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1 - Introduction

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 SML as well as
VHDL-AMS.

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.

Twin Builder performs calculations for simulation models described in VHDL-AMS. VHDL-AMS
stands for Very high-speed integrated circuit Hardware Description Language — Analog Mixed
Signal. The SML compiler automatically starts the VHDL-AMS simulator if VHDL-AMS
components are used in the simulation model. Standard components for VHDL-AMS simulation
are available in the Component Libraries window: in the Basic Elements VHDLAMS folder,
the Digital Elements folder, and the Tools > Transformations > OmniCasters folder. In
addition, components created specially for use with this are located under "C:\Program
Files\ANSYS Inc\v252\AnsysEM\syslib\". To use the libraries, rename the
ExampleLibraries._aclb and vhdlams_tutorial._aclb files to ExampleLibraries.aclb and
vhdlams_tutorial.aclb, respectively. The tutorial libraries will be contained in the Systems
Libraries in the Component Libraries window when you use Twin Builder later.

Tutorial Content

This tutorial describes the special functionality for modeling VHDL-AMS elements within the
Twin Builder environment. This includes an introduction to the use of VHDL-AMS components
as well as general model development in Twin Builder. The simulation models used in the
examples in this tutorial are included on the CD that accompanies the Twin Builder student
version. The examples can be loaded into Twin Builder from the included files or can be created
by following the step-by-step instructions in this tutorial.

The tutorial does not teach engineering design or cover the complete VHDL-AMS language
syntax. These topics are large enough by themselves to warrant several books.

General Description of Contents

Introduction

Describes the general procedure for solving a simulation problem, lists general hints for using
this manual, and explains how to install Twin Builder.

Introduction 1-1
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VHDL-AMS and VHDL Models in Twin Builder

Describes the modeling of VHDL-AMS models using Schematics, and introduces the use of
subsheets and macros.

Automotive Powernet System Example

Describes the modeling and use of VHDL-AMS models in a system-level automotive powernet
example. This example is developed in six steps using simplified models for powertrain, battery,
alternator, DC-DC converter, and load models in VHDL-AMS. It also illustrates the use of
configurations.

Case Studies

Uses six case study examples to provide an in-depth understanding of how to use the VHDL-
AMS language for different modeling tasks. These examples describe the use of multiple model
architectures for different levels of complexity, different modeling styles, and different behavior.
Examples that illustrate the multidomain and digital modeling flexibility of VHDL-AMS are also
included.

Model Development

Describes how to create model libraries, models, and packages in Twin Builder, and gives
several examples of model development in Twin Builder projects.

VHDL-AMS Language Fundamentals

Describes the VHDL-AMS language syntax.
Appendix

Provides a glossary of frequently used terms and a literature reference list for Twin Builder.

VHDL-AMS Tutorial Conventions

Twin Builder is fully Windows compliant. The basic operation of the windows and user
environment is consistent with the Windows standard, and therefore is not described here. For
questions about Microsoft Windows, please consult your Windows documentation. The following
formatting conventions are used in this documentation:

[Apply] Button to confirm selection activity

File>Open Menu sequence to start an action

«Properties» | Text on menus and option fields
QUANTITY |VHDL-AMS keyword
s==v*; VHDL-AMS modeling description

Introduction 1-2
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] Selected check box in a dialog
O Cleared check box in a dialog
O] Selected option button in a dialog
O Deactivated option button in a dialog
Note Indicates important information — Please note!

Twin Builder Documentation

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

Table 1: PDF Manuals

Getting Started

Program functionality at a glance, new functions, step-by-step
simulation 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 Tutorial

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

Installation Guide

Refer to the Ansys EM Suite Installation topic. This topic provides links
to the Windows Installation Guide and the Platform Support website.

Table 2: Help

Help

Click Help > Twin Builder Help to access the Help with index and
search 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\ANSYS Inc\v252\AnsysEM\Examples\Twin
Builder\Applications"

Introduction 1-3
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and the Modelica Tutorial examples are available in
"C:\Program Files\ANSYS Inc\v252\AnsysEM\Examples\Twin
Builder\Modelica Tutorial\Tutorial Examples"

Overview of the Twin Builder Interface

The following figure and the table following describe the major Twin Builder interface elements
for an existing project with its associated schematics.

m ANSYS Ebectronics Desitop - ElectncalMatorlift - TwinBuilder! - SchematicEditor - [ElectncalMotorLift - TwinBuilder! - Schematic] = 0 X
K] File Edit View Project Draw Schematic TwinBulder Took Window Hep  Menu Bar I -8 x
H i) Quoonin 1 @ Design+ oL a ) Add Model [ it Active Setup W @ settings -
A = € Zoom Out ) @D . tical + (B & import hiodel ] v @Opﬂmetm:s T & @Launch v
Save om , Ribbons Links Analyze ) — ]
Fite (ol Zoom Area ¥ s tical ¥ « {8 Charaderize » A Frofile & Monitor ™| Qutput Dialag ¥ §8 Tals +
Desktop  View | Sthematic Simulation Reults  Automation 7] A
Project Manager hx # | Companent Librarles b
B Blectricaliiotortit A Electri in |k
ectric Motor - Hydraulic Lift Example
=, TwinBuikdert y P Bl Favortes A
- ® R; Resstor (LIBRARY: Simplorer Blame
f ® L Inductor (LIBRARY: Smplorer Bamen
Project Manager
] q @ C: Capoctor (UBRARY: Simplorer Bem
® [: Diode (LIBRARY Smplorer Bement:
. © E: Vokage Souce (LIERARY: Smplores
i Design Area  AM: Bectical Anmeter (LIERARY.: Siny
4[] Components @ VM: Bectical Voltmeter (LIBRARY: Sir
4[] Symbas -5 Mogt Recently Used
(] Footeints = =F" )
(] Padstacke #| Component Libraries
-] Modeks ;
(1 Packages v i
Froperties 1 x 8- HEV VDLANS
o 12 Manufacturems
Name |Vale| Unt |Eva - i O : -1 Muitphysics
[ m—_ o ol R 5 [ T [0 Power System VHOLAMS
= - | » k- ‘ e A1 Tadks
' BN (1 VDALs VHDLAMS
&8 Proiect Companents
I @ ModslcaHydmubeLft
. ’ . @ siep: Step Funchion Block in VHDLAM
P Wy R i @ ramp: Ramp input (VHOL-AMS). (LIBRA
© DATAPAIRS: 2D Lookp Table (LIBR:
® & Votage Source n VHOL-AMS (LER.
. omimm ' T
1 | New Page | v
Message Managet B X § Progresd %
Message Manager Window I Progress Window
Humber of selected items: 0 X: 5251mil Y. B27mil | 0| Hida () Magaages ||"' Hida Prograse |

Project

The Project Manager pane shows all the components, models, and other
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Manager
pane and
Project tree

elements of each design in the project. Each project has its own expandable
Project tree. You can perform many operations on the design elements directly
from the Project Manager pane.

Message Displays error, informational, and warning messages for the active project.
Manager
pane
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.
Component (Displays, on the Components tab, the component categories, including
Libraries Favorites, Most Recently Used, Simplorer Elements, and Project Components.
window You can pin the window to make it remain visible or make it visible only when itis
being used.
These elements are defined as favorites by default:
* R (resistor)
e L (inductor)
» C (capacitor)
e D (diode)
» E (voltage source)
* AM (ammeter)
* VM (voltmeter)
The Project Components section lists the elements that are active in your
projects.
If you have created any personal libraries, a Personal Libraries section displays
them.
The Component Manager window also provides a search feature on the
Search tab.
Menu bar Provides various menus that enable you to perform Twin Builder tasks, such as

managing project files, designs, and libraries; customizing desktop components;

Introduction 1-5
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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.

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 default, 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 v 0 X
-3 Project1

m TwinBuilderl

G123 Definitions

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

Introduction 1-6
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Project Manager - O X

- Project1
Elm TwinBuilderl

L] Ports

-8 Analysis

l@ Optimetrics

L e Results

=20 Definitions

E;|---|:| Components

-2 Symbals

----- £ Models

----- [£3 Padkages
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2. Torename the design, right-click Twin Buildern in the project tree, and choose Rename
on the shortcut menu.

This enables the text cursor for the design name.

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

Project Manager + 0 X
=5 Projecta*

[[ﬁ'f' System Battery™

I:l Definitions

Note:

To use the example files provided for this Tutorial, choose File > Open Examples from
the main menu and navigate to the appropriate system example (for example, system_
battery.aedt) or case study example (for example, case_study automotive alarm
system.aedt) files in the Tutorial Examples subfolder under

"C:\Program Files\ANSYS Inc\v252\AnsysEM\Examples\Twin

Builder\VHDLAMS Tutorial\".
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Save the New Project

To save the new project:

1.

Click File > Save.
The Save As dialog box appears.

Use the file browser to find the directory where you want to save the file.
Type the desired file name in the File name text box.

In the Save as type list, ensure that Ansys Electronics Desktop Project File (*.aedt) is
chosen. Project files are given an .aedt extension by default.

Click Save to save the project to the specified location.

Note:

For further information on any Twin Builder topic, schematic editor commands or
windows, you can view Twin Builder‘s context-sensitive help in one of the
following ways:

» Click the Help button in a pop-up window.

» Press F1 to open the Help window. If you have a dialog box open, the
Help window opens to a page that describes that dialog box.

» Use the commands in the Help menu.

Introduction 1-8
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2 - Automotive Powernet System Example

This basic automotive powernet example describes the development of a simulation model for
an automotive powernet in five incremental steps.

1. Inthe first step, a current source controlled by speed is used to model an alternator. Multi-
domain modeling concepts are also introduced.

2. The second step introduces a simple behavioral 14V battery model with state-of-charge
calculations that can be used in parallel with the alternator model in the powernet.

3. The third step adds a 42V subnet to the existing 14V powernet with a DC-DC converter
model that supplies a 42V admittance load.

4. The fourth step introduces an ignition switch to supply different types of loads such as a
switched load, a power load, and a lamp load.

5. The fifth step explains how several speed-profile characteristics, contained in text files,
can be used as different architectures for the powertrain model.

The examples used in this chapter were derived from a powernet design developed by the MSR
Consortium'- The models used in the examples are highly simplified to be better suited for the
introduction of VHDL-AMS concepts.

Automotive Powernet System Example 2-1
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This chapter contains information on:

< Tamp suld puld T34

T

control_panel1

* Model Overview about the automotive powernet system example
¢ Using example sheets on CD
+ VHDL-AMS modeling features described in these steps
» Step 1: Alternator that transforms speed input to electrical output
» Step 2: Battery with state-of-charge calculation
» Step 3: DC-DC Converter that supplies a 42V admittance load
« Step 4: Ignition switch to supply different types of loads

Automotive Powernet System Example 2-2
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» Step 5: Configuration files
» Step 6: Powertrain with different speed profiles from text files

1. Visit the MSR Consortium on the Internet: http://www.msr-wg.de/msr.html.

Model Overview

The two main sources of electrical power in an automotive vehicle are the alternator and the
battery. The alternator transforms the mechanical power of the engine into electrical power,
which is then distributed to the vehicle’s powernet. When a car is started, the engine takes some
time to power up with the initial power being provided by the battery. Once the engine is up and
running, the alternator supplies all the power required by the powernet. When the electric power
supplied by the alternator is less than that required by the vehicle, the battery is used as a
supplemental source. At other times, when the power generated by the alternator is greater than
the vehicle's power requirements, the extra power can be used to charge the battery. This
simplified block diagram shows the main components of an automotive powernet system.

Power sources ¢
Power- = |Alternator *| 14V Loads[=—| Lanition |=— Control
train 1 switch panel
* 42\
be/ve | | -
Battery 42V Load
14y

« The powertrain block is used to describe the speed profile of the vehicle. In this example,
the powertrain describes the speed profile of the engine over a period of time.

« The alternator and the lead-acid battery supply the electrical power to loads that typically
operate off of a 14V bus. In this example the loads operate from a 12V battery, and there
is a dual bus system with both 14V and 42V.

e The DC-DC converter transforms 14V to 42V and supports the 42V bus.

* Three loads are present on the 14V system voltage bus and one load on the 42 V system
voltage bus.

» The ignition switch is present for the 14V system bus, while the 42V bus is always
powered (keyless bus).

* The control panel is used to switch on/off or trigger the loads in the car. The control panel
can be compared to a user switching on and off the AC/seat warmer/GPS module/Wiper
system, etc., controls on the dashboard of the car.

Automotive Powernet System Example 2-3
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* The non-ideal wires of the powernet are modeled as wires with given resistances.
Typically, wire harnesses with specific characteristics are used for the powernet
connections.

Using Example Sheets

The project files for the examples described in this chapter and the next, and the required library
vhdlams_tutorial.asmd, are provided on the student version CD. Twin Builder is needed to
create and simulate the examples. The Student Version has some limitations in the number and
types of simulation models available. If an example cannot be executed with the student version,
anote is included on the sheet in the project file. In order to run these examples with the student
version, some models need to be excluded from the simulation. To do this, select the component
instances that need to be excluded and choose Edit > Deactivate (Open). The selected
components will have a large red “X” superimposed on them, indicating that they are not
included in the simulation.

The project files for the examples can be opened in Twin Builder, or created by following the
step-bystep instructions in this chapter. All sheets for the powernet example can be accessed
from the system examples.asmp project file, which can be found in the Tutorial Examples
folder. The steps of the example can be done sequentially, extending the example sheets step-
by-step, or starting with any step since each step explains how to create the complete example.
If there are no instructions to change parameter values in the examples, the default values are
used.

Creating Examples from Scratch

To create the examples in this chapter from scratch, start Twin Builder and create a new project
as explained in "Starting Twin Builder and Creating a New Project " on page 1-6 . Once the
project is created and Schematic is open, go to the Component Libraries window. Navigate to
the Basic Elements VHDLAMS folder and open it to display the tutorial models.

Each of the examples in this chapter includes a schematic that shows how the models are
connected, and step-by-step instructions for:

¢ Selecting and placing models on the sheet.
» Setting the parameter values for the models.
* Making necessary architecture changes.
« Adding reports to the sheet.
Each example also includes an in-depth discussion of the entity and architecture descriptions for

critical models in the system, and an explanation of the VHDL-AMS code contained in those
models.

Each example is an extension of the previous example, adding models to the existing
schematic.
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VHDL-AMS Modeling Features

The following table lists VHDL-AMS features and models used in the case studies (including the

example file name), and indicates if the examples can be run in the Student Version (SV).

Case

VHDL-AMS Features

Model/Sheet Name

SV

1

Alternator

Multidomain modeling

CONSTANT and FUNCTION statements

yes

Battery

BREAK and IF-USE statements
'DOT attribute

yes

DC-DC Converter

Modeling with OmniCasters
Solvability Criteria
'INTEG attribute

partly

Ignition switch

Mixed-signal modeling

SIGNAL statement

partly

Control Panel

Modeling with several configurations and
architectures

PROCESS statement

no

Powertrain

FILE 1/O statements

Multidomain modeling using Domain-to-Domain
model

yes

Step 1: Modeling the Alternator

The first step in the powernet example, found in the file system_alternator.aedt, introduces

concepts in multi-domain modeling with a simple alternator model. The alternator is modeled as

a current source that transforms engine speed input to electrical output that is then used to
supply aresistive load.

The Powertrain block provides the speed profile of the engine through a mechanical pin output.

This mechanical pin is connected as an input to the Alternator model. The Alternator model
provides the electrical power to the entire system (represented by the load resistor).

The following figure shows the system_alternator schematic. The cyc 60 architecture is used for

the powertrain model to provide a drive cycle for a period of 60 seconds.

Automotive Powernet System Example 2-5
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Architecture=cyc_60

alternator1
powertrain1 + ®

r load
Fowertrain -

|/_W Alternator r_n0m=1 m

DO —m3D]

Note:

This example does not provide comprehensive results for all possible speed profiles. It
is used to introduce the general model design that will be completed in the six modeling
steps of the Powernet System Example.

Creating the Simulation Model

1.

Place and arrange all components shown in the figure above. Alternator, Powertrain,
and Resistor are VHDL-AMS models from the vhdlams_tutorial folder. (Before opening
Twin Builder, go to "C:\Program Files\ANSYS Inc\v252\AnsysEM\syslib\" and rename
the ExampleLibraries._aclb and vhdlams_tutorial._aclb files to
ExampleLibraries.aclb and vhdlams_tutorial.aclb, respectively. The tutorial libraries
will be contained in the Systems Libraries in the Component Libraries window when you
open Twin Builder later.) Choose Draw > Ground or type Ctrl+G to place the ground
node.

. Connect the models. Place the cursor on one of the model pins to activate the wire

cursor and click to enter wire mode. Connect the components as indicated in the figure,
setting the beginning, the corners, and the end of a wire with the mouse.

Define the resistor parameters. Double-click the resistor symbol to open the Properties
dialog box. On the Parameter Values tab, change the InstanceName from res? to r_load.
(The name also can be changed by clicking on it, entering the new name, and then
pressing Enter.) Click in the «Value» field, and enter 1.0m for the resistance value. On the
Property Displays tab, click Add to add a new property to the list of displayed properties.
In the «Name» field choose r_nom, and in the «Visibility» field choose Both. Click OK to
apply the changes.

Automotive Powernet System Example 2-6
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. Define the powertrain parameters. Double-click the powertrain symbol to open the
Properties dialog box. On the Parameter Values tab, change the SimulatorModel from
cyc_manhattan to cyc_60. Click in the «Value» field, and select cyc_60 from the list. On
the Property Displays tab, click Add to add a new property to the list of displayed
properties. In the «<Namen» field choose an option, and in the «Visibility» field choose
Both. Click OK to apply the changes.

. Define the simulation parameters. Choose Twin Builder > Add Solution Setup >
Transient to open the Transient Analysis Setup dialog box, and change the default value
for simulation End Time to 60 seconds, Min Time Step to 7ms, and Max Time Step to 70
ms. Click OK to apply the changes. Right-click the Analysis icon in the Project Manager
and select Add Solution Options. On the TR tab set Integration formula to Trapezoid.
Click OK to apply the changes.

. Place and arrange a 2D Rectangular Plot to display simulation results. Select
Draw > Report > Rectangular Plot, and then click and drag to place and size the plot on
the sheet.

. Open the simulation Output list. Choose Twin Builder > Output Dialog to open the
Output dialog box.

. Define the simulation output quantities. Click the + next to the components to reveal
the list of available quantities. Check the output boxes of r_load.v, alternatori.current_out,
and alternator1.speed_out to add these to the list of displayed quantities. Click OK to
apply the changes.

. Add traces to the plot. Double-click the on-sheet plot to open the Report dialog box.
Select each of the output quantities defined above and change the scaling used for the
traces as shown in “"Results - Alternator Model" on page 2-13 . For example in the Y field,
multiply r_load.v by 25000. Click Add Trace to add it to the plot. Click Close to apply the
changes.

Automotive Powernet System Example 2-7
Twin Builder 2025 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

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



Twin Builder® VHDL-AMS Tutorial
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10. Save the project. Choose File > Save As, enter a file name and directory, and click OK.

Overview of Parameter Values - Alternator Model

Model Name ||Parameter Values|Tab/Library Architecture
powertrain1 |[no parameters Projects/vhdlams_tutorial.smd|cyc_60
alternator1  |[no parameters Projects/vhdlams_tutorial.smd|behav

r_load r_nom [Q]=1m Projects/vhdlams_tutorial.smd|behav
Alternator Model

The alternator model is a multi-domain model that uses the electrical (ELECTRICAL) and
mechanical (ROTATIONAL_V) domains. Consequently, the electrical _systems and
mechanical_systems packages that are defined in the IEEE library must be used. (To view the
entity and architecture descriptions for a model, in the Project Manager Definitions > Models
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folder, double-click the desired model to open it in the VHDL-AMS Editor.) The following
statements in the model definition include the two packages:

LIBRARY IEEE;
USE IEEE.ELECTRICAL_SYSTEMS.ALL,

USE IEEE.MECHANICAL_SYSTEMS.ALL;

Entity Description - Alternator Model

The model accepts the speed input from a speed source through a ROTATIONAL_V terminal
and outputs the corresponding electrical current and voltage through two ELECTRICAL
terminals. It also provides the speed, torque, and current values as outputs from the model. The
following table summarizes the port definitions in the model interface:

Interface |[Name Property
TERMINAL |rot_in ROTATIONAL_V
p_out ELECTRICAL

m_out ELECTRICAL
QUANTITY (speed out [OUTVELOCITY
current_out|OUTCURRENT
torque_out [OUTTORQUE

The equivalent VHDL-AMS description for defining the model interface is as follows:

ENTITY Alternator IS

PORT(TERMINAL rot_in : ROTATIONAL_V;
TERMINAL p_out, m_out: ELECTRICAL;
QUANTITY speed_out: OUT VELOCITY;
QUANTITY current_out : OUT CURRENT;
QUANTITY torque_out: OUT TORQUE);

END ENTITY Alternator;

Automotive Powernet System Example 2-9
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Architecture Description - Alternator Model

The model’s architecture describes the method in which the alternator transforms the
mechanical energy to electrical energy. This alternator is a simple model assumed to have no
inertia; therefore, the torque depends on the input speed and the electrical power output. The
alternator uses a characteristic function to obtain an output current value based on the input
speed as shown in the following table:

Speed (rpm)|0 [[1000 1500 2000 3000 [[4000 6000 | 10000 14000 | ¥
Current (A) |0 |0 30 |60 70 85 |90 100 105 105

The model defines a constant value of OM2N that is equal to 60/21tfor transforming the value of
rotational speed from rad/s to rpm. The VHDL-AMS statement for defining the constant value is
as follows:

CONSTANT OM2N : REAL := REAL := 60.0/MATH_2_PI;

The model calculates a torque output based on the following equations:

Torque * Omega = Voltage * Current

Torque = Voltage * Current/Omega

The equivalent VHDL-AMS description for defining the model architecture is as follows:

ARCHITECTURE behav OF Alternator IS

CONSTANT OM2N : REAL := 60.0/MATH_2_PI; -- This is equal to 60/2*pi
QUANTITY v ACROSS i THROUGH p_out TO m_out;

QUANTITY omega ACROSS torque THROUGH rot_in TO ROTATIONAL_V_REF;

FUNCTION CH (x: REAL) RETURN real IS
CONSTANT X1 :REAL :=1000.0;
CONSTANT Y1:REAL:=0.0;
CONSTANT X2 : REAL :=1500.0;

Automotive Powernet System Example 2-10
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CONSTANT Y2:
CONSTANT X3:
CONSTANT Y3:
CONSTANT X4 :
CONSTANT Y4 :
CONSTANT X5:
CONSTANT Y5:
CONSTANT X6:
CONSTANT Y6 :
CONSTANT X7 :
CONSTANT Y7:
CONSTANT X8:
CONSTANT Y8:

REAL :=30.0;
REAL :=2000.0;
REAL :=60.0;
REAL :=3000.0;
REAL :=70.0;
REAL :=4000.0;
REAL:=85.0;
REAL :=6000.0;
REAL :=90.0;
REAL :=10000.0;
REAL :=100.0;
REAL :=14000.0;
REAL :=105.0;

VARIABLE result: REAL :=0.0;

BEGIN

IF X < X1 THEN result:=Y1;

ELSE

IF X < X2 THEN result:= Y1+(x - X1) / (X2-X1) * (Y2-Y1);

ELSE

IF X < X3 THEN result:= Y2+(x - X2) / (X3-X2) * (Y3-Y2);

ELSE

IF X < X4 THEN result:= Y3+(x - X3) / (X4-X3) * (Y4-Y3);

ELSE

IF X < X4 THEN result:= Y3+(x - X3) / (X4-X3) * (Y4-Y3);

ELSE

IF X < X5 THEN result:= Y4+(x - X4) / (X5-X4) * (Y5-Y4);

ELSE

IF X < X6 THEN result:= Y5+(x - X5) / (X6-X5) * (Y6-Y5);

Automotive Powernet System Example 2-11

Twin Builder 2025 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

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



Twin Builder® VHDL-AMS Tutorial

ELSE

IF X < X7 THEN result:= Y6+(x - X6) / (X7-X6) * (Y7-Y6);
ELSE

IF X < X8 THEN result:= Y7+(x - X7) / (X8-X7) * (Y8-Y7);
ELSE result:=Y8;

END IF;

END IF;

END IF;

END IF;

END IF;

END IF;

END IF;

END IF;

END IF;

RETURN result;

END FUNCTION CH;

BEGIN

i ==-CH(omega * OM2N);

torque == -i*v/ (omega + 1.0E-12);
speed_out == omega*OM2N;
torque_out == torque;

current_out ==1i;

END ARCHITECTURE behav;
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Note:

Usually, subprogram modules like FUNCTION declarations and reusable declarations
such as TYPE/CONSTANT declarations are defined in a package. In this model, the
function and constant definitions are within the model architecture since they need not
have a scope outside of the model.

Results - Alternator Model

Start the simulation using Select Twin Builder > Analyze menu command. The simulation
model is compiled and evaluated. The on-sheet plot shows the simulation results. The alternator
outputs an electrical current based on the input speed from the powertrain block.

- Curve [nfo

T — (1 load.wf25000
250000 — e

altemnator! speed_out

TR
] i
: — (alternatord.cument_ouff5
£ 150000 — Q i i

Defa
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-600.00
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3000
oA 3]

Step 2: Battery Model

The second step of the example, found in the file system_battery.aedt, adds a simple
behavioral 14V battery model that can be used in parallel with the alternator model in the
powernet.

The alternator and battery models provide the electrical power to the entire system. The battery
characteristics of interest are the current, voltage, and the State-of-Charge (SoC). The SoC of
the battery is expressed as a value between '0' and '1' and suggests how much charge from the
battery is used up during a drive cycle. When the alternator is able to support the loads and drive
current into the battery, the battery SoC increases. On the other hand, if the battery is powering
the electrical system of the vehicle, its SoC decreases. The graph of the SoC indicates how the
SoC varies continuously as different loads are switched on and off.

The following figure shows the circuit constructed by adding the battery model, the wire
component, and an ammeter to the system_alternator.aedt schematic sheet.
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Creating the Battery Simulation Model

1.

Place and arrange all components shown in the figure above. (The schematic from
the previous step can be used as a basis, if desired.) Alternator, Powertrain, Battery,
and Wire are VHDL-AMS models from the vhdlams_tutorial folder under System
Libraries in the Component Libraries window. The ammeter is a model from the Basic
Elements VHDLAMS>Measurement>Electrical library folder. Type Ctrl+G to place the
ground nodes.

Connect the models. Place the mouse cursor on a model pin to activate the wire cursor
and click to enter wire mode. Connect the components as indicated in the figure.

Define the Wire component parameters. Double-click the Wire component to open its
Properties dialog box. Click in the r_nom property’s Value field, and enter 3m for the
resistance value. Click OK to apply the changes. Use the Property Displays tab to display
r_nom with its value as shown above.

Define the simulation parameters. Choose Twin Builder > Add Solution

Setup > Transient to open the Transient Analysis Setup dialog box, and set the default
value for simulation End Time to 60 seconds, Min Time Step to 7ms, and Max Time
Step to 70 ms. Click OK to apply the changes. Right-click the Analysis icon in the Project
Manager and select Add Solution Options. On the TR tab set Integration formula to
Trapezoid. Click OK to apply the changes.

Place and arrange two 2D Rectangular Plots to display simulation results. Select
Draw > Report > Rectangular Plot, and then click and drag to place and size the plot on
the sheet.

Open the simulation Output list. Choose Twin Builder > Output Dialog to open the
Output dialog box.
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7. Define the simulation output quantities. Click the “+” next to the components to reveal
the list of available quantities. Check the output boxes of alternator1.speed_out, bat
soc.v_out, and am1.ito add these to the list of displayed quantities. Click OK to apply the
changes.

8. Add traces to the plot. Double-click the on-sheet plot to open the Report dialog box.
Select each of the output quantities defined above and change the scaling used for the
traces as shown in "Results - Battery" on page 2-19. Click Add Trace to add it to the plot.
Click Close to apply the changes.

9. Repeat steps 6, 7, and 8 for the second plot, but check the box of bat_soc.soc_out as
output.

10. Save the sheet. Choose File > Save As, enter a file name and directory, and click OK.

Overview of Parameter Values - Battery Model

Model Parameter Values Tabl/Library Architecture

Name

powertrain1 |no parameters Projects/vhdlams_ cyc_60
tutorial.smd

alternator1 |no parameters Projects/vhdlams_ behav
tutorial.smd

bat _soc1 factor=1; v_init[V]=12; v_max Projects/vhdlams_ behav

[V]=14 tutorial.smd

wire1 r_nom [Q]=3m Projects/vhdlams_ behav
tutorial.smd

am1 no parameters AMS/basic_vhdlams.smd behav

Battery Model

The battery model uses the electrical (ELECTRICAL) domain; consequently, the electrical
systems package that is defined in the /EEE library must be included. The following statements
in the model definition include the package:

LIBRARY IEEE;
USE IEEE.ELECTRICAL_SYSTEMS.ALL,;

Entity Description - Battery

The entity description of the battery model uses static GENERIC parameters (constant value
inputs evaluated only at the beginning of the simulation) and terminals in the interface. The
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battery model has three parameters: factor, initial voltage, and maximum voltage, as defined in
the GENERIC statement. The parameter factor refers to a scaling factor that can scale the
capacitance values. The battery provides its electrical output through a pair of electrical
terminals, the voltage across the battery as an output through v_out, and the state of charge of
the battery through soc_out as defined in the QUANTITY statement.

Interface |Name (Property Default Value
GENERIC |factor [REAL 1.0

v_init |VOLTAGE 12.0

v_max (VOLTAGE 14.0
TERMINAL |p ELECTRICAL
m ELECTRICAL
QUANTITY |v_out |VOLTAGE
soc_out||REAL

The equivalent VHDL-AMS description for defining the model interface is as follows:

ENTITY bat_soc IS

GENERIC(

factor: REAL :=1.0;

v_init: VOLTAGE :=12.0;

v_max : VOLTAGE :=14.0);

PORT(

TERMINAL p,m : ELECTRICAL;
QUANTITY soc_out: OUT REAL :=0.0;
QUANTITY v_out: OUT VOLTAGE :=0.0);
END ENTITY bat_soc;

Architecture Description - Battery

In a lead-acid battery, chemical energy is transformed to electrical energy at the battery
electrodes through chemical reaction of the acid molecules with the electrode materials. The
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chemical reaction at the battery electrodes results in a lower concentration of the lead acid near
the electrodes during discharge.

The diffusion of the acid molecules between regions of high and low concentration is modeled
with three components: the diffusion resistor, a 'slow' capacitor, and a 'fast' capacitor. Since the
acid near the battery electrodes is consumed faster, its concentration is lower. This is modeled
as a fast capacitor that discharges quickly. The acid concentration farther from the electrodes is
not consumed as fast, so it is modeled as a 'slow' capacitor that discharges slowly. The actual
diffusion of the acid molecules between the regions of low and high acid concentrations is
modeled with a diffusion resistor. The electrical resistance of the electrodes is modeled as the
internal resistance of the battery.

The behav architecture of the battery model describes the behavioral implementation of the
following circuit:

8 ( — RESISTOR # RESI5TOR

)O-E . t \ Fd

r_hom:=1e-2 | r_nom:=de-2
4

fc c SC

V_init ;= v_ini V_init ;= v_init

t
o |

¢_nom ;= 60*actor ¢_nom := 20000*factor

S y

The internal resistance (ri=10m), diffusion resistance (rd=40m), fast capacitor (fc=60*factor),
and slow capacitor (sc=20000*factor) are constant values. The model evaluates the circuit
based on the following four equations:

v_ri=i_ri*ri, d(v_fc)/dt = 1/(fc*factor) *i_fc
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v_rd=i_rd*rd, d(v_sc)/dt = 1/(sc*factor) *i_sc

The equivalent VHDL-AMS description for defining the model architecture is as follows:

ARCHITECTURE behav OF bat_soc IS

TERMINAL t1, t2: ELECTRICAL;

CONSTANT ri: RESISTANCE := 1.0e-2;
CONSTANT fc: CAPACITANCE :=60.0;
CONSTANT rd: RESISTANCE :=4.0e-2;
CONSTANT sc: CAPACITANCE :=2.0e4;
CONSTANT init_charge : CHARGE := ((fc + sc)*factor)*v_init;
CONSTANT max_charge : CHARGE := ((fc + sc)*factor)*v_makx;
QUANTITY v_ri ACROSS i_ri THROUGH p TO t1;
QUANTITY v_fc ACROSS i_fc THROUGH t1 TO m;
QUANTITY v_rd ACROSS i_rd THROUGH t1 TO t2;
QUANTITY v_sc ACROSS i_sc THROUGH t2 TO m;
QUANTITY v ACROSS p TO m;

QUANTITY ri_val : RESISTANCE :=ri;

QUANTITY total_charge : CHARGE :=init_charge;
BEGIN

BREAK v_fc=>v_init,v_sc=>v_init;

BREAK i_ri =>v_init/ri;

BREAK soc_out => init_charge/max_charge;

IF (i_ri<0.0) OR (soc_out < 0.1) USE

ri_val == (2.0*ri)**2/(1.0-soc_out);

ELSE

ri_val == (2.0*ri)**2/soc_out;

END USE;
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v_ri==i_ri*ri_val,

total_charge == ((fc*factor)*v_fc) + ((sc*factor)*v_sc);
soc_out == total_charge/max_charge;

v_fc'dot == 1.0/(fc*factor) *i_fc;

v_rd==i_rd *rd;

v_sc'dot == 1.0/(sc*factor) *i_sc;

vV_out==v;

END ARCHITECTURE behav;

The state of charge of the battery is based on the initial and maximum voltage values of the
battery.

The IF-USE statement is used to limit the charging of the battery when its SoC value approaches
one (1), and the internal resistor is used to limit the discharging of the battery when its SoC
value approaches zero (0). Unrealistic values of SoC can occur by forcing/drawing large
currents to/from the battery.

The 'DOT attribute is used to evaluate the derivative of an analog quantity in a simultaneous
differential algebraic equation.

To model the discontinuous behavior of the battery model, BREAK statements are used to
indicate the occurrence of a discontinuity to the analog solver. Here, since the first derivative of
the v_fc and v_sc quantities may be discontinuous the BREAK statement uses initial voltage
values that are specified by v_init.

Results - Battery

Select Simulation > Start to start the simulation. The simulation model is compiled and
evaluated. The plots show the simulation results on the sheet.

The alternator outputs an electrical current based on the input speed from the Powertrain model.
The State of Charge (SoC) of the battery is expressed as a value between “0” and “1”. When the
alternator drives current into the battery, the SoC of the battery increases. If the battery is
powering the electrical system of the vehicle, its SoC decreases.
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Step 3: DC-DC Converter

The third step of the example, found in the file system_dcdc.aedt, adds a 42V subnet to the
existing 14V powernet with a DC-DC converter model that supplies a 42V admittance load.

The system voltage of 14V is stepped-up to 42V by a DC-DC converter to provide the dual bus
voltage. The 42V bus supplies an admittance load that is switched on and off by a control signal
with a triangular waveform characteristic. The use of OmniCaster models is illustrated by
connecting a REAL QUANTITY output of a triangular time function model with the REAL
SIGNAL input required by the admittance load. If the pins of these models are connected
directly, a flexible OmniCaster will automatically be inserted between them. The flexible
OmniCaster model will choose the correct transformation based on the data types of the pins
connected to it. Or the Real-Real OmniCaster model (from the Tools>OmniCasters>Quantity-
Signal folder) can be placed on the sheet and connected as shown in the figure below.

The following figure shows the system_battery.aedt design extended with the DC-DC converter
model and the 42V subnet:
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Creating the DC-DC Converter Simulation Model

1.

Place and arrange all components shown in the figure above. (The schematic from the
previous step can be extended.) Alternator, Powertrain, Battery, Capacitor, DC-DC
Converter, Load, and Wire are VHDL-AMS models from the vhdlams_tutorial folder
under System Libraries in the Component Libraries window. The OmniCaster model
is inserted automatically by drawing a connection from the Triangular Wave component to
the Load. The Triangular Wave is a model from the Time Functions folder under the Tools
folder of the basic_vhdlams library. Type Ctrl+G to place a ground node.

Connect the models. Connect the components as indicated in the figure, setting the
beginning, the corners, and the end of a wire with the mouse.

Define wire parameters. For each wire model, double-click the wire symbol to open its
Properties dialog box. Click in the r_nom Value field, and enter the corresponding
resistance value. Click OK to apply the changes.

Define parameters of the capacitor. Double-click the capacitor symbol to open its
Properties dialog box. Click in the ¢_nomValue field, and enter 10m as capacitance.
Click OK to apply the changes.

Define parameters of the load. Double-click the load symbol to open its Properties
dialog box and change the model name to load 42. The model uses the admittance
architecture (default setting). Click OK to apply the changes.
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6.

10.

11.

12.

13.

14.

Define parameters of the triangular wave. Double-click the triangular wave model to
open its Properties dialog box. Click in the appropriate Value fields and enter 0.05 as
offset, 0.05 as amplitude, and 0.2 as frequency value. Click OK to apply the changes.

Define the simulation parameters. Choose Twin Builder>Add Solution
Setup>Transient to open the Transient Analysis Setup dialog box, and set the default
value for simulation End Time to 5 seconds, Min Time Step to 7ms, and Max Time Step
to 1 s. Click OK to apply the changes. Right-click the Analysis icon in the Project Manager
and select Add Solution Options. On the TR tab set Integration formula to Trapezoid.
Click OK to apply the changes.

Place and arrange two 2D Rectangular Plots to display simulation results. Select
Draw > Report > Rectangular Plot, and then click and drag to place and size the plot on
the sheet.

Open the simulation Output list. Choose Twin Builder>Output Dialog to open the
Output dialog box.

Define the simulation output quantities. Click the “+” next to the components to reveal
the list of available quantities. Check the output boxes of load 42.i, load 42.v, and load _
42.ctrl_ramp to add these to the list of displayed quantities. Click OK to apply the
changes.

Add traces to the plot. Double-click the on-sheet plot to open the Report dialog box.
Select each of the output quantities defined above and change the scaling used for the
traces as shown in Results - DC-DC Converter”. Click Add Trace to add it to the plot.
Click Close to apply the changes.

Repeat the steps 9, 10 and 11 for the second plot, but check the box of bat_soc.soc_out
as output.

Define the simulation parameters. Choose Twin Builder>Add Solution
Setup>Transient to open the Transient Analysis Setup dialog box, and set the value for
simulation End Time to 5 seconds, Min Time Step to 7ms, and Max Time Step to 7 s.
Click OK to apply the changes. Right-click the Analysis icon in the Project Manager and
select Add Solution Options. On the TR tab set Integration formula to Trapezoid and
Maximum number of iterations to 45. Click OK to apply the changes.

Save the sheet. Choose File>Save As, enter a file name and directory, and click OK.

Overview of Parameter Values - DC-DC Converter Model

Model Name [[Parameter Values Library Architecture
powertrain1 |[no parameters vhdlams_tutorial cyc_60
alternator1 no parameters vhdlams_tutorial behav

bat soc1 factor=1; v_init[V]=12; v_max[V]=14 vhdlams_tutorial behav

wire1 r_nom [Q]=3m vhdlams_tutorial behav

wire2 r_nom [Q]=1m vhdlams_tutorial behav

Automotive Powernet System Example 2-22
Twin Builder 2025 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

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




Twin Builder® VHDL-AMS Tutorial

Model Name |Parameter Values Library Architecture

wire3 r_nom [Q]=10m vhdlams_tutorial behav

wire4 r_nom [Q]=10m vhdlams_tutorial behav

cap1 ¢_nom[F]=10m; v_init[V]=0 vhdlams_tutorial behav

dcdc1 v_set[V]=42;i_in_max[A]=30 vhdlams_tutorial behav

triang1 ampl=0.05; freq[Hz]=0.2; off=0.05; basic_vhdlams behav
tdelay[s]=0

OmniCaster1 |[ts[s]=1m; inp=trian1.val Tools/transformations |behav

load_42 p_nom[W]=1; v_nom[V]=14;t_ramp vhdlams_tutorial admittance
[s]=10u; on_ctrl=OmniCaster1.val

DC-DC Converter Model

The DC-DC converter uses the electrical (ELECTRICAL) domain; consequently, the electrical _
systems package that is defined in the IEEE library must be included. The following statements
in the model definition include the package:

LIBRARY IEEE;

USE IEEE.ELECTRICAL_SYSTEMS.ALL;

Entity Description - DC-DC Converter

The entity description of the DC-DC converter uses static parameters (constant value inputs
evaluated only at the beginning of the simulation) and terminals in the interface. The DC-DC
converter has two parameters for the set voltage and maximum input current as indicated in the
GENERIC statement. These parameters are of type REAL with specific default values.

The model also has four terminals, a pair of plus (+) and minus (-) terminals at the input (p_in,
m_in) and at the output (p_out, m_out). The following table summarizes the port definitions in
the model interface:

Interface Name Property Default Value
GENERIC |v_set VOLTAGE 42.0
i_in_max||CURRENT 30.0
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Interface Name Property Default Value
TERMINAL (p_in ELECTRICAL
m_in ELECTRICAL
p_out ELECTRICAL
m_out [[ELECTRICAL

The equivalent VHDL-AMS description for defining the model interface is as follows:

ENTITY dcdc IS

GENERIC(

v_set: VOLTAGE :=42.0;

i_in_max: CURRENT := 30.0);

PORT(

TERMINAL p_in, m_in, p_out, m_out: ELECTRICAL);
END ENTITY dcdc;

Architecture Description - DC-DC Converter

The behav architecture of the DC-DC converter uses a function to limit the current and voltage
based on specified maximum and minimum values.

Condition Value

Xmin + € <X < xmax — g[[X

Xmin + € = X Xmin +&2/(xmin-x+2*¢)

else Xxmax — €%/(x - xmax+2*¢)

The model limits the voltage and current based on the following equations:

IF x_min + eps <= x AND x <= x_max - eps THEN RETURN x
ELSEIF x_min + eps >=x THEN RETURN x_min + eps *eps/ (-x + x_min + 2.0 * eps)

ELSE x_max-eps *eps/(x-x_max + 2.0 * eps)
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The equivalent VHDL-AMS description for defining the model architecture is as follows:

ARCHITECTURE behav OF dcdc IS

CONSTANT load_resistor: RESISTANCE :=0.1;
CONSTANT tank_latency: REAL :=1.0;

CONSTANT efficiency: REAL :=0.9;

CONSTANT i_in_min: CURRENT :=0.0;

CONSTANT v_tank_min : VOLTAGE :=10.0;
CONSTANT p_ctrl : REAL :=1.0;

CONSTANT i_ctrl : REAL :=1.0;

CONSTANT v_tank_init: VOLTAGE :=12.0;

QUANTITY v_in ACROSS i_in THROUGH p_in TO m_in;
QUANTITY v_out ACROSS i_out THROUGH p_out TO m_out;
QUANTITY v_tank, v_act_set, v_diff: VOLTAGE :=0.0;
FUNCTION saturation( x, x_min, x_max: real) RETURN real IS
CONSTANT eps: REAL :=1.0e-3;

BEGIN

IF x_min + eps <= x AND x <= x_max - eps THEN
RETURN x;

ELSIF x_min + eps >=x THEN

RETURN x_min + eps *eps/ (-x + x_min + 2.0 * eps);
ELSE

RETURN x_max - eps *eps/(x-x_max + 2.0 * eps);
END IF;

END FUNCTION;

BEGIN

BREAK v _tank =>v_tank_init;

i_in == saturation((v_in - v_tank)/load_resistor, i_in_min, i_in_max);
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v_tank'dot == (i_in + (i_out * v_out/v_tank)/efficiency)/tank_latency;
v_act_set == saturation(v_set, 0.0, v_tank * (v_set/v_tank_min));
v_diff==v_act_set-v_out;

i_out==-(p_ctrl *v_diff +i_ctrl * v_diff'integ);

END ARCHITECTURE behav;

This model architecture illustrates the use of branch and free quantities in a model description.
The statement

QUANTITY v_in ACROSS i_in THROUGH p_in TO m_in;

associates two branch quantities, an across quantity v_in and a through quantity i _in, between
the p_in and m_in terminals of the model. These branch quantities follow the energy
conservation laws defined by nature of the terminals they are associated with. The statement

QUANTITY v_tank, v_act_set, v_diff: VOLTAGE :=0.0;

defines three free quantities not associated with any laws of conservation, of type VOLTAGE.

The solvability of a set of equations in a mixed signal model description should satisfy the
following two rules:

* The number of equations specified in the model should be equal to the number of free
quantities, through quantities, and port quantities of mode OUT.

In this model description, the five equations specified account for three free quantities (v_
tank, v_act_set, v_diff) and two branch quantities (i_in, i_out). There are no port quantities
specified in the entity description.

* Any free quantities and any port quantities of mode OUT must appear in a simultaneous
equation within the architecture of the model.

In this model, v_tank, v_act _set, and v_diff all appear in simultaneous statements.

The equation for the output current models a Pl controller and uses the 'INTEG attribute to
obtain the implicit quantity value of [v_diff.dt.

The Admittance load model is discussed with other load models in"Multilevel Modeling
Techniques: Loads" on page 4-40.
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Results - DC-DC Converter

Select Twin Builder > Analyze to start the simulation. The simulation model is compiled and
evaluated. The on-sheet plots show the simulation results.

Current and voltage of the Load model varies depending on the control signal and the resulting
admittance (as the rate of change of the control signal).
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Step 4: Ignition Switch and Loads

This step, found in the file system_ignition_loads.asmp, extends the powernet system
example with three 14V load models and a digital control panel. The control panel provides the
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control inputs to each of the loads and controls the operation of the ignition switch that acts as a
main control for the loads.

The following figure shows the extended system_dcdc.asmp sheet with the lamp and load
models in the 14V subnet and the control panel.

The sheet can be simulated as shown with the full version of Twin Builder. Since the student
version limits the size of a design, some models need to be excluded from the simulation.
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Defining the Ignition Switch and Load Simulation Model

1. Place and arrange all components shown in the figure above. (The schematic from the
previous step can be extended.) Alternator, Powertrain, Battery, Capacitor, DC-DC
Converter, Ignition Switch, Load, Lamp, Control Panel, and the Wire model are VHDL-
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10.

AMS models from the library on the «Components» tab. Type CTRL+G to place a ground
node.

Connect the models. Place the cursor on a model pin to get the wire cursor and click to
enter wire mode. Connect the components as indicated in the figure, setting the
beginning, the corners, and the end of a wire with the mouse.

Select the powertrain architecture. Double-click the powertrain symbol to open the
Properties dialog box and click the «Parameter Values» tab. Choose the «cyc_600»
architecture from the list. This architecture provides a drive cycle waveform of a 600
second duration. Click OK to apply the changes.

| Mame Walue | L rik | Evaluateda

Instancelame  powerlrair

Simulatorkdode  Shdlamzlonal powertrain - coc_

Chabuz whdlams_tokorial powertrain - cye_manhaktan

vhdlams_tutorial: powertrain - cyc_60

whdlams_totorial: powertrain - cve_600 w—— Sglect the architecture
vhdlams_tutborial posertrain - cuc_udds

Define wire parameters. Double-click each wire symbol to open its Properties dialog
box. Click in the «Value» field, and enter the corresponding resistance value. Use the
table in "Overview of Parameter Values - Ignition Switch and Loads Models" on the next
page to set the correct value. Click OK to apply the changes.

Define parameters of the capacitor. Double-click the capacitor symbol to open the
Properties dialog box. Click in the «Value» field, and enter 70m as capacitance. Click OK
to apply the changes.

Define parameters of the loads. Double-click each load symbol to open its Properties
dialog box, and change the model name to the values shown in the diagram. Use the table
in "Overview of Parameter Values - Ignition Switch and Loads Models" on the next page to
set the correct architecture for each load. Click OK to apply the changes.

Place and arrange two Plots to display simulation results. Select

Draw > Report > Rectangular Plot, and then click and drag to place and size the plot on
the sheet. Similarly, select Draw > Report > Digital Plot, and then click and drag to place
and size the plot on the sheet.

Open the simulation Output list. Choose Twin Builder > Output Dialog to open the
Output dialog box.

Select the simulation quantities. Click the “+” next to the components to reveal the list
of available quantities. Check the output boxes of control_panel1.switch_out, control
panel1.lamp_out, control_panel1.power_out, control_panel1.switched_out, and control
panel1.admittance_out. Click OK to apply the changes.

Add traces to the plot. Double-click the on-sheet plot to open the Report dialog box.
Select each of the output quantities defined above and change the scaling used for the
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11.

12.

13.

traces as shown in "Results - Ignition Switch Model" on page 2-33 . Click Add Trace to
add it to the plot. Click Close to apply the changes.

Repeat the steps 8, 9,and 10 for the second plot but check the box of bat_soc1.soc_out as
the output.

Define the simulation parameters. Choose Twin Builder>Add Solution
Setup>Transient to open the Transient Analysis Setup dialog box, and set the value for
simulation End Time to 400 seconds, Min Time Step to 710 us, and Max Time Step to 5
s. Click OK to apply the changes. Right-click the Analysis icon in the Project Manager and
select Add Solution Options. On the TR tab set Integration formula to Adaptive
Trapezoid-Euler, Maximum current error to 0.07 and Maximum voltage error to 0.07.
Click OK to apply the changes.

Save the sheet. Choose File>Save As, enter file name and directory, and click OK.

Note:

The Digital Graph is especially designed to display digital signals of VHDL-AMS
models. In contrast to the Rectangular Plot, each signal has its own coordinate
system (Y-axis).

Overview of Parameter Values - Ignition Switch and Loads Models

Model Parameter Values Library Architecture

Name

powertrain1 |no parameters vhdlams_ [cyc_600
tutorial

alternator1 |no parameters vhdlams_ [behav
tutorial

bat_soc1 factor=1; v_init[V]=12; v_max[V]=14 vhdlams_ (behav
tutorial

wire1 r_nom [Q]=3m vhdlams_ |behav
tutorial

wire2 r_nom [Q]=1m vhdlams_ [behav
tutorial

wire3 r_nom [Q]=10m vhdlams_ |behav
tutorial

wire4/5/6/7 |r_nom [Q]=10m vhdlams_ |behav
tutorial

cap1 ¢_nom[F]=10m; v_init[V]=0 vhdlams_ [behav
tutorial
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Model Parameter Values Library Architecture
Name
dcdc1 v_set[V]=42; i _in_max]A]=30 vhdlams_  [behav
tutorial
ignition1 on_ctrl=control_panel.switch_out vhdlams_ [behav
tutorial
load 42 p_nom[W]=1;v_nom[V]=14;t_ramp[s]=10u; on_ vhdlams_ |admittance
ctrl=OmniCaster1.val tutorial
lamp p_nom[W]=20; v_nom[V]=12; t_ramp[s]=10u; on_ vhdlams_ (behav
ctrl=control_panel1.lamp_out tutorial
sw_load p_nom[W]=1;v_nom[V]=14;t_ramp[s]=10u; on_ vhdlams_ [ switch
ctrl=control_panel.switched out tutorial
nom_load [p_nom[W]=1; v_nom[V]=14;t_ramp[s]=10u; on_ vhdlams_ [nominal
ctrl=control_panel.power_out tutorial
control_ no parameters vhdlams_ | all_loads
panel1 tutorial

Ignition Switch Model

The ignition switch model is a simple non-ideal switch that accepts the on-resistance and off-
conductance of the switch as parameters. A digital Boolean signal with TRUE/FALSE values is
used as a control signal to turn the switch on and off.

The Load model uses the electrical (ELECTRICAL) domain; consequently, the electrical
systems package that is defined in the IEEE library must be included. The following statements
in the model definition include the package:

LIBRARY IEEE;
USE IEEE.ELECTRICAL_SYSTEMS.ALL;

Entity Description - Ignition Switch

This model defines two parameter values for r_on and g_off, terminals p and m, and a digital
control signal on_ctrl of type BOOLEAN. The following table summarizes the port definitions in
the model interface:

Automotive Powernet System Example 2-31

Twin Builder 2025 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

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




Twin Builder® VHDL-AMS Tutorial

Interface |[Name (|Property Default Value
GENERIC |r_on |[RESISTANCE (1.0e-3

g_off ||REAL 1.0e-9
TERMINAL |p ELECTRICAL

m ELECTRICAL
SIGNAL on_ctrl||BOOLEAN FALSE

The equivalent VHDL-AMS description for defining the model interface is as follows:

ENTITY ignition IS

GENERIC (

r_on: RESISTANCE :=1.0e-3;
g_off: REAL :=1.0e-9);

PORT (

TERMINAL p,m: ELECTRICAL;
SIGNAL on_ctrl : IN BOOLEAN);
END ENTITY ignition;

Architecture Description - Ignition Switch

The ignition switch model uses a simultaneous IF condition to turn the switch on/off based on the
input Boolean control signal, on_ctrl. The BREAK statement is used to ensure that the analog
solver is able to resolve discontinuities that may arise because of the sudden transition of the
digital control signal.

The equivalent VHDL-AMS description for defining the model architecture is as follows:

ARCHITECTURE behav OF ignition IS
QUANTITY v ACROSS i THROUGH p TO m;
BEGIN

IF on_ctrl USE

v==i*r_on;
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ELSE

i==v*g_off;

END USE;

BREAK ON on_ctrl;

END ARCHITECTURE behav;

Results - Ignition Switch Model

Select Twin Builder > Analyze to start the simulation. The simulation model is compiled and
evaluated. The on-sheet plots show the simulation results on the sheet.

Depending on the switching characteristics defined in the control panel the loads are switched
on and off, causing the battery State of Charge to vary.

Curve Data

[control_paneli_switch_out TR ‘fake’

—control_panell lamp_cut: TR 0.0000 “““M

—control_panell. power_out: TR 00000

—control_panell switched_out: TR | 0.0000

—control_panel. admittance_out:TF 0.1000 _l—,—_l—l—_l—,—_l—l_

’ > 50.00 10000 15000 20000 25000 30000 350000 400.00

X-Axis [s]
X1: 0.

860.0 5

__855.0

E ]

=5850.0

=} ]

ul ] Curve Info

2845.0 -+ bat socl. soc_out

— ] TR

[

2840.0

= :

28350

83“'%.00 100.00 200.00 300.00 400.00

Time [s]
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Step 5: Powertrain

This example, found in the file system_powertrain.aedt, uses an architecture that models
component behavior using a lookup table. The powertrain model reads the lookup table from a
file and uses the values for simulation.

The powertrain model provides the speed profile of an engine through a mechanical pin output.
This mechanical pin is connected as an input to a Domain-to-Domain (D2D) model that transfers
the value of the ROTATIONAL _V pin to the electrical domain. The cyc_udds architecture is used
for the powertrain model to provide a drive cycle.

Some non-electrical parts of a multidomain simulation model can be modeled in the electrical
domain. To interface the mechanical domain powertrain model with the electrical switch model,
use the Domain-to-Domain model (D2D) from the Nature Transformations folder on the «Tools»
tab.

The following figure shows the system_powertrain.aedt schematic sheet:

ampl=1
pulset freq=0.002Hz
} I_ll_l b off=1
powertrain1 D2D1 r_load

Powertrain / ¢
i m ﬁ D2D .

. r_nom=100ohm
Architecture=cyc_manhattan pa—

L 00— O

Creating the Powertrain Simulation Model

1. Place and arrange all components shown in the figure above.Powertrain and
Resistor are VHDL-AMS models from the Basic Elements VHDLAMS library in the
Component Libraries window. The D2D model is a model from the Nature
Transformations folder in the Tools > Transformations library folder. (This model does
not need to be placed manually: it will be automatically inserted when the powertrain
model is connected to the switch model.) The Ideal Switch in VHDL-AMS is a model from
the Switches folder under the Circuit folder, and the Pulse Wave Time Function in VHDL-
AMS a model from the Time Functions folder under the Tools folder, in the Basic Elements
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VHDLAMS library in the Component Libraries window. Type Ctrl+G to place a ground
node.

2. Connect the models. Place the cursor on a model pin to get the wire cursor and click to
enter wire mode. Connect the components as indicated in the figure, setting the
beginning, the corners, and the end of a wire with the mouse. Press Esc to end wire mode.

3. Define the powertrain parameters. Double-click the powertrain symbol to open the
Properties dialog box, and click the Parameter Values tab. Choose the cyc_manhattan
architecture from the SimulatorModel Value list. This architecture provides a drive cycle
representation of a 1000 second duration. Click OK to apply the changes.

4. Define the pulse parameters. Double-click the pulse symbol to open the Properties
dialog box. Click in the Value field, and enter 7 for the amplitude value, 2m for the
frequency value, and 7 for the off value. Click OK to apply the changes.

5. Define the resistor parameters. Double-click the resistor symbol to open the Properties
dialog box. Change the model name from res? to r_load. Click in the Value field, and enter
100 for the resistance value. Click OK to apply the changes.

6. Place and arrange two Rectangular Plots to display simulation results. Select
Draw > Report > Rectangular Plot, and then click and drag to place and size the plots on
the sheet.

7. Open the simulation Output list. Choose Twin Builder > Output Dialog to open the
Output dialog box.

8. Select the simulation quantities. Click the “+” next to the components to reveal the list
of available quantities. Check the boxes of output r_load.v and input switch.ctrl. Click OK
to apply the changes.

9. Add traces to the plot. Double-click the on-sheet plot to open the Report dialog box.
Select each of the output quantities defined above and change the scaling used for the
traces as shown in "Results - Powertrain Model" on page 2-39. Click Add Trace to add it
to the plot. Click Close to apply the changes.

10. Repeat steps 7, 8, and 9 for the second plot but check the box of powertrain1.vel as the
output.

11. Define the simulation parameters. Choose Twin Builder > Add Solution
Setup > Transient to open the Transient Analysis Setup dialog box, and set the value
for simulation End Time to 7000 seconds, Min Time Step to 7 ms, and Max Time Step to
10 ms. Click OK to apply the changes. Right-click the Analysis icon in the Project Manager
and select Add Solution Options. On the TR tab set Integration formula to Adaptive
Trapezoid-Euler. Click OK to apply the changes.

12. Save the sheet. Choose File > Save As, enter file name and directory, and click OK.
Overview of Powertrain Model Parameter Values

The following table summarizes the parameter values for the models on the sheet:
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Model Parameter Values Library Architecture

Name

powertrain1 ||no parameters vhdlams_tutorial cyc_
manhattan

D2D1 no parameters Tools/Transformations/Nature SML model

Transformations
pulse1 ampl=1; freq[Hz]=2m ; Basic Elements behav
off=1; tdelay]s]=0 VHDMLAMS/Tools/Time Functions
switch1 ctri=pulse.val AMS/basic_vhdlams.smd behav
r_load r_nom [Q]=100 Projects/vhdlams_tutorial.smd behav

Powertrain Model

The powertrain model uses the mechanical (ROTATIONAL_V) domain and file I/O functions;
consequently, the mechanical_systems and textio package that are defined in the IEEE and
STD libraries must be used. The following statements in the model definition include the
packages:

LIBRARY IEEE, STD;
USE IEEE.MECHANICAL_SYSTEMS.ALL,

USE STD.TEXTIO.ALL;

Entity Description - Powertrain Model

The model provides the characteristic values through a ROTATIONAL_V terminal as indicated
in the following table:

Interface |Name |[Property
TERMINAL [[n_out |[ROTATIONAL_V

The equivalent VHDL-AMS description for defining the model interface is as follows:

ENTITY powertrain IS
PORT (
TERMINAL n_out : ROTATIONAL_V);
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END ENTITY powertrain;

Architecture Description - Powertrain Model

The cyc_manhattan architecture of the powertrain model obtains the speed profile information
from the cyc_mph_manhattan_tab.txtfile. This file is stored in the project folder.

The following table lists sample values stored in this file:

Time [s] *1k 0.013 |0.014 [0.015 |0.016 (0.017 |0.018
Speed [mph] *1k|0.0028 |0.0049 |0.0049 |0.0117 [0.0134 |(0.0149

The equivalent VHDL-AMS description for defining the model architecture is as follows:

ARCHITECTURE cyc_manhattan OF powertrain IS

CONSTANT unit_time : TIME := 1000 sec;

FILE cyc: TEXT OPEN READ_MODE IS "cyc_mph_manhattan_tab.txt";
SIGNAL val : REAL :=0.0;

SIGNAL ped : TIME := 1 ms;

QUANTITY vel ACROSS tor THROUGH n_out TO ROTATIONAL_V_REF;
BEGIN

PROCESS

VARIABLE buf : LINE;

VARIABLE t_val_old,t val_new,t val,s_val: REAL :=0.0;

BEGIN

WHILE NOT ENDFILE(cyc) LOOP

READLINE(cyc,buf);

READ (buf,t_val_new);

READ (buf,s_val);

t val:=t val new-t val old;

t val_old:=t _val_new;
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ped <=unit_time *t_val;

val <=s_val*1.0e3;

WAIT FOR ped;

END LOOP;

WAIT;

END PROCESS;

vel == 8.3776*val'lRAMP(1.0,1.0); --vel in rad/sec assuming 2000rpm=>25mph

END ARCHITECTURE cyc_manhattan;

A file object cyc of predefined file type TEXT is declared using the following statement:

FILE cyc: TEXT OPEN READ_MODE IS "cyc_mph_manhattan_tab.txt";

The WHILE loop reads the file from beginning to end, using the ENDFILE function to test if the
file has been read completely. It uses the READLINE procedure to read one line at a time into
the bufvariable of predefined type LINE. The two values of time and speed from the bufline
variable are read into the variables t valand s_val using the READ procedures. The speed
value vel is applied as the across quantity to the output conservative pin, n_out, after converting
the value to rotational domain (vel=*21760). The value vel is calculated assuming that 2000 rpm
is equivalent to 25 mph.

The digital SIGNAL value val is transformed to the analog QUANTITY ve/ with the 'RAMP
attribute. The rise time and fall times for the 'RAMP attribute are 1 second each.

To specify data from a different file, for example cyc_mph_udds_tab.txt, a new architecture may
be created, as follows:

ARCHITECTURE udds OF powertrain IS

CONSTANT unit_time : TIME := 1000 sec;

FILE cyc : TEXT OPEN READ_MODE IS "cyc_mph_udds_tab.txt";
SIGNAL val : REAL :=0.0;

SIGNAL ped : TIME := 1 ms;

QUANTITY vel ACROSS tor THROUGH n_out TO ROTATIONAL_V_REF,;
BEGIN
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PROCESS

VARIABLE buf : LINE;

VARIABLE t val _old,t val new,t val,s val:REAL :=0.0;
BEGIN

WHILE NOT ENDFILE(cyc) LOOP

READLINE(cyc,buf);

READ (buf,t_val_new);

READ (buf,s_val);

t val:=t val new-t val old;

t val_old:=t_val_new;

ped <= unit_time *t_val;

val <=s_val*1.0e3;

WAIT FOR ped;

END LOOP;

WAIT;

END PROCESS;

vel == 8.3776*val'lRAMP(1.0,1.0); --vel in rad/sec assuming 2000rpm=>25mph

END ARCHITECTURE udds;

The only difference between the two architectures is the file name specified. However, the
multiple architectures allow the sheet to be simulated using different speed profiles by simply
changing the architecture, enabling multiple tests to be quickly performed on the powernet
system.

Results - Powertrain Model

Select Twin Builder > Analyze to start the simulation. The simulation model is compiled and
evaluated. The on-sheet plots show the simulation results on the sheet.

The powertrain model provides the values for simulation based on the values in the
characteristic file. Whenever the electrical switch is turned on, the speed output from the
powertrain model is transferred to the load resistor.
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3 - VHDL-AMS Models in Twin Builder

VHDL-AMS (Very high-speed integrated circuit Hardware Description Language — Analog Mixed
Signal) is a standardized language used for describing digital, analog, and mixed-signal
systems.

The Institute of Electrical and Electronics Engineers (IEEE) standardized the VHDL-1076
language as a Hardware Description Language (HDL) for digital models. The VHDL standard
from 1993 was extended in 1999 for the description of analog and mixed-signal models in the
form of the IEEE 1076.1 standard for VHDL-AMS.

See VHDL-AMS Language Fundamentals and information on the Web site of IEEE 1076.1

Working Group at http://www.eda.org/vhdl-ams.

Description and simulation of Description and simulation of
event driven systems mixed-signal circuits and systems
IEEE 1076 IEEE 1076.1
VHDL VHDL-AMS
| | -
| |
1993 1999

VHDL-AMS = TEEE 1076-1993 + TEEE 1076.1-1999

Twin Builder supports the development and simulation of models that have been developed in
VHDL-AMS:

VHDL-AMS Wizard can easily and quickly create simple and complex models without
the hassle of typing code and correcting syntax.

VHDL-AMS models in ASCII text can easily be imported into a library or a subsheet on
the Schematic.

VHDL-AMS models in libraries as well as text or graphical subsheets can be easily
exported to ASCII text files.

Schematics containing VHDL-AMS models can be exported as netlists to VHDL-AMS
ASClI files.

Stimulus generator can be used to create digital stimulus in VHDL and supports a
variety of patterns and data types.

VHDL-AMS models can instantiate Twin Builder models as foreign models - this helpful
feature allows users to take advantage of the large number and variety of highly
optimized and fast Twin Builder models.

This chapter contains information on:
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e VHDL-AMS models

» Load reference arrow system of physical domains
e Packages and libraries

» Entities and architectures

¢ Schematic environment

¢ Model output definitions

» 2D Digital Graph

Using VHDL-AMS Models

Twin Builder provides several libraries containing VHDL-AMS components developed according
to IEEE 1076.1 (VHDL Analog and Mixed Signal Extensions Standard) and IEEE 1076 (VHDL
standard):

+ Basic Elements VHDLAMS: contains common basic circuit components and blocks.
« Digital Elements: contains common basic components used for simple digital circuits.

» Tools > Transformations > OmniCasters: contains auxiliary components (called
OmniCasters) that facilitate the connection of different data types and natures.

The models provided are open and can be used to derive more advanced models by copying the
description to a user-defined library and editing the text to modify the model. The files can be
used and distributed provided the copyright statement, included in each model description, is not
removed. To access the model description, right-click the component name in the Component
Libraries window and select Edit Component on the context menu to open the Edit
Component dialog box. On the «Simulation Models» tab, click Edit in the Edit Model field to
view (and edit) the text.

The functionality of all VHDL-AMS models is a subset of that of the equivalent Twin Builder
models available in the Basic Elements library. VHDL-AMS models can be used in parallel with
Twin Builder models.

The digital models operate with digital signals and can be characterized with rise time/fall
time/propagation delays. They do not have any conservative nodes but can be connected with
analog quantities using OmniCasters (in the Tools library).

Across and Through Quantities of Natures

VHDL-AMS models can support nature types for several physical domains. Nature types are
properties of conservative nodes (also referred to as ports or terminals) of models. At least one
specific nature exists for each domain. An across and a through quantity is associated with each
nature. The following table links the across and through quantities for each nature type:
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Nature Across Through Circuit
Electrical Voltage [V] Current [A]

Fluidic Pressure [Pa] Flow Rate [m3/s] o
Magnetic Magneto Motive Force [A]||Magnetic Flux [Vs] g J’ e
Translational | Displacement [m] Force [N] >
Translational _v{|Velocity [m/s] Force [N] neres
Rotational Angle [rad] Torque [Nm] T2

Rotational_v  [|Angular Velocity [rad/s] [Torque [Nm]

Thermal Temperature [K] Heat Flow [J/s]

Load Reference Arrow System

The following table shows the Twin Builder load reference arrow system for all available
domains. This system defines how across and through quantities are measured for models in
each domain. The measuring direction is marked by the red dot on the model symbol. The red
dot is always at pin 1 of a model.

» Across quantities: Value is calculated by subtracting the value at Pin2 from the value at

Pin1
» Through quantities: Value is positive if the quantity flows into the model at the pin
marked with the red dot
Difference Sources |Flow Sources Passive
Components
Y Y Y
. M -
Electrical - ; , - |
N1* NZ N1 ® N2 N1 ® N2
"j'_'P.l"___"H._ e '?‘P P
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H2 *H1 H1® H2 HI ® HZ
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Packages and Models in Libraries

Twin Builder model libraries (.asmd files) can also serve as VHDL-AMS model libraries. VHDL-
AMS packages are provided as .apkg files. Additionally, component definitions are contained in
.aclb files, and symbols for components and models reside in .aslb files.

The following symbols are used to distinguish between the different types of Twin Builder library
elements:

Twin Builder library

SML model

VHDL-AMS model

C model

ia] ey e

VHDL-AMS package

e

Symbol library element

J/® ||C-model defined in a separate DLL

&2 |Internally implemented model

Packages are collections of re-usable declarations and definitions such as types, constants,
functions, procedures, and natures. Standardized packages from IEEE (such as math_real and
textio) and proposed packages from IEEE (such as electrical_systems and thermal_systems)
are available in the ieee and std libraries on the «KAMS» tab.

Note:

Model and package symbols that have a blue padlock on them indicate that the models
or packages are locked and cannot be edited.

To use declarations from a package, the corresponding package must be included in the model
description, and the package must be available in an installed model library within the current

Twin Builder configuration. In the following example the Resistor model uses the ELECTRICAL
nature for its conservative pins. Consequently, the ELECTRICAL_SYSTEMS package from the
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IEEE library needs to be included in the model description. User-defined packages can be
added to a model library and used in model descriptions.

— ] Packages

L =lectmical systems ~ 4

&= fundamenta_ca--+--

= mated - Sim L Modsk:

B mechancdws [} ALLPT - Simaloesr E

B oo & t - Sicloeer Eleme——  Models
{& cnib - Smplocer El=
{= CSl - Simploe Elenm
{= CSV - Simplonen Elere
{# = - Simeloesr Eleman LIBRARY IEEE;

Packﬂge:: & FI_2MBISIN1ZD - 5 USE IEEE.ELECTRICAL SYSTEMS.ALL;
= e ey res 1
{z SH - S implersr El=me PORT (QUANTITY r mom : REAL := 1000;
TERMINAL p,m : ELECTRICAL};
END ENTITY res;

Entities and Architectures of VHDL-AMS Models

VHDL-AMS models consist of two parts: an entity declaration and one or more architecture
descriptions. The entity describes the interface of the model and declares inputs, outputs,
constant value parameters, conservative pins, and so on. The architecture defines the behavior
of the model, and several modeling styles may be used for this description such as behavioral,
dataflow, structural. It is possible to associate multiple architectures with an entity declaration,
and only the selected architecture will be used during simulation.

Entity

— Inout ports

Input ports —* Architecture 1
— ]

Architecture 2
Architecture 3

HE

Output ports

The model description for a passive resistor model used in the tutorial examples follows.
Explanations of the statements used in the model description are included. Open the system_
dcdc.aedt project file as described in "Entities and Architectures" on page 6-2 to view the
model.

VHDL-AMS Resistor Model Description

To view the model description, select Tools>Edit Libraries>Models. Choose the
[sys] Simplorer Elements\Basic Elements VHDLAMS\Basic Elements VHDLAMS library
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from the Libraries list, and click to select the “r’ model from the list in the Edit Libraries dialog
box. The model description appears in the Model text pane to the right of the list. The example
resistor model has an interface with two electrical terminals and one non-conservative input for
the static resistance value.

LIBRARY IEEE;
USE |IEEE.ELECTRICAL_SYSTEMS.ALL,;

ENTITY RIS

PORT (QUANTITY R : RESISTANCE := 1.0e+3;
TERMINAL p,m : ELECTRICAL);

END ENTITY R;

ARCHITECTURE behav OF RIS

QUANTITY v ACROSS i THROUGH p TO m;
BEGIN

v==i*R;

END ARCHITECTURE behav;
ENTITY Interface description of the model r.

PORT Conservative and non-conservative pins of a circuit.

Here, there are two electrical TERMINALSs that represent the plus (+) and
minus (—) pins of the model, and one non-conservative QUANTITY input
for the resistance value of the model.

TERMINAL Conservative pin associated with a domain.

Here, there are two conservative pins p and m declared for the
ELECTRICAL domain.

ARCHITECTURE ||Defines the behavior behav of the model r.

QUANTITY voltage ACROSS current THROUGH p TO m;

This statement defines voltage as an ACROSS quantity and current as a
THROUGH quantity between the pins p and m for the model.

v==i*R;

This statement specifies the model behavior v = i*R in VHDL-AMS
equation form.
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Capacitor

The capacitor model has an interface with two electrical terminals and two non-conservative
inputs for the static capacitance value and initial voltage value.

To view the model description, select Tools > Edit Libraries > Models. Choose the

[sys] Simplorer Elements\Basic Elements VHDLAMS\Basic Elements VHDLAMS library
from the Libraries list, and click to select the “¢” model from the list in the Edit Libraries dialog
box. The model description appears in the Model text pane to the right of the list.

LIBRARY IEEE;
USE |IEEE.ELECTRICAL_SYSTEMS.ALL,;

ENTITY cap IS

GENERIC (

¢_nom: CAPACITANCE :=1.0;

v_init: VOLTAGE :=0.0);

PORT (TERMINAL p,m : ELECTRICAL);
END ENTITY cap;

ARCHITECTURE behav OF cap IS
QUANTITY v ACROSS i THROUGH p TO m;
BEGIN

BREAK Vv =>v_init;

i==c_nom*v'DOT;

END ARCHITECTURE behav;

ENTITY Interface description of the model cap.

PORT Conservative and non-conservative pins of a circuit.

Here, there are two electrical terminals that represent the plus (+) and
minus (—) pins of the model and two non-conservative inputs for the
capacitance and initial voltage value of the model.

GENERIC Static value represented as a non-conservative pin, defined at simulation
time t=0 that remains unchanged during simulation. Here, c_nomand v_
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init are static values.

The data type associated with the capacitance and the initial value is of
type REAL and the default values are '1' farad and '0' volts.

TERMINAL Conservative pin associated with a domain.

Here, there are two conservative pins p and m declared for the electrical
domain. Other common domains that are used include TRANSLATIONAL,
ROTATIONAL, THERMAL, FLUIDIC, and so on.

ARCHITECTURE | Defines the behavior behav of the model cap.

QUANTITY voltage ACROSS current THROUGH p TO m;

This statement defines voltage as an across quantity and current as a
through quantity between the pins p and m for the model.

BREAK v =>v_init;

Here, the BREAK statement is used to initialize the voltage of the capacitor
if a discontinuity is detected by the simulator.

i==c_nom *v'DOT;

This statement specifies the model behavior i = C*(dv/dt) in VHDL-AMS
equation form. 'DOT is a pre-defined attribute used to obtain the differential
of a quantity (in this case, voltage) with respect to time.

Placing and Connecting Models

The Component Libraries dialog box provides VHDL-AMS models in the Basic Elements
VHDLAMS, Digital Elements, and Tools>Transformations>OmniCasters libraries. To place
a component, select a library in the Component Libraries dialog box and then a component in
the tree. Drag the component onto the sheet. See also Overview of the Twin Builder
Interface.

Note:

The Search tab allows quick access to all models.

Wire mode allows connections to be made between a number of components. To enter wire
mode, choose Draw > Wire, or type Ctrl+W. Wire mode can also be activated by placing the
cursor over a connection point (it changes to the wire cursor) and clicking. Place the cursor over
a second point and click to make a connection to that point. Continue to click on the beginning
and end points to make connections. Clicking while not on a connection point allows corners to
be set to change the direction of the wire. To exit wire mode, press ESC.
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Components can also be connected by overlapping their pins, or can be connected to a wire by
placing a component’s pin over the wire. Unconnected wires are shown as broken red lines.

Using Transformation Models

Complex simulation models usually need simple auxiliary models to connect different data types
and natures simply and quickly, so that the real subject of simulation can be investigated easily.
VHDL-AMS models need transformation models that perform data type conversions; VHDL-
AMS models from different domains need transformation models that connect conservative
nodes of different natures.

OmniCasters are interface models that are used to interface analog quantities with digital signals
or connect digital signals of different data types.

The flexible OmniCaster model, which performs conversions depending on the connected data
types, and the fixed OmniCaster models with predefined data types are available for use. The
flexible OmniCaster model uses a fixed OmniCaster model based on the data types of the pins
connected to it. The fixed OmniCaster models have an ENTITY description according to the
nature of the conversion and an ARCHITECTURE description that may use function calls to
perform the conversion.

The different data types considered for signals are REAL, INTEGER, BIT, BOOLEAN, BIT_
VECTOR, STD_LOGIC, and STD_LOGIC_VECTOR. The only data type considered for analog
quantities is REAL. Some transformations can be specified with propagation delay, rise time, fall
time, threshold, and output value parameters. The functions used for the type conversions are
available in the omnicaster_package.

Connect conservative nodes of different domains using a Domain-to-Domain (D2D) model
available in the Nature Transformations folder of the Tools > Transformations library. It is
also possible to connect a conservative node to a non-conservative node using a C2NC
connection model. In this case, the across value from the conservative node is transferred to the
non-conservative node.

Unlike the OmniCasters described in VHDL-AMS, the D2D and C2NC are not VHDL-AMS
models. Consequently, if schematics that use D2D or C2NC models are exported to an ASCII
netlist, the exported description may not simulate in a third party VHDL-AMS simulator.

See "Step 5: Powertrain" on page 2-34 .

Defining Model Properties

Every VHDL-AMS model placed on the sheet has a Properties dialog box where its parameters
can be modified and where its symbol and display properties can be selected. Unlike Twin
Builder models, VHDL-AMS models do not use component Parameter dialog boxes for
parameterization of the components. All parameters and display properties are simply listed and
changed in the Properties dialog box tabs.
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To open the Properties dialog box, do one of the following:

* Double-click the component.
« Right-click on the component, and choose Properties.
« Choose Edit>Properties for the selected component.

The number of parameters and quantities in a Properties dialog box varies depending on the
model selected. The following example shows the dialog box displayed when you right-click on
this component and choose Properties. To enter a parameter value, click in the Value input field
of the corresponding parameter in the Parameter Values or Quantities tab and enter a
numerical value (with or without suffix), a variable, or an expression. You can also choose the
desired unit of measure in the Unit field. Default values are used if no other value is defined for
the parameter. The Properties Display tab allows you to control the display of a components
properties..

clic Properties: Project10 - L&J
Quartities Parameter Values ] Property Displays ]
¥ Value (" Optimization " Turing (" Sensitivity (" Statistics
Name ‘ Value | Unit ‘ Evaluated Value Description | Callback | Qveride |F'n:upert)' T| Show Pin | !
vl 0 v o Intial Voltage | Real |
InstanceMame o1 InstanceName|  [v [
CompDlgWizad | CompDig... v |
use_vl true tnue - consider v0.1... [ Boolean [
SimulatorModel | Simplorer ... | |
Status Active [ [
Infa c | |
4 1] 3
[ Show Hidden
0K | Cancel
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Note:

If you have selected the Show advanced property data check box on the General
tab at Tools > Options > Schematic Editor Options, more tabs appear. For this
component, these additional tabs are:

* The General tab, which shows information about the model’'s source library and
the model type identification. These settings cannot be changed.

* The Symbol tab, which allows you to control various symbol properties such as
color and position.

Other components may show other tabs, such as the Signals tab.

In addition, if a VHDL-AMS model has multiple architectures, then any one of the architectures
can be selected for simulation. The Parameter Values tab also allows you to set the Status of
the component to Active, Inactive Open, or Inactive Short. An Info button opens the help for
detailed information on the component. See "Create a VHDL-AMS Model using the VHDL-AMS
Editor" on page 5-9 and "Common Twin Builder Design Conventions" on page A-11.

Using Parameter Names

Model parameters can be used in expressions defining other model parameters and on the right
side of equations.

Values of model parameters can be accessed using the following: Name.Qualifier, where Name
refers to the name of the model and Qualifier refers to the name of the model parameter. For
example, to access the resistance value r of the resistor model resistor1, use resistor1.r. Choose
Twin Builder > Output Dialog and look at the Output dialog box, where all model parameters
are listed with their qualifiers, to find the qualifier needed.
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In Twin Builder, it is possible to connect components using the Name.Qualifier syntax. For
example, the rotor speed (n) of an induction machine (im1) can be connected to the input of a
gain block (input) by entering im1.n as the Value in the gain block's input parameter. While such
connections can be made between VHDL-AMS models within the Twin Builder environment for
simulation, it is not possible to generate and export the VHDL-AMS descriptions of schematics
containing these types of connections. Therefore, if schematics need to be exported to ASCII
files, then connections between components should be made explicitly with wires.

Parameter names used in Twin Builder are case sensitive while VHDL-AMS models are
inherently case insensitive. All model names and parameter names for VHDL-AMS models in
Twin Builder use lowercase.

See "Common Twin Builder Design Conventions" on page A-11.
Displaying Results

VHDL-AMS model inputs, outputs, locally defined elements, and values within submodels can
be viewed using appropriate analog or digital Reports
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Note:

Twin Builder allows you to monitor locally defined values by viewing them in display
graphs, and also allows the use of these values as variables in other models. However,
this is strongly discouraged if the Schematic has to be exported as a VHDL-AMS
description.

Selecting Model Outputs

Reports, which can be created either by right-clicking Results on the Project Manager Project
tab or via the Twin Builder>Results menu, allow the viewing of simulation outputs during and
after the simulation. Simulation quantities can be selected, modified, and added to the report via
the Report dialog box. Format characteristics of the representation can be set up before or after
a simulation is run.

Note:

A probe is a quick way of selecting a parameter for display. The probe parameter can
be set in the model’s Properties dialog box. To add a probe report display to a sheet,
right-click a model on the sheet and select Probe.

Outputs in Properties Dialog

Simulation quantities of a model instance on a schematic sheet can be saved in a database by
checking its SDB box on the Properties dialog box. On the Property Displays tab, choose the
quantities and other properties to make visible on the sheet.

Outputs in Reports

Reports allow the viewing of simulation quantities of a schematic sheet as online output. Reports
can be stand-alone, or they can be placed directly on a sheet. To define the quantities that are to
be made available for output, choose Twin Builder>Output Dialog to open the Output dialog
box, and select the desired simulation quantities in the Add/Remove list. Only a model’s defined
simulation output quantities can be selected in a Report for display on the sheet. Each selected
quantity, can have attributes such as color, displayed number component (real, imaginary,
magnitude, or phase), Y-axis label and scale set for it. In the Output dialog box simulation
quantity tree, model inputs are shown in red, model outputs are shown in blue, and model in/out
quantities, as well as locally defined values, are shown in brown.
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A quick explanation of how to set up a 2D Rectangular Plot follows. To learn about setting up a
more complex report, read the next section, which contains a description of a Digital Plot.

Following is the general procedure for creating a new report:

1. Onthe Twin Builder Circuit menu or the Project tree, point to Results, select Create
Standard Report and from the cascading menu select Rectangular Plot to open the

Report dialog box.

2. Inthe Context section make selections from the following fields, depending on the design

and solution type.

a. Solution — a drop-down list of the available solutions, whether sweeps or adaptive

passes.

b. Domain — a drop-down list of domains relevant to the chosen Solution. For transient
reports, the domain can be Spectral or Time. For AC reports, the domain is Sweep.
For DC reports, the domain is Time. When Spectral is selected, additional fields
display in which you can make settings for plotting spectral domain data.

c. Optimetrics setup — a drop-down list of all defined Optimetrics analysis setups.

3. The Update Report section controls whether or not reports are updated in real time. By
default, reports are updated in real time. If Real time is unchecked, use the Update button
to update either the current report or all reports manually.

4. IntheY trace section of the dialog box make selections for the following:
a. Category - contents of this list depend on the Solution type and the design. This field
lets you specify the category of information for the Y component.
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b. Quantity - lists the Y component items available in the selected Category.

Note:

The Quantity text field can be used to filter the Quantity list by typing in text. It
is enabled if the Category selected produces a lengthy Quantities list.

c. Function - to apply to the Y quantities.

d. Ytext box- displays the currently specified Quantity and Function. You can edit this
field directly.

Note:

The text color shows whether or not the expression is valid (blue for valid
expressions, red for invalid).

e. Range Function button - opens the Set Range Function dialog box. This applies to
the currently specified Quantity and Function.

5. Inthe X (Primary Sweep) section, make selections for the following:
a. Select the Primary Sweep value(s) from the drop-down menu.
b. If sweeps are available, you can select the browse button [...] to display a dialog that
lets you select particular sweep or sweeps, or all sweeps.
6. On the Families tab, if families are available, make selections for the following:
a. Select either Sweeps display or Available variations display radio buttons.

+ Sweeps allows you to edit the swept variable values that will be displayed by
clicking the [...] button in the Edit field., and then choosing the desired variable
values in the pop-up window. (By default, all values are selected.)

+ Available variations allows you to select individual combinations of values via
checkboxes. Click the Select column heading to select or clear all checkboxes
simultaneously. Click the variable name column heading to sort the listing in either
descending or ascending order.

b. Inthe Nominals field (disabled if none exist in the design) choose either Set All
Variables to Nominal, Set All Unswept Variables to Nominal, or to Choose
Nominals to open a dialog box in which you can select the variables you want to set to
nominal values.

7. Onthe Families Display tab, make selections for the following:

a. Choose All Families (default selection) to enable traces for all families selected on
the Families tab to be displayed.
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b. Choose Statistics to select various statistical functions to apply to the traces selected

on the Families tab. The selected functions can then be plotted on a new report, or

added to the currently active report.

c. Choose Histogram to generate a histogram plot based on the family of curves

selected on the Families tab. Observe the following general guidelines when
generating histograms:

» Use Time as a primary sweep for TR solutions. Use Frequency as a Primary
Sweep for AC solutions.)

» For the X-axis definition, only the available Primary Sweep quantity can be
used.

» For the Y-axis definition, any available quantity can be selected.

» Asetof Nvariations, where N is greater than one, must be selected under the
Families tab.

» Setthe desired Number of bins (the maximum number of rectangles used to
represent the number of outcomes). The number of bins must be between 2 and
1000.

» Setthe Value to sample at - the instance value of the selected Primary Sweep
— in milliseconds for Time, or kiloHertz for Frequency — at which the number of
outcomes are computed among all N selected variations.

h. Use the Report dialog command buttons to create a new report with the settings you
provided above, or to modify an existing report.

New Report. Adds a report to the Project tree under the Results icon. The new
report is displayed in the Project window.

Add Trace — enabled when you have added a New Report, or selected an existing
report to modify. Click this to add one or more traces to the report. When you add
traces, the new traces are displayed in the Project window under the report. This is
enabled when you have created or selected a report.

Apply Trace — updates the selected traces in a report based on further processing
or changes. When you edit a trace, this button applies the current values to that
trace.

Output Variables — opens the Output Variables dialog in which you can add output
variables and expressions.

Options — opens the Report Setup Options dialog box. This contains a check box
for using the advanced mode for editing and viewing trace components. This mode
is automatic if the trace requires it. It also contains a field for setting the maximum
number of significant digits to display for numerical quantities.

Close — closes the Modify Report dialog.

i. Click New Report to create a new report in the Project tree.
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The report appears in the view window. It will be listed in the project tree under Results.
Traces within the report also appear in the project tree. Some plots may take time to
complete. Performing a File>Save in such cases after the plot has been created will
permit you to review the plot later without having to repeat the calculation time when you
reopen the project later.

Drag a report icon to the schematic sheet to create an on-sheet plot. Change the
size of the on-sheet plot by selecting it and dragging the sizing handles with the cursor. To
move the plot, select it, hold the mouse button down, and drag the plot to a new location.

Note:

Objects can be edited within the on-sheet plot directly. Right click on the plot and select
«Edit In Place». To edit a component of the Display Element, double-click it to open a
Properties dialog where the font, color, and so on can be modified. Components
include the legend, title, axis labels, and individual graph plots.

Digital Plot

- Jlentb21.q:TR

JLentb21.q[1]:TR
TLcntb21.g[0]. TR

- g o M e, B, ]

Vector quantity

The Digital Plot is especially designed to display digital signals of VHDL-AMS models. In
contrast to the Rectangular Plot, each signal has its own coordinate system. The Digital Plot can
show vector quantities, special display formats, and data types. To show and hide members of a
vector, click the + sign in the diagram legend.

Double-clicking an on sheet plot opens its Report dialog box in which the assignment of
simulation quantities such as traces are defined.

Double-clicking a trace, header, legend, or x-axis element on the plot provides access to the
Properties tabs described in the following sections.

Attributes Tab

The assignment of trace name, type and line width, color, symbol style, etc. Depending on the
data type and the display format, different data formats for representation can be specified. The
decimal number 100 would be represented as 64 in hexadecimal format, as 7144 in octal format,
as 07110 0100 in binary format, and as d in ASCII format.
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Digital Tab

Defines the Literal Foreground color, enables/disables use of a scrollbar, and controls the fit and
height of the various trace types.

Grid Tab
Defines the visibility, color, line style of grid lines and of the trace area border.
General Tab

Defines the background and plot area colors, and the field width, precision, and notation type for
markers. (To define a marker, right click on a trace and select Marker>X Marker.)

Legend Tab

Defines various properties of the plot legend including its position (left or right side of the plot);
visibility of trace name, solution name, font, legend border and background color, and grid line
width and color.

Header Tab

Defines the fonts for the plot title and sub-title; editing of the Company Name text; and the
visibility of the design name.
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4 - Case Studies

The case study examples in this chapter extend the basic set of features introduced so far. They
include analog, mixed-signal, and mixed-technology models.

The first case explains different modeling methods using the modified battery model from the
Automotive Powernet System example. The second case uses a fuse model to illustrate the use
of the VHDL-AMS Model Editor to create a model and provide symbol animation. The third case
shows the influence of model descriptions on simulation time using a detailed and an averaged
claw-pole alternator. The fourth case uses a load model to explain the concept of multiple
architectures for a single model, and the concept of component instantiation as a way to reuse a
particular model behavior. The fifth case uses a linear drive system and a simple solenoid model
to explain multidomain modeling. The sixth case uses a PWM controller to explain mixed-signal
modeling, and an automotive alarm system to illustrate using a stimulus generator, exporting
VHDL-AMS models, and using foreign models.

Each of the case studies contains:

» A Concepts section that describes the model design concept illustrated
« One or more Background sections that describe the physical systems being modeled
» One or more Model sections that describe the methods used to define the models

This chapter contains information on:

« Multiple modeling styles: battery model

* Model development using the VHDL-AMS Editor: fuse model

» Detailed and averaged model development: claw-pole alternator model

« Multilevel modeling techniques: load model

¢ Multidomain system modeling: linear drive system, solenoid

« Mixed signal modeling: DC-DC converter with PWM, automotive alarm system

Using Example Sheets

The examples described in this chapter and the required library vhdlams_tutorial.asmd are
available on the Student Version CD. Twin Builder is needed to create and simulate the
examples. The Student Version has some limitations in the model design. If an example cannot
be executed with the student version, there will be a note on its sheet. Since the Student Version
limits the size of a design, some models need to be excluded from the simulation. To exclude
models, select the component instances that need to be excluded and choose Edit > Deactivate
(Open). The selected components will have a large red “X” superimposed on them, indicating
that they are not included in the simulation.

The examples can be loaded from the tutorials files, or can be created from scratch. The project
files referred to in this chapter are in the Tutorial Examples folder. The examples can be done in
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any order, since each case explains a different concept and is not based on a previous case. If
there are no comments about changing parameter values in these examples, the default values
are used.

VHDL-AMS Modeling Features

The following table lists VHDL-AMS features and models used in the case studies (including the
example file name), and indicates if the examples can be run in the Student Version (SV).

Case |VHDL-AMS Features Model/Sheet Name SV
1 » Graphical, structural, behavioral |Battery yes
modeling methods
» Componentinstantiation case_study_battery.aedt
e Graphical and text subsheets
2 * Automated model development Fuse partly
e VHDL-AMS Model Wizard
« Component instantiation case_study fuse_lamps.aedt
¢ Symbol animation
3 * Modeling descriptions to reduce | Averaged and detailed claw-pole no
simulation time alternator
» Graphical and text subsheets case_study clawpole_avg.aedt
case_study clawpole_math.aedt
4 » Multiple architectures Load models partly
o Componentinstantiation
+ Symbol animation case_study_loads.aedt
5 ¢ Multidomain modeling Linear Drive and Solenoid partly
¢ Maxwell coupling case_study em_linear_drive.aedt
case_study _em_solenoid.aedt
6 * Mixed-signal modeling PWM Controller and Automotive yes
« Stimulus generator Alarm System
¢ Multidomain sensor modeling case_study _pwm_dcdc.aedt
* Foreign models case_study automotive_alarm _
e Export of VHDL-AMS netlists system.aedt
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Different Modeling Styles: Battery

Concepts - Battery Model

The first case study uses a battery model to illustrate how different modeling styles can be used
in Twin Builder to obtain the same behavior.

The battery is modeled in three different ways:

* Graphical description using subcircuit modeling
 Structural description in ASCII text using component instantiation
» Behavioral description in ASCII text using differential algebraic equations

Each method provides the same results but has advantages and disadvantages. Although the
three modeling styles provide the same output, there are some fundamental differences
between the modeling styles.

Graphical Modeling Style - Battery Model

The graphical modeling style is the easiest method for developing the battery model, since all
the necessary submodels are available in the library. This method does not require knowledge
of VHDL-AMS syntax and programming, and the models can be dragged and dropped from a
library onto the sheet directly. This modeling method is recommended for beginners.

* ADVANTAGE: This modeling method is easy to use.
* DISADVANTAGE: The building block models must be obtained from somewhere.

Structural Modeling Style - Battery Model

The structural modeling style is useful when a design needs to be developed using specific
models in VHDL-AMS text format. When this style is used, the end resultis a VHDL-AMS text
netlist.

+ ADVANTAGE: This method is good for users who are more comfortable in writing VHDL-
AMS models in ASCII format.

* DISADVANTAGE: The building block models and advanced knowledge of AMS syntax
are required.

Behavioral Modeling Style - Battery Model

The behavioral modeling style is useful for describing model function in an abstract manner,
using equations and programming constructs. This modeling method is recommended for
experts.

« ADVANTAGE: The modeling and simulation can be optimized because the model
description is self-contained.

+ DISADVANTAGE: The model description may not correspond to any real physical model.
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Background - Battery Modeling Styles

The following figure shows the basic test circuit for all of the modeling styles. In each style, the
battery is replaced with an equivalent model. The current source has a value of —1A, indicating
that it draws current from the battery model.

- Battery model using

"Batery
@ | Mutel Graphical description {method 1)
i=-1 Structural description (method 2)
" Behavioral description (method 3)
L

=+

The battery model is designed as a simple circuit with two resistors and two capacitors as shown
in the following circuit:
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v_init=v_init v init=v_init
¢_nom=60 " factor &_nam=20000 * facter

The battery model also accepts two parameters: v_init specifies the initial voltage of the battery,
and factor, a parameter that expresses the capacity factor and aids in simple scaling of the
battery. The internal resistance (ri=10mOhm), diffusion resistance (rd=40m), the fast capacitor
(fc=60*factor), and the slow capacitor (sc=20000*factor) have constant values.

The model calculates the circuit based on the following equations:

v ri=i_ri*ri
d(v_fc)/dt = 1/(fc*factor) *i_fc

v.rd=ird*rd
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d(v_sc)/dt = 1/(sc*factor) *i_sc

The factor value is used to scale the two capacitances from their default value. Thus, factor is a
normalized charge capacity for the battery.

See "Battery Model" on page 2-15 also. Unlike the battery model in the Automotive Powernet
System example, this battery model does not provide State of Charge (SoC) as an output
parameter.

Model Style 1: Graphical Description
This modeling style uses models from the library to graphically generate the battery model.
To create the graphical battery subcircuit, do the following:

1. Select Twin Builder > SubCircuit > Add SubCircuit. A new, empty schematic subcircuit
sheet appears. On the main schematic, a rectangular subsheet symbol also appears.

2. Place and arrange all models used corresponding to the following circuit:

actor init
run-nFoK - o -n-0x
' i ' rd
4| 1_nom=0.01ohm r_nom=0.040hm
N ' %
M_out . _C_ _C_
) v_iit=v._ini y iit=y init
¢_nom=60 " factor ¢_nom=20000 * factor
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Resistor and Capacitor are VHDL-AMS models from the vhdlams_tutorial folder under
System Libraries in the Component Libraries dialog box. The Voltmeteris a model
from the Measurement folder of the Basic Elements VHDLAMS library.

3. Create the model Interface:

» Establish conservative nodes (terminal p and n) using Draw > Interface Port.
Double-click the port symbol to open the Port Properties dialog box. Conservative
nodes are connectors from the substructure to the next higher model level. Define
the Port Name of the conservative node, and select Conservative for the domain
and Electrical as the nature type. The new pin symbol can now be connected with
the wiring.

» Establish non-conservative nodes (factor, v_init, v_out) using Draw>Interface
Port. Non-conservative nodes are used to change parameters. Select Quantity for
the domain to establish the port as non-conservative. Leave the type as real. Non-
conservative nodes need to be specified as Input, Output, or input and output
(InOut). In this example factor and v_init are input parameters, and v_outis an
output parameter.

Note:

A pin symbol appears for each non-conservative node, even when the pin
is not connected through a wire to a model parameter.

4. Switch to the next higher model level using Pop Up in the subsheet shortcut menu.
Double-click the subsheet symbol to open the Properties dialog box. On the Quantities
tab the defined non-conservative terminals are listed.

To view the v_out value through a Probe Element on the sheet, click with the right mouse button
on the subsheet symbol, and select Probe > v_out. An on-sheet plot with v_out as output
quantity is added to the sheet. Drag it to the desired location and resize it as needed. Change
the presentation format by right-clicking on the plot with the right mouse button and selecting
Edit in Place.

Model Style 2: Structural Description

This modeling style uses the structure of the battery model developed with Style 1 to describe
the battery model in a text format. In this example VHDL-AMS Style are used to instantiate the
required components, similar to Style 1. This differs from Method 1, however, in that the netlist is
specified using VHDL-AMS text, whereas it was generated from graphical specifications in
Method 1.

For the battery model, we require two capacitor models and two resistor models that are
available in the library. The models can be accessed from the library if the following statements
are added at the beginning of the entity description:
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LIBRARY WORK;

USE WORK.ALL;

The USE statement specifies that all models and packages that are defined within the WORK
library are now accessible from any architecture of the battery model.

Entity Description - Structural Battery Model

The entity description of the structural battery model uses static parameters (constant value
inputs evaluated only at the beginning of the simulation) and terminals in the interface. The
battery model has two parameters for the factor and initial voltage (factor, v_init) as defined in
the GENERIC declaration. These parameters are of type REAL with specific default values. The
battery provides its electrical output through a pair of electrical terminals and provides the
voltage across the battery through the v_out output defined in the quantity statement.

LIBRARY |EEE;

USE IEEE.ELECTRICAL_SYSTEMS.ALL;
LIBRARY WORK;

USE WORK.ALL;

ENTITY bat_multi IS

GENERIC(

factor : REAL :=1.0;

v_init: VOLTAGE :=12.0);

PORT(

TERMINAL p,m : ELECTRICAL;
QUANTITY v_out: OUT VOLTAGE :=0.0);

END ENTITY bat_multi;

Architecture Description - Structural Battery Model

The struct architecture of the battery model defines two internal terminals of type ELECTRICAL,
t1 and t2, within the model of type ELECTRICAL. Also, the model defines constant resistance
values for rd and ri, as well as constant capacitance values for fc and sc.
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10 o
—
v_iInit
10 -5 §B—E —._:: 51510 .-_ri ST0 J-d—
| r_nom := 1e-2 r_nom := 4a-2

factor p - ol - .|
10 _ @ _|_ fc © §C
v_oul l

e . ¢

v_init ;= v_ini v_init ;= v_inil
m

c_nom := 60*actor  €_nom := 20000*actor

The following model instantiation uses the model cap from the WORK library. The GENERIC
MAP and PORT MAP statements assign the model parameters and terminals to the cap entity
names, ¢c_nom, v_init, p, and m.

fc1: ENTITY cap(behav)
GENERIC MAP (c_nom => fc*factor, v_init => v_init)
PORT MAP (p =>t1, m=>m);

The equivalent VHDL-AMS description for defining the model architecture is as follows:

ARCHITECTURE struct OF bat_muilti IS
CONSTANT ri: RESISTANCE := 1.0e-2;
CONSTANT fc: CAPACITANCE :=60.0;
CONSTANT rd: RESISTANCE :=4.0e-2;
CONSTANT sc: CAPACITANCE :=2.0e4;
TERMINAL t1,t2 : ELECTRICAL;

QUANTITY vACROSS p TO m;

BEGIN

fc1: ENTITY cap(behav)

GENERIC MAP (c_nom => fc*factor, v_init => v_init)

PORT MAP (p=>t1, m =>m);
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sc1: ENTITY cap(behav)

GENERIC MAP (c_nom => sc*factor, v_init => v_init)
PORT MAP (p =>12, m =>m);

ri1: ENTITY res(behav)

GENERIC MAP (r_nom =>ri)

PORT MAP (p =>p, m=>1t1);

rd1: ENTITY res(behav)

GENERIC MAP (r_nom => rd)

PORT MAP (p =>t1, m => t2);

v_out==v;

END ARCHITECTURE struct;

Method 3: Behavioral Description - Battery Model

This modeling style uses differential algebraic equations (DAE) to describe the behavior of the
battery model. It does not instantiate other components, so the resulting model is more compact

and consequently, more efficient.

Entity Description - Behavioral Battery Model

The entity description of the behavioral battery model uses static parameters (constant value
inputs evaluated only at the beginning of the simulation) and terminals in the interface. The
battery model has two parameters for the factor and initial voltage (factor, v_init) as defined in
the GENERIC declaration. These parameters are of type REAL with specific default values.

LIBRARY IEEE;

USE IEEE.ELECTRICAL_SYSTEMS.ALL;
LIBRARY WORK;

USE WORK.ALL;

ENTITY bat_multi IS

GENERIC(

factor : REAL :=1.0;

v_init: VOLTAGE := 12.0);

PORT(
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TERMINAL p,m : ELECTRICAL,;
QUANTITY v_out : OUT VOLTAGE :=0.0);

END ENTITY bat_multi;

Architecture Description - Behavioral Battery Model

The equivalent VHDL-AMS description for defining the model architecture is as follows:

ARCHITECTURE behav OF bat_multi IS
TERMINAL t1, t2: ELECTRICAL;

QUANTITY v_ri ACROSS i_ri THROUGH p TO t1;
QUANTITY v_fc ACROSS i_fc THROUGH t1 TO m;
QUANTITY v_rd ACROSS i_rd THROUGH t1 TO t2;
QUANTITY v_sc ACROSS i_sc THROUGH t2 TO m;
QUANTITY vACROSS p TO m;

CONSTANT ri: RESISTANCE := 1.0e-2;
CONSTANT fc: CAPACITANCE :=60.0;
CONSTANT rd: RESISTANCE :=4.0e-2;
CONSTANT sc: CAPACITANCE :=2.0e4;

BEGIN

BREAK v_fc=>v_init,v_sc=>v_init;

v_ri==iri*r

v_fc'DOT == 1.0/(fc*factor) *i_fc;

v_rd==i_rd *rd;

v_sc'DOT == 1.0/(sc*factor) * i_sc;

v_out==v;

END ARCHITECTURE behav;

Two internal electrical terminals, {1 and {2, are created as in Style 2. The four quantity
statements define through and across quantities for the two resistors and capacitors. Together,
these five statements define the internal topology of the model.
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After the break statement, the four equations describe the branch characteristics of each
internal resistor and capacitor. To avoid discontinuities during simulation, the BREAK statement
is used to initialize the voltages across the fast and slow capacitors with the value of v_init (initial
voltage).

The voltage between the terminals is provided as output voltage, with the simultaneous
statement vout ==v.

Results - Behavioral Battery Model

The Plots show the battery output voltage of the simulation. Since the battery model is
connected to a constant current sink, the battery voltage decreases with time as the battery
slowly discharges. A fast discharge, governed by capacitor fc, is followed by a slow discharge,
governed by capacitor sc.

Even though different modeling styles have been adopted, the outputs of all three battery
models are identical, indicating that all models display the same behavior.
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Method 1: Graphical Description
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Automated Model Development Using VHDL-AMS Wizard:

Fuse

Concepts - Automated Model Development
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This case study illustrates the use of the VHDL-AMS Model Wizard to develop a model, the
creation of an animated symbol for the model, and the use of the model in a simulation.

Using the VHDL-AMS Wizard for Automated Model Development
Fuse Model Equivalent

The following is the schematic equivalent of the VHDL-AMS text netlist that is created using the
VHDL-AMS Wizard. The fuse model is an example of a multidomain, mixed-signal model
involving the electrical and thermal domains. The fuse model can be divided into three parts: a
thermal network, an electrical network, and a digital logic unit.

+ il

el _—L threshold_detect_and_process Dlgl tal

plug
ts1 . 0, ——
|termina|_e1 3 2 |term|na|_32| —
—E— 1
o ) . Omnicaster!  state
fﬂlpha fuse_res_amme % T
— off_res 10
tet temp A - fuse_temp ==
= : blown_res| i th
0 termingl_e3 mwo— res :
—* terminal_t2
i EEEE terminal_t1 hML |
t = r0*1+alpha*(thermat-ref_temp)) Of% o 11
| (H lemp_src:

lhermo

$L—
minuz hest_flove_src L

value = fuze_res vHuse res_ammiy

Electrical Network Thermal Network

th_cap
temp_amk

The thermal network models the self-heating behavior of the fuse. It also considers the fuse's
dynamic heat exchange with the surroundings using a thermal resistance and a thermal
capacitance. The influence of the ambient temperature on the fuse is modeled by a temperature
source connected to the thermal network. The digital logic determines the threshold crossing of
the fuse temperature over the specified maximum temperature. The output from the digital logic
is used to control a switch in the electrical network that switches between the fuse resistance
and an off resistance. The fuse resistance is calculated based on the temperature of the thermal
network and the material-specific parameters, while the off resistance is provided as a
parameter for the model.
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Create a VHDL-AMS Framework for the Fuse Model

1. Select File > New or the New document icon to open a project. Select Tools > Edit
Libraries > Models to open the Edit Libraries dialog box.

3. Click Add Model to open the Add Model dialog box.

Add Model ==

Mame: | Fuse]

Type:  |VHDL-AMS -l

K | Cancel |

4. Enter Fuse as the Name and select VHDL-AMS as the Type.

5. Click OK. An empty VHDL-AMS code framework is created and displayed in an editing
window containing two tabs bearing the model name. The left tab contains the fuse entity
declaration framework. The right tab contains the architecture declaration framework for

the model.

————————— VHDLAMS MODEL fuse --------—-
—————————— ENTITY DECLARATION fuse ----—--—--

ENTITY fuse IS
ENC ENTITY fuse;

4 I

fuse* |arch: arch_fuss*

————————— ARRCHITECTURE DECLARATION arch_ fuse ---——————
RRCHITECTURE arch_fuse OF fuse I3

BEGIN
ENC ARCHITECTURE arch fuse;

---------- END VHOLAMS MODEL fuse —--—--———

4 I

fuss* E +
arch: arch_fuse Case Studies 4-14

Twin Builder 2025 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

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



Twin Builder® VHDL-AMS Tutorial

6. Inthe Twin Builder menu bar, select VHDL Model Editor > Edit Libraries and
Packages to open the Edit Model dialog box.

Edit Model

- Model Model Name: | fuse B
Lbrary and Packag Library Contents Libraries to Lse
O]- Enti
;I 5----Fl'ﬁ:armir'al D [ EmampleLibraries - Basic_VHDLAME
- vhdlams_tutorial leee
: ‘.. Genaric gp EF:ceuhar )
=1 Architecture s Inaes 1 Library Contents
E----TE-rmir'aI El {:l ¥ Tece — - - F -
e | ave —( [EaT =
..... EJ:ZIW ~[A I ensrgy_systems.ALL i [ W dectrical_systems. ALL
_____ Csnstant ~[ I fludic_systems.ALL |j| [ E'I!EFIQ'J_S'!.I'StEI'I'S.ALL
- [ fundamental_constants. ALL |j| [ fuidic_systems.ALL
P I meth_compiex. ALL tefl [T fundamental_constants, ALL
ST math_real AL g [ [ math_complex. ALL
<[P ™ mechanical_systems.ALL - [ [ math_real ALL
<[P I numeric_bit.ALL ﬁl [ mechanical_systems, ALL
- [ numeric_std, ALL Iﬂ ™ rumeric_hit, ALL
~[P [ radiant_systems. ALL [ [ numeric_std. AL
= ~[ I std_logic_1164.ALL i [ radiart_systems. ALL
i . - [ std_legic_t184.ALL

[ [ std_logic_sigred. ALL

[ [ std_logic_unsigned. ALL

7. Inthe Library Contents frame, select the leee and Basic_VHDLAMS libraries.

8. Click the “+” sign next to the /eee folder to open it and view its contents. Select the
electrical_systems.all and thermal_systems.all packages. Do not select any models in
the Basic_VHDLAMS library.

9. Click OK to close the dialog box. Note that VHDL statements for the libraries and
packages you chose have been added to the fuse entity declarations tab.

10.

Describe the Entity - Fuse Model

Save the model file as fuse.vhd by selecting VHDL Model Editor > Save Fuse.

This section describes how to add terminal, quantity, and signal ports as well as generics to the

fuse entity.
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Note:

Port input quantities and signals can have an initial value. Generics can also have an
initial value. To set an initial value, enter it in the Value field of that item in the dialog
box.

1. Select VHDL Model Editor > Edit Entity > Terminal to open the Edit Model dialog box.
The Terminal entity in the model tree is highlighted and the Terminal Port frame is
displayed to its right.

a. Inthe Terminal Port frame, click Add twice to create two terminal ports. Configure the
ports as shown below.

Model: |fuse j

Terminal Port

Mame | Mature | Description |

plus electrical |Postive Terminal

minus | electrical |Megative Terminal

b. Click Quantity in the model Entity tree, and in the Quantity Port frame click Add
twice to create two quantity ports. Configure the ports as shown below.

Model: |ﬁ_|se j
Quantity Port
MName | Type | Value | Unit | Direction | Description |
temp_amb | temperature o0 K in Ambient Temperature
temp_fuse |temperature 0.0 K out Fuse Temperature

c. Click Signal in the model Entity tree, and in the Signal Port frame, click Add to create
one signal port. Configure the port as shown below.
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Model; fuse ﬂ
Signal Port
Mame | Type | Value | Unit |DiFEEtiI:II'|| Description |
fuse_ok  boolean true out Fuse Mot Blown

Click Generic in the model Entity tree, and in the Generic frame, click seven times on
Add button to create seven generic value definitions. Configure them as shown below.

Model: fuse ﬂ
Generic

MName | Type | Value | Unit | Description

th_res thermal_resistance  |500.0 KW | Thermal Resistance

N th_cap thermal_capacditance |3.315 I  Thermal Capadtance
| temp_max temperature 5673.0 K Maximum Temperature
N tem_ref  temperature 293.0 K Reference Temperature
| off_res resistance 1000000000.0 | Ohm | Off Resistance
N rd resistance 0.,0019 Ohm  Resistance at Ambient Temperature
| alpha real 0.00393 Temperature Coeffedent

2. Click OK. The VHDL-AMS code for the entity declaration generates in the editor window.
Describe the Architecture - Fuse Model

1. Select VHDL Model Editor > Edit Architecture > Terminal to open the Edit Model
dialog box. The Architecture Terminal in the model tree is highlighted and the Terminal
frame appears to its right.
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2. Add the following terminal, quantity, and signal declarations and click OK:

Model: |ﬁ_|se j
Terminal
Architecture: |ar|:h_ﬁ.|se ﬂ E
Mame | Mature | Description
terminal_e1 electrical |Local Electrical Terminal
N terminal_e2 electrical |Local Electrical Terminal
N terminal_e3 electrical |Local Electrical Terminal
N terminal_t1 thermal |Local Thermal Terminal
N terminal_t2 thermal  |Local Thermal Terminal
Model: |ﬁ_|se j

Quantity

Architecture: |an:|'|_ﬁ_|se

-]

X

Mame |Categnry | Type | Value |L.Init | From Terminal |T|::| Ter... |D
temp_int free temperature 0.0 K In
| fuse_res_j free current 0o A
N switch_ctrl_gty free real 0.0
| fuse_res_w ACross voltage terminal_e3  |minus "
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Model: |ﬁ_|se j
Signal
Architecture: |ar|:|'|_ﬁ_|se ﬂ
Mame | Type | Value | Unit | Description |
trigger boolean false Determines Threshold Crossing
| switch_ctrl_sig real 0.0 Digital Control Signal from Process

3. On the Twin Builder main menu bar, choose VHDL Model Editor > Instantiate
Component to open the Instantiate Component dialog box.

Case Studies 4-19
Twin Builder 2025 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

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



Twin Builder® VHDL-AMS Tutorial

Instantiate Component @
Model: | fuse ﬂ Architecture: |an:|'|_ﬁ_|se ﬂ
Available Components Instantiated Components
[1- Basic_VHDLAMS(Sim E
o am Mame | Entity | Architecture |Lib Mame | -
- arctan = beh premr
bt - am ehav implar...
e |4 t behav Simplar, ..
- chyd rth behav Simplor... B
El:lml:l b L
- const Parts
- cth o
- ctha Object | Mame |Ty|:ue | Value | Direction | -
- WS TER... |thl The... |ter...
~d TER... th2z The... ter... =
- damp_rot =1
- LA, .. I hea... 1.0 IM o
.. damp,_rotb _Q value hea
. damp_tr _QLIA... ac_... hea... 0,001 IN i
- damp_trh
- deme GENErics
- demp |Name |Type | Value |
- ddiff
delay
- diff
aeae E w
1 [ b
K | Cancel

4. Inthe basic_vhdlams library model tree, double-click on the following models to add them
to the fuse model:

Electrical Network

r - Resistor (double-click twice for two models)

ts - Ideal Transfer Switch

am - Ammeter

Thermal Network

t - Temperature Source

h - Heat Flow Source
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5.

Electrical Network

rth - Thermal Resistance

cth - Thermal Capacitance

thm - Thermometer

In the Instantiate Component dialog box, click each model and set the entity names and
port map values for each model as shown in the following table. Note that most values can
simply be selected from a drop-down menu. Only two equations must be entered

manually.
Entity |[Name Port Map
Name Value
r fuse res r r0*(1.0+alpha*(temp_int-temp_ref))
p terminal_e3
m minus
r blown_res r off res
p terminal_e2
m minus
ts three_port_sw |[ctrl switch_ctrl_qty
n1 plus
n2 terminal_e2
n3 terminal_e1
am fuse_res_ammlyi fuse_res_i
p terminal_e1
m terminal_e3
t temp_src value temp_amb
ac_mag [1m (leave asis)
ac_phase|0 (leave as is)
th1 terminal_t2
h heat_flow_src |[value fuse res_i*fuse res v

ac_mag |[1m (leave asis)
ac_phase|0 (leave as is)
th1 thermal_ref

th2 terminal_t1
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Entity |[Name Port Map
Name Value
rth therm_res k th_res
th1 terminal_t1
th2 terminal_t2
cth therm_cap c_th th_cap
to temp_amb
th1 terminal_t1
thm thermo temp temp_int
th1 terminal_t1

6. Click OK to close the dialog box.
7. Onthe arch_fuse tab, insert the following text at the bottom of the existing code.

uuuuuu

temp fuse =

Il
it
E
I'l'!
H
=]
ot

|

1

t

trigger <= temp int'ABOVE (temp max) ;
BEERE CN trigger;
FROCESS IS
BEGIN
gwitch_ctrl_sig <= 0.0;
WAIT UNIIL trigger;
gwitch_ctrl _sig <= 1.0;
fuse_ ok <= FAL3E;
WRIT:
ENC FROCESS:

gwitch_ctrl_ gty == awitch _ctrl sig'BaMFP(0.0,0.0);

ENC ARCHITECTIURE arch fuae;

The fuse model has been successfully created. The next step is to include it in a schematic and
animate the model symbol. Save the VHDL-AMS file and exit the VHDL-AMS editor.

Import the Model into Schematic

If the case studies project is not open, open the case_study examples.ssc project and create a
new schematic in the project. In Schematic, choose Sheet > Subsheet > New VHDL-AMS and
use the click and drag mouse action to create a new VHDL-AMS Text Subsheet. Within the
subsheet, choose «Import» from the shortcut menu to browse to the new fuse model and import
itinto the subsheet. Select «Level Up» from the shortcut menu to return to the sheet.

Case Studies 4-22
Twin Builder 2025 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

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



Twin Builder® VHDL-AMS Tutorial

Animating the Model Symbol

The method described here is a shortcut method that uses an existing symbol definition to
animate a symbol. Typically, a symbol animation will be developed graphically in the Symbol
Editor. See "Symbol Animation " on page 4-56 for more information on creating symbol
animation graphics.

You can create an animated symbol for the fuse model with the contents of the fuse_symbol.txt
file. Open the fuse_symbol.txtfile in a text editor. In Schematic, right-click on the fuse model and
select «Edit Symbol» to open the Symbol Editor. In the Symbol Editor, choose Edit > Symbol
Text and replace the default text in the symbol text dialog box with the text from fuse_symbol.txt.
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Click OK and exit the Symbol Editor. The animated symbol is now ready for use in the
Schematic.

Note:

See "Symbol Animation " on page 4-56 to learn how to graphically create the symbol
animation for a model.

Background: Fuse for Lamps in an Automotive Subsystem

The following example demonstrates the use of the fuse model in conjunction with several lamps
in an automotive subsystem. The subsystem is powered by the SoC battery model and has five
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lamp models. The lamp models are switched on sequentially using a digital control text subsheet
model in VHDL-AMS. The sequential activation of the individual lamp models draws additional
current from the battery model. The activation of the fifth lamp model blows the fuse and
disconnects the lamps from the power system. For this example to run in the student version of
Twin Builder, the bat_soc1, lamp1, lamp2, and lamp3 models must be deactivated; e7 and its
associated ground pin, and r7 must be activated.
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Model: Digital Control Model
Entity Description - Digital Control Model

The digital control model has five output control signals of type REAL that will be used to switch
each of the five lamps on and off. The equivalent VHDL-AMS description for the model interface
is as follows:

ENTITY control IS

PORT( SIGNAL ctrl1 : OUT REAL :=0.0; --Control Signal 1
SIGNAL ctrl2 : OUT REAL := 0.0; --Control Signal 2
SIGNAL ctrl3 : OUT REAL := 0.0; --Control Signal 3
SIGNAL ctrl4 : OUT REAL :=0.0; --Control Signal 4
SIGNAL ctrl5 : OUT REAL := 0.0 --Control Signal 5

);
END ENTITY control;
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Architecture Description - Digital Control Model

The model architecture describes the signal characteristics of the digital control model. It turns
on each of the control signals at 10 second intervals using concurrent signal assignment
statements. The signal assignments are delayed through the use of the AFTER keyword.

ARCHITECTURE arch_control OF control IS
BEGIN

ctrl1 <=1.0 AFTER 1ms;

ctrl2 <= 1.0 AFTER 10ms;

ctrl3 <=1.0 AFTER 20ms;

ctrl4 <= 1.0 AFTER 30ms;

ctrl5 <= 1.0 AFTER 40ms;

END ARCHITECTURE admittance;

Model Parameters - Digital Control Model

The lamp models are parameterized to have a nominal power consumption of 60 Watts. The
fuse model has the following parameters:

Mame Value | Init | Evaluated Value

th_res 33 Kel_per W 33Kel_per W
| th_cap 0.0 J_per_Kel 0.01)_per_Kel
 |temp_max 673 kel 673kel
 |temp_ref 293 kel 29%el
_nﬁ_res 1000000000 ohm 1000000000chm
w0 0.01 ohm 0.01chm
_alpha 0.00353 0.00:353

Most of the parameters of the fuse model are material-specific (such as temperature coefficient
of resistance (alpha), maximum temperature (temp_max), resistivity (rho), and so on). Fuse
model datasheets provide information about the fuse materials and blow-time characteristics.
This data can be used with multirun simulations to determine appropriate values for thermal
resistance and thermal capacitance.

Simulation Parameters - Digital Control Model

Select Twin Builder > Edit Setup, and change the default value for simulation End Time to 50
sec, Min Time Step to 700u sec, and Max Time Step to 70m sec. Click OK to apply the changes.

Case Studies 4-25
Twin Builder 2025 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

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



Twin Builder® VHDL-AMS Tutorial

Results - Digital Control Model

Ansoft Corporation Fuse Temperature case_study_fuse_lamps
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Curve Data Control Signals To Lamps
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Ansoft Corporation E!-attery State of Charge case_study_fuse_lamps
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The first plot illustrates the variation of the fuse temperature with time. As each lamp is turned
on, the fuse temperature is found to increase and the switching on of the fifth lamp blows the
fuse at approximately 40 sec. The second plot shows the fuse state value as an output. The third
plot shows the digital control output signals to the lamps and illustrates the activation curves of
the lamps. The fourth plot shows the State of Charge curve of the battery and illustrates the
discharging of the battery as each lamp load is activated, and the “leveling off” after the fuse
blows.

Detailed and Average Model Development: Claw-Pole
Alternator

Concepts - Claw-Pole Alternator
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This case study illustrates the modeling of detailed and averaged claw-pole alternator models,
as discussed in Vahe Caliskan: Modeling and Simulation of a Claw-Pole Alternator, Detailed and
Averaged Models’.

This example emphasizes a key design choice to be made when simulating large circuits. A
complicated three phase model with rectifier can be used to maintain accuracy, but at the
expense of long simulation times. A simple averaged model can be used to decrease simulation
time, with some sacrifice in accuracy. Both design methodologies, as presented in the
publication, are described in this chapter.

A detailed model is used when the processes are highly transient, with spike currents, switching,
and so on. The detailed claw-pole model contains a a rectifier bridge with six diodes to model the
switching characteristics accurately. An averaged model is used to model energy exchange over
extended periods of time, such as load balance simulations. The averaged claw-pole model
contains simplified models of the armature and rectifier.

The two alternator design circuits are developed as graphical subsheet models, using VHDL-
AMS library models and textual subsheets. The models are used in conjunction with the SOC
Battery model and the Powertrain model.

[] + L I
Clawpole Alternator \"1) & bat
Detailed Model o
L:\;% w2t om A *
Architecture=cyc_60 L

1. Vahe Caliskan: Modeling and Simulation of a Claw-Pole Alternator, Detailed and
Averaged Models, LEES Technical Report TR-00-009, Laboratory for Electromagnetic
and Electronic Systems, Massachusetts Institute of Technology, Cambridge, MA, October
2000

Background: Detailed Model of a Claw-Pole Alternator

The detailed alternator model is separated into three modules: a three phase generator, a three-
phase rectifier, and a switching voltage regulator. The following figure shows the graphical
subsheet of the model:
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The three-phase rectifier model uses diodes from the Circuit folder of the Basic Elements
Vhdlams library. The control circuit uses block models from the Blocks folder in the same library.
The Claw-Pole Alternator model, cp_math, is available from the vhdlams_tutorial folder under
System Libraries in the Component Libraries window.

Model: Mathematical Claw-Pole Model

The parameters and terminals for the mathematical model are as follows:
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Interface |Name [Property Default Description
Value
GENERIC |rs RESISTANCE |33m Stator Winding Resistance [W]
lls INDUCTANCE |[18u Stator Leakage Inductance [H]
Ims INDUCTANCE |180u Stator Magnetizing Inductance [H]
rr RESISTANCE |3.44 Rotor Winding Resistance [W]
lIr INDUCTANCE (200m Rotor Leakage Inductance [H]
Imr INDUCTANCE |300m Rotor Magnetizing Inductance [H]
p REAL 12 Number of Poles
thetaO |ANGLE 0 Initial Rotor Angle [rad]
k REAL 1 Coeff. Mag. Coupling Stator-Rotor
TERMINAL [fa, b, ¢ |[ELECTRICAL Phase a, b, ¢ voltage of stator
n ELECTRICAL Neutral terminal of alternator
fp, fm [[ELECTRICAL Field positive/negative terminal
shaft [[ROTATIONAL_ Rotor mechanical angular velocity
Vv connection

The equations provided for the generator model are as follows:

dh (1) .
.:;r = v ()R (1)
dhy() _ ) ) ] :
= = V() — R, (f) A1) =L (ty+L_ip(t)+L i (f)+L,(8,)i(t)
ax (1) _ . , : : :
e v (1) —R_iy(1) Ap(t) = L (1) + Liy(t) 4L id8) + Ly, (8,)i (1)
dh. (1) : i : : :
i v (1) —R i t) A ) =L i)+ L_i(t)+Li(t)+L_(6,)i ()
d6_ (D) . . . : .
= - o 0, =138 A ) =L (0 () +L,4(8)i(t)+L,.(0,)i()+Lilf)
me&!e} = meﬂsl = M. co&tﬂﬁj
LE".E ng = L?'b{He} = M- CDS(He—q]]'

L (8,)=0L_(0,)=M-cos(B,+d)

These equations describe an ideal three-phase generator, with windings distributed to generate
perfectly sinusoidal voltages. But a real claw-pole alternator will generate voltages with
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significant distortion. This effect can be accounted for in finite element models, or by
incorporating high order harmonics in the inductance terms.

M is the mutual inductance between stator coils and rotor, 6, is the rotor angle, 6, is the electrical
angle, Ly is the stator self-inductance, and L, is the stator self-inductance.

L =i+, L, =--

L=+l M=k -1~

L

The rectifier and field diodes all require RC snubbers to properly function during simulation. The
values are set differently, according to the stator and rotor inductances. The voltage regulator
will switch the field ON and OFF at approximately 140 Hz, so the snubber C is chosen for
resonance at 1400 Hz. Then the snubber R is chosen for critical clamping.

Stator:

L =1l_+1, = 18uH+180uH = 198uH
1 _ 1

Cm.s - 3 - y 55“}:
LJ - 198uH - (2 -m- 1400Hz)"
| ' —_
L, 108
R._= |—= = [22=170
5M5 -'.|II C:n: y 65
Rotor:

L =1l +1, = 200mH+300mH = 500mH
C,, = —> = 1 _ = 26nF
L -0 500mH-(2-m-1400Hz)"

f L | Py
R = [ ~r _ (500m = 4 4ED

o = o N 26m

The detailed model of the claw-pole can be developed as a VHDL-AMS model with the following
description:

LIBRARY IEEE;
USE IEEE.ELECTRICAL_SYSTEMS.ALL;
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USE IEEE.MECHANICAL_SYSTEMS.ALL;

USE IEEE.MATH_REAL.ALL;

ENTITY cp_math IS

GENERIC(

rs : RESISTANCE := 33.0e-3; -- Stator winding resistance

lls : INDUCTANCE := 18.0e-6; -- Stator leakage inductance

Ims : INDUCTANCE := 180.0e-6; -- Stator magnetizing inductance
rr: RESISTANCE := 3.44; -- Rotor winding resistance

lIr : INDUCTANCE :=200.0e-3; -- Rotor leakage inductance

Imr : INDUCTANCE := 300.0e-3; -- Rotor magnetizing inductance
p : REAL :=12.0; -- Number of poles

thetaO : ANGLE := 0.0; -- Initial rotor angle

k : REAL := 1.0); -- Coefficient of magnetic coupling stator-rotor
PORT(

TERMINAL a,b,c: ELECTRICAL;

TERMINAL n,fp,fm : ELECTRICAL;

TERMINAL shaft : ROTATIONAL_V);

END ENTITY cp_math;

ARCHITECTURE behav OF cp_math IS
CONSTANT p2 : REAL := p/2.0;

CONSTANT Is : INDUCTANCE :=lIs + Ims;
CONSTANT Ir : INDUCTANCE :=IIr + Imr;
CONSTANT Iss : INDUCTANCE :=-0.5*Ims;
CONSTANT m: REAL :=k * SQRT(Imr*Ims);
QUANTITY va ACROSS ia THROUGH a TO n; -- four electrical coils
QUANTITY vb ACROSS ib THROUGH b TO n;
QUANTITY vc ACROSS ic THROUGH c TO n;

CONSTANT phase : REAL := MATH_2_P1/3.0; -- phase shift among stator coils
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QUANTITY vr ACROSS ir THROUGH fp TO fm;

QUANTITY omega_r ACROSS shaft TO ROTATIONAL_V_REF; --one mechanical shaft
QUANTITY theta_r,theta_e : ANGLE :=0.0;

QUANTITY la,lb,lc : INDUCTANCE :=0.0;

QUANTITY lambda_a,lambda_b,lambda_c,lambda_r: FLUX :=0.0;
BEGIN

omega_r ==theta r'DOT;

theta_e ==theta r* p2;

la == m*cos(theta_e); -- phase to rotor inductances

Ib == m*cos(theta_e - phase);

Ic == m*cos(theta_e + phase);

lambda_a ==Is*ia + Iss*ib + Iss*ic + la*ir; -- flux linkage

lambda_b ==Iss*ia + Is*ib + Iss*ic + Ib*ir;

lambda_c ==Iss*ia + Iss*ib + Is*ic + Ic*ir;

lambda_r == la*ia + Ib*ib + Ic*ic + Ir*ir;

va == rs*ia + lambda_a'DOT,; -- voltage from faraday's law

vb ==rs*ib + lambda_b'DOT;

vc ==rs*ic + lambda_c'DOT;

vr ==rr*ir + lambda_r'DOT;

END ARCHITECTURE behav;

First, the flux linkage is defined in terms of time-varying inductances and currents. Then, the four
coil voltage equations are written using Faraday’s Law.

The outputs include coil flux linkage, phase inductances, rotor angle, and electrical angle.
CONSTANT definitions are used to pre-process the inductance parameters.

This detailed model of the claw-pole requires small time steps and a long simulation time to
accurately simulate the switching characteristics (HMIN=50us, HMAX=5ms, TEND=4.5s).
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1. Bai, H.; Pekarek, S.; Techenor, J.; Eversman, W.; Buening D.; Holbrook, G.; Hull, M;
Krefta, R.; Shields, S.: Analytical Derivation of a Coupled-Circuit Model of a Claw-Pole
Alternator with Concentrated Stator Winding, IEEE Transaction on Energy Conversion,
March 2002, pp 32-38

Results - Mathematical Claw-pole Model

The first Display Element shows the three-phase output voltages from the mathematical claw-
pole model. The Powertrain model's velocity output is plotted in the second graph. The voltage
and frequency increase linearly with the powertrain velocity. The field switching curve is

displayed as cpgen.df, and the battery output is displayed in the fourth graph.
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Ansoft Corporation Alternator DF and Sawtooth Control
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Background: Averaged Model of Claw-Pole Alternator

In this averaged model, the three rectified phases are simplified to an equivalent DC machine.
The green portion is the equivalent armature, representing the speed voltage generated in the
stator. The blue portion contains the field circuit, and the orange portion contains the voltage
regulator. The yellow portion represents the rectifier voltage drop, and prevents motor operation
of the alternator. This model is better suited for systems where transient characteristics are not
important.

The following figure shows the design of the averaged alternator model:
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Claw-Pole Alternator Model
Speed-Voltage Model

The averaged claw-pole alternator uses a speed-voltage model that is modeled as a current
source. It provides a terminal voltage value that is proportional to the alternator speed and field
current, according to the equation: ¥ = &-7 -7

This is the same equation describing a separately excited DC machine, where i is the field
current.
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The speed-voltage model is developed as a VHDL-AMS text subsheet. The entity and
architecture description are as follows:

LIBRARY IEEE;

USE IEEE.ELECTRICAL_SYSTEMS.ALL;
USE IEEE.MATH_REAL.ALL;

ENTITY speedvolt IS

GENERIC(k: REAL :=1.0);

PORT( QUANTITY n_val : REAL :=0.0;
QUANTITY ifield_val : CURRENT :=0.0;
TERMINAL pos,neg : ELECTRICAL);
END ENTITY speedvolt;
ARCHITECTURE behav OF speedvolt IS
QUANTITY v ACROSS i THROUGH pos TO neg;
BEGIN

v == k*n_val*ifield_val;

END ARCHITECTURE behav;

Stator-Impedance Model

The stator impedance in the averaged model of the claw-pole alternator uses a speed-
dependent resistive drop given by the following equation:

| ¢ PEEN - 3
| : i TE I ! =
2m =[x, +(35-(5) -nL)

The model accepts the stator resistance, stator inductance, number of poles, and alternator
speed as inputs. It provides a voltage/current output according to the impedance equation.

Z(n) is the magnitude of the equivalent stator impedance. The inductive part of this impedance
increases with frequency, or equivalently, with rotor speed n. When Ry is greater than zero, Z(n)
is always greater than zero.
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The stator-impedance is also modeled as a VHDL-AMS text subsheet. The entity and
architecture description are as follows:

LIBRARY IEEE;

USE IEEE.ELECTRICAL_SYSTEMS.ALL;

USE IEEE.MATH_REAL.ALL;

ENTITY statorz IS
GENERIC(rs : RESISTANCE := 33.0e-3;

Is : INDUCTANCE :=177.0e-6;
p:REAL:=12.0);
PORT( QUANTITY n_val : REAL :=0.0;

TERMINAL pos,neg : ELECTRICAL);

END ENTITY statorz;

ARCHITECTURE behav OF statorz IS
QUANTITY v ACROSS i THROUGH pos TO neg;
QUANTITY z: REAL :=0.0;

BEGIN
z ==sqrt(rs**2.0 + (MATH_PI/30.0)*(p/2.0)* n_val*Is)**2.0);

i==v/z;

END ARCHITECTURE behav;

The dc voltage drop in the three-phase rectifier circuit is accounted for by providing an
equivalent diode with voltage drop of 2Vd, where Vd is the forward drop of a single diode in the
actual rectifier.

The other models in the subsheet are as shown in the figure at the beginning of this section, and
are obtained from the Basic Elements VHDLAMS library. This circuit requires far less time for
simulation than the detailed claw-pole alternator (HMIN=10us, HMAX=1ms, TEND=60s).

Results - Claw-Pole Alternator

The graph outputs show the variation of the battery current, voltage and state of charge with
respect to the velocity of the powertrain model. The battery voltage follows the speed
characteristics of the powertrain model. The first Display Element shows the velocity output from
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the Powertrain model. The battery current and the rectified current are plotted in the second

graph. The alternator outputs, are displayed in the third graph.
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Ansoft Corporation Alternator Characteristics case_study_clawpole_avg
1750 . Curve Info -
15 DU—: — cpgen.vfield
' TR
1250 — (cpgent.ifield)2.5
] TR
1[].[][]—: E cpgeni.valt
E —_ 1.vrect
7.50 - cpgen
5_[][]_E E cpgeni.vreg
E cpgen.vref
o i
D.UD T T T T T T T
0.00 10.00 20.00 30.00 40.00 50.00 60.00
Time [s]

Multilevel Modeling Techniques: Loads

Concepts - Multilevel Modeling

This case study uses a load model to illustrate the concept of having multiple architectures with
different behaviors defined within an individual model. It explains three different architectures
that can be used to characterize a load used in the powernet system. In addition, the concept of
component instantiation is described, using a lamp model to show how a particular load
behavior can be reused in another model.

Background - Multilevel Modeling

The powernet system supports three different types of loads, each load being different only in its
behavior and not its interface. The first type of load uses an admittance load behavior where the
current in the model varies according to the control quantity in an ohmic manner. The second
type of load uses a nominal load behavior, which is described with a nominal power and voltage
specification. The third load behavior is for switched models where the control quantity switches
a nominal load ON and OFF. This switched load behavior is then reused in a lamp model to
illustrate component instantiation.

The following figure shows the basic circuit used for the load model with several architectures:
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Hint

If the pins of two different data types are connected directly, a flexible OmniCaster will
automatically be inserted between them. The flexible OmniCaster model selects the
correct transformation based on the data types of the pins connected to it.

Model: Load

Entity

Description - Load

The entity description indicates that three parameters are accepted by the load model: nominal
power p_nom in Watts, nominal voltage v_nom in Volts, and ramp time {_ramp in seconds. Itis
not necessary to use all parameters specified in the GENERIC declaration within each

architecture of the model.

LIBRARY IEEE;

ENTITY load IS

GENERIC(

p_nom: REAL :=1.0;
v_nom: VOLTAGE := 14.0;
t_ramp: REAL :=1.0e-5);
PORT(

TERMINAL p,m : ELECTRICAL,

USE IEEE.ELECTRICAL_SYSTEMS.ALL,
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SIGNAL on_ctrl : IN REAL :=0.0);
END ENTITY load;

The ENTITY description also defines two electrical ports, p and m, for the load model. This
declaration requires the use of the ieee.electrical_systems package. A signal port for the control
signal on_ctrl of type REAL is also defined.

Architecture Description: Admittance Load

The admittance architecture models the current as proportionally dependent on the control
signal value. The control signal value will be the admittance y.

jl-'=l}:.1:l

This architecture uses the t_ramp parameter, but not v_nom or p_nom.

ire

.._.
— [
S

Batery - Load model with
N admittance architecture
p— —_ VE‘T:H OmmiCaster? adrn_load
— -
I+ .

|V :I By nom=14Y

ampl=1 I p_nam=1

frag=1Hz t_ramp=0.001

afi=0

tdelay=03

This architecture first transforms the input on_ctrl (REALSIGNAL value) to ctrl_qty (REAL
QUANTITY value) using the 'RAMP attribute as follows:

ctrl_qgty == on_ctrl'RAMP(0.0,0.0);

The 'RAMP attribute transforms a signal to a quantity which follows the corresponding value of
the signal with the delay of the specified rise time and fall time. If these parameters are 0.0, then
the value of the quantity follows that of the signal instantaneously. If the value of any parameter
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is greater than 0.0, the corresponding value change is linear from the current value of the signal
to its new value, whenever that signal has an event.

The architecture then introduces a PT1 behavior on the control quantity to follow a first-order
low-pass response and generates a new control quantity ctrl_ramp, according to the specified
ramp time t_ramp. The following equation is used:

ctrl_ramp'DOT == (1.0/t_ramp) * (ctrl_qty - ctrl_ramp);

If the ctrl_ramp quantity is positive, it is used as the admittance value for the load model
according to the following equation:

IF on_ctrl <= 0.0 USE
i==0.0;

ELSE
i==v*ctrl_ramp;

END USE;

Since the 'RAMP attribute forces a synchronization between the analog and digital simulators,
similar to the BREAK statement, a separate BREAK statement is not necessary for the on_ctrl
signal.

The complete architecture description is as follows:

ARCHITECTURE admittance OF load IS
QUANTITY v ACROSS i THROUGH p TO m;
QUANTITY ctrl_ramp: REAL :=0.0;
QUANTITY ctrl_qty: REAL :=0.0;
BEGIN

ctrl_qty == on_ctrl'RAMP(0.0,0.0);
ctrl_ramp'DOT == (1.0/t_ramp) * (ctrl_qty - ctrl_ramp);
IF on_ctrl<=0.0 USE

i==0.0;
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ELSE
i ==v*ctrl_ramp;

END USE;

END ARCHITECTURE admittance;

The ctrl_ramp and ctrl_qty are declared as free quantities within the admittance architecture.

The input control admittance is provided by a triangular source time function, An OmniCaster
model transforms the REAL QUANTITY output of the time function to a REAL SIGNAL value
input for the load model. See "Using Transformation Models" on page 3-10 also.

Results - Admittance Load

The first plot shows the PT1 behavior of the transformed control signal. The second and third
plots show the variation of the voltage and current of the admittance load. The current peaks at
12 amperes when the admittance is 1 siemens. But there is a small voltage drop at peak load.
The voltage does not recover completely when the load is removed, because the battery has
discharged slightly.
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Architecture Description: Nominal Load

The nominal architecture of the load entity models an ohmic load with a nominal power and
voltage rating, the current being scaled by the control signal. This architecture uses all three
declared parameters, nominal voltage (v_nom), nominal power (p_nom) and ramp time (t_
ramp).

The Step source block provides the control signal input and an OmniCaster model is used to
provide a REAL signal input to the load model. The p_nom value used in this example is 50W,
and the v_nom value is 12V, corresponding to the system bus voltage. The nominal resistance is
then 2.88Q.
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T ' Load model with
o nominal architecture
. dminal_ins

........

Similar to the admittance architecture, this architecture first transforms the input on_ctrl (REAL
SIGNAL) to ctrl_qty (REAL QUANTITY) using the 'RAMP attribute, as follows:

ctrl_qgty == on_ctr'lRAMP(0.0,0.0);

The architecture then introduces a PT1 behavior on the control quantity to follow a first-order
low-pass response and generates a new control quantity ctrl_ramp according to the specified
ramp time. The following equation is used:

ctrl_ramp'DOT == (1.0/t_ramp) * (ctrl_qty - ctrl_ramp);

The nominal architecture differs from the admittance architecture in that for a positive value of
on_ctrl, the current is modeled in terms of nominal resistance, as follows:

IF (on_ctrl <=0.0) USE

i==0.0;

ELSE

i == (v/v_nom) * ctrl_ramp* (p_nom/v_nom);

END USE;

Since the 'RAMP attribute forces a synchronization between the analog and digital simulators
similar to the BREAK statement, a separate BREAK statement is not necessary for the on_ctrl
signal.
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The complete architecture description is as follows:

ARCHITECTURE nominal OF load IS
QUANTITY v ACROSS i THROUGH p TO m;
QUANTITY ctrl_ramp: REAL :=0.0;
QUANTITY ctrl_qty: REAL :=0.0;

BEGIN

ctrl_qty == on_ctr'lRAMP(0.0,0.0);
ctrl_ramp'DOT == (1.0/t_ramp) * (ctrl_qty - ctrl_ramp);
IF (on_ctrl <=0.0) USE

i==0.0;

ELSE

i == (v/v_nom) * ctrl_ramp* (p_nom/v_nom);
END USE;

END ARCHITECTURE nominal;

The ctrl_ramp and ctrl_qty are declared as free quantities within the nominal architecture.

To change the architecture used on the sheet, double-click the Load symbol to open the
Properties dialog box, and click the Parameter Values tab. Choose the load-nominal
architecture from the SimulatorModel Value list. Click OK to apply the changes.

SimulatorModel  |ivhdlams_tutorialload - nominal

Status vhdlams_tutorial:load - admittance
vhdlams_tutorial:load - switch

vhdlams_tutorial:load - nominal

Note:

When a VHDL-AMS model from a library is first placed on the sheet, the default
architecture is selected.
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Results - Nominal Load

The first plot illustrates the PT1 behavior of the transformed control signal. The second and third
plots show the variation of the current and voltage of the power load. Because of the voltage
drop, actual power is less than the nominal 50W.
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Architecture Description: Switched Load

The switch architecture models the on-off switch control for an ohmic load with a nominal power
and voltage rating, the load current being further scaled by the control signal value.

The Pulse time function provides the control signal input, and an OmniCaster model is used to
provide a REAL signal input to the load model. The p_nom value is 20W, and the v_nom value is
12V, corresponding to the system bus voltage. This represents a constant resistance r_nom of
7.2Q.

Wing

switch architecture

I F
o Load model with

J_ . pulza 1 swrihed_lnad
& II_||_| bt e | I [E
amp=05 ' p_nom=2{
fieg=8HE '-'_I'I:IITI=|E"|"
of=0.5 t_ramp=0.001
1 dekay=0s

The switch architecture does not transform the on_ctrl signal input to ctrl_qty quantity output
using the 'RAMP attribute as the previous two architectures do. Instead, it uses an IF-USE
statement to specify an ON/OFF condition of 0/1, as shown in the following code snippet:

IF on_ctrl <=0.5 USE
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ctrl_qty == 0.0;
ELSE

ctrl_qty ==1.0;
END USE;

BREAK ON on_ctrl;

To synchronize between the analog and digital statements, a separate BREAK statement must
be introduced.

The architecture then introduces a PT1 behavior on the control quantity to follow a first order low
pass response and generates a new control quantity called ctrl_ramp according to the specified
ramp time. The following equation is used:

ctrl_ramp'DOT == (1.0/t_ramp) * (ctrl_qty - ctrl_ramp);

The switch architecture is similar to the nominal architecture in that for a positive value of on_ctrl,
the current is modeled in terms of nominal resistance, as follows:

IF (on_ctrl <=0.0) USE
i==0.0;
ELSE

i == (v/v_nom) * ctrl_ramp* (p_nom/v_nom);

END USE;

The complete architecture description is as follows:

ARCHITECTURE switch OF load IS
QUANTITY v ACROSS i THROUGH p TO m;
QUANTITY ctrl_ramp: REAL :=0.0;
QUANTITY ctrl_qty: REAL :=0.0;

BEGIN
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IF on_ctrl <=0.5 USE

ctrl_qty == 0.0;
ELSE

ctrl_qty ==1.0;
END USE;

ctrl_ramp'DOT == (1.0/t_ramp) * (ctrl_qty - ctrl_ramp);
IF ctrl_ramp <=0.0 USE

i==0.0;

ELSE

i == (v/v_nom) * ctrl_ramp* (p_nom/v_nom);

END USE;

BREAK ON on_ctrl;

END ARCHITECTURE switch;

The ctrl_ramp and ctrl_qty are declared as free quantities within the switch architecture.

To change the architecture used by a model, double-click the Load symbol to open the
Properties dialog box, and click the Parameter Values tab. Choose the switch architecture
from the «SimulatorModel list. Click OK to apply the changes.

Results - Switched Load

The first plot illustrates the PT1 behavior of the transformed control signal. The second and third
plots show the variation in the voltage and current of the switched load. Because of the voltage
drop, actual power is less than the nominal 20W.
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Ansoft Corporation Switched Load Currant case_study_loads
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Model: Lamp

This example illustrates the reuse of existing models within new models using component
instantiation. The following example illustrates a Lamp model whose definition includes the
switch architecture of the load model.

= £ Lomp model with
T behav architecture
__]_ * pulse? \ -
- = [ g Y —
[T LT
amphkl 5 "'f 1 \s\r::":'\-
e rmemp= e
— elay=0s J_—

Entity Description - Lamp

The interface of the lamp model is similar to that of the load model in the following ways: it
accepts nominal voltage (v_nom), nominal power (p_nom), and ramp time (t_ramp) as
parameter inputs, a control signal port input, and provides the electrical output between two
pins, p and m.

The voltage output from this model is also provided by the v_outOUT quantity port. This output
value is intended to allow the animation of the lamp symbol.

The complete entity description is as follows:
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LIBRARY IEEE;

USE IEEE.ELECTRICAL_SYSTEMS.ALL;
ENTITY lamp IS

GENERIC(

p_nom: REAL :=20.0;

v_nom: VOLTAGE :=12.0;

t ramp: REAL := 1.0e-5);

PORT (

TERMINAL p,m : ELECTRICAL;

SIGNAL on_ctrl: IN REAL := 0.0;
QUANTITY v_out: OUT VOLTAGE := 0.0);

END ENTITY lamp;

Architecture Description - Lamp

The Lamp model instantiates only the model that is needed in its architecture description. This is
in contrast to the component instantiation used in the Battery model (Method 2), where all
models of the WORK library are available for use in an architecture. This methodology should be
used if only a few models of the WORK library are needed. Every model that is visible in an
architecture must be compiled before simulation, which lengthens the simulation time.

The load entity is instantiated with the component name Ip and the switch architecture is
associated with the component, using the following line:

Ip: ENTITY WORK .load(switch)

This method of instantiation is called direct instantiation. There is no USE WORK.ALL
declaration in the entity description. The generic values and the port values of the lamp model
are mapped to those in the load model using the following lines in the architecture:

GENERIC MAP (p_nom =>p_nom,v_nom =>v_nom,t ramp =>t_ramp)

PORT MAP (p =>p, m=>m, on_ctrl =>on_ctrl);
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The complete architecture description of the lamp model is as follows:

ARCHITECTURE behav OF lamp IS

QUANTITY vACROSSp TO m;

BEGIN

Ip: ENTITY WORK.load(switch)

GENERIC MAP (p_nom =>p_nom, v_nom =>v_nom,t ramp =>t_ramp)
PORT MAP (p =>p, m=>m, on_ctrl => on_ctrl);

v_out==v;

END ARCHITECTURE behav;

Results - Lamp Model

The plots show the voltage response of the lamp model when it is switched ON and OFF using
the control signal. The first graph shows the control signal and the second graph the lamp
voltage.
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Symbol Animation

An animated symbol changes appearance (shape, color, etc.) during the simulation process,
depending on conditions applied to simulation quantities (for example, voltage, current, speed).
The lamp circuit uses an animated symbol to illustrate the lamp states ON and OFF. If the lamp
output voltage v_out>11.97, levels 0, 1, and 2 of the lamp symbol are displayed. But if v_out<
11.97, the symbol displays its default levels 0 and 1, indicating the lamp is OFF.

To obtain different symbol views, graphical elements must be placed on different symbol levels.
The conditions defined in animations can only select between different levels in the symbol, not
between different drawing elements.

+ — +

Level 0 and Level 1 Level 2 Levels 0,1, and 2

The following steps describe how to implement simulation-dependent animation for the Lamp
model symbol:

1. Right-click the lamp on the schematic sheet, and select Edit Symbol. The Symbol Editor
opens. Delete the text and the rectangle, select the filled circle icon, draw a circle and
center it between the two terminals. Double-click the circle and change the fill colorto a
beige or another neutral color. Use the Text icon on the Symbol ribbon to create the ‘+’
and ‘-’ symbols. The graphic just created is associated with Level 0 of the model. Copy the
circle.

Make sure the Object Browser is displayed in the left pane and click the Add button in the
Object Browser to create Level 1. Click the eye next to Level 0 to turn off display of the
graphics and click the eye next to Level 1 to turn on its graphics. Click on the Level 1 folder
and past the circle onto the edit sheet. Change the circle’s color to red and position it in the
same place as the circle in Level 0. Select File > Save.
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Note:

To work with the symbol animation using an existing model, create an editable copy of
the model by clicking the «Users» tab of the ModelAgent, selecting the User library,
and right-clicking on Packages. Choose Insert>Model(s) from VHDLA File. Browse to
the VHDL-AMS Tutorial folder. From the Tutorial Examples folder, select lamp.vhd. In
the Insert Model window, check the box for my_lamp and click OK. The model will be
added to the user library and will be editable.

2. Start the symbol editor, then select Symbol > Animate.

3. Click a to create a new expression for the symbol animation.
4. Define the condition v_out> 11.97.

The model parameter v_out controls the symbol view. Make certain the parameter name
is used correctly

[ iAnimation x|
L1l X ] ¥
Erpresdion D | Activateleve
[ tivatelevel x|
_ckrl »0.5 and w_ouc= 0.0 JD L1 . .
* —
Cancel
e

5. Level 0 is automatically selected for all conditions. Click Activate Level for the second
condition, and select Level 2. Click OK to apply the changes.

6. Select File > Save and exit the Symbol Editor.
Multidomain System Modeling: Linear Drive System,
Solenoid

Concepts - Multidomain System Modeling

This case study uses an electromechanical subsystem in a vehicle powernet to illustrate
multidomain modeling. The first example in this case study illustrates the modeling of linear drive
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systems that might be used, for example, in a power window system. The second example
illustrates the modeling of a simple solenoid that may be used to control hydraulic valves in a
vehicle.

Background - Multidomain System Modeling

This linear drive system is powered by the SoC Battery model and is connected to the battery
through a switch. The switch control is provided through a pulse wave time function that is
passed through a G(s) block to model the PT1 (first-order low-pass response) switching
behavior. The motor and gearbox are described by VHDL-AMS models. A free-wheeling diode
model is connected in parallel to the motor model to limit the motor voltage, so that the switch is
protected when the battery is switched off.

Note:

Note that the student version of Twin Builder cannot use some of the elements that are
used to provide the motor voltage through the switch. After opening this case study,
select the bat_soc1, c1, wire1, ctrl, pt1, and switch elements, right-click and select
Deactivate (Open) to deactivate these elements. To use the deactivated element e in
place of the other elements, right-click and select Activate to activate it.

The rotational mechanical output of the motor model drives a rotational mass that models the
inertia. The output from the mass then passes through a gear box model. The translational
output of the gear box model displaces the translational mass, the amount of displacement is
controlled by a limit stop model. A spring and damper combination is included in the translational
domain.
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Model: Motor
Entity Description - Motor

The motor model has three conservative pins: n1 and n2 are electrical inputs and ROT is the
mechanical output. The model also accepts the armature resistance as an input quantity ra, and
provides the rotor angle phi and rotor speed n as outputs. Because the model defines ra as an
input QUANTITY, it could vary during simulation. None of the other inputs (Is, ke, j, ia0, n0, phi0)
can vary during simulation. The other model parameters used in the model are listed in the
following table:

Interface |Name |[Property Default Value [|Description
Value
GENERIC |la INDUCTANCE 0.01 100m |Armature Inductance [H]
ke FLUX 1.0 0.5 Rotor Flux Constant [Vs]
i MOMENT _ 0.075 0.075 |[[Rotor Moment of Inertia
INERTIA [kg*m?]
ia0 CURRENT 0.0 0.0 Initial Armature Current [A]
n0 VELOCITY 0.0 0.0 Initial Armature Speed [rpm]
phi0 [ANGLE 0.0 0.0 Initial Rotor Position [rad]
QUANTITY |ra IN REAL 1.0 1.2 Armature Resistance [W]
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Interface |Name |Property Default Value [|Description
Value
n, phi |OUT REAL 0.0 0.0 Speed [rpm], Rotor Angle
[rad]
TERMINAL |n1,n2 |ELECTRICAL Electrical Terminals
rot ROTATIONAL V Mechanical Terminal

The equivalent VHDL-AMS description for defining the model interface is as follows:

GENERIC(

ENTITY motor IS

ke : FLUX :=1.0;

END ENTITY motor;

USE IEEE.ELECTRICAL_SYSTEMS.ALL,
USE IEEE.MECHANICAL_SYSTEMS.ALL,
USE IEEE.MATH_REAL.MATH_PI,

la: INDUCTANCE :=0.01;

j: MOMENT_INERTIA :=0.075;
ia0 : CURRENT :=0.0;

n0: VELOCITY :=0.0;

phiO : ANGLE :=0.0);
PORT(TERMINAL n1, n2 : ELECTRICAL;
TERMINAL rot: ROTATIONAL_V;
QUANTITY ra: IN RESISTANCE :=1.2;
QUANTITY n: OUT VELOCITY;
QUANTITY phi: OUT ANGLE);
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The model needs to use the electrical _systems and mechanical _systems packages of the IEEE
library in order to use the ELECTRICAL and MECHANICAL conservative pins, respectively.
Additionally, since the model architecture requires 1, the math_real package needs to be used.

Architecture Description - Motor

For conversions between translational and rotational values in the mechanical domain, the
model architecture defines the following two constants:

Name (Value
n2om (2.0*p/60.0
om2n [[60.0/(2.0 * p)

The across and through quantities for the conservative pins are defined as follows:

Conservative Pins|/Across | Through

n1, n2 \% i

rot omega |torque

The DC motor behavior is based on the following equations:

=L, -1 mi = ke-i
dw _ (mi+inertia)

angle) = w 5 -

QJLQ_J =9

t

V= :'-m—ﬂ’+.¥re- 00
dt

The speed and position of the rotor are output through n and phi. Three free quantities angle,
flux, and mi are declared within the model architecture. Initial values are provided to angle,
omega, and flux quantities using the BREAK statement.

The equivalent VHDL-AMS description for defining the model architecture is as follows:

ARCHITECTURE behav OF motor IS
QUANTITY v ACROSS i THROUGH N1 TO N2;
QUANTITY omega ACROSS torque THROUGH rot TO rotational_v_ref;
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QUANTITY local_mi, local_angle, local_flux : REAL,;
CONSTANT n2om : REAL := 2.0 * math_pi/ 60.0;
CONSTANT om2n : REAL :=60.0/ (2.0 * math_pi);
BEGIN

BREAK

local_angle => phi0,

omega =>n0 * n2om,

local_flux =>ia0 * la;

v==i*ra+local_fluxXDOT + ke * omega;
local_mi==ke *i;

omega'DOT == (1.0/]) * (local_mi + torque);
local_angle'DOT == omega,;

local_flux ==i*la;

n ==omega * om2n;

phi==local_angle;

END ARCHITECTURE behav;

Model: Gearbox
Entity Description - Gearbox

This model accepts rotational input (velocity-torque representation) and provides output on a
translational (displacement-force representation) pin. The gear radius is defined as a generic
REAL input value. The parameters used in the model are listed in the following table:

Interface |[Name |Property Default Value|Value |Description

GENERIC |radius |[REAL 0.1 0.025 [[Gear radius [m]
TERMINAL |[rot ROTATIONAL_V
trans |TRANSLATIONAL

The equivalent VHDL-AMS description for defining the model interface is as follows:
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LIBRARY IEEE;

USE IEEE.MECHANICAL_SYSTEMS.ALL;
ENTITY gearbox IS

GENERIC(radius : REAL :=0.1);
PORT(TERMINAL rot : ROTATIONAL_V;
TERMINAL trans : TRANSLATIONAL);

END ENTITY gearbox;

Architecture Description - Gearbox

The gearbox model transforms the rotational input (velocity-force) to translational output
(distance-torque representation) based on the specified gear radius. The across and through

quantities for the conservative pins are defined as follows:

Conservative Pins Across | Through
ROT, ROTATIONAL_V_REF omega |torque
TRANS, TRANSLATIONAL_REF || position |force

The transformation is performed by the following two equations:

%{pmr’nam = @m-Fr T = —Force-r
i

The equivalent VHDL-AMS description for the model architecture is as follows:

ARCHITECTURE behav OF gearbox IS

BEGIN
position'DOT == omega * radius;

torque == -force * radius;

QUANTITY omega ACROSS torque THROUGH rot TO ROTATIONAL_V_REF;
QUANTITY position ACROSS force THROUGH trans TO TRANSLATIONAL_REF;
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END ARCHITECTURE behav;

The translational force output displaces the translational mass of 1 kg (this might represent the
power window in a vehicle). The displacement of the mass is limited to 50cm by the Limit Stop

model. Appropriate damping/spring rate coefficients are set for Limit Stop, as well as for other

mechanics in the TRANSLATIONAL domain.

Results - Multidomain System Modeling

The first graph shows the PT1 behavior of the switch control signal modeled with a Laplace
Transform. The second graph shows the motor current and position characteristics. The third
graph shows the displacement of the mass, limited at an upper limit of 0.5m, and the damping
effects. The fourth graph shows the battery voltage and state of charge characteristics. The
'window' closes at about 1.5 sec, but the motor is kept energized for another 3.5 sec.
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Solenoid System

Background - Solenoid System

Twin Builder allows the use of finite element data generated from a Maxwell circuit simulation
through the ECE (Equivalent Circuit Export) link. In this example, two solenoid models are
simulated. The first model uses finite element data from the ECE link (Maxwell model) and the
second uses an approximated model developed using VHDL-AMS (VHDL-AMS model).

The solenoid is powered by the SoC battery and is controlled by a switch that functions through
a pulse model. Each solenoid model has two electrical pins for input, and two translational pins
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for output. Note that solenoid models can also convert energy in the other direction, mechanical
to electrical. The mechanical force, measured using a force meter, is used to displace a
translational mass representing the plunger. The opposing force of gravity on the plunger is
represented by a force (f=mass*9.8m/s?), and the displacement of the plunger is controlled by a

limit stop model.

The VHDL-AMS model uses an idealized equation based on the input current value and the
position of the plunger to determine the flux linkage in the solenoid and the corresponding force
on the plunger. The Maxwell model is more accurate since it uses the finite element data that

models fringing and saturation effects.
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Model: VHDL-AMS Solenoid

Entity Description - Solenoid

The VHDL-AMS solenoid is described by equations derived in Woodson and Melcher:
Electromechanical Dynamics. The Solenoid model accepts three parameters: the maximum

Case Studies 4-65

Twin Builder 2025 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

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



Twin Builder® VHDL-AMS Tutorial

inductance value per turn at minimum air gap L0, an inductance coefficient K, and the number of
coil turns N. These parameters are used for the computation of the instantaneous inductance
value, as follows (x is the displacement of the plunger).

NI

i) —
=15

The gap x begins at 0.0127m (0.5in) and ends at 0.0, when the solenoid is fully closed.

The value of K might be derived from analyzing the magnetic circuit, from measurement, or in
this case, from finite element solutions. But given that L(x) follows this equation, the coil voltage
is:

r_dh _dyy o _ a2 df i ]
v =L =N LUI{HKJ;

Both x and the coil current i may vary with time. Carrying out the derivatives:

[ i @ _ ik ax|
11+KI’E (l—ﬁ'J:dIJ

V=N-I,
The di/dt term is a transformer voltage, and the dx/dt term is a speed voltage.
On the mechanical side, an energy conversion process generates a force according to:
i

W, = [ A x)di
0

=95

dc ™

where W,,,' is the magnetic coenergy and i' is a dummy variable for integration.

If the core material is linear, then the magnetic energy and coenergy are the same. Substituting
for L and then carrying out the integration:

N .Ly-7 H”_NE-LD 2
1+Kx "

i, x) =

E.:\1.
£

1+

Case Studies 4-66
Twin Builder 2025 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

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



Twin Builder® VHDL-AMS Tutorial

The force is calculated by taking a partial derivative with respect to x:

}\T’Lﬂ;'a| 1

B _ NLykF
N 2 ox|l+Kx /=

2. (1+Kx)°

The negative sign means that f acts to decrease x, for any currenti £ 0.

The VHDL-AMS model uses flux, so that the following simplifications are possible:

Y "
— L) Tery F=2"
1+Kx y 7 _LD N df

The force is A% times a constant called Fk. The term N2 L appears in two equations, and itis a
constant. Therefore:

— ar _Lr:ra.ﬂ':l"'if _ K
Ly =N:Ly A= Fp=5y—
dh 2
y— - A Fy
. I K

Lmax is the maximum inductance, which occurs when x is zero.

The VHDL-AMS model includes two external and two mechanical pins. Given a current i and
position x, the model equations calculate A and f. The value of f will be passed to the mechanical
pins as a through variable. The quantity dA/dt appears across the electrical pins.

One might follow a similar process to develop the VHDL-AMS models for other multidomain
components. First, the equations for stored energy in each of the domains, in terms of the
through and across variable, must be obtained. Then, the energy (or coenergy) is equated.
Lossy elements could be added separately.

The model accepts a current value from electrical pins p and m, and a position value from the
mechanical pins, pos? and pos2. The parameters used in the model are listed in the following
table:

Interface |Name [ Type Default Description
Value
GENERIC IO INDUCTANCE 1.25e-7 Max inductance per turn at min gap
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Interface |Name |[Type Default Description
Value
[H]

k REAL 197.735 Inductance coefficient

n REAL 1.0 Number of coil turns
TERMINAL (p, m ELECTRICAL Electrical pins

pos1 [TRANSLATIONAL Mechanical pins of translational

pos2 | TRANSLATIONAL domain

The equivalent VHDL-AMS description for defining the model interface is as follows:

LIBRARY IEEE;

USE IEEE.ELECTRICAL_SYSTEMS.ALL;
USE IEEE.MECHANICAL_SYSTEMS.ALL;
ENTITY solenoid IS

GENERIC (
L0 INDUCTANCE := 1.25e-7;
K : REAL := 197.735;
N : REAL := 1.0);
PORT (
TERMINAL p,m : ELECTRICAL;

TERMINAL posl, pos2 : TRANSLATIONAL);

QUANTITY force out : OUT REAL .0) >,

END ENTITY solenoid;

1. Woodson and Melcher: Electromechanical Dynamics, Part 1, 1968
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Architecture Description - Solenoid

The across and through quantities for the conservative pins are defined as follows:

Conservative Pins|Across |Through

p, m voltage |[current

pos1, pos2 position |force

The equations for this model are as follows:

) L x
Lmﬂ'.‘t’=}\r-l'ﬂ L=1-|LL;E-I Fk:ll

Max

h=L-i = 92 F=2Fp
£ I ¥ 37 E

The equivalent VHDL-AMS description for defining the model interface is as follows:

ARCHITECTURE behav OF solenoid IS
CONSTANT Lmax : INDUCTANCE :=LO*N*N;
CONSTANT Fk : FORCE :=K/ (2.0 * Lmax);
QUANTITY v ACROSS i THROUGH p TO m;
QUANTITY position ACROSS force THROUGH pos1 TO pos2;
QUANTITY L : INDUCTANCE;

QUANTITY flux : FLUX;

BEGIN
IF (position > 0.0) USE
L ==Lmax/ (1.0 + K* position);

ELSE
L == Lmax;

END use;

flux ==L *i;
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v == flux'DOT;
force == flux * flux * Fk;
force_out == -force;

END ARCHITECTURE behav;

In this example, N=12500 turns, but the constant K is not readily known. It may come from a
magnetic circuit analysis of the device, or it may come from two measurements at different gap
spacings. In this example finite element solutions at two values of x are used:

X i L f
0.0 0.084 |[1.251e-7|-27
0.0127 [[0.084 |[3.56e-8 [-0.84

Here the value of i comes from an excitation of 1050 ampere-turns, and L is the inductance per
turn.

For one approach, we could choose K to match L at both values for x. This should represent the
electrical side better, over the whole range of plunger travel.

1.251e-7

3 =
3.96e-8 1+00127-K

K = 197.735

Another approach is to match both L and f, when x is zero.

L, = 125007 1.251e7 = 19.547
h=L,. -i=19547-0084 = 1.642
Fp=—2_-10
1.642°
K=2Fp L _=2-10-19547 = 30152

These two values of K are quite different. It is not possible to match both L and f over the whole
operating range because of the solenoid’s departure from ideal behavior.
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In this example, we choose the lower K value, because we want to represent the coil current as
accurately as possible. If the mechanical side is of more concern, choose the higher K value or a
compromise value (300).

The VHDL-AMS solenoid model is limited since it assumes that the core material is linear, and
ignores the effects of flux fringing. A better model might result from finite element analysis.

Results - Solenoid Model

The characteristics plotted in the graph show the behavior of the circuit using the VHDL-AMS
solenoid when the battery is connected to the circuit for a period of 1 sec.

The first graph shows coil current and position of the mass model. The second graph shows the
input switch signal and the force on the plunger.

The mass model is moved from an initial position of 0.0127m to a final position of Om within 0.1
sec, thereby closing the plunger gap. When the battery is disconnected from the circuit after 1
sec, the force of gravity causes the plunger to open again.

When the solenoid is first energized, the coil current increases with a fast L/R time constant
because L is minimum at the open position.When the plunger begins to close, it generates a
back EMF that causes a transient dip in coil current. When the solenoid is closed and L is
maximum, the current increases with a slow time constant. The final coil current is determined by
the battery voltage and coil resistance.

When the switch opens at 1 sec, free-wheeling diodes are necessary to permit gradual decay of
the inductive coil current. When the current has been delayed enough, gravity overcomes the
electromagnetic force, and the solenoid begins to open. As the plunger moves, it generates a
back EMF that causes a transient increase in the coil current.
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Input switch and Force on plunger1
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Mixed-Signal Modeling: DC-DC Model with PWM,
Automotive Alarm System

Concepts - Mixed-Signal Modeling

This case study illustrates several facets of digital modeling. A VHDL-AMS model of a Pulse-
Width Modulator (PWM) controlling a simple DC-DC boost converter circuit illustrates digital
circuit modeling. An automotive alarm system illustrates the use of a stimulus generator, and
shows how to export VHDL-AMS models and use foreign models.

DC-DC Model

The boost converter in the example steps up a 5V ideal source to a 42V battery-fed system. A
PWM control based on the actual and reference current values switches an ideal BJT transistor.
The focus of this example is the development of the PWM controller in VHDL-AMS.
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A reference clock signal (cond1) is created within the PWM controller block with a period of 20us
and a duty cycle of 0.0105. A second signal (cond2) is created within the PWM model every time
the current in the inductor |1 exceeds a reference value of 100A. The PWM controller block
outputs an ON control signal if both the reference clock is ON (cond1) and the actual inductor
current is less than the reference value (NOT cond2). Consequently, the control signal for the
transistor is pulse-width modulated. It is switched on for the period of time when the condition
(cond1 AND NOT cond2) is true.

Model: PWM Controller
Entity Description PWM Controller

The PWM controller modeled for this example accepts three parameters: a reference clock
period (period), a duty cycle value for the reference clock (dc), and a maximum reference current
value for the inductor current (ind_i_max). It has two port quantities: the actual inductor current
value (ind_i) as provided via the ammeter, and a control signal output for switching the BJT (ctr/).
Default values are provided for all generic and port values.

The equivalent VHDL-AMS description for defining the model interface is as follows:

ENTITY pwm IS
GENERIC(
period : REAL := 1.0e-3; -- clock period

dc: REAL :=0.5; -- duty cycle
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PORT(

ind_i_max : CURRENT := 100.0); -- reference inductor current

QUANTITY ind_i: IN CURRENT := 0.0; -- Inductor Current
QUANTITY ctrl : OUT REAL :=0.0); -- Control Signal Output
END ENTITY pwm;

Entity Description PWM Controller

The PWM controller modeled for this example accepts three parameters: a reference clock

period (period), a duty cycle value for the reference clock (dc), and a maximum reference current
value for the inductor current (ind_i_max). It has two port quantities: the actual inductor current
value (ind_i) as provided via the ammeter, and a control signal output for switching the BJT (ctr).

Default values are provided for all generic and port values.

The equivalent VHDL-AMS description for defining the model interface is as follows:

ENTITY pwm IS
GENERIC(

PORT(

END ENTITY pwm;

period : REAL := 1.0e-3; -- clock period
dc: REAL :=0.5; -- duty cycle
ind_i_max : CURRENT :=100.0); -- reference inductor current

QUANTITY ind_i: IN CURRENT := 0.0; -- Inductor Current
QUANTITY ctrl : OUT REAL := 0.0); -- Control Signal Output

Architecture Description - PWM Controller

The model architecture is divided into two basic functional parts that are represented as
processes. Constant values are declared for time_period, hi_period, and lo_period of the
reference clock signal, based on the specified period and duty cycle of the signal, as follows:

hi = dutycycle - timeperiod = dc - period o = timeperiod— hi

period

period period

Case Studies 4-74

Twin Builder 2025 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

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



Twin Builder® VHDL-AMS Tutorial

Two BOOLEAN signals cond1 and cond?2 are used along with a REAL signal on_ctrl. The
second signal cond2 uses the '"ABOVE attribute to identify if the actual current value ind_i has
exceeded the maximum reference current value ind i _max.

cond2 <=ind_i'ABOVE(ind_i_max);

The previous statement is equivalent to the pseudocode

IF (actual current > maximum reference current) THEN cond2 <= TRUE.

A process statement specifies the sequential behavior of a model. It can be triggered by a set of
signals, conditions, or at specific time instances. The first process in the model (ref _clock)
outputs the reference clock signal as a BOOLEAN value (cond1: TRUE=>0ON) according to the
specified values of lo_period and hi_period. It uses a loop statement along with a WAIT
statement to model the output BOOLEAN clock signal. The WAIT statement suspends the
process for a specific period of time. The following figure shows this PWM clock signal.

ref_clock : PROCESS
Condition of PWM

BEGIN 11 pwm
LOOP 08
cond1 <= FALSE; 0.6
WAIT FOR lo_period; 0.4
0.2

cond1 <=TRUE;

o 0.1
WAIT FOR hi_period; 36m 36m 37m 37m  37m 3.7m t[s]

END LOOP;

END PROCESS ref_clock;

The second process, called ctrl, has a sensitivity list of the signals that affect the process. In this
case, the process is sensitive to events that occur on cond? and cond?2 signals. This means that
the sequential IF statement within the process is executed whenever either cond? or cond2
changes value from TRUE to FALSE or vice versa. The IF statement in the model implements
the following pseudocode:

IF (actual current > maximum reference current) THEN control <= OFF
(Switch BJT OFF)

ELSE
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IF (actual current < maximum reference current)

is ON)

THEN control <= ON (Switch BJT ON)

pwm_ctrl : PROCESS (cond1,cond2)
BEGIN

IF (cond2) THEN

ctrl_sig <=0.0;

ELSIF (cond1 AND (NOT cond2)) THEN
ctrl_sig <=1.0;

END IF;

END PROCESS pwm_ctrl;

AND

(reference clock

If neither condition holds true, then cfrl_sig remains unchanged. The BJT can be switched ON at
each clock pulse shown in the previous figure, unless the current already exceeds the reference
level. The BJT will then switch OFF when the current reaches the reference level.

The digital control signal is transformed to an analog quantity using the 'RAMP attribute.

The equivalent VHDL-AMS description for defining the model interface is as follows:

ARCHITECTURE behav OF pwm IS

CONSTANT time_period : TIME := 1 sec*period;
CONSTANT hi_period : TIME := 1 sec*(dc*period);
CONSTANT lo_period : TIME :=time_period - hi_period;
SIGNAL cond1, cond2 : BOOLEAN := FALSE;

SIGNAL ctrl_sig : REAL :=0.0;

BEGIN

cond2 <=ind_i'ABOVE(ind_i_max);

ref_clock : PROCESS

BEGIN

LOOP
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cond1 <= FALSE;

WAIT FOR lo_period;

cond1 <=TRUE;

WAIT FOR hi_period;

END LOOP;

END PROCESS ref_clock;

pwm_ctrl : PROCESS (cond1,cond2)
BEGIN

IF (cond2) THEN

ctrl_sig <=0.0;

ELSIF (cond1 AND (NOT cond2)) THEN
ctrl_sig <=1.0;

END IF;

END PROCESS pwm_ctrl;

ctrl == ctrl_sig'RAMP(0.0,0.0);

END ARCHITECTURE behav;

Results - PWM Controller Model

The first graph shows the control output of the PWM controller and the corresponding voltage of
the load resistor. The outputs are pulse-width modulated. The second graph shows the variation
of the actual inductor current which is being controlled with respect to the maximum allowable
inductor current. The third graph shows the variations of the battery state of charge as a
consequence of the switching action of the PWM controller

The BJT is switched ON at each clock pulse during the first 3ms,as the current builds to 100A.
Then the BJT begins to switch OFF at a variable time during each clock period. The BOOST
converter begins to charge the battery each time the BJT switches OFF.

Twin Builder 2025 R2 - © ANSYS, Inc.
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Automotive Alarm System

Background - Automotive Alarm System

The automotive alarm system is a simplified example of an electronic vehicle security protection
system. It illustrates modeling concepts for multidomain sensors and digital logic and the use of
a stimulus generator to create stimulus input patterns.

The system has three main parts:
¢ Multidomain microswitch sensor models that detect alarm conditions and provide control

signals indicating that an alarm situation has occurred

« Digital stimulus generator that provides the remote key switch and digital vector sensor
inputs
» Digital controller that arms the vehicle and provides a siren output if the security of an
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This system uses two types of mechanical microswitches (simple and advanced) that act as
linear position sensors. The mechanical inputs for the sensor models are connected to
translational domain position source models. These mechanical domain source models use a
combination of step inputs to generate a pulse characteristic for the displacement value. The
sensor model outputs vary as analog quantities and are converted to digital signals by
OmniCaster models. Note that OmniCasters are automatically inserted when a connection is
made between the analog control output of the sensor and the digital control input of the digital
controller.

In order to simulate the example as-is, a license for the Twin Builder Sensor Library is required. If
this license is not available, you can simulate the example by deactivating the advanced _
microswitch model on the sheet and enabling the simple_microswitch2 model. Right-click the
model and select Deactivate (Open).

Model: Simple Microswitch

The first microswitch model (simple_microswitch) is a simplified sensor and is developed as a
text subsheet in VHDL-AMS. It accepts a threshold position parameter and a varying position
input. It determines when the sensor position has crossed the threshold and outputs a control
quantity that is used by the digital controller.

Entity Description - Simple Microswitch

This is a mechanical model and consequently, includes the mechanical_systems package. It
accepts the position_threshold parameter as a generic input, and the mechanical input through
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a conservative TRANSLATIONAL domain pin. When the mechanical displacement on this

conservative pin exceeds the parameter value of position_threshold, the control_output quantity
signal is activated.

LIBRARY IEEE;
USE IEEE.MECHANICAL_SYSTEMS.ALL,

ENTITY simple_microswitch IS

GENERIC(

position_threshold : DISPLACEMENT := 0.5e-3);
PORT(

TERMINAL mech_input : TRANSLATIONAL;
QUANTITY control_output : OUT REAL);

END ENTITY simple_microswitch;

Architecture Description - Simple Microswitch

The model architecture uses the '"ABOVE attribute to determine the threshold crossing and an
IF-USE statement to set the control quantity output.

ARCHITECTURE behav OF simple_microswitch IS

QUANTITY s_val ACROSS mech_input TO TRANSLATIONAL_REF;
SIGNAL crossing : BOOLEAN := FALSE;

BEGIN

crossing <=s_val'ABOVE(position_threshold);

BREAK ON crossing;

IF (crossing) USE

control_output ==1.0;

ELSE

control_output == 0.0;

END USE;
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END ARCHITECTURE behav;

Model: Advanced Microswitch

The second sensor (advanced_microswitch) is a slightly more complicated model developed as
a graphical subsheet with a microswitch component from the Twin Builder Sensor Add-on
library.

The Sensor library offers a wide variety of sensor models with a choice of using system-level
models with idealized behavior, as well as device-level models with non-ideal behavior such as
temperature sensitivity, nonlinearity, hysteresis, and measurement error. In general, all the
models from the sensor library offer “ready parameterization,” i.e., they can be easily
parameterized by using datasheet information. Additionally, the library includes a complete set
of building blocks that enable users to create custom sensor models very quickly using an easy-
to-use, color-coded format.

The advanced microswitch is modeled as a subcircuit and uses a Level 2 Sensor Model from the
Simplorer Elements > Multiphysics > Sensors in the Component Libraries window. The
model is available from Level 2 Sensor Models > Linear Position > Displacement-

Force > Microswitch, and the subcircuit can be modeled as shown below. Note that except for
the microswitch model, all other elements are from the Basic Elements VHDLAMS library.

This component accepts position input from a conservative mechanical terminal and toggles
from its normally closed terminal to its normally open terminal when the specified threshold
position is exceeded by some element in the displacement-force translational domain. The
voltage output from this model's conservative electrical terminals provides a control quantity that
is used by the digital controller. The advanced_microswitch model is a more detailed model
when compared to the simple_microswitch model since it also models switch resistances, and
an additional response time.

In this example, the result of an additional response time within the sensor can be simulated
using the advanced_microswitch model. This is explained further in "Results - Alarm System" on
page 4-88.
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Model: Stimulus Generator

The stimulus generator is used to provide one or more digital stimuli of types BIT, STD_LOGIC,
BIT_VECTOR and STD_LOGIC_VECTOR. It provides an easy user interface for specifying the
characteristics of digital stimuli and automatically generates VHDL source code for the user-
specified stimuli. This model is available from the Digital Sources folder in the Digital
Elements library.

The first time the Properties dialog of the stimulus generator model is opened, a time
initialization dialog is displayed. The stimulus generator uses a base clock signal as a reference
for creating events for other signals. Users can specify the time resolution, stimulus end time,
and base clock characteristics in this dialog box. After exiting the time initialization dialog box,
users can set up one or more individual digital stimuli that are required in the Schematic.

The events on each stimulus can be specified by setting the value of the signal on a time line or
by specifying a pattern for the stimulus.

In this example, the stimulus generator is used to provide the key switch input as well as vector
input from four sensors to the digital controller of the alarm system. To parameterize the stimulus
generator, right-click the model and select Show Component Dialog. The Base Clock dialog
box is parameterized with the following values:
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Parameters

X

Time Resolution ms hd

|

Stimulus End Time | 1000 High---¢-- :
I

Clack High Time 10 |
|
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¥
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Click the Add button to add two additional parameters. Add a parameter of type BIT and change
the name to key. Add a bit vector parameter and change the name to sensorbus.

Parameters - Stimulus1 - Stimulus

Paramekers l Oukput [ Display ]

Marmne |5I:imulu51 Iv Shawe Mame
Pararmeters
Wizard | t{rris) ||:|-1|:|| 10- 20 | 2III-3III|3EI-4EI | 4III-5III|5EI-E-EI | 5|:|-m|?n-
[  BaseClock|D 1’ o 'y o 'y o 'y
| kew 0 o 'y 'y 'y 'y 'y
[ [« sensorbus

| (04 | Cancel

The key switch input is modeled as a BIT signal with signal events defined as follows:
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Time(ms)||0-30|30-250(250-340|340-550(550-620(620-850(850-910([910-1000
Values 0 1 0 1 0 1 0 1

Set the values from the drop-down menu for each 10 ms time interval of the key parameter
according to the table above.

The sensor bus input is modeled as a BIT_VECTOR with signal events on the vector defined by
an alternate pattern.

Click on the [sensorbus] button to open the pattern wizard. An alternate pattern is used to toggle
two sets of values on the bit vector signal. The pattern repetition number specifies the number of
times the pattern needs to be repeated. The size of the bit vector is specified in the Vector
Length edit box and actual patterns are specified in the Value 1 and Value 2 section. The period
for which each pattern should be applied on the bit_vector signal is specified in terms of the
number of base clock pulses, in the Pulse Width Value 1 and Value 2 sections.

Parameters E |

Signal Mame | sensorbus
Value 2 .

Pattern Type

Pattern Fepetition N Walug 1.
Mumber ! -tk -
iPulse Widthi Pulze wWidth |
" Yaluel ' Vale2
Properties
Yector Length | 4
Yalue 1 Index | Walue | || Walue 2 Index | Yalue | ﬂ
] o ] o
1 0 1 0
2 0 3 z 1 =
Pulse Width Yalue 1 | 5 Pulse Width Yalue 2 | 5

Ik | Cancel
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Model: Digital Controller

The digital controller accepts a key switch input used to arm and disarm the vehicle, as well as
inputs from the different sensors monitoring the security of the vehicle. Two position sensor
inputs are available from the two microswitch models and a sensor bus input is available from
the stimulus generator model. If any of the sensors detect a security infringement when the
system is armed, the digital controller sends a siren output signal.

The logic for the digital controller is modeled as follows. The system is armed by providing an
enable (a digital 1 bit) in the key switch input. The controller requires 30 ms to arm the system.
Once the system is armed, triggering any of the sensors would cause the siren to turn on after
another 30 ms. If the siren has been turned on then it can be switched off instantaneously by
disabling the key switch (a digital O bit). Note that it is possible to arm a system even if sensors
are already triggered (for example, if a door has not been closed properly). In this case, the siren
will be turned on 30 ms after the key switch is enabled.

Entity Description - Digital Controller

The digital controller is modeled as a VHDL-AMS text subsheet and the entity declaration for the
model is shown below. Note that the siren output is defined as an INOUT signal indicating that its
value can be read from as well as written to, inside the model.

ENTITY auto_alarm IS

PORT(

SIGNAL sensor_bus : IN bit_vector (3 DOWNTO 0) := (OTHERS =>'0");
SIGNAL position_sensor1 : IN bit :='0";

SIGNAL position_sensor2 : IN bit :='0";

SIGNAL key_sw : IN bit :='0";

SIGNAL siren : INOUT bit);

END ENTITY auto_alarm;

Architecture Description - Digital Controller

The model architecture has three process statements that are used to co-ordinate between the

key inputs and the sensor inputs and provide a warning alarm to the siren output if a security
infringement occurs.

The first process statement sets the locally declared BOOLEAN signal alarm to TRUE if any of
the sensors indicate that there is a problem.
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PROCESS(sensor_bus, position_sensor1, position_sensor2)
BEGIN

alarm <= sensor_bus(0) OR

sensor_bus(1) OR

sensor_bus(2) OR

sensor_bus(3) OR

position_sensor1 OR

position_sensorz;

END PROCESS;

The second process sets the locally declared BOOLEAN signal armed to TRUE if the key switch
is turned on. Note that there is a 30 ms delay between the switching on of the key switch and the
arming of the system.

PROCESS

Begin

WAIT ON key_sw;
WAIT FOR 30 ms;

IF (key_sw ='1") THEN
armed <= true;

ELSE

armed <=false;

END IF;

END PROCESS;

The third process sets the siren on if the system is armed and an alarm has been detected by the
sensors. It incorporates a delay of 30 ms from the time of detection of an alarm in an armed
system to the time that a siren is sounded.

PROCESS
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BEGIN

WAIT ON armed, alarm;

IF armed AND (alarm ='1") THEN
WAIT FOR 30 ms;

siren <="1"

END IF;

END PROCESS;

The fourth process shuts off the siren if the key switch is turned off. Since the system requires 30
ms for key switch inputs to have an effect on the system (refer to the second process), it takes 30
ms for the siren to turn off after the key switch has been turned off.

PROCESS(armed, siren)

BEGIN

IF siren ="1" AND (NOT armed) THEN
siren<="'0";

END IF;

END PROCESS;

Note that even though the statements within a process are sequentially executed, the four
process statements themselves are concurrently executed.

Results - Alarm System

In this example scenario, the system behavior is described with the repeated enabling and
disabling of the alarm system (using the key switch input pattern) and repeated security
infringements (triggering the sensor inputs). The triggering of the sensor inputs may be caused
by ajar doors, ajar trunks, breaking of glass, open windows, etc.

The system behavior is simulated for 1 sec, and the effect of the trigger inputs from the different
sensors on the digital controller is described below.

Sensor Bus Trigger

Initially, the system is armed (at 30ms), and then one of the sensor bus signals (sensor_bus[2])
is triggered (at 100 ms). This causes the siren to sound (at 130 ms). The siren is turned off when
the key switch signal is disabled (at 250 ms).

Sensor 1 Input
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After the system is armed again (at 340 ms), the position_sensor_1 input to the digital controller
input from the simple_microswitch sensor model is triggered (at 450 ms). This causes the siren
to sound for 100 ms even though the sensor trigger is reset in 50 ms. The siren is turned off
when the key switch signal is disabled (at 550 ms).

Sensor 2 Input

The system is armed again (at 620 ms) and the position_sensor_2 input to the digital controller
input from the advanced_microswitch sensor model is triggered (at 700 ms). However, the
internal response time of the sensor model delays the sensor output (to 715 ms). The siren
sounds (at 745 ms) till the key switch is disabled at 850 ms.

If the simple_microswitch sensor model is used instead of the advanced_microswitch sensor for
the Sensor 2 Input, then the siren sounds earlier (at 730 ms) due to the absence of an internal
delay.

Curve Data | Ansoft Corporation Digital Controller Signals
Jldigital_controller key syD J

JLdigital_controller.siren |0

ILdigital_contraller. ammed  false' ’_‘ ’_‘

ILdigital_contraller.alarm 0

< <. 20 010 02 030 040 050 OBD OF0 0BOD 0H0 100

Time [5]
[Mx1: 0.0000]
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Curve Data | Ansoft Corporation Sensor Signals
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- ILdigital_controller.sensar_bus 0000 o000 o100 oo

Ildigital_controller sensor_bus(3] 0

JLdigital_controller sensor_bus[2] |0

JLdigital_controller sensor_bus[1] |0

JLdigital_controller sensor_bus[d] |0
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VHDL-AMS Export

The standardization of the VHDL-AMS language ensures that models developed in VHDL-AMS
are exchangeable among simulators from different vendors. Models created in Twin Builder
using VHDL-AMS can be exported to ASCII files for simulation in other VHDL-AMS tools. It is not
only possible to export one or more VHDL-AMS models fromSimplorer, but to also export entire
sheets with VHDL-AMS models. The export of models is discussed in"Export a VHDL-AMS
Component to a Personal Library" on page 5-38 . Exporting sheets to VHDL-AMS netlists is
demonstrated in this case study example.

Sheets can be built with VHDL-AMS models from model libraries and subcircuits. These
schematics can be exported to “pure” VHDL-AMS netlists that can be used in other simulation
tools. Sheets that not only contain VHDL-AMS models but also internal/SML/C (non-VHDL-
AMS) models also can be exported to a VHDL-AMS netlist. In this case, the non-VHDL-AMS
models are exported as foreign models, compliant with the IEEE 1076.1 standard.

Note:

Netlists containing foreign models can only be simulated in Twin Builder and in most
cases cannot be used with other VHDL-AMS simulation tools. To use these netlists in
another simulator, the foreign models must be manually replaced in the code by
equivalent foreign models that the target simulator can use.

The Automobile Alarm System case study sheet has the following types of models:
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VHDL-AMS models from multiple libraries

VHDL-AMS text subsheet models

Subcircuit model with SML sensor model and VHDL-AMS models
Transformation models for signal-quantity conversions

Stimulus generator model that generates VHDL code

Exporting a VHDL-AMS Model

To initiate the export of a Schematic sheet to a VHDL-AMS netlist:

1. Select Tools > Design Tools > Export to VHDL-AMS. The Export VHDL-AMS Model
Description dialog box appears:

B Export YHDL-AMS Model Description

File Mame

Mame of Top Level Entity |case_study_autu:umu:uti\.fe_alarm_s_l,lstem

Component
+ [ not export components
" Export all components
(" Export only uzer-defined components

| Export SML compaonents [do nat use for pure WHOL-AMS compatibility)

E =port Components ko
{+
i
i

Qk | Cancel

2. Enter the name of the VHDL-AMS file that will contain the exported code of the top-level

extension.

3. Asuggested name is shown in Name of Top Level Entity, which specifies the top level
entity name in the exported VHDL-AMS netlist. The top-level entity instantiates the
components on the sheet and provides the interconnection information between the
components. The suggested name can be modified if necessary, but the name should
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conform to VHDL-AMS identifier syntax requirements (see "VHDL-AMS Language
Fundamentals" on page 6-1 for more details). If the name does not conform to the VHDL-
AMS identifier syntax requirements, a dialog box appears with the message “Please enter
a valid name for the top level entity.”

Apart from the top-level entity, it is also possible to export the VHDL-AMS code of the individual
library models that are used in the sheet. For example, in this case study, the VHDL-AMS code
for the step function block, summation block, position source models, and so on can be
exported. To export individual models, choose either one of the following options from the
Components panel:

Option Description

Export all components |Exports the source code of all the VHDL-AMS models on the
Schematic.

Export only user- Exports the source code of only those models that are not available

defined components in the pre-installed Twin Builder libraries.

When either of these options is chosen, the Export Components to panel titled is enabled. This
panel allows the user to specify the target location of the source code belonging to the individual
models on the sheet.

Option Description

Same file as | Generates one VHDL-AMS file which contains the source code of all the
top-level models as well as the description of the top-level entity.

entity

Single file Generates the source code of the models in a file called file_name_
separate Components.vhd where file_name refers to the name of the file provided
from top- earlier.

level entity

Individual Creates several VHDL-AMS files separate from the file containing the top-level
files separate ||netlist. Each of these files contains the VHDL-AMS description of a single
from top- model used in the sheet. The file name is derived from the name of the entity
level entity |[that the file contains.

A sheet can contain models that are not developed in VHDL-AMS, but are instead developed as
internal/SML/C models. These models can also be exported to a netlist as foreign models with a
VHDL-AMS wrapper.
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Note:

Foreign models generated by Twin Builder can only be simulated in Twin Builder.

To allow VHDL-AMS wrappers to be created around non-VHDL-AMS models, select the Export
SML components check box. If the sheet contains non-VHDL-AMS models and this check box
is not selected, then the export operation will not be completed.

For this example, choose to export all components. Since the advanced microswitch model
contains an SML component, check the box to export SML components. Choose to export all
components to the same file as the top-level entity.

B Export YHDL-AMS Model Description

File Mame |HDL.-'-‘-.M S TutarialhT utarial Examplezhcase_study_autamative_alarm_spstem.vhd

Mame of Top Level Entity | caze_study_automotive_alarm_system

Compotent
" Do not export components
i+ Export all components
" Export only user-defined components

[v Export SML componests [do not uge For pure YHOL-AMS cornpatibility]

Export Components to
* Same file az top level entity
" Single file separate from top level entity

" |ndividual files separate from top level entity

k. | Cancel

The Message Manager shows messages from the export operation. The following code is
generated for the top-level entity:

LIBRARY IEEE;
USE IEEE.std logic 1164.all;

LIBRARY transformations;
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USE transformations.omnicaster package.all;
USE IEEE.mechanical systems.all;

USE IEEE.math real.all;

USE IEEE.fundamental constants.all;

USE IEEE.electrical systems.all;

LIBRARY STD;

LIBRARY basic vhdlams;

ENTITY case study automotive alarm system IS
BEGIN

END ENTITY case study automotive alarm system;

ARCHITECTURE struct OF case study automotive alarm system
TERMINAL NOO35 : TRANSLATIONAL;
QUANTITY Q 1 : VELOCITY := 0.0;

TERMINAL NOO39 : TRANSLATIONAL;

QUANTITY Q_2 : VELOCITY := 0.0;
QUANTITY Q_3 : REAL := 0.0;
QUANTITY Q 4 : VOLTAGE := 0.0;
SIGNAL S 1 : bit := bit'LEFT;
SIGNAL S 2 : bit := bit'LEFT;
SIGNAL S 3 : bit := bit'LEFT;
SIGNAL S 4 : bit := bit'LEFT;
SIGNAL S 5 : bit := bit'LEFT;
SIGNAL S 6 : bit := bit'LEFT;
SIGNAL S 7 : bit := bit'LEFT;
SIGNAL S 8 : bit := bit'LEFT;
BEGIN
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Stimulusl: ENTITY WORK.stimulusl

GENERIC MAP ( bvrsigl val2 period => 5 , bvrsigl vall period => 5 ,
bvrsigl len => 4 , bvrsigl num => 1 , stim end => 1.000000e+000 ,
bc low => 1.000000e-002 , bc high => 1.000000e-002 )

PORT MAP ( key => S 1 , bvrsigl(3) => S 4 , bvrsigl(2) => S 5 ,

bvrsigl(l) => S 6 , bvrsigl(0) => S 7 , clk => S 8 );
OmniCasterl : ENTITY transformations.realqty bitsig(behav)
GENERIC MAP ( thres => 5.000000e-001 )

PORT MAP ( val => S 3 , inp => Q 3 );

OmniCaster2 : ENTITY transformations.realqgty bitsig(behav)
GENERIC MAP ( thres => 5.000000e-001 )

PORT MAP ( val => S 2 , inp => Q 4 );

digital controller: ENTITY WORK.auto alarm

PORT MAP ( key sw => S 1 , position sensor2 => S 2 , position
sensorl => S 3 , sensor bus(3) => S 4 , sensor bus(2) => S 5 ,
sensor bus(l) => S 6 , sensor bus(0) => S 7 );

advanced microswitch: ENTITY WORK.Macrol

PORT MAP ( N0044 => NO039, ctrl => Q 4 );

step2 : ENTITY basic vhdlams.step (behav)

GENERIC MAP ( y0 => 0.000000e+000 , ts => 0.000000e+000 , t0 =>
5.000000e-001 )

PORT MAP ( val => Q 2 , ac phase => 0.000000e+000 , ac mag =>
1.000000e-003 , ampl => 1.000000e+000 );

simple microswitchl : ENTITY WORK.simple microswitch (behav)
GENERIC MAP ( position threshold => 5.000000e-004 )

PORT MAP ( mech input => NO035, control output => Q 3 );

stepl : ENTITY basic vhdlams.step (behav)
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GENERIC MAP ( y0O => 0.000000e+000 , ts => 0.000000e+000 , tO =>
4.500000e-001 )

PORT MAP ( val => Q 1 , ac _phase => 0.000000e+000 , ac mag =>
1.000000e-003 , ampl => 1.000000e+000 );

vel src2 : ENTITY basic vhdlams.v trb (behav)

GENERIC MAP ( s0O => 0.000000e+000 )

PORT MAP ( trbl => N0039, ac phase => 0.000000e+000 , ac mag =>
1.000000e-003 , value => Q 2 );

vel srcl : ENTITY basic vhdlams.v_ trb (behav)

GENERIC MAP ( s0 => 0.000000e+000 )

PORT MAP ( trbl => N0035, ac phase => 0.000000e+000 , ac mag =>
1.000000e-003 , value => Q 1 );

END ARCHITECTURE struct;

The exported netlist includes all the libraries and associated packages required for this example.
The top-level entity has an empty interface since it represents the top-level sheet. The
architecture for this entity declares the terminals, quantities and signals used for
interconnections in this example. The architecture body instantiates the components used in the
example.

Foreign Models

The SML sensor model used in the advanced microswitch subsheet can be exported as a
foreign model. Foreign models contain instantiations of non-VHDL-AMS models within VHDL-
AMS wrappers, and cannot be exchanged among simulators. The following figure shows the
code snippet of the wrapper that is created around the sensor model.
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—- wEEEEEEEEr Foreign Model Wrapper Start #esssssass

LIBRARY basic vhdlams, digital elewents, iees, transformations;
UZE haszic vhdlams.all, digital elements.all, ieee.all, transformations.all;

ENTITY ent tmswitch df 121 I3
PORT |
TERMINAL np : ELECTRICAL;
TERMINAL nmno : ELECTRICAL:
TERMINAL nmnc : ELECTRICAL:
TERMINAL ref : TRANSLATIONAL;
TERMINAL position : TRANSLATIONALL
Vi
BEGIN
END ENTITY ent tmawitch df 121;

ARCHITECTURE struct OF ent tmswiteh df 121 I3

COMPONENT comp tmswitch df 121 I3

PORT |
TERMINAL np : ELECTRICAL;
TERMINAL nmno : ELECTRICAL:
TERMINAL nmnc : ELECTRICAL:
TERMINAL ref : TRANSLATIONAL;
TERMINAL position : TRANSLATIONALL

Vi

END COMPONENT:

ATTRIBUTE sml model : 3TRING;
ATTRIBUTE sml model OF cowp twswitch df 121 @ CONPOMENT IS
"HODEL THMSWITCH DF 12 THMAWITCH DF 121 POSITION := position , REF = ref , mmy
BEGIN
powp tmswitch df 121 inst @ cowp twswitch df 121 PORT MAP [ mwno => mwno, np => np, o
END ARCHITECTURE struct;

—_ FEFEFFTETEES FDrEign Model wrapper End #%%#w&®wvas

The foreign model wrapper specifies the interface of the sensor model in an entity description.
The architecture description of the foreign model specifies a component declaration and
instantiation for the sensor model. It also associates an attribute called sm/_model to the
component that specifies the SML call line of the sensor model.

Another example of the use of foreign models can be seen in the source code of the continuous
memory block in the basic_vhdlams library (Blocks>Continuous>Memory). This model has two
architectures called behav and sml_behav. The second architecture instantiates an SML model
as a component and associates two attributes to the component. The attribute sm/_model
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specifies the SML call line and the second attribute sm/_output specifies output connections for
the model.
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5 - Model Development

This chapter discusses the use, development, export, and import of VHDL-AMS models in Twin
Builder. It is important to first understand basic Library concepts.

Library Concepts

A component (for example, a resistor, transistor, motor) has several definitions associated with
it. It needs a “Symbol” definition to describe the appearance of its symbol, a “Model” definition to
define the characteristic behavior of the component (that is, the VHDL-AMS code), and a
“Component” definition as a kind of high-level wrapper. There are also other types of definitions
depending on the component’s need such as “Material”’ definitions, or if using VHDL-AMS
components, sometimes a “Package” definition is needed.

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 transfer from the library to the project file.

Editing component definitions and updating instances are then controlled from the project
definitions, which are listed in the Definitions folder in the Project tab.

In other words, you do not edit component definitions in the library, but in the project. If you want
your edits to be reflected in the library definition for use in another design, you must export the
edited component definitions to the library by using the menu Tools > Edit

Libraries > Components to open the Edit Libraries dialog box, selecting the component
definition that was changed, and clicking the Export to Library button to export it.
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Library Directories

The standard library files that ship with Twin Builder are stored by default in the /Twin
Builder/syslib directory. These libraries are intended to be read-only. They also include many
VHDL-AMS models that can be used in simulation, or saved to a user library where they can be
edited.

In addition to the system libraries, Twin Builder recognizes two user-configurable libraries,
userlib and PersonalLib. Customarily, userlib is a network repository for proprietary or
corporate definitions available to all Twin Builder seats in a company, and PersonalLib contains
specific libraries as needed by individual users. A root library directory is set up at installation. If
none is specified, the default is the root Twin Builder directory.

Specifying the Location of Library Files
You can relocate the library directories to a new locatio