system is built inside the Modelica
component, the Twin Builder design is now complete and ready to analyze.
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Next, you will define outputs and create reports for simulation results.

Defining Outputs and Creating Reports for the SMPM Inverter MultiPhase
Design

When Modelica SMPM Inverter MultiPhase component is ready to use in a Twin Builder design,
you can find the component in the Project Manager > Definitions > Components folder, as
shown below.

Praject Manager 2 ox

= 5] SMPM_Inverter_MultiPhase®
3 {2 TwinBuider 1=
=[] Definstions
=[] Components
TSP _Irverter_MuliPhase
"5 TyinBuilder]
=0 Symbals
[ sMPm_Erverter_MultPhase
[FE] TwinBuilder 1
] Foatprints
] Padstacks
=] Models
& P _Inverter_MultPhase
] Paddages
'] Materials
]| Surface Materials
= () Seripts

1. To create reports or graphical representations of simulation results, you must first define
outputs in the Output dialog box to make them available for plotting. This can be done by
clicking on Output Dialog in the Schematic tab of the desktop ribbon. For this example,
the following outputs are selected as shown below:

¢« SMPM_Inverter_MultiPhase1.currentRMSensor3_CurrentSensor1_
currentSensor_1_i

* SMPM_Inverter_MultiPhase1.currentRMSensor3_CurrentSensor1_
currentSensor_2 i

« SMPM_Inverter_MultiPhase1.currentRMSensor3_CurrentSensor1_
currentSensor_3 i

¢ SMPM _Inverter MultiPhase1.currentRMSensorM_CurrentSensor1_
currentSensor_1_i

« SMPM_Inverter_MultiPhase1.currentRMSensorM_CurrentSensor1_
currentSensor_2_i

« SMPM_Inverter_MultiPhase1.currentRMSensorM_CurrentSensor1_
currentSensor_3 i
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« SMPM _Inverter_MultiPhase1.currentRMSensorM_CurrentSensor1_
currentSensor_4 i

 SMPM_Inverter_MultiPhase1.currentRMSensorM_CurrentSensor1_
currentSensor_5 i

See Setting the Outputs for Simulation in the Twin Builder help for more information.

B Qutput >

Defined Output

%

SMPM_Inverter_MultiPhase 1. currentRMSsensor3_CurrentSensor 1_curre 4,
SMPM_Inverter_MultiPhase 1. currentRMSsensor3_CurrentSensor1_curre
SMPM_Inverter_MultiPhase 1.currentRMSsensor3_CurrentSensor 1_curre
SMPM_Inverter_MultiPhase 1.currentRMSsensorM_currentSensor_currer
SMPM_Inverter_MultiPhase 1. currentRMSsensorM_currentSensor_currer
SMPM_Inverter_MultifFhase 1. currentRMSsensorM_currentSensor_currer

Add/Remove
W Cutputs [ Inputs W InOuts [ Subdrouite [ Derivatives

i

~ Element All
= # SMPM_Inverter_MultiPhasel
----- 10 2 ¥ currentRMSsensor3_CurrentSensc Element None
----- 10 2 [ currentRMSsensor3_CurrentSensc
----- 10 2 [ currentRMSsensor3_CurrentSensc Expand Al
----- 10 2 [ currentRMSsensor3_CurrentSensc
----- 10 2 [ currentRMSsensor3_CurrentSensc Collapse Al

----- 10 2 ¥ currentRMSsensor3_CurrentSensc
----- 10 2 [ currentRMSsensor3_CurrentSensc
----- 10 2 [ currentRMSsensor3_CurrentSensc
----- 10 2 [ currentRMSsensor3_CurrentSensc
----- 10 2 [ currentRMSsensor3_CurrentSensc
----- 10 2 ¥ currentRMSsensor3_CurrentSensc ¥
< >

Ok | Cancel

2. Inthe Project Manager, you can then right-click on Results and choose Create Standard
Report to add various types of reports for the design being simulated.
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The outputs you set in the Output dialog box will be available in the Report dialog boxes
for plotting. For details on the various ways for viewing simulation results, see Generating
Reports and Postprocessing in the Twin Builder help.

Next, you will set up and run a transient analysis to generate SMPM Inverter MultiPhase
simulation results.

Setting Up and Running a Transient Analysis for the SMPM Inverter
MultiPhase Design

In this example, we would like to simulate the time-domain response of the SMPM Inverter
MultiPhase system. This requires that a transient analysis needs to be performed on the design.

By default, a transient analysis, TR, is created for the design. You can find it in the Project
Manager under Analysis of the design.

1. Double-click on TR to set up end time and the desired time step for the simulation.

Transient Analysis Setup

Analyzis Setup Mame TR

Analysiz Control

[ Dizable thiz analysis

End Tirne - Tend 15 |3 ﬂ
in Time Step - Hmin |'||:I |us j
M ax Time Step - Hax |1 |""'S ﬂ

[ Usze Initial Values

| ]

[ Enable continue ba solve

Analyziz Dptions [Default Optionsz) |

OF. | Cancel |

2. Forthis example, set End Time to 1.5 s, Min Time Step to 10 us, and keep Max Time
Step as the default 1 ms. For more details about transient analysis, see Transient
Analysis Setup in the Twin Builder help.

3. To start the simulation, run the transient analysis by doing one of the following:
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* On the desktop ribbon, Schematic tab, click the Analyze icon.

* Inthe Project Manager, right click on TR of the design, then select Analyze.

Below are sample reports of the simulation results for both 3-phase and 5-phase currents.
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Electrical Example: AIMC with Losses

This example demonstrates an asynchronous squirrel cage induction machine and its
characteristics, including losses.

cumarnuss RS Sansor

Ay il

I

s

o inertls
SO 1 1
N/ uD .
DR
bk b

] ool T ainile1 0

—>» B ¢
_— 14
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Machine parameters are those for a standard 18.5 kW, 400 V, 50 Hz motor. For the first 5
seconds of simulation time, the machine is started at a nominal speed and flux is built up in the
machine. Then, for the next 5 seconds, a load ramp is applied.

This example is based on the following example project located in the Modelica Tutorial
Examples folder:

<Installation location>\Examples\Twin Builder\Modelica Tutorial\Tutorial Examples\AIMC.aedt

AIMC Example Workflow
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In this example, we will create a Modelica AIMC (asynchronous squirrel cage induction machine
with losses) model and analyze its performance in the Twin Builder environment. The following
steps outline the process for accomplishing these goals.

* Add a new project and Modelica Model in Twin Builder.

* Place the Modelica components for the AIMC model into the Diagram Editor.

¢ Connect the Modelica AIMC components.

* Provide initial equations and variable declarations.

« Assign the various component properties.

* Compile and update the Twin Builder project.

* Add the Modelica component to the Twin Builder Schematic.

+ Define outputs and Create Reports for the AIMC simulation results.

« Setup and run a Transient analysis for the AIMC design.

Adding a New Project and Modelica Model in Twin Builder

1. Select File > New to create a new projectin Twin Builder. You can rename the project by
right-clicking the project icon in the Program Manager, and selecting Rename from the
context menu.

2. Create a new Modelica model by doing one of the following:

¢ Select Twin Builder > Add Model.
e Press Ctrl+Shift+M.

* Inthe Program Manager Definitions folder, right-click on the Models folder and
select Add Definition.

Add Model >

Mame: SimMadel
Type:
" YHOL-aMS 7 C-Model 7 sML (" Spice {* Modelica

K | Cancel

3. Select Modelica as the Type and enter a Name for the new model.

The Modelica environment is displayed, with the Modelica libraries appearing in the
Component Libraries window on the right.
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Next, you will place the Modelica components that are needed for the new model into the

Diagram Editor.

Placing Modelica Components for the AIMC Model

All of the required components for the AIMC example can be found in the Modelica library in the
locations shown in the following table.

ﬁzrt';?\z:ent Location in Library

terminalBox Modelica/Electrical/Machines/Utilities/TerminalBox

aimc Modelica/Electrical/Machines/BasicMachines/Asynchronousinduction
Machines/AIM_SquirrelCage

powerSensor Modelica/Mechanics/Rotational/Sensors/PowerSensor

loadlnertia Modelica/Mechanics/Rotational/Components/Inertia

torque Modelica/Mechanics/Rotational/Sources/Torque

aimcData Moqelica/EIectricaI/Machines/UtiIities/ParameterRecords/AIM_
SquirrelCageData

combiTable1Ds Modelica/Blocks/Tables/CombiTable1Ds

ramp Modelica/Blocks/Sources/Ramp

feedback Modelica/Blocks/Math/Feedback

Pl Modelica/Blocks/Continuous/PI

gain Modelica/Blocks/Math/Gain

star Modelica.Electrical/MultiPhase/Basic/Star

ground Modelica/Electrical/Analog/Basic/Ground

sineVoltage Modelica/Electrical/MultiPhase/Sources/SineVoltage

ﬁl;(r)rrentQuasRMSSe Modelica/Electrical/Machines/Sensors/CurrentQuasiRMSSensor

ilrectricaIPowerSens Modelica/Electrical/Machines/Sensors/ElectricalPowerSensor

1. Locate each of the components in the library.

2. Drag and drop the components into the Diagram Editor in the Modelica Environment,
arranging them as shown in the figure below. Press Esc after placing each component to
stop the placement action. Connections will be added later.
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3. You can change the instance names for a components by clicking on the component to
display its Properties window. You can enter the desired instanceName in the associated

Value field on the Properties tab
4. Press Esc to complete each action.

-

Next, you will add connections between the various AIMC components.

Connecting Modelica AIMC Components

To connect the components for the AIMC example as shown in the diagram below:
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1. Click on an input or output pin of one of the components and connect it to the desired pin
of another component.

2. Repeat for each connection.

Note

More graphic options are available in a context menu by right-clicking on a component,

as shown below. For more information on these options refer to the Diagram Editor
section in the Twin Builder help.
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Next, you will add an initial equation and declare a variable for the AIMC design.
Adding an Initial Equation and Variable Declaration to the AIMC Design

For this example, three initial equations are needed for the AIMC machine, and several variables

declared.

Initial Equation

1.

aimc.i_0_s=0;

Select Initial Equation, then click the ;'

der(aimc.idq_sr) = zeros(2);

der(aimc.idq_rr) = zeros(2);

For the initial equations, on the Twin Builder Modelica tab, click the Equations icon to
open the Edit Model dialog box.

button in the upper right of the dialog box to

open the Equation editor, and enter the following equations:
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B Equaticn
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3. Click OKto close the dialog box, adding the equation to the Edit Model dialog box.

4. Repeat for each of the equations.
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Edit Model 8
= T Initial Eon ]
Variable Model: | simcwithlosses 5 ]JJ M
Initial Equation Ecquations | Eat |
Equation
aimc.i_0_s=0; 4
der (aimc.idq_sr)=zeros(); e |
deer (aimc.idq_rr)=zeros(2); |

ok ] cmed |

5. Click OKto close the Edit Model dialog box. The Overwrite Model Text dialog box
appears.

Diagram has changed. Overerite moded text from disgram?

[T Remember selection and don't show this messacs scsn,

s, overwrite Fom dagram N, Ul ournent model text Cancl |

6. Click Yes, overwrite from diagram to generate the equation and add it to the model text.

initial eguaticon
gimc.i 0 3 = 0;
der (aimc.idg ar) Zeroca(d);
der (aimc.idg rr) = zeroca(Z);

Variable Declarations

1. To create the needed variables for this design, on the Twin Builder Modelica tab, click the
Variables icon to open the Edit Model dialog box.
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2. Click the ¥

button in the upper right of the dialog to open the Edit Variable dialog box,

and enter the settings such as for the integer parameter m3=3 shown below. The Prefix,
Connector, and Causality settings remain the defaults as shown.

B " Edit Variable 4
=l Moded Mame Array dimension
Variable |m3
Initial Equation
Equation Value
E -]
Variability Type
|parameter ﬂ |Integer ll J
Prefix Connector Causality
[ final [ inner % rone * pmone
I [ replaceabls [~ outer ™ flow " input
[~ protected (" stream " output
Description
0K Cancel | ——
oK, | Cancel
3. Click OK to close the dialog box, adding the variable to the Edit Model dialog box.
4. Repeat, adding the variables listed in the following table:
; R Arra
Variable Variabili Typ . y .
Value dimensi
Name ty
on
m 3 paramet real
er
PNominal  [18500 Zframet real
VNominal [400 Zframet real
INominal  [32.85 Zframet real
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Variable Variabili Typ &Y
Value dimensi
Name ty e
on
pfNominal |0.898 Z?ramet real
fNominal |50 paramet | ol
er
wNominal Modelica.Slunits.Conversions.from_rpm paramet real
(1462.5) er
TNominal [[PNominal/wNominal z?ramet real
:";mpNoml Modelica.Slunits.Conversions.from_degC(90) Z?ramet real
{1E- aramet
Ptable 6,1845,3549,5325,7521,9372,11010,12930, Zr real
14950,16360,18500,18560,20180,22170}
ltable {11.0,11.20,12.27,13.87,16.41,18.78,21.07,23. |paramet real
92, 27.05,29.40,32.85,32.95,35.92,39.35} er
ntable {1500,1496,1493,1490,1486,1482,1479,1475, |paramet real
1471, 1467,1462,1462,1458,1453} er
ctable {0.085,0.327,0.506,0.636,0.741,0.797,0.831,0. |paramet real
857,0.875,0.887,0.896,0.896,0.902,0.906} er
{0,0.7250,0.8268,0.8698,0.8929,0.9028,0.906 aramet
etable 4,0.9088, > real
0.9089,0.9070,0.9044,0.9043,0.9008,0.8972}

Note that for array parameters such as Ptable, you must specify : in the Array dimension
field so that the size can adapt to user input.

5. Outputs can also be declared as a special type of variable by setting Causality to output.
For this example, declare the following special variables:

Modelica.Constants.smal

Variable Variabilit Prefix/Causalit
Value Type
Name y y
Pel electricalPowerSensor.P g/lrodehca.SIumts.Pow none
Pmech |powerSensor.power El\)/lrodel|ca.8|un|ts.Pow output
i >
Eff_sim It noEvent(abs(Pel) real output
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Variable Variabilit Prefix/Causalit
Value Type
Name y y

I) then Pmech/Pel else 0

B Edit Vanable -
Varialde Mame Array dimension u] )_(:J
Tnitial Equation | [eff_sm [ j‘ 7
Equation Vaka
[ noEvent{abs(Pel) > Modelica. Constants.small) then Pmech Pel else 0 J
Varizbdity Type
| <] [res =] - f
Prefix Conmector Causalty
[~ final [ irner * none " none
I replaceable ™ outer C fiow ™ input
™ protected " stream ¥ output
Description §
Smulated efficency
L
oK | Cancel ]
. | cancet |

6. Click OKto close the Edit Model dialog box. The Overwrite Model Text dialog box
appears.

7. Click Yes, overwrite from diagram to add the variable declarations to the model text.
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/fDeclaration(s)

parameter Real m = 3;

parameter Real PNominal = 183007

parameter Real VNominal = 400;

parameter Real INominal jE.F"4

parameter Beal pfNominal = 0.§

parameter Beal fNominal

parameter Beal whominal Modelica.3Tunits.Conversions.from rpm(1462.5);

parameter Real THominal = PNominal/wNominal;

parameter Real TempNominal = Modelica.S5Tunitsa.Conversions.from degC(30);

parameter Real Ptable[:] = [1E-§,1845,3549,5325,7521,9372,11010,12330,
14950,14360,158500,18560,20180,221701 7

parameter Real Itable[:] = {11.0,11.20,12.27,13.87,16.41,18.78,21.07,
23.92,27.05,29.40,32.85,32.95,35.92,39,.35};

parameter Real ntable[:] = [1500,149&,1493,1490,1486,14582,1479,1475,1471,
1467,1462,1462,1458,1453);

o
[

[ eI
[Ts)

50z

parameter Real ctable[:] = [0.0853,0.327,0.30e,0.636,0.741,0.797,0.831,
0.&857,0.875,0.887,0.896,0.896,0.902,0.908};

parameter Real etable[:] 0.8929,0,9028,0.9064,
0.9088,0,9089,0,9070,0,9044,0,9043,0,9008,0.89721;

output Real eff 3im = if noEwvent (gba(Pel) > Modelica.Constants.small) then Fmech/Pel else 07
Mpdelica.S5Tunits.Power Pel = electricalPowerSenscr.PB;
ogutput Modelica.S5Iunits.Power Pmech = powerSensor.power;

Next, you will set up properties for the AIMC model.
Setting Up Model Properties for the AIMC Example

The model properties for the components used in this example are summarized in the following
table.

Component Instance  Properties

terminalBox terminalConnection = “D”

Lm = aimcData.Lm

Lrsigma = aimcData.Lrsigma
Rr=aimcData.Rr

TrRef = aimcData.TrRef

aimc alpha20r = aimcData.alpha20r
TrOperational = TempNominal

p = aimcData.p

fsNominal = aimcData.fsNominal

TsOperational = TempNominal
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Component Instance  Properties

Rs =aimcData.Rs

TsRef = aimcData.TsRef

alpha20s = aimcData.alpha20s

Lszero = aimcData.Lszero

Lssigma = aimcData.Lssigma

Jr =aimcData.Jr

useSupport = false

Js =aimcData.Js

useThermalPort = false

statorCoreParameters = aimcData.statorCoreParameters
strayLoadParameters = aimcData.strayLoadParameters

frictionParameters = aimcData.frictionParameters
phiMechanical(fixed = true)

wMechanical(fixed = true, start =
2*Modelica.Constants.pi*aimcData.fsNominal/aimcData.p)

NOTE: For the phiMechanicaland wMechanical properties, refer
to the "Modification of variables ir, phiMechanical and wMechanical
" on page 3-93 step below.

powerSensor Use defaults

J =aimcData.Jr
loadlnertia
stateSelect = stateSelect.defalut

torque Use defaults

Jr=0.12

Lm = 66.4/(2*Modelica.Constants.pi*fNominal)
Lrsigma = 2.31/(2*Modelica.Constants.pi*fNominal)
aimcData Rr=0.42

Rs =0.56

alpha20r =
Modelica.Electrical. Machines.Thermal.Constants.alpha20Aluminiu
m
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Component Instance

Properties

alpha20r =
Modelica.Electrical.Machines.Thermal.Constants.alpha20Copper

Lssigma = 1.52/(2*Modelica.Constants.pi*fNominal)

frictionParameters = frictionParameters(PRef=180,
wRef=wNominal)

statorCoreParameters = statorCoreParameters(PRef=410,
VRef=387.9)

strayLoadParameters = strayLoadParameters(PRef=0.005*sqrt
(3)*VNominal*INominal*pfNominal, IRef=INominal/sqrt(3),
wRef=wNominal)

verboseRead = false

columns = 2:size(combiTable1Ds.table, 2)

combiTable1Ds table = {{Ptable[j], Itable[j],ntable[j],ctablefj],etablefj]} for j in 1:size
(Ptable, 1)}
smoothness =
Modelica.Blocks.Types.Smoothness.ContinuousDerivative
height = 1.2*PNominal

ramp duration =5.5
startTime =4.5

feedback Use defaults
k=0.01

Pl T=0.01
initType = Modelica.Blocks.Types.Init.InitialState

gain k=-1

star Use defaults

ground Use defaults
V =fill(sqrt(2/3)*VNominal, 3)

sineVoltage freqHz = fill(fNominal, 3)

m =3

currentQuasiRMSSensor

Use defaults

electricalPowerSensor

m =3

To display the editable parameters and properties of a component:
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1. Click the model to open the model’'s Properties window.

2. Select the various tabs at the bottom of the Properties window to browse and find
parameters and properties you need to edit. All other properties retain their default values.

3. Enter values or select options from the table above as needed. For example, to set
properties for the sineVoltage component in the Diagram Editor:

a. Click on the sineVoltage component to display its Properties window.

Properties L

Name | | Value Uit
v ==| fillisgrt(2/ 3y "VMNominal, 3)

phase
freqHz fillf Mominal, 3)
offset

start Time

m
sineVoltage

W

i L L i i | (i

£ >

General | SubCircuit | Properties |

b. Onthe General tab, per the information in the above table, enter 3 for the m
property; fill(fNominal, 3) for freqHz, and fill(sqrt(2/3)*VNominal, 3) for V. No
other changes are needed. The Properties tab allows you to set the name of the
component instance.

Modification of variables ir, phiMechanical and wMechanical

This example requires modification of variables phiMechanical and wMechanical for the aimc
machine. This cannot be done directly in the Properties window, but instead requires that
modifiers be added.

1. To add modifiers to aime, select the aimce instance in diagram editor and on the ribbon
Modelica tab click Add Modifier (or right click on the aimc instance and select Add
Modifier from the context menu). In the Add Modifier dialog box, add the following three
lines:

wMechanical (fixed=true,
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start=2*Modelica.Constants.pi*aimcData.fsNominal/aimcDat
a.p)

phiMechanical (fixed = true)

Modelica.Electrical.Machines.BasicMachines.AsynchronousinductionMachin.., X
Add Modiier |

Modifier test (e.q., alstart = 1), bimin = 1))
|w|'n'1&|:hanicall_fixeu:| =true gtart = Z"Modelica Constants pitaimcData f2 Nomir Add

Existing Modffiers ﬂ E E
TriDperational = TempMominal A
p =aimcData p

fsMominal = aimcData fsMominal
TsOperational = TempMNominal
Jr = aimcData.Jr
Js = aimzData .Js
phiMechanical fixed =true
fived =true start = Z*Modelica Constants pi“aimeData fsMominal /i
Lm = aimcData.Lm
Lrsigma = aimcData. Lsigma
Rr = aimzDiata.Rr
TrRef = aimzDiata. TrRef
alpha2lr = aimcData.alpha2ir
Rs = aimcData.Rs
TsRef =aimcData. TsRef
alpha?ls = aimcData alpha?ls
Lszemo = aimcData. Lszemn
Lssigma = aimcData. Lssigma
statorCoreParameters = aimcData statof”oreFarameters
straylLoadParameters = aimcData straylLoadParameters W

0K | Cancel

Next, you will compile and update the project.

Compiling and Updating the AIMC Project

A model created or edited using the Diagram Editor can be saved and used in the project only
after the model text has been updated. When you have completed the Modelica model, itis
ready to be compiled and added to the Twin Builder project as a component. To do this:
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1. Click Compile & Update Project on the ribbon Modelica tab as shown below.

B File Edit View Project  Modelica Model Editor  Tools  Window  Help

| I , Cut Unde 67 | S Check Syntax
1 Cop Redi [ —H EE) Revert Changes

Save i . Compile &  Save Uncompiled
Paste K Delete  ypdate Project Changes [# Export Model Text
Desktop View Modelica Simulation Automation

The Overwrite model text dialog box appears.

Diagram has changed. Oversnite model texct from diagram?

[ Remember selaction and don't show this messacs scsn.

s, overwrite Fom dagram N, Ul ournent model text Cancl |

Note | This same dialog is also displayed whenever you switch to the SimModel tab to
view the Modelica model text. You can choose either to overwrite from the
diagram, or to use the current model text. The latter choice won'’t apply any
changes made in the diagram since the most recent save or compile.

2. Forthe AIMC example, all the editing has been completed in the diagram, so select Yes,
overwrite from diagram. The model is compiled. This may take several seconds.

3. Following the compile operation, you can select interfaces for the AIMC model, or just
accept the default set of preselected interfaces.
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B Select aimcnew Interfaces >

Options
| Selectinternallocal output properties

Select hierarchy level up to: |1 -

..... 15 W IMominal .
..... Ay ¥ 1table1]
..... Ay ¥ 1table[]
..... Ay ¥ 1table[3]
..... Ay ¥ 1table[4]
..... Ay ¥ 1table[s]
..... Ay ¥ 1tablefs]
..... Ay v Itable[7]
..... Ay ¥ 1table[s]
..... Ay ¥ 1table[g]
..... iV Itable[10]
..... iV Itable[11]
..... iV Itable[17]
..... iV Itable[13]
..... iV Itable[14]
B T:: [« PI

- T;: [ der()

..... Ay W PNominal

a0 maa

Apply Changes | Discard Changes

4. When finished selecting interfaces, click Apply Changes to close the dialog box and
apply the changes to the AIMC model. The Update Components dialog box appears with
both the AIMC model and component selected for import into Twin Builder.
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Update Components >

Update Models | SDE Outputs ] Mon-Consenvative Pins ]

Models 1 scanned, 1 compiled, O failed ﬁ

Import | Action | Model Name | Type | Source |
[v Update |aimcnew Modelica [project]

Symbals 0 scanned ﬂ

Components ﬂ

Import | Action |C|:|m|:u:|ner|t MName | Models |S1_.rrnl:n:|Is |

[v Update |aimcnew aimcnew | aimcnew

QK | Cancel

5. Click OK to complete the update and import the AIMC model and component into Twin
Builder.

The Modelica AIMC component is now ready to use in a Twin Builder design. You can find the
Modelica component in the Project Manager > Definitions > Components folder, as shown
below.
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Praject Manager I
=3 ATMC ~
m TwinBuilderl
ED Definitions

|_—‘_||:| Components

----- T aimonew

L. FF TwinBuilder 1
-] Symbols

----- I:l Footprints

----- [C] Padstacks

-2 Models
Lo aimenew
----- (1 Packages

----- (23] materials v

Next, you will add the component to a Twin Builder schematic.

Adding the AIMC Component to a Twin Builder Schematic

When the Modelica AIMC component is ready to use in a Twin Builder design, you can find the
component in the Project Manager > Definitions > Components folder, as shown below.

Project Manager a3 =

=13 ATMC A
m TwinBuilder1
E||:| Definitions

|_—‘_|[:| Components

----- 7 aimonew

... F TwinBuilder1

-1 Symbols

----- |21 Footprints

----- [C7] Padstacks

=] Models
Lo aimenew
----- [Z3 Packages

----- (23] materials v

1. Toopen the schematic editor for a design, in the Project Manager window, find the project
in which the Modelica component definition is located, then double-click the icon for an
existing design to open the schematic editor.
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2. Locate the Modelica AIMC component in the Project

Manager > Definitions > Components folder, then drag and place it in the design
schematic, as shown below.

u Twien Bullcler = ANSYS Electronics Desidop - AMC - TwinBulder] - SchematicEdtor - [AIMC - TwinBuildes1 - Schematic]

B0 Fie Edit View Project Desw  Schematic  Twin Buldder Took Window Help

| I | qiwmln C ':} 1 E-‘-dd Dresign = z Add Madel b. e, [t Sective Setup
: " &), Zoom our (%) Do Primitive = - H . ] impont odel " -
Save Inom - A Liniks Anshze
rer Il Zoom Area ¥ o . [ Standasd Reports = - = B Chaswterize = = A Profile & Mantor
Deskiag Vi Schematic Survrilabesn R suits Automation
Pregect Manager ?ox
= [ Ammc -
w (i Twinbddert
1 Defrvsans =
> s aimcnew1
T e
2 TwanBukder ]
% [ Symbaois
= Possprnits
__ Padinscis
55 [ Models
& s Pmech
— Packaces

e MOD'ELICA T

.Dn"\-rr Twin
o
|Comptiame Twrl |
| Dorption
.Mﬁu

s —
|iate 1000
|PrCowt 0
[t Tenm

1 [Mew Page |
Gererad | | E 3

i

ideiiage Mlanage B x § Progreis
& [E AING IC Ao Twn Bulder T 0 Modelcs Tutonal )

Hamber of delected temi: O 1 1720mil ¥ Ti04md

Note |If you need to look inside or modify the Modelica model, do one of the following to
open the model again in the Modelica environment:

* In the schematic editor, right-click the Modelica component and select Edit
Model.

 In the Project Manager, find the model in Definitions > Models folder, then
right-click on the model icon and select Edit Model.

Any change made in the Modelica environment will need to be compiled and
updated to the project again.
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Because the entire AIMC system is built inside the Modelica component, the Twin Builder
design is now complete and ready to analyze.

Next, you will define outputs and create reports for simulation results.

Defining Outputs and Creating Reports for the AIMC Design

When Modelica AIMC component is ready to use in a Twin Builder design, you can find the
component in the Project Manager > Definitions > Components folder, as shown below.

Project Manager I =
=13 ATMC ~
{Tﬁ TwinBuilderl
E||:| Definitions
|_—‘_||:| Components
----- 77 aimonew
...k TwinBuilder1
-7 Symbols
----- I:l Footprints
----- (£ Padstacks

1. To create reports or graphical representations of simulation results, you must first define
outputs in the Output dialog box to make them available for plotting. This can be done by
clicking on Output Dialog in the Schematic tab of the desktop ribbon. For this example,
the following outputs are selected as shown below:

e aimcnew1.combiTable1Ds y 4

e aimcnew1.eff_sim

¢ aimcnew1.electricalPowerSensor_P
e aimcnew1.powerSensor_power

¢ aimcnew1.Pmech

Refer to Setting the Outputs for Simulation in the Twin Builder help for more information.
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2.

B Cutput >

Defined Cutput

e

aimcnew 1, eff_sim
aimcnew 1, electricalPower Sensor_P
aimcnew 1, Pmech

aimcnew 1. powerSensor _power

i

Add/Remove
I+ Outputs | Inputs | InDuts | Subdrouits | Derivatives

- Design variables ~
El- @ aimcnewl

----- 10 = [ aimc_airGaps_flange_phi

----- 10 = [ aimc_airGaps_flange_tau

----- 10 = [ aimc_airGaps_gamma

----- 10 = [ aimc_airGapS_i_ms_1_

----- 10 = [ aimc_airGapS_i_ms_2_

----- 10 = [ aimc_airGapS_i_rr_1_

----- 10 = [ aimc_airGapS_i_rr_2_

----- 10 = [ aimc_airGapS_i_rs_1_

----- 10 = [ aimc_airGapS_i_rs_2_

----- 10 = [ aimc_airGapS_i_sr_1_

----- 10 2 aimc_airGaps_i_sr_2_ W

Element All
Element Mone

Expand all

R

Collapse All

In the Project Manager, you can then right-click Results and choose Create Standard
Report to add various types of reports for the design being simulated.

The outputs you set in the Output dialog box will be available in the Report dialog boxes
for plotting. For details on the various ways for viewing simulation results, see Generating
Reports and Postprocessing in the Twin Builder help.

Next, you will set up and run a transient analysis to generate AIMC simulation results.
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Setting Up and Running a Transient Analysis for the AIMC Design

In this example, we would like to simulate the time-domain response of the AIMC system. This
requires that a transient analysis needs to be performed on the design. By default, a transient
analysis, TR, is created for the design. You can find it in the Project Manager under Analysis of
the design.

1. Double-click on TR to set up end time and the desired time step for the simulation.

Transient Analysis Setup

Analysiz Setup Mame TH

Analyziz Cantral

[ Dizable this analysis

End Time - Tend 120 |g ﬂ
tin Time Step - Hriin |'||:| |us ﬂ
b a= Time Step - Hmax |1 ||'l'lS j

[ Use Initial ¥ alues

| B

[ Enable continue ta solve

Analysis Options [Default Options) |

s | Cancel |

2. Forthis example, set End Time to 20 s, Min Time Step to 10 us, and keep Max Time
Step as the default 1 ms. For more details about transient analysis, see Transient
Analysis Setup in the Twin Builder help.

3. To start the simulation, run the transient analysis by doing one of the following:
« On the desktop ribbon, Schematic tab, click the Analyze icon.
* Inthe Project Manager, right-click on TR of the design, then select Analyze.

Below is a sample report of the simulation results for the design.
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Example: Simple Power Train

This example illustrates a Twin Builder design for a simple motor power train consisting of a
PMSM (Permanent Magnet Synchronous Motor) and other components taken from the Twin
Builder component libraries that are used to drive a load, which is a Modelica gear shift
component that has been modeled in the Modelica environment.

In Twin Builder schematic shown above, the current sources, PMSM component, and all
components (except the circled Modelica gear shift component) are from Twin Builder
component libraries. The Modelica gear shift load is modeled in the Modelica environment.
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The figure below shows the internal diagram of the gear shift Modelica model. It is based on the
Modelica.Mechanics.Rotational.Examples.SimpleGearShift in the Modelica Standard
Library. It shows how an automatic gear shift is built up from a planetary gear, a brake, a clutch,
and related Modelica components. The basic operation of the model is as follows:

* Inthe beginning, the clutch is free (disengaged) and the brake prevents the ring of the
planetary gear from moving. Thus the gearRatio = 1/(1 + planetary.ratio).

+ Attime = 2 s, the brake releases the ring of the planetary gear, while the clutch blocks the
ring and the sun gear. Thus we obtain a gearRatio = 1.

brake
=
g [pe
dor
l J= quadratic SpeedDepercent Tongus1
If.u'-h-\!_._. - engine -:.rj : ’
T i =
tau F \ TS
d
: &
[ ]
SpEd Rensal Imq:._-‘:*-» |1'-*
Py i'f"". | N f

r. MW ’%—s

This example is based on the following example project located in the Modelica Tutorial
Examples folder:

<Installation location>\Examples\Twin Builder\Modelica Tutorial\Tutorial
Examples\SimplePowerTrain.aedt

Simple Power Train Example Workflow

In this example, we will create a Modelica gear shift model, then add it as one componentin a
larger Twin Builder Power Train design that includes a permanent magnet synchronous motor
and supporting components taken from Twin Builder's component libraries. We will then analyze
its performance in the Twin Builder environment. The following steps outline the process for
accomplishing these goals.
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* Add a new project and Modelica Model in Twin Builder.

* Place the Modelica components for the simple power train model into the Diagram
Editor.

* Connect the Modelica simple power train components.

» Assign the various simple power train component properties.

* Compile and update the Twin Builder project.

* Add the Modelica component to the Twin Builder Schematic.

+ Add Twin Builder Components to the design and add connections.

* Assign properties to the Twin Builder components.

« Define outputs and Create Reports for the simple power train design.

« Setup and run a Transient analysis for the simple power train design.

Adding a New Project and Modelica Model in Twin Builder

1. Select File > to create a new project in Twin Builder. You can rename the project by right-
clicking the project icon in the Program Manager, and selecting Rename.

2. Create a new Modelica model by doing one of the following:

* Select Twin Builder > Add Model.
¢ Press Ctrl+Shift+M.

« Inthe Program Manager Definitions folder, right-click the Models folder and select
Add Definition.

Add Model ot

Mame: SimModel
Type:
" YHOL-AMS ( C-Model 1 sML " Spice * Modelica

QK. | Cancel

3. Select Modelica as the Type and enter a Name for the new model.

The Modelica environment is displayed, with the Modelica libraries appearing in the
Component Libraries window on the right.

Next, you will place the Modelica components that are needed for the simple power train model
into the Diagram Editor.
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Placing Modelica Components for the Simple Power Train Model

All of the required components for the Modelica simple power train gear shift model can be found
in the Modelica library in the locations shown in the following table.

Component Instance Location in Library

u Modelica/Blocks/Interfaces/Reallnput

y Modelica/Blocks/Interfaces/RealOutput

torque Modelica/Mechanics/Rotational/ Sources/Torque
engine Modelica/Mechanics/Rotational/Components/Inertia
idealPlanetary Modelica/Mechanics/Rotational/Sources/IdealPlanetary
clutch Modelica/Mechanics/Rotational/Components/Clutch
brake Modelica/Mechanics/Rotational/Components/Brake
load Modelica/Mechanics/Rotational/Components/Inertia

Modelica/Mechanics/Rotational/

quadraticSpeedDependentTorquef Sources/QuadraticSpeedDependentTorque

torqueStep1 Modelica/Mechanics/Rotational/ Sources/TorqueStep
speedSensor Modelica/Mechanics/Rotational/Sensors/SpeedSensor
feedback Modelica/Blocks/Math/Feedback

const1 Modelica/Blocks/Sources/Constant

ramp Modelica/Blocks/Sources/Ramp

1. Locate each of the components in the library.

2. Drag and drop the components into the Diagram Editor in the Modelica Environment,
arranging them as shown in the figure below. Press Esc after placing each component to
stop the placement action. (Connections will be added later.)

Case Studies 3-106
Twin Builder 2024 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

information of ANSYS, Inc. and its subsidiaries and affiliates.



Twin Builder Modelica Tutorial

ol
ATD
brake:
u . I:'.
™
e
l‘ L quadratic SpeedDependent Tongue
. L
Imqu:.._ * eﬁﬁne -c.td |
& — el — 7 _|_ )
o LE e
o F | e
- -;
b g Step

3. You can change the instance names for a components by clicking on the component to
display its Properties window. You can enter the desired instanceName in the associated
Value field on the Properties tab

4. Press Esc to complete each action.

Next, you will add connections between the various power train components.

Connecting Modelica Power Train Components

To connect the components for the power train system as shown in the diagram below:
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1. Click on an input or output pin of one of the components and connect it to the desired pin
of another component.

2. Repeat for each connection.

Note ||[More graphic options are available in a context menu by right-clicking on a component,
as shown below. For more information on these options refer to the Diagram Editor
section in the Twin Builder help.
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Next, you will set up properties for the power train model.

Setting Up Model Properties for the Modelica Power Train Example

The model properties for the components used in this example are summarized in the following
table.

Component Instance Properties
u Use defaults
y Use defaults
torque Use defaults
engine J=1
idealPlanetary ratio = 75/50
cgeo=2

fn_max =100

clutch phi_rel(fixed = true)

w_rel(fixed = true)*

*NOTE: To set up the phi_reland w_rel properties,
refer to the "Modification of variables phi, w, phi_rel
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Component Instance Properties

and w_rel" on page 3-111 step below.

cgeo =2
brake

fn_max =100

J=10

phi(start = 0)*
load w(start = 0)*

*NOTE: To set up the phiand w properties, refer to the
"Modification of variables phi, w, phi_rel and w_rel" on
the facing page step below.

tau_nominal = -20
quadraticSpeedDependentTorque1
w_nominal =100

stepTorque =10

torqueStep1

startTime = 1
speedSensor Use defaults
feedback Use defaults
const1 k=1

duration = 0.1
ramp

startTime =2

To display the editable parameters and properties of a component:

1. Click the model to open the model’s Properties window.

2. Select the various tabs at the bottom of the Properties window to browse and find
parameters and properties you need to edit. All other properties retain their default values.

3. Enter values or select options from the table above as needed. For example, to set
properties for the brake component in the Diagram Editor:
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a. Click on the brake component to display its Properties window.

Properties I =
Mame | | Value | Lt |

mue_pos i=

peak :=|(1.000000

cgeo =||2

fr_mae |100 M

useSupport % false
useHeatPort | ==| false
f_nomalized %

General | Advanced | Initialize | Sub( Y

b. Onthe General tab, per the information in the above table, enter 2 for the cgeo
property; and 100 for fn_max. No other changes are needed. (The Properties tab
allows you to set the name of the component instance.)

Modification of variables phi, w, phi_rel and w_rel

This example requires modification of variables phi and wfor the load component; and variables
phi_reland w_relfor the clutch component. This cannot be done directly in the Properties
window, but instead requires that modifiers be added.

1. Toadd modifiers to load, select the load instance in diagram editor and on the ribbon
Modelica tab click Add Modifier (or right click on the load instance and select Add
Modifier from the context menu). In the Add Modifier dialog box, add the following three
lines:

phi (start = 0)

w(start = 0)
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Modelica.Mechanics. Rotaticnal. Components.Inertia
Add Modiier |

Mosdifier texd (2.9, alstar = 1), bimin = 1)
hmm-m

Exdsting Modiiers %
J=10

philstart = 0}
wigtart = ()

oK | Canesl |

2. To add modifiers to clutch, select the clutch instance in diagram editor and on the ribbon

Modelica tab click Add Modifier (or right click on the load instance and select Add
Modifier). In the Add Modifier dialog box, add the following three lines:

phi rel (fixed = true)

w_rel(fixed = true)
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Modelica.Mechanics.Rotaticnal. Components.Clutch A
Add Modiier |

Modifier text fe.g.. afstart = 1), bimin = 1
|W_mlfmﬂ =t Add

Exdsting Modiiers %

cgeo = 2

fn_manc = 100
phi_red fced = true)
w_relffoosd = true)

0K I Cancal

Next, you will compile and update the project.

Compiling and Updating the Simple Power Train Project

A model created or edited using the Diagram Editor can be saved and used in the project only
after the model text has been updated. When you have completed the Modelica model, itis
ready to be compiled and added to the Twin Builder project as a component. To do this:

1. Click Compile & Update Project on the ribbon Modelica tab as shown below.

5] File Edit View Project Modelica Model Editor Tools Window Help

| I L Cut Unda @ | S Check Syntax

Copy Redo I—I —H @Reuert Changes
Save - Compile &  Save Uncompiled
4 Paste X Delete Update Project Changes B Export Model Text
Desktop View Modelica Simulation Automation

The Overwrite model text dialog box appears.
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Diagram has changed. Oversmite model texct from diagram?

[T Rpmermier selecton and dont show Hhis mesesces soan,

Tes, everwrite Fom diacram o, use qurment moded text Cangel |

Note | This same dialog box appears when you switch to the SimModel tab to view the
Modelica model text. You can choose either to overwrite from the diagram, or to
use the current model text. The latter choice won't apply any changes made in the
diagram since the most recent save or compile.

2. Forthe Simple Power Train example, all the Modelica model editing has been completed
in the diagram, so select Yes, overwrite from diagram. The model is compiled. This may
take several seconds.

3. Following the compile operation, you can select interfaces for the simple power train
model, or just accept the default set of preselected interfaces.

- S
|
|
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[ Selectinternal local output properties

Select hierarchy level up to: | 1 -
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W dutch
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¥ feedback '
[V idealPlanetary

¥ load

IV guadraticSpeedDependentTorque 1

¥ ramp

¥ speedSensor
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v u

v

V¥ AdvancedSettings
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4. When finished selecting interfaces, click Apply Changes to close the dialog and apply the
changes to the simple power train model. The Update Components dialog box appears
with both the simplePowerTrain model and component selected for import into Twin
Builder.

Update Components >

Update Modeis | SDB Outputs | Non-Conservative Pins

Models 1scanned. 1 compied, Ofaled Al

|I'rw-rt| Mu:-n| Model Name [ Type |5c:-urce[
J [¥ Update | simpePoverTrain Modebca [project]

Symbols fscanned 32|
Components ﬁl
[I‘m:ﬂ't[ Action IC-Jrrpurm Hame Models [ Symbols [
J [w pdate  smpePowerTram  simpePower Train simpe Powesr Train
ok | cawa |

5. Click OK to complete the update and import the simplePowerTrain model and component
into Twin Builder.

The Modelica simplePowerTrain component is now ready to use in a Twin Builder design. You
can find the Modelica component in the Project Manager > Definitions > Components folder,
as shown below.
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Next, you will add the component to a Twin Builder schematic.

Adding the Simple Power Train Component to a Twin Builder Schematic

When the Modelica Simple Power Train component is ready to use in a Twin Builder design, you
can find the component in the Project Manager > Definitions > Components folder, as shown
below.

Fraject Manager 2
= [ simplePower Tram
= [® TwinbBuiderl
Elrots
= i et
H coweeras
0 Reesuins
= ] ety
=[] Camponenn
T Senplebier Trar
EF TearBukderl
= [0 Sy
% frrgiefireer Trar
[t Trarbukder 1
] Foaiornts
=] Pradietacks
0 ey
1 Smplefover Tran
) Pachages
] M
= Srface Materigls

S

1. To open the schematic editor for a design, in the Project Manager window, find the project
in which the Modelica component definition is located, then double-click the icon for an
existing design to open the schematic editor.

2. Locate the Modelica SimplePowerTrain component in the Project
Manager > Definitions > Components folder, then drag and place it in the design

Case Studies 3-116
Twin Builder 2024 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

information of ANSYS, Inc. and its subsidiaries and affiliates.



Twin Builder Modelica Tutorial

schematic, as shown below.
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open the model again in the Modelica environment:

Model.

right-click on the model icon and select Edit Model.

updated to the project again.

Note |/If you need to look inside or modify the Modelica model, do one of the following to

* In the schematic editor, right-click the Modelica component and select Edit

« Inthe Project Manager, find the model in Definitions > Models folder, then

Any change made in the Modelica environment will need to be compiled and

Next, you will add and connect Twin Builder components to the design.

Placing and Connecting Twin Builder Components for the Simple Power

Train Design

All of the required Twin Builder components for the simple power train design can be found in the

Twin Builder libraries locations shown in the following table.

Component Instance Location in Library

sine1 Basic Elements VHDLAMS\Tools\Time Functions:sine

dg02abc1 Aircraft Electrical VHDLAMS\Basic:dg02abc
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Component Instance

Location in Library

Current sources |1 —
13

Basic Elements\Circuit\Sources:|

ground

VDALibs VHDLAMS\hybrid_emc_vda\elements_general\gnd

Resistors R1 - R3

Basic Elements\Circuit\Passive Elements:R

Inductors L1 - L3

Basic Elements\Circuit\Passive Elements:L

PMSM

Aircraft Electrical VHDLAMS\Load:motor_pm

Rotational torque
meter

Basic Elements\Measurement\Mechanical\Velocity-Force-
Representation\Rotational_V:FM_ROT

Rotational angular
velocity source

Basic Elements\Physical Domains\Mechanical\Velocity-Force-
Representation\Rotational_V:V_ROT

Rotational mass

Basic Elements\Physical Domains\Mechanical\Velocity-Force-
Representation\Rotational_V:MASS_ROT

1. Locate each of the components in the library.

2. Drag and drop the components into the Schematic Editor in the Twin Builder Environment,
arranging them as shown in the figure below. (The circled Modelica component was

already placed on the schematic.)

3. Press Esc after placing each component to stop the placement action. Connections will

be added below.

4. Tochange a componentinstance name, click on one to display its properties. Enter the

desired instanceName in the associated Value field on the Properties tab.

5. To connect the components, click on an input or output pin of one of the components and

connect it to the desired pin on the other component. Note that:
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* You can right-click a component and choose Pin Visibility to toggle pin display.

* Inthe figure above, input pin i_q for the dgq02abc component is fed by a sinusoidal
signal. The other two inputs (i_d and i_0) can be hidden.

 Inthe figure above, for the PMSM component, input signal pin free is not used, and
output pin phi_eo must be turned on and connected to input phi_e of the dg02abc
component.

6. Repeat this procedure for each connection.

The Modelica model is based on a Functional Mock-up Interface (FMI) which only supports
causal input/output pins. However, physical connections in Twin Builder is usually acausal, as a
result, acausal-causal and causal-acausal connectors are necessary for this example to connect
Twin Builder PMSM element and created Modelica power train model, as shown below.

Acausal-Causal Interface Causal-Acausal Interface

o

MARE ROT1 r
. o 4

pre=ssssssss=s | 00000 . ... !/ o ] -, . |  pe====c=====

s P

P Twin = . : o
 Builder s | Modelica !
! Design i Model '

&
:
|

Next, you will assign properties for the Twin Builder components.

Setting Up Properties for the Simple Power Train Twin Builder Components

The properties for the Twin Builder components used in this example are summarized in the
following table.

Component Instance Properties
Ampl=84.6
sine1
Freq=1Hz
I_d=0
dg02abc1
I 0=0
Current sources |1 —13 Use defaults
ground Use defaults
Resistors R1 —R3 R1=R2=R3=10hm
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Component Instance Properties

Inductors L1 —-L3 L1=L2=L3=1e-5H
Phi_e=0

PMSM
Free = false

Rotational torque meter

Show pin for torque

Rotational angular velocity source

show pin for value

Rotational mass

J=1kgm2

To display the editable parameters and properties of a component:

1. Click the component to open its Properties window.

2. Select the various tabs at the bottom of the Properties window to browse and find
parameters and properties you need to edit. All other properties retain their default values.

3. Enter values or select options from the table above as needed. For example, to set
properties for the sine1 component:

a. Click on the sine1 component to display its Properties window.

Properties

1 x

Mame |‘-.-"a|ue| it |

SDB |

ampl 346
freq 1 Hz
val 0

<711

Quantities | Param Values

b. Onthe Quantities tab, per the information in the above table, enter 84.6 for the
ampl property; and 1Hz for freq. No other changes are needed.

Next, you will define outputs and create reports for the simple power train design.
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Defining Outputs and Creating Reports for the Simple Power Train Design

When all of the simple power train components are ready to use in the Twin Builder design, you
can define outputs and set up reports.

1. To create reports or graphical representations of simulation results, you must first define
outputs in the Output dialog to make them available for plotting. This can be done by
clicking on Output Dialog in the Schematic tab of the desktop ribbon. For this example,
the following outputs are selected:

e simPowerTrain1.u

e simPowerTrain1.y

« simPowerTrain1.engine_w
¢ simPowerTrain1.load_w
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B Output

Defined Cutput

R2.I

R2.W

R3.I

R3.W

simpePowerTrain 1.engine_w
simpePowerTrain 1.load_w

Add/Remove
I+ Outputs | Inputs | InDuts | Subdrouits | Derivatives

.
< > | «

| simpePowerTrain 1.engine_w Add

..... 10 = [ engine_a e Element All
..... 10 2 engine_flange_a_phi
----- 10 2 [ engine_flange_a_tau Elerment Mone
..... 10 2 engine_flange_b_phi
----- 10 = [ engine_flange_b_tau Expand All
..... 10 = [ engine_phi

..... 10 = [ Collapse Al
----- 10 2 feedback_ul

10

1

151

ERE

----- [T feedback_u2
----- [ feedbadk_y

™ idealPlanetary_carrier_phi
[ idealPlanetary_carrier_tau
-

idealPlanetary_ring_phi W

=
=
=
=
=

QK | Cancel

Refer to Setting the Outputs for Simulation in the Twin Builder help for more information.

2. Inthe Project Manager, you can then right-click on Results and choose Create Standard
Report to add various types of reports for the design being simulated.

The outputs you set in the Output dialog box will be available in the Report dialog boxes
for plotting. Below are example reports dialogs for plotting the outputs mentioned above.
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E Report: SimplePowerTrain - TwanBuilder! - Modelica Input/Output - simpePowerTrainl.u *
Context Trace | Famiies I
Soluton: e -
| ] Primary Sweep: |Time || =
Domain: -
[Teme | X R Defaut | Time )
Optimitrics setup: |Mm¢ *v'l Range
¥: |=‘I‘I|J|:F"m~thrni'l 1u; smpePower Train 1.y Fuss o
Sedect Quantities. .. -
Category: Qumh'tr:l 'I Fursction:
Varisbles motor_pm1.r_so PO <roe> Y
Output Variables mator_pem 1_rpm ﬁ;
Aok mator_pml. tau_e 'S
Angular Acceleration R1.I ang_deg
AngularSpeed ALY ang_deg_val
Current RZ.I ang_i
Others RV arg
Torque . asn
Voltage R3.1 assh
LERY atan
ampePover Train Lengine_w atanh
ampePower Train 1 osd_w
Update Report
¥ Real time s =
mm:'-'a-iaﬂcs.,.l QOpbions... Mew Report | Apply Trace | ﬁ.ddTrm| Close |
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E Report: SimplePowerTrain - TwinBuilder] - Rotational Speed - simpePower Trainl.engine_w

Context

Solution: [m El

Trace | Famiies | Famibies Display |

Primary Sweep: |Tm: j |.#.l

X W Defaut | Time

*
Optimitrics setup: |hbnc bt Range
e |5rnp|_-P'c|-m_-1'Trn.n 1engine_w; smpePower Tran 1.boad_w z

Select Quantities
Category: Cuantity: b Fursction:
Variables mator_pml.r_so - m
 — " o
o mator_pm 1. tau_e scosh
Argular doceleration R1LI ang_deg
AngularSpeed ALY ang_deg_val
Current RZ.I ang_rad
Qthers By arg
Torque . a5
Voltage Rl asinh
BRIV atan
ampePover Train Lengine_w) atanih
simpePowerTrain Lload_w E:;_I
ampePower Tram L.u cum_integ
Update Report smpePowerTrain L.y cum_sum
5 df
v Real time o sned.val ¥ |are ot
Output Variables. .. | Ophunsl [M:wﬁmort | Apply Trace | Add Trace | Clase I

For details on the various ways for viewing simulation results, see Generating Reports
and Postprocessing in the Twin Builder help.

Next, you will set up and run a transient analysis to generate simulation results.

Setting Up and Running a Transient Analysis for the Simple Power Train
Design

In this example, we would like to simulate the time-domain response of the simple power train
design. This requires that a transient analysis be performed on the design. By default, a

transient analysis, TR, is created for the design. You can find it in the Project Manager under
Analysis of the design.

Case Studies 3-124
Twin Builder 2024 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

information of ANSYS, Inc. and its subsidiaries and affiliates.



Twin Builder Modelica Tutorial

1. Double-click on TR to set up end time and the desired time step for the simulation.

Transient Analysis Setup

Analpsis Setup Name [HE]

Analysts Control
[ Digable thiz analyzis

End Time - Tend 5 [+

=
Mir Time Step - Hmin ['“:l [u&. L]
Max Tirwe Stap - Hmax |1 [+ -

[T Use Indial Values
| L]

[~ Enable contirue o sobye

Analysiz Options [Dved aukt O phions) |

oK | Cancel |

2. Forthis example, set End Time to 5 s, Min Time Step to 10 us, and keep Max Time Step
as the default 1 ms. For more details about transient analysis, see Transient Analysis
Setup in the Twin Builder help.

3. To start the simulation, run the transient analysis by doing one of the following:
* On the desktop ribbon, Schematic tab, click the Analyze icon.
 Inthe Project Manager, right click on TR of the design, then select Analyze.

Below are sample reports of the simulation results for the design.
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