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Conventions Used in this Guide

Please take a moment to review how instructions and other useful information are presented in
this documentation.

* Procedures are presented as numbered lists. A single bullet indicates that the procedure
has only one step.

» Bold type is used for the following:

o Keyboard entries that should be typed in their entirety exactly as shown. For
example, “copy file1” means you must type the word copy, then type a space, and
then type file1.

° On-screen prompts and messages, names of options and text boxes, and menu
commands. Menu commands are often separated by greater than signs (>). For
example, “click HFSS > Excitations > Assign > Wave Port.”

o Labeled keys on the computer keyboard. For example, “Press Enter’ means to

press the key labeled Enter.
« |talic type is used for the following:

° Emphasis.

° The titles of publications.

o Keyboard entries when a name or a variable must be typed in place of the words in
italics. For example, “copy filename” means you must type the word copy, then
type a space, and then type the name of the file.

* The plus sign (+) is used between keyboard keys to indicate that you should press the
keys at the same time. For example, “Press Shift+F1” means to press the Shift key and,
while holding it down, press the F1 key also. You should always depress the modifier key

or keys first (for example, Shift, Ctrl, Alt, or Ctrl+Shift), continue to hold it/them down, and
then press the last key in the instruction.

Accessing Commands: Ribbons, menu bars, and shortcut menus are three methods that can
be used to see what commands are available in the application.

« The Ribbon occupies the rectangular area at the top of the application window and con-
tains multiple tabs. Each tab has relevant commands that are organized, grouped, and
labeled. An example of a typical user interaction is as follows:

"Click Draw > Line"

@ AL
O L.
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This instruction means that you should click the Line command on the Draw ribbon tab.
An image of the command icon, or a partial view of the ribbon, is often included with the
instruction.

* The menu bar (located above the ribbon) is a group of the main commands of an applic-
ation arranged by category such File, Edit, View, Project, etc. An example of a typical user
interaction is as follows:

"On the File menu, click the Open Examples command" means you can click the File
menu and then click Open Examples to launch the dialog box.

* Another alternative is to use the shortcut menu that appears when you click the right-
mouse button. An example of a typical user interaction is as follows:

“Right-click and select Assign Excitation> Wave Port” means when you click the right-
mouse button with an object face selected, you can execute the excitation commands
from the shortcut menu (and the corresponding sub-menus).

Getting Help: Ansys Technical Support

For information about Ansys Technical Support, go to the Ansys corporate Support website,
http://www.ansys.com/Support. You can also contact your Ansys account manager in order to
obtain this information.

All Ansys software files are ASCII text and can be sent conveniently by e-mail. When reporting
difficulties, it is extremely helpful to include very specific information about what steps were
taken or what stages the simulation reached, including software files as applicable. This allows
more rapid and effective debugging.

Help Menu
To access help from the Help menu, click Help and select from the menu:
* [product name] Help - opens the contents of the help. This help includes the help for the
product and its Getting Started Guides.
* [product name] Scripting Help - opens the contents of the Scripting Guide.

« [product name] Getting Started Guides - opens a topic that contains links to Getting
Started Guides in the help system.

Context-Sensitive Help

To access help from the user interface, press F1. The help specific to the active product (design
type) opens.

You can press F1 while the cursor is pointing at a menu command or while a particular dialog
box or dialog box tab is open. In this case, the help page associated with the command or open
dialog box is displayed automatically.
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1 - Introduction

This document is intended as supplementary material to Icepak for beginners and advanced
users. It includes instructions to create and use a Reduced Order Model (ROM) using Ansys Ice-
pak and Ansys Twin Builder.

There are two steps to create ROM model:
» Create the step response files. These files can be created automatically using Icepak.

This tutorial demonstrates how to create the required step response files in Icepak.

* Create the ROM in Twin Builder. This tutorial also presents the procedure needed to cre-
ate a state-space model in Twin Builder.

This chapter contains the following topic:
« "Sample Project" below

Sample Project

In this project, we have four FET’s (Field-effect transistor) placed on a board and a heat sink
mounted on one of the FET. These FET’s generate heat which gets dissipated into the envir-
onment. Forced convection is used for thermal management of the system.

Flow Inlet

PCB /w-m default_side_minz
Flow outlet /

Heat Sink
Placed on FET1

FETs

Figure 1-1: Sample Project

We are interested in temperature rise at the four FET’s due to its power dissipation. From a sys-
tem point of view, power dissipation from the FET’s are the inputs and the temperature rise at the
four FET’s are the outputs. We will create a ROM which can efficiently calculate temperatures at
the pre defined outputs under any transient heat dissipation scenario.

The state-space approach is generally valid for linear systems consisting of forced convection
flow and insignificant radiative heat transfer.

Introduction 1-1
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2 - Prepare and Run the Icepak Para-
metric Trials

This chapter contains the following topics:
* Open the Project

» Assign Boundary Conditions
¢ Create the LTI ROM Parametric Setup
+ Review the Toolkit Output

¢ Run the Parametric Setup
e Exportthe LTI ROM

Open the Project

This chapter contains the following topics:
¢ Launch the Ansys Electronics Desktop
» Set 3D Ul Options

Launch the Ansys Electronics Desktop

A shortcut of the Ansys Electronics Desktop application appears on your desktop once the applic-
ation is installed.

.- |

1. Onthe Desktop ribbon tab, click & Open Examples. Then:

a. Inthe Open dialog box that appears, click the parent folder icon (1) once to move
up one level above the Examples folder.

b. Double-click the Help folder and then the Icepak folder.
c. Selectthefile Icepak_TwinBuilder.aedt and click Open.
2. The model is displayed in the 3D Modeler window.

Prepare and Run the Twin Builder Analysis 2-1
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Figure 2-1: Field-effect transistors model in the 3D Modeler window

3. From the File menu, select Save As, and save the project in the desired working dir-
ectory.

Set 3D Ul Options

Ensure that the new view orientation scheme introduced in release 2024 R1 is not being used,
since the instructions and images in this guide are based on the legacy orientation scheme.

1. From the menu bar, click View > Options.
The 3D Ul Options dialog box appears.

2. Ensure that Enable Legacy View Orientation is enabled:

Prepare and Run the Twin Builder Analysis 2-2
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3D Ul Qptions

General | 3D Modeler Graphics |

[T Stereomode  (Affects only the newly created windows)
I Drag Optimization
[+ Show Ansys logo

Default Color Key height 6 (Maximum number of values
displayed)

When there is a selection

[¢ Selection always visible

[v Settransparency of selected objects |T
[+ Setlransparency of non-selected objects IF

Default Rotation About

(" Model Center ¢ Current Axis

® Screen Center ( Cursor
Middle Mouse Button Drag
® Rotate " Pan (~ Zoom
Gradual View Change
[+ Animate
Animation Duration
I o 500 msecs

[v Enable Legacy View Orientation |

OK | Cancel

3. Click OK.

Assign Boundary Conditions

Assign block thermal boundary conditions to the FET objects.

Prepare and Run the Twin Builder Analysis 2-3
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1. Inthe History tree, right-click on FET1 and select Assign Thermal > Block.

=g Maodel
3] ‘ hestsank_1
B Solids
S Non Model
i+ ! ar
= 8 Al-Extruded
(R
B FET Expand All
F-&* FET: Collapse All
B FET —
) 4 peb 1z Select H [
- Sheets Edit ¥ _,.,--*'-
m-l2, Coondinate Sys L P
-4 Planes Group 4 -
#) #22 Points Create 3D Component... )
) Lists Replace with 30 Component... sl |

! A.isign Katenal...

View > ”L
Properties...

Object Identification »
Assign Themmal » Block... [}
Assign Monitor » Garille..
Aszign Mesh Region Metwork...
Assign Mesh Operation Opening »
Plok Fields ; Plate 2
Resistance...
Mesh Viewer... e
wWall »
EM Loss—.
Blower..

2. Inthe Block Thermal Model dialog box, enter FET1 for the Name.
3. Retain the default settings and click OK.

4. Repeat steps 1 through 3 for FET2, FET3, and FET4, naming the boundary conditions
accordingly. The boundary condition assignments appear under Thermal in the Project
Manager.

Prepare and Run the Twin Builder Analysis 2-4
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Project Manager 1 X
E--@ Icepak_TwinBuilder®

|_—__|§1 Icepak-TwinBulder (Transient)*
|_:_|.E, 30 Components
1 heatsink_1_1

E-EF Thermal
----- :’] cabinet_default_side_maxz

..... ﬂ cabinet_default_side_minz

@ FET1
Eq:.-j FET2
@ FET2
-l FET4

----- E= Monitor

..... h Initial Temperature
- Mesh

----- @ MeshOperation

...... ¥ assembly_1_mr
[_]ﬁ Analysis

P ﬂ,! Setupl
@ Optimetrics
..... Results
..... I Field Overlays
[#1-(_1 Definitions

Create the LTI ROM Parametric Setup

Run the LTI ROM Parametric Setup toolkit to generate the parametric trials.

1. From the Icepak > Toolkit > Modeling menu, select LTI_ROM_Parametric_Setup.
2. Inthe LTI ROM Parametric Setup dialog box, do the following:
* Note the default Input and Output selections.

* Note the design's solution setup is already selected in the Select Transient Setup
drop-down list.

+ Select Create steady state design and link with transient setup.
¢ ForInput Object Power, retain the default 5W power value.
* Click Create Setup. The toolkit generates the LTI ROM output.

Prepare and Run the Twin Builder Analysis 2-5
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@ LT ROM Parametric Setup

Parametric Setup Name

| ParametricSetupROM

El---i‘.'f.. Inputs
El & Themal(d)
=-f1R8 Block(4)

..... 51 FET1

=-f1iE Outputs
E-[Z1eF Themal(4)

=-[Z18 Block(4)
..... 51 FET1

Select Transient Setup

Source Design:

Source Solution:

Input Object Power

Setup

Create steady state design and link with transient setup

5w

Create Setup Creat;;ung Run

» Mo of tasks:

b ]

[] Enable two level

Use Default Cancel

Prepare and Run the Twin Builder Analysis 2-6
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Review the Toolkit Output

Review the project items generated by the LTI ROM Parametric Setup toolkit.

1. Inthe Project Manager, note that the steady state design with the corresponding bound-

ary conditions has been added to the project.

Project Manager o
= Icepak_TwinBuilder*

% Icepak-TwinBulder (Transient)™®
EI% Icepak-TwinBulderl (SteadyState)*

|_—‘_|--"E| 30 Components

x

-t} heatsink_1_1
----- . Model
E-EF Thermal
'fj cabinet_default_side_maxz

45 cabinet_default_side_minz
Eq:.-j FET1
@ FET2
il FET3
@ FET4

----- E Manitor

[—]E@ Mesh

ﬁ MeshOperation
----- ¥ assembly_1_mr
[—]ﬁ Analysis

P ﬁ Setupl

@ Optimetrics

----- Results

----- % Field Overlays
@-_7 Definitions

2. Inthe original transient design, note that block boundary conditions' Total Power values

are now assigned a variable.

Prepare and Run the Twin Builder Analysis 2-7
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Project Manager a3 =

E--@ Icepak_TwinBuilder® ~
E% Icepak-TwinBulder (Transient)™

Eﬂ--.g: 30 Components

E-EF Thermal
----- :ﬂ cabinet_default_side_maxz

----- :ﬂ cabinet_default_side_minz

- FET1
- FET2
- FET3
-l FET4 v

Properties I =
MName | Value | Linit | Evaluated Value
Mame FET1
Type Solid Block
Total Power |FET1 W
Use Exter... [

3. Note that monitor points have been added under Monitor.

Project Manager 1 x
=3 Icepak_TwinBuilder*
Eﬁj Icepak-TwinBulder (Transient)
-ggp 3D Components
..... s Model
B-EF Thermal
El-2= Monitor
e FET1
@ FET2
.. @ FET3
@ FETH
..... 10 Initial Temperature
€ Mesh
EEI'",@ Analysis
-] Optimetrics
..... Results
..... % Field Overlays
- fi Icepak-TwinBulderl (SteadyState)
-7 Definitions

(|

4. Inthe transient design, expand Analysis and double-click Setup1. The solve setup has
been set to run the transient from 0 to 10000 seconds.

Prepare and Run the Twin Builder Analysis 2-8
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lcepak Solve Setup >

General | Save Fields | Convergence ] Solver Settings ] Defaults ]

Name |Setup v Enabled

Transient Setup
Start 0 ls

|
Stop | 10000 ls -]
~|F

Time Step | 1 |5

Iterations f Time step 20 Preview

Problem Types
|+ Temperature v Flow

Flow Regime
{* Laminar " Turbulent |

Radiation Model

{+ Off (" Discrete Ordinates " Ray Tradng

[ Indude Gravity

lUse Defaults HPC and Analysis Options... ‘
Solve Setup Defaults ¥ | QK | Cancel | Help |

5. Click Advanced next to Time Step. The toolkit generated a dataset and assigned it as the
piecewise constant variation function. As time increases, the time step size increases, so
fewer steps are run as time progresses in the transient simulation.

Prepare and Run the Twin Builder Analysis 2-9
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Time Step - Transient Yariation x

Variation function |Piecewise Constant j
S(t) =50 =f{t)

50 |1 | ﬂ

Variation | LTIds1_Parametricse ﬂ

200

-
o
=

£
(=] [ =]
E__ﬁllllllllllllll

Time Step [s]
=
=]

5000 10000
Time [s]

Ok | Apply Cancel

6. Onthe Solver Settings tab, the toolkit enabled the Start/Continue from a previously

solved setup and Frozen flow simulation check boxes and linked to the steady state
design.

Prepare and Run the Twin Builder Analysis 2-10
Ansys Electromagnetics Suite 2025 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

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



Getting Started with Icepak®: LTI ROM

lcepak Solve Setup >

General | Save Fields | Convergence  Solver Settings lDefauhs]

Initial Conditions

X Velocity 0 Im_per sec v|
Y Velocity i Im_per sec |
Z Veelocity i Im_per sec |
Temperature |\Ambient Temp | |
1 2 per s2 |
[1 2 per 53 |
[1 diss per s  ~|

[ LUsze Model Based Flow Initialization

Impart Options

v Start/Continue from a previously solved setup Setup Link...

Iv Frozen flow simulation

[ Use end time from source

-

Advanced Options |

IUze Defaults
Solve Setup Defaults ¥ | QK | Cancel | Help |

7. Inthe Project Manager under Optimetrics, the toolkit added the parametric metric setup.
Double-click ParametricSetupROM. In the Setup Sweet Analysis dialog box Table tab,
note the four trials with one field-effect transistor assigned 5W total power value for each
trial.

Prepare and Run the Twin Builder Analysis 2-11
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Setup Sweep Analysis »

Sweep Defintions  Table |Genefd | Calculations [ Options I

| Fem | FET2 | FET3 | FET4 | Add..

10 0 5w 0

2 0 0 0 W

3 5w 0 0 0

40 w0 0 Export Table
Edt Vadables ™ | HPC and Analysss Optionss.... 0K | Cancel

Run the Parametric Setup

1. Inthe Project Manager under Optimetrics, right-click ParametricSetupROM and select
Analyze.

2. Inthe Project Manager under Analysis, right-click Setup1 and select Thermal Monitor
to display the temperature results.

3. Inthe Solutions dialog box, click the Design Variation [...] button.

Prepare and Run the Twin Builder Analysis 2-12
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4. Inthe Set Design Variation, select a row and click OK to plot the monitor point

data.

B Solutions: lcepak_TwinBuilder - lcepak-TwinBulder -

Simudation: |Setup? -

Design Variation: [FET1="Tw" FET 2='0w" FET 3="0W" FET4="5w"

Profie | Residual Themal Monitor | Flow Moritor |

Bl [#] Monitars

O X

a e

= M FET3

Temperature &0 —
= [w] FET4 ]
Temperature .
- [ FET1 7
[+4] Temperature
=Wl FET2
Temperature

Monitors - Temperature [cel]
1

4000 6000 8000
Time

10000

Export the LTI ROM

1. From the Icepak menu, select Export ROM > LTI ROM.
2. Inthe Export LTI ROM dialog box, note the default selections.

Prepare and Run the Twin Builder Analysis 2-13
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B Export LTI ROM -
Parametric Setup: |F‘arametriu:5e13_|pROM ﬂ
Solution Setup: |Setl_||:|1 j
Mame Type -

FET1 Input

FETZ2 Input

FET3 Input

FET4 Input

FET3 Cutput

FET4 Cutput W
Export Directory: | [lcepak/Icepak_TwinBuilder ROM,aedtexport/ .

3. Ifneeded, select a different Export Directory.

4. Click Export to export the solutions. This completes the generation of the step response
data using Icepak. In the next section you will use the step response data to create a
state-space model in Twin Builder.

Prepare and Run the Twin Builder Analysis 2-14
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3 - Prepare and Run the Twin Builder
Analysis

This chapter contains the following topics:
e Run Thermal Model Identification
e Build the Twin Builder Model
+ Run the Analysis and Plot the Outputs

Run Thermal Model Identification

In Twin Builder, create a ROM model from the Icepak data.

1. From the Project menu, select Insert Simplorer Design.
2. From the Twin Builder menu, select Toolkit > Thermal Model Identification.
3. Inthe Thermal Model Identification dialog box, do the following:

¢ Number of Inputs: Enter 4.

¢ Number of Outputs: Enter 4.

+ Response/lnput File Location: Click Browse and select the directory in which you
exported the data from Icepak. The directory is appended with TwinBuild-
erFiles.

Prepare and Run the Twin Builder Analysis 3-1
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55 Thermal Model |dentification — O
Mumber of Inputs : 4 = Maodel Name : Themal_ROM
MNumber of Outputs 4 =

Methods : (®) Time Domain VF Step Response (ele) () Time Domain VF &ny Response (ele)

() fwto Step Response (gle) (") Manuzal Step Response (ele)
() Manuzl Freg Response (ele) () Manuzal Step Response (col)

Time Domain VF Step Response (e} Time Domain VF Any Response (ele)  Auto Step Respons| * | *

State Space Model Min Order : 2 =

State Space Model Max Order : 4 =

Target Relative Error : Ze-3

Tolerance for Oth Crder : 2e-3

[] Use Conservative Pins
MonZero StepRes Slope: (® No () Caleulate () Provided
StepRes File Format: (® Default () Fluent

Response/lnput File Location |:n:pu:urt'-.l::epak-TwinBulder_TwinBuiIderFiIes Browse ...

Load Config ... (Generate Close Help

* Click Generate.
4. A command prompt appears. Press any key to continue to generate the ROM model.

Prepare and Run the Twin Builder Analysis 3-2
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17 C4\Pragram Files AnaysEND 22D Winkd Fitting TooLexe

5. Inthe Complete dialog box, click OK.

Complete >

Generation complete, a model has been imported to Twin Builder,

6. Inthe Thermal Model Identification dialog box, click Close.

Build the Twin Builder Model

Insert the thermal ROM component and build the model.

Place the ROM in Twin Builder

1. Inthe Project Manager, double-click the Simplorer1 design to ensure it is the active
design.

2. Expand Definitions > Components.

Prepare and Run the Twin Builder Analysis 3-3
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Project Manager o x

=3 Icepak_TwinBuilder*
% Icepak-TwinBulder (Transient)™®
ﬁ Icepak-TwinBulder 1 (SteadyState) ™

EHT@ Simplorerl

-JE] Ports

-8k Analysis

l@ Optimetrics

L Results

-2 Definitions

|_:_||:| Components

----- *F Simplorer1

... D Thermal_ROM_SML

-1 Symbols

..... [2 Footprints

----- (£ Padstacks

Eﬂ"'D Models

..... [ Packages

..... (L1 Bondwires

-1 Materials

-1 Surface Materials

-_1 Scripts

3. Select Thermal_ROM_SML and drag it into the 3D Modeler window. Click again to place
the component and the press Esc to exist the component placement mode.
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Enable Outputs

1. From the Twin Builder menu, select Output Dialog.
2. Inthe Output Dialog, expand Thermal_ROM_SML1 and select the four outputs listed.

B Cutput & Treces

i Rl Deetined Ouripat
W outpsts [ Ipuis B InDuis | Suborogis | Dersvabves Elﬂ
Thermal _RICM_SHL L. Outputl_PET3
Search Thermal _RiOM_SHL L Outputd_PET4
Thermal _Ri0M_SHL L Outputd_PET1
Thermal_RI0M_SHL L Outputd_PETZ
Select Al | Selecthione | Espand Al | Colapse A1
=) Demgry varsbies
= iy Thermal RO _TWL]
10 @ F Ouiputi_FET3
19 @ F output?_FET4
10 @ F Outputd_FET1
19 @ F Outputd_FETZ
Selected Traoes ﬂ

3. Click Close.
Specify Inputs

Place Source and Time Function Blocks

Note:

If the Component Libraries window is not displayed, click View > Component Librar-
ies.

1. Onthe Components tab of the Component Libraries window, expand Simplorer Ele-
ments > Basic Elements > Blocks > Sources Blocks.

2. Click and drag CONST: Constant Value to the workspace. Click again to place the block.
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Component Libraries o =

H-2) Favorites

-4 Most Recently Used

=&, Simplorer Flements

-2 Basic Elements

-2 Circuit

=1-4Z3 Blocks

-0 Continuous Blocks

[-ggV Discrete Blocks

BV Sources Blocks

. .. ® CONST: Constant Value

- @ RANDOM: Random Value
i b @ 5TEP: Step Function
& Signal Processing Blocks
-0 Math Blocks

3. Place two more CONST: Constant Value blocks in the workspace.
4. Press Esc to exit placement mode.
5. Connect the blocks to the inputs as displayed in the following image.

COMNET

consFO @ Thermal _ROM_SML1

inputrj_fe

1
CDNB’-{'E\JSIE input?_fet2
input@_fe 3

4

inputjr fe
H—

S ML nutp_ugI _fet3

outputs_fetd
—H]

outputa_fet1
—El

outputd fetz
—tF

CONST

6. Inthe Component Libraries window, expand Simplorer Elements > Basic Elements >
Tools > Time Functions.

7. Click and drag TRAPEZ: Trapezoidal Wave to the workspace. Release the mouse button
to place the block.

8. Connect the block to input4_fet4.
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Specify Input Parameters

1.

Double-click the CONST1 block to open its Parameters panel.

2. Under Parameters next to Value, enter 1.5 to specify the power dissipation (in Watts) for
the ROM and click OK.

Parameters - COMNST1 - Constant Value

Parameters l AC - Parameters | Qutput / Display

Name  |[CONSTT
Farameters

Value 15
Sample Time
Outputs

[+ Show Name

Value, Variable, Expression

[+ Use System Sample Time

i
m

[v Block Output Signal

[ AC use

o |

Cancel
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3. Repeat Step 2 for CONST2 and CONST3.

4. Double-click the TRAPEZ1 block to open its Parameters panel. Enter the values as dis-
played in the following image.

Parameters - TRAPEZT - Trapezoidal Wave X

Parameters l Output / Display

Name  |TRAPEZ1 ¥ Show Name
Parameters

Ampltude |15 | v| Phase |0 ldeg |

Offset 1]

¥ Perod |E-I]I |s j Rise Time |D.'I |s j
Periodical Yes - Fall Time |D.'I |s j
Delay o s ~| Pusewidth|s s =l
Outputs

[ Walue

OK | Cancel |

Run the Analysis and Plot the Outputs
Specify Settings and Run the Analysis

1. Inthe Project Manager, expand Analysis.

2. Double-click on TR solution setup.

3. Inthe Transient Setup Analysis dialog box, do the following:
¢ End Time - Tend: Enter 1000 s.
¢ Min Time Step - Hmin: Enter 0.1 s.
+ Max Time Step - Hmax: Enter 4 s.

Note:

Ensure that you select seconds as the unit for the three entries.
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Transient Analysis Setup

Analyziz Setup Mame TR

Analysiz Control

[ Dizable thiz analysis

End Time - Tend 11000 s

=
Min Time Step - Hriin ||:|.'| |s j
M ax Time Step - Hmax |.-1 |S ﬂ

[ Use Initial % alues

| [l

[ Enable continue to solve

Analyziz Dptions [Default Options] |

Cancel |

4. Click OK.
5. Right-click the TR solution setup and select Analyze.

Plot the Outputs

1. Inthe Project Manager, right-click Results and select Create Standard Report > Rect-
angular Plot.

2. Inthe Report dialog box, select all four outputs as shown in the image below.
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3. Click New Report and then Close.
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