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Window, Workspace, Key Menu’s, Models, & Simulation

The sT Embed window consists of a menu bar containing tiers of dropdown commands, blocks, and examples and a workspace. Many of the
menu bar command and blocks are also available in “tear off” icon bars (located under the menu bar) and in the tree structured “Menu & Browser
window” to the left of the workspace.

/= VisSim for Altair

State Cha ofion DOF s Embedded Tools Window Help

NEEA ® B 2 IN( P18 )] o

\ \\N“Tear Off Icon” menus

“Blocks” menu contains most of the building blocks you will need to
construct block diagram models

- Erpbedded
-- Diayams

“System” menu contains the time controls for simulating (start time, end
\ time, and time step) and choice of humerical methods

“Edit” menu — in addition to normal editing command, this menu contains commands to
“create” and “dissolve” compound block AND define user “preferences”

“Menu & Diagram Browser” — for model navigation & access to menu
commands

View the sT Embed Workspace
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VisSim Embedded Training Models/WindowWorspaceAndMenus.vsm
Blank VisSim Workspace.vsm
Blank VisSim Workspace.vsm
Blank VisSim Workspace.vsm
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Simulation Setup and Control

™
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Simulation Setup - Basics

sT Embed is designed to solve implicit, explicit, differential, & discrete equations that normally have time as their independent variable.

VisSim for Altair Engineering - System Properties.
Fil Edit Vi Anal Blocks State Charts  MyModel:
fD = = él‘w;é il L = an hed Range | integration Method | Implicit Solver | Preferences | Defautts |
. . = "
The simulation setup == S St oy -
parameters are date Single Step Fo Time Step [T
~index Centinue End {sec): 15
accessed through the labe Reset Sim
« scalarToStn S _ [CIRunin Real Tme AT Scale Factorn 1
System/System sclarToveg | S¥Aem Popertes. (Ao Rosiat 7] etan Stte
. » - structToScal Optimization Properties...
Properties/Range vrable Snap Sttes
. vecToScalar Reset States
dialog box. -
Arithmetic H]
A
Cancsl Poply Help

For most simulations, we are interested in setting three basic parameters:
Start (sec): Simulation Start Time, seconds, normally set = 0.
Time Step: Simulation Update Time, selectable units, normally in seconds. Time Step defines how often your ST Embed model is executed.

End (sec): Simulation End Time, seconds

Simulation Setup - Basics
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VisSimEmbeddedTrainingModels/Simulation Control Example.vsm
SimulationSetupBasics.vsm
SimulationSetupBasics.vsm
SimulationSetupBasics.vsm
SimulationSetupBasics.vsm
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Simulation Setup — Integrator Selection

sT Embed supports 9 integration methods available through the “System/System Properties/Integration Method” dialog box.

VisSim for Altair Engineering -

/= File Edit View [System | Analyze Blocks State Charts

MyModels

DeE&| 4
T comment
... date

- index

Iabel
scalarTaStru
- scalarToVec|
- structToSca
varisble

vecToScalar

Go =]
Stop F
Single Step F10
Continue
Reset Sim

System Properties..
Optimization Properties.
Snap States
Reset States

—)

You can easily see your selections “Start”, “Time Step”, “End”,
and “Integration Method” in the lower right corner of the sT

|

Embed Workspace Window.

Blks is the number of blocks in your model.

T is the elapsed simulated time (sec).

Simulation Setup - Integrators

System Properties
Intearation Method | mplicit Solver | Prefsrences | Defaus|
ler ©) Adaptive Adams-Moutton
rapezoidal (©) Adaptive BDF

nge Kitta 2nd order

nge Kitta 4th order

aptive Runge Kutta Sth order
aptive Bulish-Stoer

) Backward Euler (Stf)

Monlinear Solver:

Functional lteration

Min Step Size: 1e-006
Max Truncation Eror. | 1e-005
Max tteration Count 250

Cancel Hpply Help

The first four integrators are fixed time step methods and the remaining
are variable step methods. sT Embed defaults new models to use the
“Runge Kutta 2" order” integration method. This method provides a good
compromise between speed of execution and accuracy of response.

“Start”:"End” “Integration

Method”

“Time Step”
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VisSimEmbeddedTrainingModels/Simulation Control Example.vsm
SimulationSetupIntegrators.vsm
SimulationSetupIntegrators.vsm
SimulationSetupIntegrators.vsm
SimulationSetupIntegrators.vsm
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Simulation Control

Four commands to control the Simulation;

Start: Simulation starts at “Start (sec)” and executes until “End (sec)”

Stop: Stops the simulation, retains all memory values.

Single step: Executes the simulation for one “Time Step”, memory values are retained between
single steps

Continue: Executes the simulation from the current time until “End (sec)”

There are three ways to access the commands:

Using the Control Panel Using the Control Using the Control
located in “View/ Control Modes located in Mode Icons located in
Panel” menu. “System” menu. toolbar.

Simulation Control Go P (ST
Stop F4

Sim Time: 0 Single Step Fi0
Roal Tinc 0 Continue

Single Step Simulation Control Example
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VisSimEmbeddedTrainingModels/Single Step Example.vsm
Single Step Example.vsm
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Simulation Configuration

sT Embed can be configured using three options available in the “System Properties/ Range” menu

Run in Real Time: Causes simulation execution to synchronize with clock time

Range | Integration Method | Implicit Solver | Preferences | Defauits |

. “ . . » . . . at fsec): 2]
RT Scale Factor: Used with “Run in Real Time” to control simulation execution speed. For example, _— =
setting “RT Scale Factor” = 10 will cause the simulation to run at 10x Real time End Gz 5
b [[|Runin Real Time T Scale Fastor 1 N
Run in Real Time Example || asoesst  [Retansie )

¥/

Auto Restart: Causes the simulation to continuously restart when “End (sec)” is reached

Auto-Restart Example Cooc Jloms J| fo Jite

Retain State: Used with “Auto Restart” to restart with previous run memory values

Retain State Example
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VisSimEmbeddedTrainingModels/Simulation Control Example.vsm
RunInRealTimeExample.vsm
VisSimEmbeddedTrainingModels/Simulation Control Example.vsm
AutorestartExample.vsm
AutorestartExample.vsm
AutorestartExample.vsm
VisSimEmbeddedTrainingModels/Simulation Control Example.vsm
RetainStateExample.vsm
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Command Line Startup

Customize sT Embed Startup with the following procedure:
1. From the DESKTOP, Right-click the sT Embed icon.

2. Click the Shortcuts tab and enter one or more of the following arguments in the “Properties/Shortcut/Target” box.

Use this argument To

block-diagram-name Start VisSim and open the specified
block diagram.

-1 [block-diagram-name] Start VisSim as an icon and optionally
open a block diagram.

-nb [block-diagram-name] Start VisSim without the start-up banner
and optionally open a block diagram.

-ne Suppress the simulation completion
dialog box.

-r block-diagram-name Run a simulation read in from the

specified block diagram upon start up.

-re block-diagram-name Run a simulation read in from the
specified block diagram and exit VisSim
upon completion.

NOTE: If you enter more than one argument, separate them with spaces. If a model name is included in the argument list, it must be
specified last.

EMBED solidThinking’
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Command Line Startup Example

Create a shortcut that launches sT Embed without the startup banner.

| VisSim - Embedded v0.0 for T C2000 Properties '

Security Details Previous Versions
Shortout Compatibil

@: VisSim - Embedded v9.0for TI C2000

Target type: Application

Target location: VisSim30

Target: C:\VigSim30\wissim 32 exe -nbl

Start in: C:\VigSim30

Shortcut key:  None

Bun: [ Mormal window w7 ]

Comment:

[ Open File Location ][C_Dhangelmn... ][ Advanced... ]

solidThinking’
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Basic Model Blocks and Features
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Compound Blocks

A sT Embed model may be created on one level or many hierarchical sub levels

sT Embed compound blocks are used to encapsulate diagrams or parts of models into sub-level blocks. Compound blocks save screen space, hide
unnecessary detail, can be easily replicated, and preserve calculations from accidental change.

After selecting the blocks to be encapsulated in a compound block, there are two ways to create a compound block
1. “Edit/Create Compound Block...” menu
2. Right Button Click, select “Create Compound”

Example:
The volume or a right circular cone is defined as: V=ar

L | =

This equation has two inputs, r and h, and one output, V, and may be written in block diagram form as:

NOTE: use “wirePositioner” from “Blocks/Annotation” to
position wire corners

Right Circular Cone Equation

EMBED solidThinking’


VisSimEmbeddedTrainingModels/Volume of a Right Circular Cone Equation.vsm
VisSimEmbeddedTrainingModels/Volume of a Right Circular Cone Compound Block Creation Steps.vsm
Volume of a Right Circular Cone Equation.vsm
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Compound Block Creation

Using “Edit/Create Compound Block...” the equation is captured in a compound block named “Volume of a Right Circular Cone” i:?g” lR‘?“ht
ign Rig

Align Stack

Align Top
Step 1: “left button + drag” to select compound block contents, then Align Inputs
right mouse to display shortcut menu, select “Create Compound” g“g" Outputs
Cut
Copy

Step 2: Define compound block name, click “OK”

| Volume of = Fight Crcuiar Cone

Create Compound

— ::' Volume of a Right Circular Cone }— Fiip Florizoma

Type Cir+ENTER to enter a new line

Protection Btmap Ctrl+Left
[]Locked [1ReadOnly  []Use Bimap

[ Hide in Display Mode

[ Cancel ]

o ] [ ]

Associated Commands:

Flip Horizontal: rotate a compound block by 180
Our block diagram now has 2 levels: degrees (“Edit/Flip Horizontal”)

Dissolve Compound Block: undo the compound
block creation (“Edit/Dissolve Compound Block)

::' Volume of a Right Circular Cone }—

. s e—br
Create Compound Block Example Sub Level: I
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VisSimEmbeddedTrainingModels/Volume of a Right Circular Cone Compound Block Creation Steps.vsm
Volume of a Right Circular Cone Compound Block Creation Steps.vsm
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Signals, Parameters, Wires, & Pins

Signals are real data that vary with respect to continuous time while Parameters are constant.
Signals travel on wires or via variables (described shortly)
Wire connections to any block (compound, sT Embed, ...) are called Pins and defined as follows;

I i )
Input Pins; <€éumﬁamg‘mrwla’&é§> Output Pin;

Pin 1 Pin 1

(upper),
Pin 2 (lower)

Pins are numbered from top down in ascending sequence [1,2,3...]
Pins only exist on the left and/or right sides of a block.
All Input pins lie on one side of a block and all output pins lie on the other side.

“Right Click” on a sT Embed block or a Compound Block will expose the Block Parameters OR the next
sublevel of the compound block if it is a multilevel structure.

Compound Block Pins Example
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VisSimEmbeddedTrainingModels/SignalsParametersWiresAndPins.vsm
Volume of a Right Circular Cone Compound Block.vsm
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Pin Addition & Removal

Compound Block Pins can be added two ways:

1. Automatically: From within a compound block, sT Embed will automatically add input and output pins such that all variables and outputs have pin
connections.

e p—m

2. Manually: Using either the “Add Connector...” or “Remove Connector...” commands located in the “Edit” menu or using the “toolbar” icons.

Adding an Input or Output Pin Manually: Removing an Input or Output Pin Manually: Add a
connector
1. Selecting “Add Connector...” from either the “Edit” 1. Selecting “Remove Connector...” from either the
menu or the toolbar icon. “Edit” menu or the toolbar icon. Remove a
connector
2. The mouse cursor will change to ->+, place the 2. The mouse cursor will change to ->-, place the
cursor on either the left or right side of the compound cursor on either the left or right side of the compound
block, “left click” as many times as needed to add block, “left click” as many times as needed to remove
inputs or outputs. inputs or outputs.

NOTE: connectors are always added from the pin on NOTE: connectors are always removed from the pin
the lower side of the compound block edge. on the lower side of the compound block edge.

Pin Addition and Removal Example In addition to compound blocks, many of the blocks in the sT Embed library can have
pins added to expose internal parameters.
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Pin Addition and Removal.vsm
Pin Addition and Removal.vsm
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Variables & Scope

sT Embed variables (“Blocks/Annotation/variable”) are used to create “wireless” connections for improved readability and conservation of screenspace.
sT Embed variables are always connected to the pins of compound or other sT Embed blocks.

sT Embed variables may be scoped in any of three ways:

1. Diagram Scope: The variable is available at any level of the block diagram (also called globally
scoped variables) Ex: “xDot”

2. Level (Local) Scope: The variable is available ONLY at the level in which it was defined. Precede
the variable name with a colon : for level scope. Ex: “:xDot”

3. Definition Scope: The variable is available at the level in which it was defined AND all sublevels.
Precede the variable name with a double colon :: for definition scope. Ex: “::xDot”

Variable Scope Example
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VisSimEmbeddedTrainingModels/Variable Scope.vsm
Variable Scope.vsm
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Variable & Pins

1. Local Scope Variables are added for the input and output signals in the “Volume of a Right Circular Cone” compound block calculation:

Inputs

2. Wire the Local scope input and output variables by assigning them to the internal compound block pins;

Input variables wired to
Pin 1 and Pin 2

Input Pin 1(

Input Pin 2< Output variable wired to

Pin1

Locally scoped variables for Compound Block Example
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VisSimEmbeddedTrainingModels/Volume of a Right Circular Cone with Local Variables.vsm
Volume of a Right Circular Cone with Local Variables.vsm

© 2016 solidThinking, Inc. Proprietary and Confidential. All rights reserved. An Altair Company. 18

Compound Block Duplication

Replication of compound blocks with level scope variables preserves the compound block contents, for example, using the sT Embed copy command,
“shift + ctrl + left button”, two additional copies of the “Volume of a Right Circular Cone” compound block are made. When supplied with different input
signals, each copy produces a unique output.

ume of a t Circular =] 4
Val of a Right Circular Con 2.0944

Volume of a Right Circular Cone 37.6991
[4]

- Violume of a Right Circular Cone 167.08

Compound blocks intended to be replicated can be more efficiently designed if;
+ Signals are communicated through the input and output pins
« Parameters are defined as internal variables with scoping that

Compound Block Duplication Example
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VisSimEmbeddedTrainingModels/Compound Block Replication.vsm
Compound Block Replication.vsm
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Compound Block Navigation

Compound Blocks and their sublevels may be navigated in either of two ways:

Mouse Navigation “Menu & Diagram Browser” Navigation

-’ Wum {f = Riy-lt ci“-u'a lee | £~ VisSim for Altair Engineering - [Volume of a Right Circul

> /= File Edit View System Analyze Blocks State
" EREETIEEER 2
st e 40 B var b b ‘

[T . ” G . ” R e

right click” on right click” on compound Biods

window block to view one P

background to sublevel down S s

view one level up i i eseala

The compound block name and
its sublevels will appear in the
“Menu & Diagram Browser”
window on the left of the
workspace.

Compound Block Navigation Example

In this example, click on the
“Volume of a Right Circular
Cone” to view the contents of
the sublevel.
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VisSimEmbeddedTrainingModels/Compound Block Navigation.vsm
Compound Block Navigation.vsm
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Multilevel Compound Blocks & Navigation

sT Embed supports multilevel compound blocks with no software limitations on the number of levels. For example, using a copy of the “Volume of a
Right Circular Cone” compound block, a diagram with four levels of hierarchy is created and presented below;

Our compound block now has 4 levels: “Menu & Diagram Browser” Navigation
El D_iagraml
Top Level: :'\Mume of a Right Circular Cuﬂe}— - Velume of a Right Circular Cone

=1 Volume of a Right Circular Cone
‘.- Volume of a Right Circular Cone

Sub Level 1: \HumeufaRiyltCircula'Cnﬂe

The four levels of the compound block will appear in the
“Menu & Diagram Browser” window, where;

Sub Level 2: ume of a Right Circular e}_l-
[ ]——p{ Velume of = Right Circular Con Top Level = Diagram1

Sub Level 1 = Volume of a Right Circular Cone
Sub Level 2 = Volume of a Right Circular Cone
Sub Level 3 = Volume of a Right Circular Cone

Sub Level 3:

“Left click” on any Level to view the contents of that level.

Create a multilevel Compound Block
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VisSimEmbeddedTrainingModels/Compound Block Navigation.vsm
MultiLevel Compound Blocks.vsm
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Compound Block Connector Labels

For improved readability, compound block pins may be assigned names. Names may consist of digits and characters, special characters (other than
alphabet characters) should not be used as they carry special meaning .

Pin names can be added either from within the compound block or at the top level of the compound block.

Adding a Pin name from withina = —
compound block

Connector name will

Connector Radus|

Double left click St appear Radius
on the red internal pin. [__ | = . inside the compound
o . block
[7] Restrict conngcons to class members
. . [ Delete Ciss ]
Adding a Pin name from the
o = And ON the compound
top level of a compound block == P

block top level

%un\e of a Right Circular Cone }» P \iolume of a Right Circular Cone Volume}»
Enter a Pin name

Double left click
on the red pin.

Adding Pin Labels to Compound Block Example
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VisSimEmbeddedTrainingModels/Volume of a Right Circular Cone with Pin Names.vsm
Volume of a Right Circular Cone with Pin Names.vsm
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Wire routing & Block direction

sT Embed will automatically choose the best wire path when
connections are made between input and output pins. Sometimes it is
necessary to manually define the wiring path. In these situations, the
“‘wirePositioner” block in the (“Blocks/Annotation”) menu is used.

¥
vl
Jur_L

Cs { ZE
: [GS=er

“wirePositioner” blocks

Wires partially hidden by
“Calculation 2” compound

block
sT Embed blocks are normally oriented to accept input signals on their left side Caleulaton 1 | Calculation 2
and produce output signals on their right side. For feedback systems, use “ctrl
+ left arrow” to rotate any block by 180 degrees. :J‘

Example Feedback System: lllustrates the use of the “wirePositioner” block, block directions, and mixing of scalar and matrix signals in a block diagram.
Note the use of “Add Connector...” to add an input to the summing junction block.

ot [
“ctrl — right click” to toggle the summing
junction sign from + to — and back.

Wire Routing Example
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Wire Routing, Block Direction, SJ signs.vsm
Wire Routing, Block Direction, SJ signs.vsm

Data Types

sT Embed automatically interprets data types and performs calculations without the need for any
manual conversion.

You can view the datatype associated with each wire by selecting “Data Types” in the “View”

menu.
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sT Embed uses the following colors to display data types

Data Type Example

EMBED solidThinking’

Color Data Type
Yellow Scaled Integer
Light red Float

Red Double

Light magenta Structure
Magenta Matrix COMPLEX

Dark magenta

Matrix double or COMPLEX

Purple String

Light green Char

Green Short, integer, or enum
Comboltem

Dark green Long

Light blue Unsigned char

Blue Unsigned short

Dark blue Unsigned long or void

NOTE For plots, meters, and stripChart blocks, the input connector tabs

reflect a color for the signal trace and not the data type.

Font I

Paragra

m for Altair Engineering - [Diagram1’

Edit (View| System Anabze Blocks State Charts Myl

=K
com
date
inde]
label
scal
B4
stru
varia
vecT|
wire
Arithmel
Audio
3oolean

Zo-5im

Fonts...

Colors...

Block Labels
v Connector Labels

Data Types
v Presentation Mede
ZoomIn

Zoom Out

Control Panel
¥ Status Bar
v Tool Bar...

Alt+D

JDE

T
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Wire Routing, Block Direction, SJ signs.vsm
DataTypeExample.vsm
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Scalar to Vector & Matrix Conversion

Scalar signals may be grouped into either vectors or matrices for conservation of screenspace, improved readability, or for
matrix calculations (“Blocks/Matrix Operation”). The sT Embed the “scalarToVec” block (“Blocks/Annotation”) is used to create

vector or matrix signals and the “vecToScalar” block (“Blocks/Annotation”) is used to create scalar signals from either vectors
or matrices.

Create a 3x1 vector signal from three scalar variables; Narrow wires for scalar signals
Bold wires for vector or matrix signals

“Right click” on connector to view vector
5 dimension & values
| ‘ -

P -scalarVariable1
P -scalarVariable2
P scalarVariable3

b A

W P 5
0
0
Configure the “scalarToVec” block, “Right Click” to expose its
parameters. Specify the row and column count, select “No Pin
Labels” if the block annunciations are to be hidden.

Scalar to Vector Properties

Rows: 3
Cols: |1
[INo i Labels

[ ok J[ caneel ][ Hep |

Create a 2x2 matrix signal from four scalars: s o . o .
Right click” on connector to view matrix dimension & values

& -scalarVariable1 {53
I -scalarVariable? 1.2 ariable 0] 0
I -scalarVariable3 I 2.1 N 0l 0
| -scalarVariabled 2.2
Sl o Vecter rapeel Configure the “scalarToVec” block by “Right Click” to expose its
Fous: 2 parameters. Specify the row and column count, NOTE: Pin labels
Cos: 2 | define the [row,col] location of the scalar
[T No Pin Labels
Scalar Vector Conversion Example T
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VisSimEmbeddedTrainingModels/Scalar to Vector.vsm
Scalar to Vector.vsm
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Vector & Matrix to Scalar Conversion

Create three scalar signals from a 3x1 vector signal;

-}| -vectorVariable

Create four scalar signals from a 2x2 matrix signal;

-H -matrixVariable

Scalar Vector Scalar Round Trip Conversion Example

Wog P -scalarVariabled
P P :scalarVariable2
kAl P scalarVariable3
Vector to Scalar Properties
Rows: 3 ”
Cos: 1 cToScalar
7] No Pin Labels rrect
Cancel Heb
Vo P -scalarVariable
N P -scalarVariable?
Tl P :scalarVariable3
22 P :scalarVariabled
Vector to Scalar Properties
Rows: 2
Cols: 2
7] Mo Pin Labels
|



Vector to Scalar.vsm
Vector to Scalar.vsm
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Alignment Tool

The block alignment tool is located in two locations:
1. “Edit/Align” menu.
2. Right Button Click on a selected collection of blocks

The following 6 commands are supported:

Left: Left justify

Right:  Right justify

Stack:  Stack all blocks vertically with no space between them

Top: Place all blocks on top of one another

Inputs:  Align the “input” signals within a compound block with their connectors
Outputs: Align the “output” signals within a compound block with their connectors

Edit) View System Anahze Blocks StateCharts Digital Power Motic

Undo
Redo

Cut

Copy

Paste

Paste Link

Select All

Delete

Clear Errors

Flip Horizontal

Create Compound Block..
Dissolve Compound Block
Auto Connect

Auto Disconnect

Align

Find...
Replace..

Block Propertics..
Add Connector...
Remove Connector..
Toggle Tag

Goto Tag

Goto Next Change

Reset Bitmap Scaling
Repaint Screen

Preferences..
Object

Ctri+Z
Ctrl+¥Y
Ctrl+X
Ctrl+C
Ctrl+V

Ctrl+A
Del
Ctrl+E
Ctrl+Left

Ctrl+F
Ctrl+H
Ctrl+RtBtn

Ctrl+F2
F2

Ctrl+R

IO A, BE AM AN
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© 2016 solidThinking, Inc. Proprietary and Confidential. All rights reserved. An Altair Company. 27

Built in “Read Only” Variables

sT Embed provides 8 built-in variables that output either a pulse or a value for special simulation events or settings. sT Embed built-in variables begin
with $ and are accessed through the “variable” (“Blocks/Annotation”) block, dropdown menu.

Set Variable Name

Stime Start
Stime Step

$firstPass: Outputs a pulse when the simulation starts.
$lastPass: Outputs a pulse at the last “Time Step” of the simulation.
$randomSeed: Outputs the random seed used by the random number generator.
$runCount: Outputs the simulation run number when “Auto Restart” is selected, begins with “1”
$timeEnd: Outputs the simulation “End (sec)” value.
$timeStart: Outputs the simulation “Start (sec)” value.
$timeStep: Outputs the simulation “Time Step” value.

Built In Variable Example
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Built In Variable Example.vsm
Built In Variable Example.vsm
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Signal Producers & Consumers

sT Embed provides two block menus to create signals (“Blocks/Signal Producer”) and to process signals (“Blocks/ Signal Consumer”);

Signal Producer blocks Signal Consumer blocks
butten H display .
Signal Producer blocks Signal Consumer
dialogConstant are used to create xecOrder blocks are used to
dialogTable . . export
B S|gnals_for useina el display signal
e bIoch dlangm. Most e characteristics. Most
= can be used to create o are designed to receive
- scalar OR matrix - scalar signals. Signal
- signals. Signal plodd Consumer blocks have
polarPlot . .

p— Producer blocks have . input Pins only.
i output Pins only. stop
timeOfbay stripChart
timeStamp B
triangleWave

Commonly Used Signal Producers Commonly Used Signal Consumers
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Wire Connector Data Display

Data can be displayed dynamically by adding a “display” block (“blocks/menu/signal consumer”) to any wire, scalar or vector.

o 1 2. 3
-.544021 Ix3 7' 8- 9'

Alternatively, data that passes through a signal connector can be displayed dynamically by placing the mouse over the connector and holding the
mouse right button.
3Ix3

1. 2. 3

1 2. 3. 4. 5. 6|

- 54402111088937 (double b - 544021] 4 5 b 7. ] 9]
7. 8. 9

Display data does not have to be numeric, the following example displays an expression. The expression is must be created in a “const” block and
must be enclosed in double quotes:

["Hello World" ——#  Hello World]
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Compound Block Enabled Execution

30

Normally, a sT Embed compound block will produce output at each “Time Step” of the simulation. In some situations it is necessary to alter the times at
which a compound block’s output is produced. In these situations, the “Enabled Execution” option of the “Compound Properties” is checked (to access
“Compound Properties” for any compound block, enter “ctrl + right button” on the compound block).

To illustrate, we’'ll look at a compound block, named “Unity Gain”, that produces an output signal equal to it’s input signal times ONE. The simulation is
configured with “Start (sec)” = 0, “Time Step” = ..01, and “End (sec)” = 10.

ljUni%Ga'ﬂz 1 Plot ‘?,@
A unit “ramp” is applied to the compound block and both the input and output signals are o S
plotted in a “plot” block (right). ner
ol
= | Compound Bogr
Compound Name Ee L
The “Enabled Execution” option of o » 2 e
the “Unity Gain” compound block is w7 tmeen

checked, and a round green pin
connector (named the “Enabled
Execution” pin) appears on the
input side of the compound block

(right).

EMBED solidThinking’

Type Cri+ENTER fo enter 3 new line
Protecton Appearance

Bassword: Set Color

Create Dialog fiom contained Dialog Constants

Contained Block Count
Contained Computational Blocks:

oK | Cancel |

Locked Read Only |UseBitmap | Selectimage... |

Hide in Display Mode Do not Snap to Grid Locally
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Compound Block Enabled Execution &
External Trigger

A “pulseTrain” block (“Blocks/Signal Producer”) is configured with a “Time between —
pulses” set to 1 (units are in seconds). The “pulseTrain” is connected to the “Enabled 51 Plot [= @ =]
Execution” pin and the simulation is executed (right). (A > 10——_03':1&'1 giig'::'l

The “Unity Gain” compound block is executed when the “Enabled Execution” pin input
goes “high” or “1” and the compound block holds its previous value while the pin value is
“low” or “0”. Since the “pulseTrain” was configured with a 1 second interval, the Output
Signal is updated 1x/second every second as shown.

¥ v vV ¥ v
[=TRR - T - = I = =]

Time (sec)

In addition to compound blocks, many of the blocks in the ST Embed library have the “Enabled Execution” pin
function, however, it is named “External Trigger” in the block properties.

Compound Block Enabled Execution Example
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Adding a Model to the sT Embed Menu

Frequently used models can be added to the sT Embed toolbar menu for easy access.
For example, let’s create a compound block named “Repeating Time”, that produces a special signal & place it in the menu “MyModels/Signal
Generators”

1. Create a “MyModels” folder in sT Embed90 with subfolder “Signal
Generators”

2. Launch sT Embed EMBEDDED

a. “Edit/Preferences/Menu Directories”, , .
. “« » Menu Directory Settings
double click “... E——
« . » irectary Path to .vsm Files o
b. Browse to “MyModels/Signal Generators C:isSim30\hyhlodels\Signal Generators [ el
folder [ Dpen a3 new file [default is add file to diagram]
C. Uncheck “Open as new file” [¥] Include vsm files in subdirectories
d. Check Hlnclude Vsm ﬁIeS in Subdirectoriesﬂ Sh:l:tde:zlmg menu header or enter new menu path, Use ' as separator, -
e. Enter “MyModels” for the menu header

f. Click “set”, “ok”
3. Save the “Repeating Time” sST Embed model in the “MyModels/Signal Generators” folder

|/~ VisSim for Altair Engineering - [Diagram1]

4' Close & relaunCh ST Embed EMBEDDED’ the MyMOdels /= File Edit View System Analyze Blocks State Ch; MyModels | Digital Power Motion Diagrams Knobs and s Embedded Tools Window Help
folder will be included in the sT Embed toolbar with a DEEaE| s em s 27| ([ s [ pemgtme | Jg

subfolder “Signal Generators” containing the “Repeating Time”

model

EMBED solidThinking’
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Adding Dialog Constants to a Compound Block

33

Variables within a compound block can be limited, defaulted, and presented through a “Dialog Window” when you Right Click on a compound block.

i Compound Properties.

Compound Name:

Limited Integrator|

1. ldentify the variables, select a “dialogConstant” block (“Blocks/Signal
Producers”).

Type Cti+ENTER to enter a new line

Protection Appearance
2. Enter the name you want to appear in the in the “Dialog Window” in the [liscked [JReadOniy  [[]Use Btmap
“name” field of the “dialogConstant” block. et s EEE (-
< Nide in Display Mode [7] Do net Snap to Grid Locally
[¥] Cre}te Dialog from contained Dialog Constants
3. Attach the “dialogConstant” block to the expression or variable needed e Dutons for contanes conpeuns delogs

[~] Enabled Execution
Copy Hash Function to RAM

[] Local Time Step: 0.0
4. Create a compound block that encapsulates the “dialogConstants” and Locl;gens; Srgmo Lhmad
check the “Create Dialog from contained Dialog Constants”

Execute on Intemupt Select..

[T]Use Local Bounds:  Start

End
Betain State

Use Implicit Solver: | Setup Solver
Contained Block Count
Contained Computational Blocks:

w

[ox ] [[Concel | [ mep |

Dialog Constant Example
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Plot Block and Features
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Plot Block

Four types of plotting are supported: bz i

Options | Labels | Puig I Appearance I TIECE5|

» Time History Plotting: Plots up to 8 signal time histories simultaneously or in their subplot i i FlLog X
] Frequency Domain ) [ Log ¥
+ XY Plotting: Use the “XY Plot” option and specify the “X axis” signal. Truncate FET data to 27 Decibel Y
[C] Plot Averaging  Past Value Weight (0-1): [0
« FFT Plotting: Use the “Frequency Domain” option to replot a time history plot as an FFT [ Bxtemal Trigger dr:
Plot. ] Geometric Markers
. Marker Count: -1 Bead Coordinates ...
XY Plot : :
 Vector Plotting: Using “External Trigger” option, the plot block can plot a vector of data K ads: [El Retain Coordinates
. L .« . . .y [7] Snap to Data
versus it's sample number (this is covered in “2. Signal Buffering & Vector Plotting [ Muttiple XY traces
[ Grid Lines v
Line Type: nt: 2
Max Plotied Poirts: 0
Actual Point Court: 0
Plot Block - Time History Example [ ok J[ Caneed || sony Help

Plot Block - XY Plotting Example
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Plot Block time history  Example .vsm
Plot Block time history  Example .vsm
Plot Block time history  Example .vsm
Plot Block time history  Example .vsm
Plot Block time history  Example .vsm
VisSimEmbeddedTrainingModels/Plot Block xy plotting example.vsm
Plot Block xy plotting example.vsm
Plot Block xy plotting example.vsm
Plot Block xy plotting example.vsm
Plot Block xy plotting example.vsm
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Plot Block - FFT

A signal is normally displayed as a time history in a ST Embed “plot” block. The frequency content of the signal can be displayed in the same “plot” block
by selecting the “Frequency Domain” option located in the “plot/Options” tab.

This “Frequency Domain” option calculates and displays the Fast Fourier Transform (FFT) of the time domain signal. Signal power is displayed on the “y-
axis” and frequency (in hertz) on the “x-axis”. The frequency range is dependent on the “Time Step” value used in the simulation. The frequency range
begins at 0 Hz and ends at 2/"Time Step” value (where “Time Step” is in units of “seconds”).

The sT Embed FFT algorithm requires that the signal time history point count is an integer power of 2. The “Truncate FFT Data to 2*n” option, when
checked, will truncate the time history down to the nearest power of 2. If not checked, the time history is padded with zeros to round the point count up to

the nearest power of 2.

The x and/or y axis scaling may be converted to “Log10” and db (10*Log10) by selecting the “Log X", “Log Y”, or “Decibel Y” options in the “plot/Options’
tab.

Plot Block - FET Example

A complex waveform time history
(below) simulated with “Time Step” =
.01 seconds is shown below.

+ [
AR — = —
1Pl s == e et = [o=]
» 96F
B4
# T2+

¥ v vV vV ¥

Time (sec)

The “Frequency Domain” option reveals the
signal consists of three fundamental
frequencies.

» 60
48

236 H
24

A2 [\
» 0 . L . L
0 10 20 30 40 50
» Frequency (Hz)
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Plot Block — Interactive Coordinate
Difference Readout

(= ==]

In addition to interactive coordinate readout, the “plot” block “Read Coordinate” feature can be used to
display the difference between an initial crosshair readout and the current crosshair readout.

A “sinusoid” (“Blocks/ Signal Producer”) time history is displayed in a “plot” block (right).

measured;

1. Create the Initial crosshair readout: “right+click” on the “plot” block, “Options” tab, check the “Snap to Data”
option and then click “Read Coordinates”, then “OK”. Place the crosshair at a peak value of the sinusoid, click
the left mouse button.

L L L L
0 2 4 6 8 10

b
R
Using the Coordinate Difference Readout feature of the “plot” block, the period of the sine wave can be F— PR
»
)
P
1
R
1
»

C " o ===

2. “right+click” on the “plot” block, “Options” tab, check the “Retain Coordinates” option and then click “Read :
Coordinates”. Place the crosshair at an adjacent peak value of the sinusoid, the initial crosshair readout »
values are displayed in the lower left corner of the “plot” block followed by the difference between the current +>
B
-+
R

and initial readout values. In this case the sinusoid has a period of 6.2732919 seconds.

-1.0

L 1 L 1
0 2 4 [ 8 10
X-7.8571429 Y=-0.99999207 X-X0-6.2732919 Y-Y0-3.4

Plot Block - Interactive Coordinate Readout
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Plot Block Interactive Readout.vsm
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Plot Block — Bounds, Pan, & Zoom

The “plot” block axis ranges are automatically rescaled dynamically by sT Embed as the simulation evolves. P N ENES
Axis can be manually adjusted by checking the “Fixed Bounds” option under the “plot/Options” tab and : 1
specifying the “Y Upper Bound”, “Y Lower Bound”, “X Upper Bound”, or “X Lower Bound” located under the H 0
“plot/Axis” tab. For example, the Y axis of the sinusoid plot (previous) is manually set to the range [-3, 2] »
(right). 1°
» 3
Plot zooming and panning are additional important features of the “plot” block. " e

Beginning with a complex A zoom rectangle is selected by placing
waveform time history (below) the mouse on the plot window, click and
ot hold the “ctrl + left button” at one vertex of - e —
Ry Lo (= =] the rectangle, drag the mouse to the e , , et
” opposite vertex, release, and the zoomed »
¥ rectangle will fill the “plot” block. *
B
1
» 4
P Time (sec) I

The zooming operation may be repeated as many times as needed, crosshairs can be used to readout coordinates, use “ctrl + right button” to
pan back to the original plot

Plot Block Pan and Zoom Example
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Plot Block — Saving Data to File

Time history signals displayed in the “plot” block can be saved to files of various types including ASCII “.txt”, “.dat”, and “.csv”.

. . e . . . . . . ] Plot = [==]
In the block diagram (right), the “plot” block presents the time histories of the three signals attached to its pins. 2
FOQUATA
w0
T
To save the time history signals to a file, the following two steps are performed,; {: i ‘ . ‘ .
0 2 8 10
| Time (sec)

Step 1. “right click” on the “plot” Step 2. A standard Windows

il H “ H ” H
block to expose it’s properties, then, Select File” window appears,
“ H ” H ““ 1 “* ”
under the “Options” tab, click “Save enter the file name, then “Open
H ”
Data to File”.
Plot Properties Select File
|W | 4 02-27-15Instr.. + Models and Videos ~ | 43 || Search Models and Videos »
[ fixed Bounds! [[tea X Organize = Newfolder =- 0 @
L] requency Domain [llegY =
Truncate FFT datato 2'n Decibel Y — Documents library PO~
[IPlot Averaging  Past Value Weight (0-1): [0 Models and Videos g
[ Edemal Trager 4T [0 &8 Downloads || Nome ’ Date m
[T Geometric Markers I\ Magic Briefcase
Maiker Count: -1 ] Recent Places No items match your search.
[EIY Pot -
e 17 [ Retain Coordinates =5 Ubraries
[ 5nap to Data £ N
[T Mutiple XY traces ocuments,
[F]Grd Lines [] Over Plot & Music
e B s B
Max Plotted Poirts: g
y . = i ] D
Actual Point Court: 1001 e s T

Plot Block Save Data To File Example
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Plot Block — Interpreting a Saved Data File

Navigating to the saved file location and
opening the file using notepad or wordpad, the [Start (sec), Time Step, End (sec)] values set in “System/System
following features are noted: Properties”

sT Embed file name that produced the data

Ei\e it Format View Help

Line 1: File Header = {(#1-0,10,0.0D) plot data fromw Thu Feb 05 15:48:01 2015

I:' . 00999983 ,0. 0219982 ,0. 0499792
IRE 2: signal values 0199987, 0. 0439858, 0. 0998334
at time = “Start (sec)’

0299955,0.0659521,0.149438
0399893,0.0878865,0.198669
0499792,0.109778,0. 247404
059964 ,0.131617,0. 29552
0699428,0.153392,0. 342898
0799147,0.175093,0. 389418
0898785,0.196709,0. 434966
0998334,0.21823,0.470426
109778,0.239645,0. 522687
119712,0.260944 ,0. 564642
129634,0.282117,0. 605186
1395432,0.303153,0. 644218
149438,0.324043,0.
1593218,0.344776,0.
169182,0.365342

17903,0. 385731,
188859,0.405932,0.813416
198669,0.425939,0, 841471
20846,0.445739,0. 867423
21823,0.465323,0. 891207
227978,0.484682,0.912764
237703,0.503807,0.932039

Lines 3 to (n-1): Time
increases for each
descending row by the
“Time Step value”

247404 ,0.522687,0. 948985
257081,0.541315,0. 963558
266731,0.55968,0.975723
276356,0.577775,0. 98545
285952,0.59559,0.992713
29552,0.613117,0.997495

LA A A '

Line n: signal values
at time = “End (sec)”

U »
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

L : | | _ ! Pin 3 time history data
Pin 1 time history data Pin 2 time history data
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Import and Export Blocks

™
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Import Block

Data files can be imported into any sT Embed diagram using the “import” block located in the (“Blocks/Signal import —
Producer”) menu (right).

The “import” block is used to import the “plot” data saved in the previous example from the file “myData.txt” ’@
into a new sT Embed diagram. Access the “import” block properties with “ctrl + right click” and select the [ — — —
“myData.txt” file (right).  E— o

“word Length: [32 [¥] Interpolate  [¥] Extrapolate
The “import” block detected that this data file was produced by sT Embed and has set the “Data Point Time st o ! Sat o
Data” to “Fixed Interval” = .01 seconds (the “Time Step” that was used to generate the data. Do T || DBtEwCammmo
Interpolate and Extrapolate are also selected in case the “Time Step” in the new sT Embed diagram differs °:“‘”D":”C; ?m e
from the “Time Step” used to collect the data. . DT PTC"“ =

57 ot = IE=

-1
0 25 5 7.5 10
Time (sec)

Connecting the “import” output pins to a “plot” block and simulating results in the time histories
that were originally recorded from the “plot” block in the previous example. (right).

myData.txt

YYY V¥V VYV
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Export Block

Data files, consisting of signal time histories produced from a sT Embed simulation, can be exported into a file using the “export”
block located in the (“Blocks/Signal Consumer”) menu (right).

export

P
P

The “export” block is configured to accept signal data in three basic steps;

Step 1. “right click” on the Step 2. click “Browse”, when “notepad” Step 3. click “Find File...” and

“ ’ el - . . . .
export” block to expose it's appears, save it with the export filename select the file created in Step 2.
H “ ”
properties and type, close “notepad
Daa Fils Name Play Sound Fie Eit Fomat tiew e Data File Name Play Sound
Browes myOupuData.ct
Data Pt Time Deta Dta Fie Ifo Data Point Tim Deta Data Fil Info
© Foed Interval 0.0 Start Time: 0 @ Fixed Interval  0.01 Start Tme 0
(©) Bxtemal Trigger End Time: 1o (©) Bxtemal Trigger End Time: 10
Max Data Points: 1024 Max Data Points: 1024
[ Periodic Data Flush Field Separstor: 't - [ Periodic Data Fush Field Separator: 't -
Flush Intervalzec); [0 Digits of Precision: Flush Intervalfsec). [0 [DeEeE
[] Retain Trailng Zeros in Fractions [ Retain Trailing Zeros in Fractions
] Enable Background Output [T Append to File ] Enable Background Output [7] Append to File
[] Use Comma for Decimal Paint [] Suppress VisSim Header (] Use Comma for Decimal Point [] Suppress VisSim Header
] Email at Sim End Corfig [7] Email at Sim End Corfig...
Header Comment Header Comment
Time Stamp Time: Stamp
7] Put timestamp in column fist - ] Pus timestamp in column: frst =
4D %M % hiinsis Ty %D %M %d Zhitinis Yy
Zy=year.%m=month (1-12). %M=month({Jan-Dec). %d=day(1-31). y=year. %m=morth (1-12).%M=morth{Jan-Dec) %d=day(1-31).
22D ~day{Mon-Sun).zh=hour{0-23).in-minute{1-58). zs-second (0-59) %D =day{Mon-Sun), th=hour(0-23). 0:59) % D59
ok ] [cowa ] [ tee | ) £ [oc | [ ] [oe ]
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Example — Signal Recording & Playback

The interactive nature of sT Embed provides many unique features. This example illustrates how a user generated signal can be recorded in a file and

later used for play back using an import block. The signal is generated by a sT Embed “slider” (“Blocks/Signal Producer”) and plotted in a “plot” block
configured for two subplots and overplot.

a4

System Properties.

Step 1: the simulation is configured to run with [Start (sec), Time Step, End (sec)] = [0, .01, 10] and the “Run in

Range | Integration Method | implicit Solver | Preferences | Defauits |
Real Time” option is selected (this forces the simulation to run synchronized with “clock time” giving the user settes : -
enough time to create a signal using the “slider”. Erd ) 0
[¥]Runin Real Time ~ RT Scale Factor: 1
- [ Auto Restart (7] Retain State
7PN H ’” “ » E—’ ElPlet | = ‘@
Step 2: A “slider” and “plot” blocks are added and connected as follows; Yo
P
“ 2t H ‘D
Step 3: The “plot” block is Step 4: The “plot” block is 3% 0
configured with the “Over Plot” configured for two subplots > Time (sec) Lok ) (ol ) | (1o
option selected (“Plot in the (“Plot
Properties/Options”) tab. Properties/Axis”) tab.
Plot Properties. Plot Properties
||| optons | Labels [ Ads | Appearance | Traces| | [Options [ Labsis | 40s | Appearance | Traces
Brcimytorsn By s
Dot o
[ Geometric Markers X Loner Bound. “« . »
e Note: When checked, “Uniform Subplot Scales” causes all subplots to
e B ™ o s e use the same axis scaling. If independent scaling is desired, uncheck
e ket o | awn p this option.
Max Plotted Poirts: ¥ Divisions: [0 End Tme: |10
Actual Point Court: 0 Interval 1
ok J[ camel J[ ooy [ Heb ] [ok [ cancel £only Hep
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Example — Signal Recording & Playback

Step5: With the simulation running, move the “slider” control randomly, observe the signal time history in B (=T
the upper subplot of the “plot” block. : nwﬂjm
Step6: Save the time history to a file using the “Save Data to File” option in the “plot” block “. or

¥

Time (sec)

Step7: Add an “import” block to the diagram, configure the “import” block to read the file named in Step === = =l

6. Connect pin 1 of the “import” block to pin 2 of the “plot” block. DISCONNECT pin 1 of the “plot” ” ”wm

block, otherwise an additional signal equal to the present “slider” value will be added. Run the o o]

simulation * mswm
N

Time (sec)

The “export” block could have been used in place of the “plot” block to capture the
“slider” signal to a file. Aside from the block, the procedure is the same.

Import Block Playback Example
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Advanced Model Blocks and Features
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Gain Block

N, 37 o 37
The “gain” block (“Blocks/Arithmetic”) is used to apply a gain to
a signal, vector, or matrix. [A—»v 181
[2] B »{ 151> > 3.62
[3] K 5 43
Numerical Gain Example
1] P50
2] P12
3] p1z
EX 21 3.33 6.66 9.99
|5 22 3.33 13.32 16.65 19.98|
|6 | 22 23.31 26.64 29.97|
7 >
(8] -;212
9] pas |
The “gain” value may be either numeric or a variable. (NOTE: the =
gain block is evaluated once at the start of the simulation, if the — N -
variable used for the gain changes dynamically, it will NOT change in = R 4 '
the “gain” block). NOTE: In this situation, use the “*” block and a
“variable” block to capture the gain value. 1] 57| 3.29
2] 2 e RadiusValug » 6.56
131 R 9.84
Variable Gain Example ] =
2 ;
g
4] 21 378 656 9 84
E 22 || RadiusValue > 13.12 16.4 19.68|
| 6] 23 22 96 26.24] 29 52|
7 .
3 I
E 33
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Expression Block (1/2)

The “expression” block (“Blocks”) allows you to enter C expressions using constants, sT Embed

Variables, or input Pin values. Pin values are accessed using the format “$n” where n = Pin number. /\

The expression block is evaluated at each time step. After you enter the expression, click Parse to check Lexpression e

for errors.

NOTES: —

» The expression block only accepts scalar data

* The expression block produces only one output (o) (o) [

* An expression (in C) is code that evaluates to a value
+ Expressions are not terminated with ;
» Expressions may have multiple lines

Example using sT Embed static variables: In this example the cross sectional material area is calculated for a pipe defined with an inner radius
(:Radiusl1) and an output radius (:Radius2). Both radii are fixed.

[ (pi*pow(:Radius2.2)) - (pi*pow(-Radius1.2)) CrossSectionalArea 15.708

Expression using Variables
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Expression Block (2/2)

In addition to ST Embed Variables, an expression block may also use input Pin values for its calculation. In this model the expression block is being
used to sum Pins 1 and 2:

Access Pin values using $PinNumber

Example using sT Embed dynamic variables: In this example, :Radiusl is dynamically varied during the simulation:

$1+$2

[ {pi*pow(:Radius2 2)) - (pi*pow(-Radius1.2)) CrossSectionalArea

et [=[BIE]

R
4 20
Mk NS
1

10 1
i 0 5 10
» Time (sec)

Expression using Dynamic Variables
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Limit, Max, & Min Blocks

The “Limit” block (“Blocks/Nonlinear”) provides signal limiting using Limit values that (o]
remain constant for the duration of the simulation. 1 plot = IE=]
el
Limit Example y
B
LB
1.0
1 5
IR A
-5
B 10 . ‘ . ‘
0 2 4 6 8 10
> Time (sec)
For dynamic limits, use the “Max” and “Min” blocks e
(“Blocks/Nonlinear”) -
Min Max Limit Example = o= —
15F
1.0
azn—— o L [VLTTTOVT T
20
ol 15F
101
*’zgﬂﬂﬂﬁﬁﬂﬂﬂﬁr‘
> 151
1.0
I e
[] L
0 1 2 3 4 5 6 7 8 9 10
* Time (sec)
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Dialog Table Block (1/2)

The “Dialog Table” block (“Blocks/Signal Producers”) provides an interface to tabular data that is indexed by the first column.

e > 0 Rim and Tire Table Properties
. Fim Diamater, in > 16.
Rim and Tire Table im it i > o)
Tire Sidewall Height, in > . Rim Diameter, in:
Rim Width, in:
Tire Sidewall Height, in: l:l
Steps:
[ ok | | Cancel |
1. In EXCEL, define the table with the first column being the index. For this
example, the following table was constructed.
OEM Rim Diameter, in  Rim Width, in Tire Sidewall Height, in
Ford 16 9 6
GMC 17 10 7 EXCEL table
Dodge 16.5 11.5 5
Toyota 22 14 6.5
Nissan 12 7.5 3.3
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Dialog Table Block (2/2)

2. In EXCEL, save the table file in “Text (Tab delimited) (*.txt)” format.

3. In sT Embed, place a “Dialog Table” block on the screen (“Blocks/Signal Producers”), right mouse to select the “.txt” file from step 2.

dialogTable [—

Data Table: —  Select the “.txt” file

Block Name: i e

Enter the name you want to appear
on the dialogTable block

Cid-Enter inserts new-ine.

T ETTIE R Dialog Table Example

Cancel

Values from the “dialogTable” output Pins can be used as parameters in your sT
Embed model
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Map Block (1/7)

The “map” block (“Blocks/Nonlinear”) provides a table lookup function that can be configured for tabular data using 1, 2, or 3 independent variables. The
independent variable(s) must be monotonically increasing or decreasing.

Map Block: One Independent Variable example:

A one-dimensional map file has one independent variable and can have from 1 to 16 dependent variable outputs. A one-dimensional matrix is limited to
8,000 rows. Lines that are prefaced with a semi-colon (;) are treated as comments. A one output map example is presented below.

Steps: I 0.4 ——®{inpur OneDimensionMapTable txt cutput}——] 5]
_“7

1. In EXCEL, define the map with the first column being the independent (input) variable and the second column being the output variable. If you want
connector labels, include them in the first row.. For this example, the following map was constructed in EXCEL:

Input Output

0.1 2
0.2 4
0.3 5
0.4 6
0.5 7

EXCEL One D Map File

First column is the first independent
variable (Pin 1)

2. In EXCEL, save the map file in “Text (Tab delimited) (*.txt)” format.
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Map Block (2/7)

3. In sT Embed, place a “map” block on the /\

screen (“Blocks/Nonlinear”), right mouse to
select the “.txt” file from step 2 and configure
as follows:

Select the “.txt” file

Select File... Type: |double b

Select for linear
interpolation and
extrapolation

2x5 is the map size (col,

row)

Check if labels are
desired

Wap Dimensions

@ 1-D Mapping  2¢5 [0.1:0.5]

Select # independent
variables

2-D Mapping

3-D Mapping

(0.1:0.5) is the range of the
independent variable

[ ok [ cancel | [ Hep

NOTE: sT Embed also provides a “Lookup Table & e v o

Wizard” (right). Assuming that tabular data is md | oo L
. . . . oha L D ——
available, the wizard automatically guides you . ’
Insert Mathcad Object b whrreBTTgam. .
through the setup procedure. >
v ’
Fixed Point Block Set Configure.

One Dimensional Map Example

EMBED solidThinking’


VisSimEmbeddedTrainingModels/Import Plot Playback.vsm
OneDimensionalMapExample.vsm

© 2016 solidThinking, Inc. Proprietary and Confidential. All rights reserved. An Altair Company. 55

Map Block (3/7)

Map Block: Two Independent Variable example:

A two-dimensional map file has two independent variables and one dependent variable output. The first row contains the first independent variable; and
the first column (excluding the column member in row 1) contains the second independent variable. The position (1,1) must be left blank. A two-
dimensional matrix is limited to 90 rows by 90 columns. Lines that are prefaced with a semi-colon (;) are treated as comments.

Two Dimensional Map Example
Independent Variable #1
| TwoDimensionMapTable.csv
Independent Variable #2 | 2

1. In EXCEL, define the map with the first column 0.1 0.2 0.3 0.4 0.5 “=— First row is the first

Steps:

being the independent (input) variable and the second 3 ! 2 3 4 > independent variable (Pin 1)
column being the output variable. If you want 0 L2 23 38 33 >7
o : 3 0.9 1.1 13 1.21 2.1
connector labels, it is easiest to add them as
“ tor labels” on the “map” block after it is loaded ! o 0 L2 22 >
connec p 10 089 2 3.2 41 3

into your sT Embed model. For this example, the

following map was constructed in EXCEL: ) )
First column is the second

independent variable (Pin 2)
2. In EXCEL, save the map file in “Text (Tab delimited) (*.txt)” format.

EXCEL Two D Map File
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Map Block (4/7)

3. In sT Embed, place a “map” block on the screen
(“Blocks/Nonlinear”), right mouse to select the “.txt” file from step
2 and configure as follows:

Map File Mame

(CiroDmersiontepTale s ———— Select the “.txt" file
o

Erowse Data.. Interpolate [V] Edrapolate _[i——— Select for linear interpolation
[ Use First Row As Pin Labels and extrapolation

Map Dimensions
() 1-D Mapping ~ 6x6
X=[0.1:0.5]

Select # independent variables © 2D Mapping  Y=[3:10]
3-D Mapping

6x6 is the map size (col, row)

X=(0.1:0.5) is the range of
independent variable #1

oK || Cancel | [ Heb

Y = (-3:10) is the range of
independent variable #2

Two Dimensional Map Example
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Map Block (5/7)

Map Bloc!(: Thr_ee Indeper_ldent Varlablg example: Independent
A three-dimensional map file has three independent Variable 3
variables and one dependent variable output. Interpolating
It is convenient to think of the 3D table data in the Points (Dlme3ni|ozr;
following format

Independen
t Variable 2
Interpolatin
g Points
(Dimension
2=Y)

\ Sub Table n

\ 4

> Sub Table 2

Independent Sub Table 1
Variable 1

Interpolating Points
(Dimension 1 = X)

solidThinking’
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Map Block (6/7)

The first seven lines in the 3D map data file must contain the following information:

Line 1: #3D

Line 2: Size of dimension 1

Line 3: Interpolation points for dimension 1
Line 4: Size of dimension 2

Line 5: Interpolation points for dimension 2
Line 6: Size of dimension 3

Line 7: Interpolation points for dimension 3

Lines 8 and beyond contain the Sub Table 1, Sub Table 2, ...
NOTES:

1. Use “” to comment a line
2. #3D MUST be the first line (no comments before this line are allowed)

Steps:

1. In EXCEL, define the map using the 7 line header format described above.
2. In EXCEL, save the map file in “Text (Tab delimited) (*.txt)” format.

EXCEL Three D Map File

EMBED solidThinking’



VisSimEmbeddedTrainingModels/Import Plot Playback.vsm
ThreeDimensionMapTable.xlsx

© 2016 solidThinking, Inc. Proprietary and Confidential. All rights reserved. An Altair Company. 59

Map Block (7/7)

3. In sT Embed, place a “map” block on the screen
(“Blocks/Nonlinear”), right mouse to select the “.txt” file from step

2 and configure as follows: Map File Name
reeDimensionflap Table ¢ ——— Select the “.txt” file

Select File... Type: | double -

Browse Data... Interpolate V] Exrapolate _l— Select for linear
[] Use First Row As Pin Labels interpolation and
T e extrapolation

© 1D Mepping 2x3x4 is the map size (col,
©) 2D Mapping row,depth)
@ 3D Mapping

Select # independent
variables

X=(0:0.1) is the range of
independent variable #1

[ ok [ Cancd |[ Heb

Y = (0:2) is the range of
independent variable #2

Z = (1:4) is the range of
independent variable #3

Three Dimensional Map Example
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Delayed Switch

The “delayedSwitch” (“Blocks/Nonlinear”) accepts a binary signal and produces a binary signal that can be configured to;
» Delay its rising edge

» Delay its falling edge

» Delay both its rising and falling edge

delayedSwitch

Rising edge delay, sec
Falling edge delay, sec

Delayed Switch Example
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Startup Script File (1/2)

The “Startup Script File” located under (“System/System
Properties/Preferences”) lets you initialize sT Embed “const” and System Properti
“gain” blocks used in your ST Embed model. The start-up script is a
C file that contains names and C expressions.

Range I Integration Methad I Implicit Sol\rer| Preferences | Defau?t5|

[7] Checkpoint State [7] Check Connections

[T Matify Simulation End [C] Wam Numesic Overfiow
Wam Nonirtegral Clock [C] Propagate Integer Types
[¥#] Wam Monirtegral Delay || Raise Realtime Priority
[£] Checkpoint During Sim [ Optimize matrix usage

Checkpaint Intereal: (10

Startup script file
name, create using

Frequency Units notepad and save as
@ Radians/sec “_C” f||e
) Hertz

Startup Script File: mpleCScriptFile ¢ =)

Random Seed: 0

[ ok ]L cel Apply Help

Once the file has been created you can view and edit
it using this button.
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Startup Script File (2/2)

Example:

Define Constants or Gains using a "C" Script File

sT Embed
“gain” block
radius? ol 338
radiusT 235 S/ Example C script File
7 147 65 S/ Declarations
aree double wallarea, length, wolume,
bed area? 712 372 radiusl, radius2, areal, area?2;
sT Embe
« " wallArea 64 7168 S/ Radius values
const” blocks radiusi=23. 5;
[length ——] 1413 radius2=33. §;
valume 141556 S/Aareas . .
= areal= 2%*pi*radiusl;

area2= 2%*pi*radiusz;

S wall area
wallarea = area?2 - areal;

if (wallarea <0)
wallarea = 0;

'y Piﬁe Length
length = 14.12;

J/Pipe Vowume
volume = wallarea®length;

Startup Script File Example
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If-Then-Else Function using Merge

The “If-Then-Else” function may be programmed using either a “merge” block (“Blocks/Nonlinear”) or using the “enabled execution” feature of a compound
block.

The “merge” block (right) requires three inputs;

* A Boolean selector signal “b” (either 1 or 0) p——Lp! merge |——p—
* A “t” input set to the desired output value if “b” = “1” —»
* A“f input set to the desired output value if “b” = “0” - (O ——p— by

"The button is ON" merge The button is OFF
"The button is OFF"

An example using the “merge” block to output a button status value is

. L
presented to the right.
(On}—&—bp]
merge
"The button is OFF"
—-—

'VisSim —"_‘
When using the “merge”, both the “t” and “f” inputs are Divide by ze10
calculated before the output selection is made. (]
Sometimes this can cause problems. [avort [ rewy | [ oo |
[m:] Plot

In the example shown to the right, we attempt to use the
merge to prevent a “divide by 0”. Because both the “t” and ¥
“f” inputs to the merge are computed before the decision is
made for output, a “Divide by zero” message is displayed.

0 10 20 30 40 s 6 70 8 % 100
Time (sec)
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If-Then-Else Function using Enabled
Execution Compound Block

The divide by zero example is repeated using an “enabled execution” compound block. When using this approach, the “Divide by Zero” message no
longer appears.

The “True (?ond|t|oI1 compo,l’md e R B
block contains the “num/den @ » 30
expression and the “enabled o7
.y . 20+
execution” option of the compound i
block is checked. LNl
+=
A
-» 1 L L L 1 1 L L
N Un 10 20 30 40 50 60 70 80 90 100
| | I T | ]

Y

Output is set = 0 when “Off” is
selected

Clicking to “Off” sets the “den” =0

IfThenElse using Enabled Execution Compound Block Example
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Event Log and Event Display (1/3)

The “eventLog” and “eventDisplay” blocks (“Blocks/Signal Consumers”) provide the ability to record and display events stored in
the sT Embed system log while executing your model.

The “eventLog” block is used to record events. The “eventLog” accepts two inputs;

* type Fuee eventLog
. event B

"type" value Action
No event is recorded
Message is recorded

0
1
The “event” is applied to the lower pin. The “event” can be a alphanumeric string. Z B gNSEERm S
3 Error is recorded

Event “types”, applied to the upper pin, are described by the enumerated list (right);

x|
The “eventlLog” block is configured with a “Label” and the “type” of events to be logged. F keahizszases

[v LogMarmings

[v LogErars

Label I

(0] I Cancel Help

Once the “eventLog” block is configured, it's “Label” and event (if it occurs), are displayed in the “eventDisplay” block.

EMBED solidThinking’
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Event Log and Event Display (2/3)

The “eventDisplay” block (right) displays the events stored in

the ST Em bed SyStem IOg Date Time Source Event
€2/1/2016 2:21:19 PM Chl Channel 1 Error
M\2/1/2016 2:21:19PM Ch2 Channel 2 Error, type Value = 3 and is > 2 B
€2/1/2016 22119 PM Chl Channel 1 Error |i‘
H &2/1/2016 22119 PM Ch2 Channel 2 Error, type Value =3 and is > 2

Events are Date and Time stam ped' To the €@2/1/2016  22119PM  Chl Channel 1 Error

left of the “Date” column, the type of event is A2/1/2016 22119PM  Ch2 Channel 2 Error, type Value = 3 and is > 2

dlsplayed as an |C0n ©2/1/2016 221119 PM Chl Channel 1 Error
M\2/1/2016 2:21:19PM Ch2 Channel 2 Error, type Value = 3 and is > 2
M 2/1/2016 22119 PM Chl Channel 1 Warning

@ Information event
A2/1/2016 221119 PM Ch2

. &2/1/2[]16 221:19 PM Chl Channel 1 Wamning
& Warnlng event AN 29110 DM r;; : I_" -

€3 Eror event The “Source” column VThe “Event” column displays
displays the “Label” field the “event” that was applied to
from the “eventLog” block pin 2 of the “eventLog” block.

Example:

Use the “eventLog” block to record the error message

“ ” T [ :InputSignal | 3 ErrorEvent
Channel 2 Out of Bounds, Input Value = xyz” whenever the e nELSane - m
“InputSignal” is > 2. ["Channel 2" —#{ ch2Var -

NOTE: “xyz” is the value of the “InputSignal”

2] tp”

merge

NoEvent

+
" Out of Bounds, Input Value =" @
:InputSignal *

constructed using a “summing junction”,

Note how a string expression can be {
“variable” and “const” blocks.
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Event Log and Event Display (3/3)

-InputSignal

Results:

eventLog and eventDisplay Example
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o

NoEvent

ErrorEvent
[0] NoEvent
"Channel 2 " ch2Var

merge

" Qut of Bounds, Input Value ="

o
In| ulSinaI

Date

@2/1/2016
£2/1/2016
@2/1/2016
@2/1/2016
@2/1/2016
@2/1/2016
©2/1/2016
@2/1/2016
©2/1/2016
@2/1/2016
£2/1/2016
@2/1/2016
£2/1/2016

Time
2:41:45 PM
2:41:45 PM
2:41:45 PM
2:41:45 PM
2:41:45 PM
2:41:45 PM
2:41:45 PM
2:41:45 PM
2:41:45 PM
2:41:45 PM
2:41:45 PM
2:41:45 PM
2:41:45 PM

Source
Ch2
Ch2
Ch2
Ch2
Ch2
Ch2
Ch2
Ch2
Ch2
Ch2
Ch2
Ch2
Ch2

Event

Channel 2
Channel 2
Channel 2
Channel 2
Channel 2
Channel 2
Channel 2
Channel 2
Channel 2
Channel 2
Channel 2
Channel 2
Channel 2

Out of Bounds, Input Value = 3.38772
Out of Bounds, Input Value = 3.45859
Out of Bounds, Input Value = 3.4949
Out of Bounds, Input Value = 3.49629
Out of Bounds, Input Value = 3.46275
Out of Bounds, Input Value = 3.39461
Out of Bounds, Input Value = 3.29256
Out of Bounds, Input Value = 3.1576
Out of Bounds, Input Value = 29911
Out of Bounds, Input Value = 2.7947
Out of Bounds, Input Value = 257039
Out of Bounds, Input Value = 2.32039
Out of Bounds, Input Value = 2.04721
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