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WHAT IS AN EXPERIMENT MODEL

* A system model with a purpose:

» Specific data set for parameters

* Boundary conditions applied
* |nitial conditions applied

* Can be executed

* Intention to retrieve results

* Good practice to store separatly

* Indicate for users that they are executables
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EXPERIMENTATION MODE

* Impact makes it easy to run several
experiments on the same system model
* Each experiment can have separate
* Data modifications
* Analysis type
e Solver settings
e Compiler settings

When clicking the run button you implicitly
run an experiment
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o) HeatingSystemExperiment Bl Experimentation il Results

B HeatingSystemExperiment W Experiment (default)

syslem
defaults
o l
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> HeatingSystemExperiment

Simple model of a heating system

INFORMATION
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EXPERIMENT
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CREATE NEW EXPERIMENT

* Create several new experiment with  +newemperimen

* Experiments can be renamed >

i s
Wl Experiment 2 PROPERTIES M

Bl Case1 # Y

COMPONENTS

* When a specific experiment is chosen, all changes to the model .

arward

in that mode, will be saved as modification to the model and S
only applied to that experiment.

-

Analysis Outputs

A A

Start Time Stop Time Interval
6000

~ Advanced

Solver Tolerance
Global settings...

/I/lod
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CHANGES IN EXPERIMENTS

* In the example, Case 1 is active, and variable p_a_nominal has changed its value

* All parameter changes in a specific experiment can be viewed under "Modifications” tab

B3 HeatingSystemExperiment

B case 1

il Results HHE o ®
COMPONENTS 1 v
pump
) HeatingSystemExperime... Centrifugal pump with ideally controlled mass flow rate EXPERIMENT
INFORMATION > Wi Experiment 2
j tank
© pump PROPERTIES v Bl Case 1
ok valve Y
l> m flow General Initialization  Assumptions  Advanced
€ sensor_m_flow Parameters
c =+ New experiment
& T_ambient p_a_nominal 210000
0 wall ) - i
—# burner p_b_nominal 130000 Analysis  Modifications (1)
B&4 system m_flow_nominal i oo )
pump.p_a_nominal
&8 heater control_m_flow HE
& radiator c
> use_m_flow_set H »
[> T_forward .
D T_return use_p_set i 0 »
i— sensor_T_forward Medium* ~
1- BT T Characteristics
[> tankLevel
[3 handle flowCharacteristic ~
& pipe powerCharacteristic ~
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WORKFLOW

From one system model, you can define several experiments to generate results

System model -> Experiment -> Results

|

| B HeatingSystemExperiment W Case 1 i Results
B HeatingSystemExperiment B Case?2 il Results

\
B HeatingSystemExperiment B Case 1 il Result 2
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SOLVING A DYNAMIC PROBLEM

* The resulting mathematical problem formulation
is an ODE (or DAE).

i?:f(I,U)

 Modelon Impact has a set of ODE solvers to
chose from.

/I/lod
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Dynamic

Analysis Outputs

Stop Time
e000

Start Time

-~ Advanced
Solver Tolerance

C\Vode
Radaus0DE

ExplicitEuler

Copyright © 2022 Modelon

\)\

Interva

Global settings...

11



SELECTING SOLVERS

* Variable step size
* Most integration algorithms available have a variable step size algorithm.

* The integration step size is chosen in such a way, that the error is smaller than the desired maximum error,
defined via the set tolerances.

* This implies, that usually smaller step sizes are used, if smaller tolerances are defined.

* One-step algorithms versus multi-step algorithms

* One-step algorithms (like Radau) are basically designed such that they start fresh on every step
* The cost of restarting them after an event is substantially reduced

e Multi-step algorithms such as CVODE base the next step upon previous steps
* Expensive to restart the simulation after an event

MLOdEIon_ Copyright © 2022 Modelon



SELECTING SOLVERS

* CVODE is a solver for stiff and non-stiff ordinary differential
equation (ODE) systems (initial value problem) given in explicit Analysis
formy’ =f(t,y). The methods used in CVODE are variable- A o Q
order, variable-step, multistep methods. For nonstiff
problems, CVODE includes the Adams-Moulton formulas, with

the order varying between 1 and 12. For stiff problems, CVODE StartTime Stop Time

includes the Backward Differentiation Formulas (BDFs) in so-

called fixed-leading coefficient form, with order varying )  ~Advanced

between 1 and 5. ol perenes Global settings.
» Radau50DE: Radau IIA fifth-order three-stages with step-size sl

control and continuous output. Based on the FORTRAN code —
RADAUS by E.Hairer and G.Wanner.

* ExplicitEuler: This solver solves an explicit ordinary differential
equation using the explicit Euler method.
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SELECTING SOLVERS

» Tolerance: affects the accuracy of the solution

e Interval: affects the resolution of the stored

solution

/hodelon_

Analysis Modifications (1)  Outputs

AY

Dynamic

Start Time Stop Time
2000

-~ Advanced
Solver Tolerance

- C\Vode
Radaus0DE

ExplicitEuler
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SETTINGS

Application Execution Export Units Storage Workspace

?Q( Dynamic O- Steady State ‘k Custom = Route App Function
' H ”
 Found under & or “Global settings...
SIMULATION OPTIONS COMPILER OPTIONS
) N . ncp 500 generate_html_diagnostics
ﬂna"lg'SIS Modifications “:I DUtFILItE solver CVode * X include_protected _variables
’W O \ dynamic _diagnostics c_compiler gcc

> :' + Add new
Dynamic Steady State

Custom
SOLVER OPTIONS
RUNTIME OPTIONS
Start Time Stop Time Interval iter [ Newton| | %
15 0.001 ' ' events_tol_factor 0.0007
+ Add new
+ Add new
-~ Advanced
Salver Tolerance Global
- settings...

* Detailed information found in Help Center:
* OPTIMICA Compiler Toolkit User’s Guide ave

/hodelon_
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SELECTING SOLVERS

e Should not rely on just one integration algorithm for simulation experiments.

* Instead, some selected results should be checked using different integration algorithms to find
out which works best.

* CPUtime
* Stability
* Accuracy

/I/lod
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SIMULATION BUTTON VISUAL FEEDBACK

* Progression:

Compiling... /H Simulating /______\. Simulating... /,,_-_\x I/______ .

(7 / 25)... l.-'

K \ "~ / \ / \"

 Compiled model available:

VR
I I

\ /

e Result available for viewing:

/ "___'\_II
| |

\Y /

/I/lod
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SIMULATION

[ ] When Simulation is finiShEd’ a result B Tanks M Experiment 1 (default) il Result 1 it a ® @

becomes available for analysis in the p) e
Simulations list. - .
tank >

COMPONENTS
EXPERIMENT

* By default, the latest result is selected

Analysis Outputs

* Variables organized according to -
components are listed in Calculated .
Values =1 ») s

Yoo SIMULATIONS

* Once simulation is completed, the mode
is automatically switched to Results and -
the name is updated based on the T i e
selected result T — :

BA Tanks W Experimentation il Results armeneos :f::Em
KA Tanks W Experimentation il Result 1 -
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WHAT HAPPENS BEHIND THE SCENES

Compiling... (
\.

Simulating...
Q

_________________

— A N /
gl gl
__________________________________________________________________________________________________ .
------------------------------------------------- . :
4 ) e ) d ! 0\
V44 ! 1 1 19 !
moo’Et A TRANSLATE 1 | BUILD ! s Functional || EXECUTION |
I ! : X l I ll Mock-Up || ' :
! leﬁﬁ@@ k) : ! || e Interface ! w X
1 . e 1 ! 1 N\ I\ 1 -0.5] I
. | 1| = = 1 1o .
: 1 : : 1
- 7 | | | | o
1 1
o cose | i = s |
X X 1 :
! :- SOLVER

oCT
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INSPECTING RESULTS: PLOTS

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

o Result 1

(((((((((((((

Selected component

h_start

same plot for co

B Tanks W Experiment 1 (

tank .
tank2 I
= )
ol 0010
{eIeIe]
) Ad

mparison

DDDDD

N tank
. ® level [m)
® level [m]

ﬁﬁﬁﬁﬁﬁﬁ

ttttt

¥ Selected component

* Multiple variables can be dropped on the

Stop Time
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INSPECTING RESULTS: PLOTS

* Parameters and variables can also be dragged to be plotted on the canvas

B Tanks M Experiment 1 (default) il Result 1 i e @ e
INFURMALIUN s
PROPERTIES v
Y
General Assumptions Initialization Advanced Variab

Plot 1
Parameters

2 height P12
- tank &
- @ height [m] crossArea H

Medium* s

tank

[m]
el
o
El
[t

10
~tank2 . 20 nPorts

‘;E use_portsData »
level =
80 20 portsData[0] =
° CD 20 40 60 20 100
0.010 time [s] " COMPONENTS >
000 ( ’\
/

A\ . EXPERIMENT >
SIMULATIONS >
CALCULATED VALUES v

@ ¥ Selected component

Plot 2 VB

- Result 1 crossArea

& tank2 energyDynamics

) T e levelm fluidVolume

deri(fluidvolume)

[m1]

h_start
Hb_flow

» heatlransfer
height

Current time: 0 s s
o 20 B 50 80 100 level
o @ ‘ :

der(level)

level _start

8
MOdEIon_ Copyright © 2022 Modelon 22




INSPECTING RESULTS: PINNED AND X-Y PLOTS

* Plots can be pinned such that they remain on * Independent variable can be changed in order
the canvas even if the model is switched to generate X vs. Y or parametric plots

* Useful for comparing results between models

B Tanks [} a @
Al { ’ ~ | TankZ
\ ing water - —
\ Simple
ulta Wereese B 1 iugomanion
k - . . INFORMATION
\ uidvalume [m']
peressuresetPoint controller PumpRPMGenerator 7 N T e PROPERTIES
llllll
mewoes | B N e e W e o COMPONENTS
% lllllll
— e~ .yl ank2 | EXPERIMENT
B COMPONENTS : l: lllll
yyyyy
tank S . =" gmuamons
20000. ank
tank2 -
l lavel =
80
- 0010
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INSPECTING RESULTS: PLOTS - WINDOW FUNCTIONALITY

Rename plot

Download plot B a x| ——— Remove plot
e (CSV —_—— Water Level I Pin |0t
° PNG | Result 1 p

: I_Elr":ve' - Edit color

T tank2 Remove trajectory

& |evel [m]
Zooming capabilities .
time [z] ’

MOdEIon_ Copyright © 2022 Modelon 24



INSPECTING RESULTS: PLOTS — COMPARING RESULTS

 When running a new simulation with the plot window open, new results will automatically be displayed
in the plot

Plot 1 Plot 1
Result 1 " Result 1
tank o tank
an

® level [m] ® |evel [m]
tank2 tank2

® level [m] level [m]
| Result 2

tank

® |evel [m]
| tank2
level [m]

0
fime [s]
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INSPECTING RESULTS: PLOTS — COMPARING RESULTS

* Compare results by selecting another result while having a plot window open

COMPONENTS >
Water Level
>
Result 1 ANALYSIS
# tank EXPERIMENT SUMMARY >
: ® level [m] SIMULATIONS v
! tank2
6 ® level [m] N Result 2 14:21
s Result 1 14:19
4
1 CALCULATED VALUES >
%a 20 a0 &0 50 100
fime [s]
COMPONENTS >
Water Level
“ Result 1 ANALYSIS >
1° tank EXPERIMENT SUMMARY >
. ® level fm] ) sIMULATIONS v
N tank2
. o lovel [m] e Result 2 14:21
Result 2 Result 1 14:19
o tank
5 ® |evel [m]
o tank2
o ® level [m] CALCULATED VALUES >
005 20 40 &0 0 100

fime [s]
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INSPECTING RESULTS: FILTERING

* Find variables by filtering. Three options exist:
1. Selecting component in canvas

2. Text filtering
3. Type filtering

* Filters are additive, only giving results matching all conditions.

100
1 ~ Advanced
5 taﬂ;k2 5 b\..‘: EXPERIMENT SUMMARY >
J SIMULATIONS v
level = Y Result 1 14:47
0 [m]
0.010
CALCULATED VALUES v
0 O a level 2 =

¥ Selected component
¥ tank2
fluidLevel
fluidLevel _max
level
der{level)
level_start

level start_eps

3 [Type filtering —\

tank2

Length
[ MassFlowRate
[ Acceleration
1 Momentum
[ volume
[ CoefficientOfHeatTransfer
[ Pressure_bar
[ EnthalpyFlowRate
¥ Tanks
¥ pipe
¥ flowModel
¥ dheights
]
¥ dimensions
(1]
[2]
¥ pathLengths
]
¥ pathLengths_internal
(1]
height_ab
length

[ ReynoldsNumber

[ Velocity

[ Pressure

[ Force

[ Height

[ EnergyFlowRate
[ Energy

[ Power

[ AbsolutePressure
[ Area

[ Temperature

[ Diameter

[ HeatFlowRate

O Temperature_degC
[ Mass
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INSPECTING RESULTS: MODEL ANIMATION

e Certain models support visualization (ex.
OpenTank from MSL)

* Model changes appearance when sliding
the time-slider

/hodelon_

tank

level =

pipe

-w

system

defaults

N

.

tank2

level =

0.010

—
pipe2

Currenttime: 0 s

100
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STICKIES

 Stickies are small widgets
that can be added to the
model canvas for interaction
with the model

e Stickies are added with the
{=» -button in the control
panel

 Modelon Impact-unique
feature

/hodelon_

hved = tank2

0 0.01 : :
level_start 8
O
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PROPERTIES

General Assumptions

Initialization  Advanced \fariables

level _start

@

* use_T_start

* T_start

h_start
X_start

C_start

COMPONENTS
ANALYSIS

EXPERIMENT SUMMARY
SIMULATIONS

CALCULATED VALUES

8

H -

:  ifuse_T_start then system.T _start else Medium

30
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STICKIES

WaterLevel
Result 1
. o tank
e Can be used to provide : o fudieve
. 7 tank2
input to the model o fuidiee
: N N REEUItz
° i * S tank
Equivalent to parameter e k- -
input in control panel | R e
5 evel= tank2
i} 2e+ dz+1 Ge+1 g=+1 1e+2
Time [s]
level =
PipeMassFlow o010
level _start = 6
1.2e+2 Result 1
18242 pipe2 coo
Rani & port_am_flow [kg/s] system
P Resut 2 =
= pipe2 e Mg
B0 ® port_a.m_flow [kg/s] &
40
20
0.0
-20
1] Ze+1 4=+1 Be+1 Be+1 1=+2
Time [5]
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STICKIES

e Can be used to
display simulation
results

* Moving the slider will
update the stickies

* Both parameters and
variables can be
displayed in the
stickies

/hodelon_

O Rt okt @ w0 @

B Tanks

tank

level _start (1
m 597352 kg

—
pipe

Ml Experimentation il Result 2

tank2

level =

0.010

B0

m 995586 kg

system

!
e

defaults

o
]
a
a

WaterLevel

Result 1
tank

® fluidLevel
tank2

& fluidLevel
Result 2
tank

* fluidlLavel
tank2

® fluidLevel

2e+1

4e+1 e+l Se+1 les2

Time [5]

PipeMassFlow

Current time: 0 s

° @
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Result 1
15242 pipe2
- ‘:\ ® port_am_flow [kg/s]
102 WD Result 2
RN .
pt pipe2
5 R
@ . \\ ® port_am_flow [kg/s]
e
0.0 ~Tn
0 Tes1 Zes1 Ge+l  Besl desd
Time [s]
100

INFORMATION
PROPERTIES

No properties

W

COMPONENTS
ANALYSIS v

AY A

Dynamic Custom

Start Time Stop Time Interval
100

~ Advanced

EXPERIMENT SUMMARY
SIMULATIONS v

Result 2 14:10
Result 1 1406

CALCULATED VALUES e
m =
¥ Tanks
¥ pipe
¥ flowModel
m
¥ pipe2
¥ flowModel
m
¥ tank

m @
¥ tank?
m @
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VIEWS

* The views are used to save a set
of plots and stickies for a model

* This includes what variables are
plotted/shown in stickies as well
as the positioning of plots and

stickies

* The views are saved in the
context of the active workspace
for the workspace package and

global libraries.

/I/lod

elon_
e

B Tanks Wil Experimentation ol Result 2

system
defaults
e l
o
7777 M
a
Waterlevel
Result 2 PipeMassFlow

nk — qges2 Result 2

FluidLs Ttesl pipe2

ink2 # port,

FluidLs )

\.
- -
Ber
Bar s
e [s]
Current time: 0 5
o @ 100
Copyright © 2022 Modelon
] ]

INFORMATION
PROPERTIES B

COMPONENTS
ANALYSIS v

‘‘‘‘‘‘‘‘‘

EXPERIMENT SUMMARY
SIMULATIONS ~

Result 2 14:10
Result 1 14:06

CALCULATED VALUES

¥ Tanks

¥ pipe
¥ flowModel

¥ pipe2
v flowModel

¥ tank

¥ tank2
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VIEWS

* Save a view to a model via the @ -button (press ®
enter)

Hi Unsaved view e

A Saveas..

* At least one sticky or plot needs to be present

* Can combine several saved views

@ @ @

] h S
= i e’ B35 System views S’ 28 System views
2§ System views P
" Stickies + . T
" Plots - L]
A Save as...
A Save as... L A Save as... ) L J

A
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VIEWS

* Views are saved with the model and can be reused when it is used as a component in a system model

* Referred to as “Component views” in the system model —
* Only within workspace
* Works both for global libraries and workspace packages tank
B Operank & Wi Experimentation Jdi Results level =
height 12
'
' Ie.ngth 2
S— st
MOdEIon_ Copyright © 2022 Modelon

M Experimentation ol Result 1
tank2
level =
0.010
000!
height 12
system crossfrea 1
defaults l
9 ?N
2
[=%
length 2

diameter 0.1

1 Component views
+ Pipe Dimensions
+ Tank Dimensions

B Saveas.
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VIEWS

* Component views can be activated/deactivated directly from the canvas if selected

v/ Tank Dimensions
level = \ J

0

O height [ 12 O

crossArea 1
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VIEWS

* Note that every level in a hierarchical
model has its own URL

* Example shows a link to a sub-
component

* Can be shared with colleagues to
point them directly towards a specific
part of a model

* Combine with views to point users to
specific places of interest in a model

/I/lod

elon_
e

A IMPACTTRAINING

v E Electrification 1.7
= o Information
L4 D Examples
v Batteries
> o Information
L4 D Examples

* |'Y*] Experiments
> B8 Interfaces
»| T Templates
> Core
> Electrical
¥ | O] Thermal
o Information
» M| interfaces
T Templates
»[C Components
> {t Adapters
> (B cens

» (O] Records

el

v D Examples
;)TE Lumped
_@ Lumped3Node
$ MultiNode
1% Cylindrical
F& Prismatic
[ commoncel

L4 & MultiBody3D
» |4®| Cantro!

B Lumped (read only)

W Experiment 1 (default)

L

i@

»
—n 3
T

o

g 3
2 =
s 3
L

2

g

tempElectrical
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il Results
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WORKSHOP 1.2

In this workshop you will:
* Build a heating system
e Set boundary conditions
* Simulate
e Create stickies and views

/hodelon_
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