COMPOSING SYSTEM MODELS

Lecture 1.1



OVERVIEW

How to launch/access Modelon Impact
Ul features of Modelon Impact
Composing a system model

Setting parameters

Getting results
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STARTING IMPACT

e Cloud version:
* Open Chrome and browse to the URL shared with you
* Example: https://impactdemo.modelon.com

A

Modelon Impact

||||||
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LANDING PAGE

* To create a new workspace, select New on the landing page, then give a suitable name to the workspace

* You can also Import an existing workspace by clicking Import

N

Modelon Impact

CREATE NEW WORKSPACE

(o) CD
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GUI OVE

Impact URL

*Can be hidden.

RVIEW

Modes

Apps

& Cc jhmi.modelon.com e v 0 :
A NDM_HC M AirConditioning W Experiment 1 (default) 1l1 Results| E ﬂ B
= AirConditioning
PROJECTS o + Y R-134a AC-system with controlled air temperature
~ project Wl L ‘ INFORMATION >
v [ workspace PROPERTIES >
V* AirConditioning o} | COMPONENTS >
S
Respurces - EXPERIMENT v
""" i ‘ i W Experiment 1 (default)
FAVORITES + ‘ fa
LIBRARIES

= E AirConditioning 1.23

> 772 Modelica 4.0.0

> Medelon 4.0
> ﬂ ThermoFluidPro 1.23
» [@ vaportycle 28

o] K
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Time
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X

Custom

Interval

Settings
User support
Log out™*

Details Panel*



SETTINGS

Tool settings available from the Ul include:

Application Settings:
= Controls Impact behavior
= Setlog levels, enable experimental Ul features etc.

Execution Settings
= Set compiler, simulation, solver and runtime settings

Export Settings
= Control FMU export settings

Units

= Toggle between Sl/Imperial display units
=  Control rounding of results

Storage
= Free up more space by deleting experiment results

Workspace

= Deleting all contents of workspace

/hodelon_

Application

Execution

CANVAS

Show grid
Enable snapping

MODEL BROWSING

Show final parameters
Show disabled parameters

Enable automatic propagation

MISC

Open class after creation

Export

CANCEL

Units Storage Workspace
LOGGING

Compilation Log Level ERROR
Simulation Log Level WARNING

STEADY STATE

Enable steady state simulation

Initialize from latest result by default

DARK MODE (BETA)

Enable Dark Mode
Exclude Diagram
Exclude Plots
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MODEL CANVAS

* Drag & Drop modeling

 Common editing and viewing operations:
* Copy/Paste
* Undo/Redo
* Resize
* Pan/Zoom
» Serves as backdrop both during Modeling
phase and Analysis phase
 Model diagram
* Plots and stickies

/hodelon_

Stickies

4
~4

B LinearDrive W Experiment 1 (default) Wi Result 1 i e O

Cylinder Stroke

Result 1
Cvl nder

® summarymechani

Plots \

u Run Simulation

Components

piston_areaA 0.001m*
piston_areaB 0.001m’

q_set 1e-3m’/s

| __— Slider Bar

Currenttime: 0 s

0. 25
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LIBRARY BROWSER

GLOBAL LIBRARIES

* Libraries available to all Projects
* Not editable

e Classes from global libraries can be
duplicated/copied into workspace for
experimenting (or a local library)

/hodelon_

LIBRARIES

» 3 airconditioning

» AircraftDynamics
= E Electrification

> EngineDynamics
» EnvironmentalContro!
» [0 Fueicen

> FuelSystem

» HeatExchanger

> Hydraulics

» HydroPower

> IndustryExamples
> n letPropulsion

> E LiquidCooling

> 7% Modelica 4.0.0

> Modelon

> Prneumatics

> m ThermalPower
> E ThermoFluidPro
» VaporCycle

> ﬁ VehicleDynamics

Copyright © 2022 Modelon

10



LIBRARY BROWSER

WORKSPACE

» Create a project/use default project

FAVORITES

* Where you create your own packages

PROJECTS

~ Project [

¥ MyLibrary

I+

Import functionality

Create your own Models

FAVORITES

— Export functionality

D Tanks

Custom editable library/package

Resources

Resource folder

/hod

elon_
e
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e Shortcuts to frequently used models

Create your own
Favorites folder
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MODES IN IMPACT

—l B SeriesDriveCycle W Experimentation il Results

Modeling Mode

* This mode is used to Create, Edit and
Parametrize a model

* Any model edit is automatically saved

* |t enables a user to:

* View the documentation SeriesDriveCycle
° Parameterize Components “{ Drive cycle experiment for a series hybrid powertrain
* Inspect components in canvas —

Warkenara SanacNruaturla
WWorKkspace.>eriesurivelLycie

INFORMATION

PROPERTIES

COMPONENTS

MOdEIon_ Copyright © 2022 Modelon
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MODES IN IMPACT

| EA CoupledClutches & W Experiment6 il Results

Experimentation Mode
* This mode is used for experimentation and gives the
additional option:

* Experiment — To manage multiple experiment
setups for a model. Contains further options
like:

* Analysis — To customize the simulation Start Time, Stop
Time and some Advanced simulation settings like solver
and tolerance
*  Modifications — To configure experimental modifiers

for parameters
*  Outputs — To apply filters to simulation output

/I/lod

elon_
e ]

-

INFORMATION
PROPERTIES
COMPOMNENTS
EXPERIMENT

B Experiment 6
Wl Experiment 5
Wil Experiment &4
Wil Experiment 3
Wl Experiment 2
Wl Experiment 1

=+ Mew experiment

Analysis  Modifications (1)

fregHz 0.4

Copyright © 2022 Modelon

'-.__ > __.-' Drive train with 3 dynamically coupled ...

Outputs
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MODES IN IMPACT

| B SeriesDriveCycle

Wl Experimentation

il Results I

Result Mode
* This mode is used for visualization of

results and gives additional options like:

e Simulations — To manage results
from multiple experiments

» Calculated Values — To plot/view
the results obtained

MOdEIon_ Copyright © 2022 Modelon

Y LinearDrive
Workspace.LinearDrive

INFORMATION
PROPERTIES
COMPONENTS
EXPERIMENT
SIMULATIONS
CALCULATED VALUES
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OPEN A MODEL

* Models are generally opened
from the Library Browser

* Double-click on a model to

open it in the model canvas

* Also, possible to open a
models with a link (URL)

* Executable experiments are
often marked with this icon:

h"l'.

A IMPACTTRAINING

PROJECTS &+
~ Project Wl s+
] Work
\* SeriesDriveCycl
Resources
FAVORITES +
LIBRARIES

¥ [ clectrification 1.7

> !! Information
o ——

¥ SeriesDriveCycle
Y* ElectricRange
¥ MicroGrid

}* ControlledStartup

¥ MultiBody3D

» D Tutorials
- Rimac

» | C| componen ts

C Batteries

> | D] Machines
> [ converters
» X inverters

» | W) Loads

» [ onitinn

B SeriesDriveCycle

Wl Experiment 1 (default) il Results

20 degC
iy
engine

INFORMATION
PROPERTIES
General I Variabl
Parameters
wheel_radius $ 03
vehicle_mas i 2000
I_w
CdA i 0
linearDampin: g
quadraticDamping ¢t CdnvairDensity/(2)
Initialization
tialize_velocity : »
nit i o0
COMPONENTS
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COMPOSE A NEW SYSTEM MODEL

The following steps are typical basic steps to get started with a system model:

Create a new empty model o

Drag and drop all components needed

Connect them - | o ii
Set parameter values H :l

Simulate and analyse results

rrrrrrrr

/I/lod
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CREATE A NEW MODEL

e Use default project/create a new project

III

* New top level “Modelica Library” can be created from create new class icon

A new model can be created from the library browser or from create new class icon

A IMPACTTRAINING

pROFECTS “ [} Create a new project
~ i *
prject ¢ :[fl—Create a Top level
The project is empty. . .
modelica library
1F b
New Modelica  Upload Modelica
Library Library
+ PROJECTS o +
CREATE NEW CLASS CREATE NEW CLASS
~ Project i| ¥t +
The project is empty and you can only
create a package v 'J-."D’RST’F; Name
ename Model
Name R Delete N T—
\Workspaca fien Class specialization
> xtend... >
Class specialization FAVORITES Edit | = model N
; it lcon
package (library) - Package
Show documentation E
Package Workspace hd
Top level - LIBRARIES Reload package

MNew package
> B cecfien e e )

» 772 Modelic Open in new tab
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COMPOSE

* Drag library components into the canvas

e Use components from any library =

* The instantiated component will have .

e Default name

e Default parameter values

/hodelon_

DAY1

L]

Workspace

Components
BB Heater
R Pipe
’ Pump

BB Radiator

D’Sl Valve

i - Fwall
Resources
TrainingPack

TrainingPackSolutions

FAVORITES

LIBRARIES

> AircraftDynamics
> m Electrification
> E EngineDynamics

> . EnvironmentalControl

» [ Foecen
> FuelSystem
> E HeatExchanger

> u Hydraulics

> HydroPower
> c letPropulsion
> LiquidCoaling

¥ 7| Modelica

» @ users cuice

> |3 Blocks
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CONNECTING COMPONENTS, CONNECTORS

* Connector defines an interface to a
model

= The interface defines physical
properties at the boundaries of the

4 -
model - /1
* Electrical: current, voltage signal\ottage

* Mechanical: torque, angle

Connectors
* Fluid dynamics: flow rate, pressure idealGe /
* Connections are actual physical é éj
connections, i.e.: electrical line, atip=3

. . SIS
mechanical connection, heat flow
between two components.

MLOdEIon_ Copyright © 2022 Modelon



CONNECTING COMPONENTS, CONNECTORS

 Components with the same type of connector can be connected
e Part of the same domain

 Some components cross between domains.
* Used to go from one domain to another
 The DC motor goes from the electrical to the mechanical domain

_+/'\-ﬁ

idealGear

N

signal\oltage

Electrical \

1

Mechanical inertia :;

iy

rati

idealGear1

[
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CONNECT

* Click and drag mouse to create connection line

* Avaiable connectors will be higlighted

ﬂl«Ode,Oﬂ_ Copyright © 2022 Modelon
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CONNECTING COMPONENTS

* Possible to insert a component between two other components by dropping it on top of the connection
line

S o e

& m_flow

ool P
pumg heater

pump sensor m_flow heater

MOdEIon_ Copyright © 2022 Modelon 23



CONNECTING COMPONENTS

* Edit connection line shapes by dragging
at either the line or the corner point.

e Possible to snap connections to grid
lines with toggle snapping option
* Enable toggle snapping from settings

* If snapping are enabled, the component
can be aligned to the grid

Application Execution Units

CANVAS

Show grid

Enable snapping

tank

| 0.5 * height I
Q00

MOdEIon_ Copyright © 2022 Modelon
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CONFIGURING LAYOUT

Select a component

A dotted square box with a handle will be shown around the component.

Use the handle to scale or rotate the components.

You can also flip the components sideways and upside down

* A\ 4
O 3 [
O O O o o 0
@ =
- W — G - —
—_—

O

I
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RENAMING COMPONENTS

* To rename a component click on that component and edit on the control panel by simply clicking on
name

B Tanks W Experimentation il Results e ®
tank
i Simple tank with inlet/outlet ports |
' Y Modelica.Fluid Vessels.OpenTank ta nk
o tank ) INFORMATION > -
S N Simple tank with inlet/outlet ports
fevel= EDRUNERS b Modelica.Fluid.Vessels.OpenTank

INFORMATION >
PROPERTIES >

MOdEIon_ Copyright © 2022 Modelon 26



ADD COMPONENTS

Organize your favorites in folders

Favorites are workspace-specific

oe
¥ \Yessels

O ClosedVolume
H Openlank

> Basellasses
¥ Pipes

B StaticPina
Duplicate to...

Extend...

g Bty Export FMU
> Machines yiey source
> Valves | Export class
g Fittings | Show documentation

> B Sources | Copy path
> Sensors | Add to favorites

» MY ntarfaro 2PENIN NEw tab

/hodelon_

Frequently used components can be stored as favorites

PROJECTS

~ Project [ ]
v _ Workspace
¥ SeriesDriveCycle

Resources

~ FAVORITES

™8 StaticPipe

o]
+

PROJECTS

e
I»
+

v Project ﬁ
v _ Workspace
¥* SeriesDriveCycle

Resources

+ v FAVORITES

¥ StaticPipe
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SET PARAMETERS

* Double-click on a component in an editable model to

open the Control Panel

* Edit parameters from the Properties tab in the Control

Panel

* Tabs and groups are utilized to organize the

parameter interface

/hodelon_

Parameters

tank

Simple tank with inlet/outlet ports

=

Copyright © 2022 Modelon

INFORMATION >
PROPERTIES v
| | | | | ¢ Tabs
General ﬂ.55umptiun5| |Initia|izatiun Advanced | |"..fariables |
[ Parameters |
height 12
— crossfirea |1
Medium* — Groups
| Ports I
nPorts P
use_portsData PO w
portsData[0]
] [
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SET PARAMETERS

* One tab is always reserved for
all variables

= To view time dependent
variables

= To be able to set attributes
to them

/hodelon_

| tank
H Simple tank with inlet/outlet ports

— — —

ndelica.Fluid essels.Openla

INFORMATION
PROPERTIES

General Assumptions Initialization  Advanced

level

1y

ports _H _flow
ports_mXi_flow
sum_ports_mXi_flow
ports_mC_flow
sum_ports_mC_flow
portinDensities
portVelocities
ports_E_flow

5

\fariables

{

Copyright © 2022 Modelon
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PARAMETERIZATION

° COm ponent Selectlon on canvas B CourseExamples B Experimentation il Results
determines what parameters are g =k i
displayed
INFORMATION
« Common parameters can be tank o

configured simultaneously if multiple
components are selected

* It can be done by Selecting first
component + Ctrl then Selecting the
next component

Medium

COMPONENTS

ﬂl«Ode,Oﬂ_ Copyright © 2022 Modelon
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PARAMETERIZATION

° Replaceable Classes |ns|de a model B CourseExamples W Experimentation ili Results
are modified via a drop-down list of all H tank
valid choices " utt o

INFORMATION >
e Write on that drop-down list to find v
. Y
d esire d CI ass fa Ste r : ovel i General  Assumptions  Initiglization ~ Advanced  Variables
Parameters
height | B
crossArea P
Medium ~
- - liquidw - é.
>
Modelica.Media.Water.ConstantPropertyLiquidiWater
g Water: Simple liquid water medium (incompressible, constant data) [
Paorts
niParts
use_portsData g »
‘\/ 'l‘ portsData[1] w
7777
COMPONENTS ?
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PARAMETERIZATION: ATTRIBUTES

* The attributes for a particular parameter or

variable are accessed using the [
which gives various options like

* Start
* Min/max
» State-select, etc.

button,

e Variables are accessed from the Variables-tab

e (Can set start values for variables here

/I/lod

elon_
e

height

start
min
max

nominal

crossfrea

start
min
max

nominal

Parameters

Copyright © 2022 Modelon
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PARAMETERIZATION: FILTERING

* The content of the model browser can be
filtered by Toggle filters button.

* Itis available in the Control Panel -> Properties

* Filtering criteria are additive

0 tank (

level =

=l

—> Selection of component on canvas

/hod

elon_
e ]

Copyright © 2022 Modelon

PROPERTIES v
T
~| Start values Favorites J Stickies @ Modified
Filtering by categories
PROPERTIES A
T
Start values Favorites W Stickies €@ Modified
“nkP =
Ports
nPaorts
portsData[0] ~
: . H “usgn :
» Filtering by text with as wildcard
CALCULATED VALUES v
[ Length [ ReynoldsNumber [ AbsolutePressure
[ MassFlowRate [ velacity [ Area
[ Acceleration [ Pressure [ Temperature . .
[ Momentum [ Force [J Diameter o F | Ite ri ng by
Volume [ Height [ HeatFlowRate >
[ CoefficientOfHeatTransfer [ EnergyFlowRate [0 Temperature_degC Types
[ Pressure_bar [ Energy [ Mass
[ EnthalpyFlowRate [ Power
¥ Selected component
fluidvolume
v
34
] [
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SIMULATION

e Simulation setup can be done using
Analysis sub-tab in Experiment tab of
Control Panel

* Three types of simulation
= Dynamic (Default)

= Steady State
= Custom

* Analysis tab can be used to customize
= Start time
= Stop time
= Interval

* Advanced tab allows a user to change
the solver and tolerance value

/I/lod

EXPERIMENT

+ New experiment

Analysis Outputs
Dynamic Steady State
Start Time Stop Time
100
- Advanced
Solver Tolerance

\\

Interval

Global

settings...

Copyright © 2022 Modelon
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SIMULATION

* Executethe  button to start the simulation
= Compiles first if needed

* The button gives feedback on compilation/simulation progress

B Tanks Wl Experiment 1 ili Results

Tanks

INFORMATION
PROPERTIES
COMPONENTS
EXPERIMENT

Wi Experimen it 1

tank2
+ New experiment
Analysis Outputs

syslem B Dynamic i

defeta Start Tirm Stop Tim
\/ g 100
rezea

~ Advanced

{ v v W

MOdEIon_ Copyright © 2022 Modelon
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INSPECTING RESULTS: PLOTS

* To plot a variable, simply drag a variable on to
the canvas from the variable list

same plot for comparison

* Multiple variables can be dropped on the

B Tanks Wl Experimentation

fovei = tank2

Ooo—

Currenttime: 0's

° @

oli Result 1
Plot 1
y Result 1
N tank
® level )
<
3|
.
s E: T W @
time [s]

tank

INFORMATION
PROPERTIES
COMPONENTS
ANALYSIS

EXPERIMENT SUMMARY
SIMULATIONS

Result 1

CALCULATED VALUES

¥ Selected component

crosshrea
energyDynamics
fluidVolume
de(fluidvolume)
h_start
Hb_fioy

» heatlransfer
height

100

eve
der{level)
level_start
m
derfm)
m_flow_nominal
m_flow_small

* m_flow_turbulent
massDynamics
mb_flow

> medium

s 0
>
>
>
>
>
~

Sep 02 17:43
v

B Tanks Wl Experimentation ol Result1

Plot 1

Result 1
tank

® level [m]
tank2

® level [m]

tank

c tahk2 o
80 vl =

u] [a)
000 aon

a} a s

tank2
H Simple tank with inlet/outlet ports,

INFORMATION
PROPERTIES
COMPONENTS
ANALYSIS

EXPERIMENT SUMMARY
SIMULATIONS

Result 1

CALCULATED VALUES

¥ Selected component

sshrea

energyDynamics
fluidVolume
der{fluidVolume)
h_start
Ho_flow

» heatlransfer
height

Current time: 0's
o @ 100

leve
derflevel)
level_start
m
der{m)
m_flow_nominal
m_flow_small

» m_flow_turbulent
massDynamics
mb_flow

» medium

Sep 02 17:43

/hodelon_
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USER SUPPORT

* User support options are available on the right-hand side of the App toolbar

B SeriesDriveCycle & W Experimentation il Results o
SeriesDriveCycle
!,‘ Drive cycle experiment for a series hybrid powertrain
batteryCooling ambient Electrification.Examples.SeriesDriveCycle
INFORMATION
PROPERTIES
degC COMPONENTS

peedController

@

=

. . Help Center
SeriesDriveCy ¢ iact support

Drive cycle experiment i rtcuts & Controls

Electrification.Examplessereoorweeyer

INFORMATION
PROPERTIES

MOdEIon_ Copyright © 2022 Modelon
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USER SUPPORT: HELP CENTER

* Impact comes with a Help Center for convenient access to documentation
=  The help center is a modern take on documentation with videos, gifs and images that quickly communicate key ideas

=  Help center has information that will help you get started with Modelon Impact and Modelica

* You can also use the URL directly https://help.modelon.com/latest/ to access the help center

<« C & helpmodelon.com

/hodelon ~ Help Center Q Search

Home Introduction Modelon Impact Libraries  Tutorials & Use Cases Documentation External Tools FAQ  Training Release Notes  What's new

OPTIMICA Compiler Toolkit

Main features Changing model parameters Simulations of FMUs in Python

Working with Models in Python Setting and getting parameters Examples

Introduction to models Debugging models Simulation using the native FMI interface
Compilation Runtime logging Dynamic Optimization in Python

Loading Models HTML diagnostics Dynamic optimization of DAEs using direct

collocation with CasADi

Investigating optimization progress Steady-state Modelica Modeling with Hand

Guided Tearing
Eliminating algebraic variables

Bibliography
Derivative-Free Model Calibration of FMUs

Resources
steady state solver interface for matlab and

python Steady state Solver Interface for

MATLAB® and Python

Working with the steady state solver matlab
and python interfaces Working with the Steady
State Solver MATLAB® and Python Interfaces

”‘I«OdE'IOIL Copyright © 2022 Modelon
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USER SUPPORT: MODEL DOCUMENTATION

* Model specific documentation is available in the
Information tab in the Control Panel

* Orfrom the Library Browser: right click -> Show
documentation

» Specific Information classes are available in libraries

T @ Electrification

[ o Information

L3 Components

SenesDrivelycle

Duplicate to...

Contralled!
ONEOES Etend...

BatteryChi Export FMU
View source

StarterGen
Export class

Mamrrurn‘ Show documentation

Copy path
MultiBody ’ pr I
Add to favorites

theries Open in new tab

L 'l = i | 1F e 1 r
58 |—'-~|:. veL 'y
- ) . T | P T W T

Drive cycle experiment for a series hybrid powertrain

v

INFORMATION “a

speedConiroley 3 SpesdCorislers m

il
8

’ n n n n J *
" = " ey ,'I b ] o It = |l' b |
4 .' \ | Py 1 LI . | | T .| |
.Y TR L] .' Vi (W] .' P/ L]
g b WS '-Js-r' bt L W WS L | I-.- |
¥ 007
2 08 r50 1000

The speed controller provides a reference torgue for the machine
connected to the wheels of the vehicle chassis. The reference
signal is provided to the machine via the system control bus, using
a signal adapter (more about this in the User's Guide). Mote that the
machine component is referenced as a parameter in the adapter to
connect the signal to the correct machine on the system control

Copyright © 2022 Modelon
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USER SUPPORT

* Contact Support will direct you to the mail * Shortcuts & Controls will help you to find
support@modelon.com where you can directly keyboard/mouse shortcuts that might save you
contact Modelon Support for help some time

CONTROLS |

1\
$ B oY
Help Center

I SeriesDrivelyre e oo

Drive C\.’Cle experimentl Sh o & C - | 1 _ ight click + Move Scroll / Pinch
E £ E ortcuts ontrols | L Move in X and Y axis Zoom in and out
ectrification.Exam plesrrerresmrrreeyerem—
KEYBOARD SHORTCUTS
INFORMATION >
G Toggle grid CTRL + C Copy selection SHIFT + H Flip horizontally
pROPERTlES R S Toggle snapping CTRL + V  Paste from clipboard SHIFT + V  Flipvertically
D Show documentation CTRL + D Duplicate selection SHIFT + R Rotate clockwise
ESC  Fitdiagram to screen CTRL + Z Undo SHIFT + E Rotate counterclockwise
CTRL + Y Redo DEL Delete selection

CODE EDITOR KEYBOARD SHORTCUTS

ESC  Close editor / Cancel action CTRL + F  Find CTRL + 5 Save

CTRL + H Replace CTRL + )  Syntaxcheck

CTRL + G Jumptoline

MOdEIon_ Copyright © 2022 Modelon
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WORKSHOP 1.1

In this workshop you will:
* Create a personal workspace
* Get to know the Impact GUI
* Simulate an existing model
* Plot results

/hod

elon_
e
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