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How to use OpenModelica? — OMEdit!

Two ways to model:

* Graphically, similarly to Simulink, Simscape, Labview, etc.

bsiellso

-

* Programming in Modelica Language. 1

Another Feature: (D (S 0D
* Model/Package drawing & graphics (Buggy).
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Modelica Classes & Options
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Package

» Groups together other classes & properties.
*  Works similarly to a folder.

Model

* An entity that can be simulated.
* Can be made of other models.

Block

* A component of a model that requires inputs to be
simulated. ie; Can not be simulated by itself.

Type

» Creation of unique (custom) data types.

PUNCH | Torino

Class

* For text documents. Contact, Release version, etc.

Partial

* An incomplete component of a class. Useful for having
global components that can be easily imported into other
classes (such as graphical icons or variables).

Save in One File

+ Saves the class as one giant ASCII text file. It is the
default and NOT recommended as it tends to make
modifying large models very slow.

1 1
o4 OMEdit - Create New Modelica Class ? X

| Name: [ | E
Specialization: |Package v|
Extends (optional): I | Browse...
Insert in dass (optional): [ I | Browse... l
[ partial [ save contents in one file
[ Encapsulated | 04/03/2023 | 4
[ state
[ o ]| cancel
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File Structure

Files are saved with the extension “.mo”. If Modelica crashes during a simulation, the files open at the time may be
converted into a “.bak-mo” (backup) to prevent them being corrupted. This means the next time the user opens the library or the file,
errors may occur due to missing components. It is sufficient to open the “.bak-mo” with a text editor such as “notepad” and resave the
contents with the extention “.mo” to convert the model into a normal file again.

“.order” files are generated whenever a package is created in which the user disables the “Save in One” feature. This
feature is recommended! It facilitates exporting individual components, and models. It also makes the library more modular and easier
to modify. The file “.order” is simply an ASCII list of the models and package names at that package layer. If another package is
contained within the first package, the name of the second package will be visible in the “.order” file, and going a level deeper, the
second package will also have its own “.order” file.

It is possible to add any package or model to the start up procedure by linking its “.mo” file to the editor via:

Tools — Options — Libraries

! PUNCH | Torino | 0410312023 | 5



What do MSL4.0 Components look like?
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I I pin_p pin_n resistor capactor flange_a flange_b speedSensor torqueSensor
1 . 1 [ 0 R e, VR O O [
derivative const division I RoR cC
' » [ ...
> L - —_h 3%)—>
I k=1 K=k o I I currentSensor voltageSensor PP lf inertia idealRoIIing... ideal_(_?'ear I
= = S!h ) . e:'“ L=J. _a;! _E E_
I y integraypr ﬁm&;ble sin I I v k=k %T ra.gus:ra : ra.[i%_l;m.[io u dutch I
> 1 B A ! z 2 I
v
I k=1 offset=0 I I signalVoltage supplyVoltage signalCurrent celstack flange... flange... speedSens... forceSensor
+E }_ + 0 I—CI : j
I gain add product cos I I .—|}_D—| i - D rey I
+ -
D :@ *3: [ ’\/> o e . I
aic rectiier quadratics...
I ‘I I \ = . mass spged force )
[ —— o I/i?:l Lﬁt i 3. e e 8
[ q TR A S
L Components from Blocks Library I Components from Electrical Library Components from Mechanics Library I
- S e e e e e s sl I I I IS S I DS S DS DS DS S B DS B B s .
Signal Blocks Physical Blocks

! PUNCH | Torino

NOTE: Icon connections of physical blocks
typically carry two signal; one extensive
property & one intensive property.
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Welcome Page: Recent Files & News

o& OMEdit - OpenModelica Connection Editor

- x
File Edit View SSP Simulation Data iliation  Sensitivity Optimization Debug Tools Help
5
F-wB8 B
' Libraries Browser 8 > — .
[iterclasses |92 4% 4
O a Ope odelica Connectio dito
Libraries
> [P] openModelica
> | ModelicaServices i
> B Complex Recent Files Latest News
> 72 Modelica ’
| > DY/PUNCH_Torino/PUNCH_Torino.mo | £ MODPROD 2023
€ D:/PUNCH_Torino/New.mo € OpenModelica 2023
€ OpenModelica 1.20.0 released!
B Asian Modelica Conference 2022
€ OpenModelica 1.20.0-dev.beta2 released!
€ American Modelica Conference 2022
€ OpenModelica 1.19.2 released!
€) OpenModelica 1.19.0 released!
B OpenModelica 1.19.0-dev.betal released!
€) OpenModelica 2022
€ OpenModelica 1.18.1 released!
€ International Modelica Conference 2021
B> OpenModelica 1.18.0-dev.betal released!
EN a4 ATA v
Clear Recent Files For more details visit our website www.openmodelica.org
Create Class (s) System Libraries v Install Library
Messages Browser 8 x|
Al Notfications  Warnings  Errors
[1] 21:30:25 Scripting Notification
Automatically loaded package Complex 4.0.0 due to uses annotation from Modelica.
[2] 21:30:25 Scripting Notification

Automatically loaded package ModelicaServices 4.0.0 due to uses annotation from Modelica.

{ Modelng B Plotting @ Debugging

Welcome Tab Selected

! PUNCH | Torino

| 04/03/2023 | 8
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Modeling, Plotting & Debug Pages

o& OMEdit - OpenModelica Connection Editor
File Edit View SSP Simulation Data iliation  Sensitivity Optimization Debug Tools  Help

F-e8R &-

Libraries Browser | .
- AT OMEdit - OpenModelica Connection Editor

Libraries y

> [P] openModelica

> ModelicaServices )

> B Complex Recent Files Latest News

> 772 Modelica

[ Dv/PUNCH_Torino/PUNCH_Torino.mo £ MODPROD 2023 @

€ D:/PUNCH_Torino/New.mo € OpenModelica 2023

€ OpenModelica 1.20.0 released!

B Asian Modelica Conference 2022

€ OpenModelica 1.20.0-dev.beta2 released!
€ American Modelica Conference 2022

£ OpenModelica 1.19.2 released!

€) OpenModelica 1.19.0 released!

£) OpenModelica 1.19.0-dev.beta released!
€) OpenModelica 2022

€) OpenModelica 1.18.1 released!

€ International Modelica Conference 2021
B> OpenModelica 1.18.0-dev.betal released!

v

Clear Recent Files For more detals visit our website www.openmodelica.org

e

Messages Browser

& x
Al Notifications Warnings Errors.

[1] 21:30:25 Scripting Notification

Automatially loaded package Complex 4.0.0 due to uses annotation from Modeiica.

[2] 21:30:25 Scripting Notification

Automaticallyloaded package ModelicaServices 4.0.0 due to uses annotation from Modelica.

4 Tabs to Choose From | EEEE) | € dnin Sren 8o

I PUNCH | Torino | 04/03/2023 | 9



Expand the Modelica Library

o& OMEdit - OpenModelica Connection Editor

File Edit View SSP

F-ewBBR &-

Libraries Browser

Sensitivity Optimization Debug  Tools  Help

8 x|

Fiter Classes EAeES

AF

Libraries
> [P] openModelica
> | ModelicaServices
> Complex
v 72 Modelica
v @ UsersGuide
© ovenview
© Connectors
> @ Conventions
> |5 ReleaseNotes
D4 Contact
> & Blocks
> @ ComplexBlocks
> & Clocked
> 59 StateGraph
> & Electrical
> &1 Magnetic
> 7® Mechanics
>
>
>
>
>
>

%

Fluid

Media
Thermal

Math
ComplexMath
Utilities
Constants

&)

= [H) B EA

Icons
Units
> 1 PUNCH_Torino

=~
(3

OMEdit - OpenModelica Connection Editor
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Recent Files
[:> D:/PUNCH _Torino/PUNCH_Torino.mo

€ D:/PUNCH_Torino/New.mo

Expanded MSL (Modelica Standard Library)

Latest News
£> MODPROD 2023
€ OpenModelica 2023
£ OpenModelica 1.20.0 released!
€ Asian Modelica Conference 2022
B> OpenModelica 1.20.0-dev.beta2 released!
€ American Modelica Conference 2022
£ OpenModelica 1.19.2 released!
€ OpenModelica 1.19.0 released!
B> OpenModelica 1.19.0-dev.betal released!
€ OpenModelica 2022
£ OpenModelica 1.18.1 released!
€ International Modelica Conference 2021

B> OpenModelica 1.18.0-dev.betal released!

A

Create New Modelica Class Open ModelLibrary Fie(s) System Libraries

Install Library

Messages Browser
Al Notficatons  Warnings  Errors
[1] 21:53:19 Scripting Notification
Automatically loaded package Complex 4.0.0 due to uses annotation from Modelica.

[2] 21:53:19 Scripting Notification
Automatically loaded package ModelicaServices 4.0.0 due to uses annotation from Modelica.

! PUNCH | Torino

7% Modelica
> 0 UsersGuide
Blocks
ComplexBlocks
Clocked
StateGraph

LT

v
2]
.
Q

(&) (] (5] (03 [

Electrical
Magnetic
Mechanics
Fluid
Media

1D

v
|
e
R

Thermal

Math

ComplexMath
Utilities

v
S sl =]

Constants

lcons

o |~

Units

| 04/03/2023 | 10
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Expand the Modelica Library

o& OMEdit - OpenModelica Connection Editor
File Edit View SSP Simulation Data iliation ~ Sensitivity Optimization Debug Tools  Help
i . ;

F-eBB &-

Libraries Browser 8 x|
rrra——r R A
Libraries

> [P] openModelica

> ModelicaServices

7% Modelica
> 0 UsersGuide
Blocks

OMEdit - OpenModelica Connection Editor

Recent Files Latest News

£ D:/PUNCH_Torino/PUNCH_Torino.mo > MODPROD 2023

ComplexBlocks
Clocked

Sersouide
© ovenview
© Connectors

> @ Conventions Info & Contact Details € OpenModelica 1.20.0 released!

> [: ReleaseNotes

€ OpenModelica 2023

LT

54 Contact € Asian Modelica Conference 2022
> 1ol Blocks £ OpenModelica 1.20.0-dev.beta2 released! > bsa StateGraph
> @ ComplexBlocks

0 Clocked € American Modelica T3 022

4 StateGraph
% Electrical £ OpenModelica 1.19.2 released!
£l Magnetic

Electrical

€ OpenModelica 1.19.0 released!

Magnetic

(&) (] (5] (03 [

>
>
>
>
> 7® Mechanics
> 5 Fluid B> OpenModelica 1.19.0-dev.betal released!
> 7] Media > 1
> 1 Thermal £ OpenModelica 2022 Mechanics
> " Math ‘ .
s B ComplexMath € OpenModelica 1.18.1 released! > FIUId
> X Utilities € International Modelica Conference 2021
7 Constants /| .
> 1) Icons € OpenModelica 1.18.0-dev.betaT released! > ," / Med'ﬂ
> kg Units

A

Create New Modelica Class Open ModelLibrary Fie(s) System Libraries v [ Install Library

> 1 PUNCH_Torino

v
|
e
R

Thermal

Math

Messages Browser
Al Notficatons  Warnings  Errors

[1] 21:53:19 Scripting Notification
Automatically loaded package Complex 4.0.0 due to uses annotation from Modelica.

ComplexMath
Utilities

[2] 21:53:19 Scripting Notification
Automatically loaded package ModelicaServices 4.0.0 due to uses annotation from Modelica.

v
S sl =]

Constants

lcons

o |~

Units

I PUNCH | Torino | 04/03/2023 | 11
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The OMEdit interface (Graphical Modeling):

- 7% Modelica
Snap to Fit > 0 UsersGuide
File Edit View SSP i Data SerfSitiity Optimizati Debug Tools Hel Insert components @ BI kS
; o ; = >
FwBA  @eee(M)\emOT B Q0O S99 ¥ via Drag & Drop o
Libraries Browser ’?Aﬂ'; x : : ehice [x Y Example 8 EromplePed® > EEJ ComplexBlocks
T2 W AR © [t [racoos [coganven | i mamirnsc
‘ L
R‘/‘I"‘i i N\ > 53 Clocked
N :
. ode g Connect > ©e< StateGraph
via graphics = :
> ComplexBlocks Components' > 13 Electrical
> & Clocke .
> @ smconeh > A1 Magnetic
> £ Electrical
» & e > 7= Mechanics
> ¥ Fluid
> B wia > X Fluid
> A Math ‘/-1 .
> % ComplexMath > [ Media
> X Utilities i
7 Constants
> [ teons > %22 Thermal
> kg Units
e > [y Math
> : ComplexMath
> % Utilities
7T Constants
Messages Browser
(1120801 scmgttton > 1 lcons
Automatically loaded package Complex 4.0.0 due to uses annotation from Modelica.
LA SN b s vt e > kg Units

! PUNCH | Torino

Modeling Tab Selected

| 04/03/2023 | 12




The OMEdit interface (Text Modeling):
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o& OMEdit - OpenModelica Connection Editor

File Edit View

=8

Simulation

Modeling
via graphics

| Libraries Browser o B
[Fiercasses —  |4E 4% Iwmzue |Mndd |Text\ﬁ=w |W_Tm.vdid=.ms_wmﬁp |n:pum_'rmpmm_Tm.m
Libraries model SimpleBus_WithSlip "Intermediate Longitudinal Dynamics Bus Model with Slip. Rigid Elements.”
> [P] openModelica
> ModelicaServices extends PUNCH_Torino.Icons.Bus;
> Complex import Modelica.Constants.pi; NOTE . K d h N t t
> 72 Modeica _ _ o _ . Key words such as: constant,
5 1 PUNCH._Torino parameter Real Mass(unit = "kg") = 15570 "Vehicle Mass" annotation(Dialog(group = "Inertias")); .
- parameter Real J_w(unit = "kgm2") = 4 "Singular Wheel & Tire Moment of Inertia” annotation(Dialog(group "Inertias")); t t ,-t t d
parameter Real J_din(unit = "kgm2") = 0.01 "Motor Side Differential Inertia” annotation(Dialog(group = "Inertias")); paral”e er; Connec 3 “ ] ’po ’] eX en S,
TeXt anua” parameter Real J_dout(unit = "kgm2") = 0.01 "Wheel Side Differential Inertia" annotation(Dialog(group = "Inertias")); .
y parameter Real n_t = 4 "Total Number of Vehicle Wheels" annotation(Dialog(group = "Physical Characteristics”)); paﬂlal, ”’Odel, paCkage, etc.
Written. Global parameter Real n_w = 2 "Number of Vehicle Driven Wheels" annotation(Dialog(group = "Physical Characteristics")); . . .
. parameter Real S(unit = "m2") = 7.9 "Projected Frontal Surface Area" annotation(Dialog(group = "Physical Characteristics™)); D I g pt II t d bI m
. h parameter Real C_x = 0.55 "Longitudinal Rero Coefficient" annotation(Dialog(group = "Physical Characteristics™)); Ia O o Ions a OW 0 Isa e So e
parameter Real R(unit = "m") = 0.93 / 2 "Effective Tire Rolling Radius" annotation(Dialog(group = "Tire Data")); paral I Ieters Or (In SOI I Ie InStances)
default Values Or parameter Real f = 0.007 "Constant Term of Tire Rolling Resistance” annotation(Dialog(group = "Tire Data")):;
parameter Real K = 0.0 "Sguared Term of Tire Rolling Resistance” annotation(Dialog(group = "Tire Data")); Create lllenus!
eq uatlons parameter Real Max Brake = 12000 "Maximum Braking Force per Disk" annotation(Dialog(group = "Component Data"));
- parameter Real Tau_d = 10 "Differential Transmission Ratio" annotation(Dialog(group = "Component Data"));
parameter Real Eta_d = 0.98 "Differential Efficiency” annotation(Dialog(group = "Component Data"));

Addition of
“partials”, etc

Text appears
automatically:
due to graphical
programming.

constant Real g(unit = "m/s2") = 9.81 "Acceleration due to Gravity";
constant Real rho(unit = "kg/m3") = 1.225 "Air Density @STP";

Modelica.Blocks.Examples.BusUsage_Utilities.Interfaces.SubControlBus ControlBus_Vehicle annotation(
Modelica.Mechanics.Rotational.Components.Inertia Inertia DrivenWheelTire(J = n_w * J_w) annotation( [...):

Modelica.Mechanics.Rotational.Components.Brake Brakes_Driven(fn_max = Max_Brake * n_w, mode(start = 0), mu_pos
Modelica.Mechanics.Translational.Components.IdealRollingWheel Wheels_Driven(radius = R, useSupportR = false,

Modelica.Mechanics.Rotational.Sensors.MultiSensor Sensor_MultiRotational_Driven annotation(
Modelica.Mechanics.Translational.Components.Mass Vehicle (m = Mass) annotation(
Modelica.Mechanics.Translational.Sensors.MultiSensor Sensor_MultiVehicle annotation(

Modelica.Mechanics.Translational.Components.RollingResistance fRoll (fWeight = Mass * g, reg = Modelica.Block:

SimpleBus_WithSlip B .
[a]
ol 4

[0, 0; 1, 1; 10000, 1]) annotation( (...): )
useSupportT = true) annotation( [j

ine, useCrInput = true, useInclinationInput = true, v0 = 0.001) annotation( [ ...); |¥

Messages Browser

8 x|

Notifcations ~ Warnings  Errors

[1] 12:05:31 Scripting Notification
Automatically loaded package Complex 4.0.0 due to uses annotation from Modelica.

[2] 12:05:31 Scripting Not
Automatically loaded Dackage MudeucaSerwces 4.0.0 due to uses annotation from Modelica.

; PUNCH | Torino

Modeling Tab Selected

| 04/03/2023 | 13



The OMEdit interface (Icon Building):
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< lcon e I Snap to Fit vom - e
. == 8 S>> °
Li C reatl O n Vehice B B

Possibility to draw personalized
icons in the graphical modeling
page or in the model graphic page.
It is also possible to import drawings
from elsewhere in the file as a
“partial”.

ﬁ SimpleBus_WithSlip o BatteryPack_40kWh
[Fid 1 |E) EO |wmaue [Model [Imnwew ‘W_Twm.ﬁ;agyshxage.ﬂamwn_ﬂwh |D;Mu-|_Tm/Pmo1_Tm.mo
Libraries A —4

j PUNCH| Torino

NOTE: the white frame should
always encompass both the model
and the graphic to ensure the
correct hitbox of the models. A bugs
that was encountered is that when
adjusting the white frame, either
manually or automatically, the hitbox
gets incorrectly set to outside the
image, despite the frame being
correctly positioned on the graphic.

—a i

PUNCH | Torino

[ lltosslsc ntmq llobﬁcabo

e Complex 4.0.0 due to uses annotation from Modelica.

[ ] NSSISC ripting Not hﬁca
ically loaded package Mode! I:a ervices 4.0.0 due to uses annotation from Modelica.

Modeling Tab Selected

| 04/03/2023 | 14



The OMEdit interface: Plottin

oA OMEdit - OpenModelica Connection Editor
File Edit View SSP

F-eBBR @e e e X

Debug Tools Help

© PUNCH | Confidential

M~

| Libraries Browser 8 x| [X Plot : 1 | Variables Browser
CEre— Dlteox Cliegy 5 = [Fiter varisbes
Libraries Simulation Time Unit
> [P] openModelica —— GlobalBus BatterySOC
> [ ModelicaServices 0.505 -
> 8 Conple Values evaluated
> 72 Modelics
v 1 PUNCH_Torino & t t I I
> @ UsersGuide CO n S a n s ] a
v 5 Examples 0.5 GlobalBus
> > BEV_Models plotta ble ' [ AntiTear
> B FC_Hybrid_Models [ AuxCurrent
> BatteryHlectricVehicle [ AuxPower
> FuelCellHybridVehicle 0.495 — [ BatteryEnergy
> 2 Blocks [ BatteryOCV
> W Drivers [ BatteryReq
> [i SpeedCycles [ Batterysoc
> 4 EnergyStorage 0.49 [ BatteryTemp
> @ Vehicle : [ Brake
> % TorqueSource [ Errorl_..istance
> @ Electronics
> i lcons
0.485 | [ inclination
[ MaxAb...Power
[ MaxDi...Power
[ MaxMo...Power
0.48 [ MaxRe...Power
. [ MaxTorque
Message Browser: Errors appear here! 0 e
. . . . [ MotorCurrent
- List of ALL equations if mis-defined system. 0 MotorkeM
0475 T T T T 1 [ MotorTorque
° 02 - Error code. 08 1 00 PowerRequest
: - Chattering 0
Messages Browser - & [J RegenThrottle
Al Notficatons ~ Wamings  Erors BatteryElecticvehice () E Reverse
St f U1 o, ans st Scriceice s, | €555 & omcuoirelf|
Compilation ~ Output [ Throttle
C:/Users/Andre's Desktop/AppData/Local/Temp/Opendodelica/OMEdit/PUNCH_Torino.Examples.BatteryElectricVehicle/BatteryElectricVehicle. exe —port=52711 -logFormat=xmltcp - ~ [0 VehicleSpeed
override=startTime=0, stopTime=933.4, stepSize=0.01, , 301 , variableFilter=.* -r=C:/Users/Andre's Desktop/AppData/Local/Temp/OpenModelica/OMEdit/PUNCH_Torino.Examples.BatteryElectricVehicle/BatteryElectricVehicle_res.mat -w - [ kWh_per_km
1v=LOG_STATS -inputPath=C:/Users/Andre's Desktop/AppD: Local/Temp, lica/OMEdit/PUNCH_Torino.Examples.BatteryElectricVehicle :/Users/Andre's Desktop/AppData/Local/Temp/OpenModelica/OMEdit/PUNCH_Torino.Examples.BatteryElectricVehicle > batteryPack
«.. loading "InverseMixMap" from "D:/PUNCH_Torino/Maps/SMPM Motor_EfficiencyMap.txt" 5 constantPo...uxiliaries
> gillingham x3
... loading "MotorMap" from "D:/PUNCH_Torino/Maps/SMPM Motor_EfficiencyMap.txt” i
<

Plotting Tab Selected

! PUNCH | Torino

22,022
11.5816
7000
8.85191
605.14
0.062961
0.481372
293.15

0

33.6549
0.0360563
-28.7302
33
130546
190020
183020
123546
1469.39
-1469.39
0.0364356
0494754
284,93
22,022

0

0

0
-0.555556
0.555556
0.19391
0.00240919
1.8023

8 Plotting

Debugging

| 04/03/2023
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The OMEdit interface: Debug

& OMEdit - OpenModelica Connection Editor

File Edit View Simulation Debug SSP  Sensitivity Optimization Tools Help

F-eBB - @eee X H- ¥

| Libraries Browser & x |

Stack Frames Browser

© PUNCH | Confidential

[Fiter Classes 9242 @

& X  BreakPoints Browser & X Locals Browser

I o]

Line File

Libraries

> IE] OpenMedelica
> o ModelicaReference

Function Line File

> | ModelicaServices
Complex
@ Modelica

v E] AndrePack01

%% AndrePack01_01

v v

Name Type

@ AndrePack01_02 o Global
¥ AndrePackd1_03

- AndrePackd1_02 [x]

v E] AndrePack02

¥By ResistiveLoads

@ Global

E Transmission

The model that | ™"
is being

simulated

<

[ Messages 2rquser

Al Notifications ~ Warnings ~ Errors  Global EJ

Compilation ~ Output

Simdation of AncrePack02 Gabal s fishd, Cance Simiton] K] [oven Output e

Value

> ### STATISTICS ###
The simulation finished successfully.

>

PUNCH | Torino

Plotting Tab Selected

£

:

deli‘

| 04/03/2023 | 16
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Modeling with Open Modelica
Part 3 — PUNCH Torino Library

1 — Modelica Basics

2 — Open Modelica Environment
3 — PUNCH Torino Library

4 — Important Details




Note: PUNCH_Library
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o& OMEdit - OpenModelica Connection Editor

File Edit View SSP

-8B &-

Libraries Browser

Data Reconciliation ~ Sensitivity Optimization Debug  Tools Help

Filter Classes ¥

Libraries
> [P] openModelica

> Complex

‘ c> I PUNCHTorno

> ModelicaServices

The Library

OMEdit - OpenModelica Connection Editor

Recent Files Latest News

|<> D:/PUNCH_Torino/PUNCH_Torino.mo

/i

~
MODPROD 2023

$

€ D:/PUNCH_Torino/New.mo OpenModelica 2023

OpenModelica 1.20.0 released!

Asian Modelica Conference 2022
OpenModelica 1.20.0-dev.beta2 released!
American Modelica Conference 2022
OpenModelica 1.19.2 released!
OpenModelica 1.19.0 released!

OpenModelica 1.19.0-dev.betal released!

OpenModelica 2022
OpenModelica 1.18.1 released!
International Modelica Conference 2021

OpenModelica 1.18.0-dev.beta1 released!

IR R AR AR AR IR 2 I A

v

For more detals visit our website www.openmodelica.org

Create New Modelica Class Open ModelLibrary Fie(s) System Libraries v [ Install Library

Messages Browser
Al Notifications Warnings Errors.
[1] 21:30:25 Scripting Notification
Automatically loaded package Complex 4.0.0 due to uses annotation from Modelica.
[2] 21:30:25 Scripting Notification
Automatically loaded package ModelicaServices 4.0.0 due to uses annotation from Modelica.

& wecome oA Modeing B plotting @ Debugging

; PUNCH | Torino

| 04/03/2023 | 18



Open Examples/Models.

oA OMEdit - OpenModelica Connection Editor

File Edit View SSP

F-wB8B

Libraries Browser

Data i Sensitivity O Debug Tools Help

oo X \OHNOTR <= E-99%9E Sr»999 ¥-

B X oA

BatteryElectricVehicle

© PUNCH | Confidential

- X

[iterCosses 4% / \L@E (i} |Writd;le ‘Modd ‘Iﬁagam View ‘PLNGLTor'noEmds.Baﬂ:ryE«t’i(Veﬁde |D:/PLN01_Tm/PLNm_Tm.m
Libraries
> [P] openModelica - 1

v 72 Modelica
© UsersGuide
Blocks
ComplexBlocks
| Clocked
StateGraph
Electrical
£1 Magnetic
Mechanics
© Fluid

Media
1 Thermal
Math
ComplexMath
Utilities
Constants

3 @) (&

)

13

>
>
>
>
>
>
>
>
>
>
>
>
>
>

I BFRES

Icons

kg units

v 1 PUNCH_Torino

© UsersGuide

> Examples

> > BEV_Models

> b FC_Hybrid_Models

> BatteryElectricVehicle
> FuelCellHybridVehicle
Blocks

Drivers.

< v

SpeedCycles
EnergyStorage
Vehicle
TorqueSource
Electronics

~ ) [ [E \WET e @

Icons

GlobalBus

=~ | Expanded Library

<

PUNCH ITonno

Con...

K} lc SMPM

PUNCH |Torino

LNO4

Caa, PUNCH | Torino

| Ncu Tor|n

0 Illl
A

e

“:.I >

Messages Browser
Al Notificaons = Warnings  Errors

[1] 21:30:25 Scripting Notification
Automatically loaded package Complex 4.0.0 due to uses annotation from Modelica.

[2] 21:30:25 Scripting Notification
g

— loaded pack 4.0.0 due to tation from Modelica.
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Select Item

PN

o& OMEdit - OpenModelica Connection Editor

- X
File Edit View SSP i i Data iliati Sensitivity Optimizati Debug Tools Help
b 1=15 Heee ¥ \OHOTE<LE E- O%E Y999 &- N
Libraries Browser B x| A& BatteryElectricVehicle [x]
[iterclasses  [4Z 4% "I' AEO |wmaue ‘I'odel ‘Iﬁagamview |m_rm.sxanues. icvehi |D:/PUNC'-|_ ino/PUNCH_Torino.mo | ﬁ|
Libraries Al
> [P] openModel I :
= Medessnices illingham_x3  landoNorris
> [ Complex J
> 72 Modelica LN04
v 1 PUNCH_Torino .
> @ UsersGuide
v P Examples GlobalBus
> > BEV_Model:
- Jorwen i
> BatteryElectricVehicle e
¥ FuelCellHybridVehicle
> ) Blocks R d S
g o ed squares ()
1. SpeedCycles .
> 4 Energyst I d h )
& sionge ndicate the :-
> *: TorqueSource “Ed es,, O t e
ges” of th ' 1
¢ oy DC : F LT ]
ICon! - > U PUNCH Torino L
=SS5 - SMPM T B
Component can 4 A :
A
be moved by ==
Dragging it!
.
< >
Messages Browser 8 x
Al Notifications ~ Warnings  Errors
[1] 22:56:07 Scripting Notification
Automatically loaded package Complex 4.0.0 due to uses annotation from Modelica.
[2] 22:56:07 Scripting Notification
AL loaded packag: 4.0.0 due to uses annotation from Modelica.
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Change Model Simulation Settings & Parameters

o& OMEdit - OpenM

File Edit Vie

(- bHH

Libraries Browser

onnection Editor

Sensitivity Optimization

@099\32 \.l.Tl-<:D - Q98 S>9

g X

A

o < -

Filter Classes H

14

g@g (i} ‘wmaue |Modd |naagranv|ew |HNG-|_Tm.Emds.BaﬁstlecﬁcVeﬁde |n:/pmo«_7m/pmm_1 i

Libraries
> [P] openModelica
> ModelicaServices
> [ Complex
> 72 Modelica
v 1 PUNCH_Torino
> @ UsersGuide
v P Examples
> P BEV_Models
> b FC_Hybrid Models
> BatteryHlectricVehicle
¥ FuelCellHybridVehicle
& Blocks
% Drivers
L. SpeedCycles
4 EnergyStorage
@ Vehicle
' TorqueSource
O Electronics
i

Icons

Double Clicking
Shows
Parameter
Values: Black
Have been
Modified, Gray |

<

are Defaults. |

Messages Browser

Al Notificaons ~ Warnings  Errors

[1] 22:56:07 Scripting Notification
Automatically loaded package Complex 4.0.0 due to uses annotation from Modelica.

[2] 22:56:07 Scripting Notification
Automatically loaded package ModelicaServices 4.0.0 due to uses annotation from Modelica.

in PUNCH_Torino.Examples.BatteryElectricVehicle ?

of OMEdit - Element Para
Parameters
General Modifiers
Component
Name:  batteryPack
Comment:
Class

Path:  PUNCH_Torino.EnergyStorage.BatteryPack

Comment: Custom Battery Model capable of Thermal Variations, RC elements and SOC varying internal Resistance and Voltage.

Battery Thermal Settings
useHeatPort []

= true, if HeatPort is enabled

| |ec +| Fixed device temperature if useHeatPort = false

Battery Pack Thermal Capacity

| Starting State of Charge

| Maximum Allowed State of Charge

T [0

c [2000 ]
Battery Charge Settings

Initialsoc  [0.5

MaxsoC [o.9

MinSOC [o2

| Minimum Allowed State of Charge

SOCtolerance [1e-5

| Battery SOC Calculation Tolerance

Battery/Cell Configuration

Q_nom (3000

Ns |2

Np |20

Nsm o [11

Battery Data

c_batt  [N_p*(Q_nom/3600)

Cch  0.333333

Cds  0.541667

va |56

61 [o

fieName ["D:/PUNCH_Torino/Maps/LG 18650MH 1. txt™

Battery RC Elements

userc []

] lc | Nominal Cell Capacity

Number of Series Cells in a Parallel Unit
Number of Parallel Units in a Series Module

Number of Series Modules in the Battery Pack

ah  Battery Capacity

Max Charge Rate

Max Discharge Rate
[V ] Battery Charging Cut-Off Voltage
[s | Battery self Discharge Conductor

File where data matrices are stored

= true, if RC Elements are

I
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Initial Conditions

nection Editor

PN

File

F- @B B Heee ¥ \PHOTHE <= 5- O9E Sr2ved - . .
Libraries Browser 8 x oA A& OMEdit - Element Parameters - batteryPack in PUNCH_Torino.Examples.BatteryElectricVehicle 7 X o
Fiter Classes IEY [alAE0 |wmaue |Modd |Diaga|\\l|ew Im_Tm.Eﬁnds. icveh [n:m_ ino/PUNCH _Toring I "|

a2

ulation Data

X
onciliation ~ Sensitivity Optimization Debug Tools Help

. Parameters
> [P] openModelica

i ZME':“SEM‘“ Add new modifiers, e.g., phi(start=1), w(start=2) 1a m_X3 Ia nd o N orris
omplex

> 72 Modelica [ | LNO4
v 1 PUNCH_Torino .
> @ UsersGuide
v b Bmples
> b BEV_Models

> P FC_Hybrid_Models
> BatteryElectricVehicle

& oo Switch tab to

% Drivers

12 ety impose initial

>
>
>
> 4 EnergyStorage
>
>
>
>

o
Con...

H|Torino ez PUNCH | Torino

T[]
frunon Toe] [ |

&% Vehicle

B Trsouce values.
@ Electronics

i lcons

. A

"

NOTE: Initial conditions will

<

——— : not be visible here next S ’
gg;;ﬁé‘é%:%;ﬁ:&g%}x4i:mmusesamutah’unﬁomMudeliza. time you Open this page!

[2] 22:56:07 Scripting Notification
Automatically loaded package ModelicaServices 4.0.0 due to uses annotation from Modelica.
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o& OMEdit - OpenModelica Connection Editor
File Edit View SSP Simulation Data Reconciliation Sen:

F-eB8BR

=LY

| Libraries Browser

8 x B

Filter Classes ¥

42

. Close the Tab &
Switch to Text

QQE Y999 ¥-

PN

- 8 x

Libraries

> [P] openModelica

> ModelicaServices
> Complex

a .
B ase d hide |n:m_1mm_~rm.m | L] |'
d
. 4 Programming! | e secer amccacion
imdoNorris annotation (

> 72 Modelica v - 1 2 N 0 t
N > Vehicle.SimpleBus NoSlip simpleBus_NoSlip annotation(
v 1 PUNCH_Torino 1 YOS — 2ot . .
N a UsersGuide > PUNCH_Torino.Electronics.ConstantPowerAuxiliaries constantPowerAuxiliaries annotation(
.- >  Modelica.Blocks.Examples.BusUsage_Utilities.Interfaces.ControlBus GlobalBus annotation(
Examples >  PUNCH_Torino.Electronics.MotorControlUnit motorControlUnit annotation(
> > BEV_Models >  PUNCH_Torino.EnergyStorage.BatteryPack batteryPack(C_ch = 0.333333, C_dis = 0.541667, InitialSOC = 0.5, N_p = 240, useHeatPort = false, useRC = false) annotation(
> B FC_Hybrid_Models >  PUNCH_Torino.SpeedCycles.Gillingham x3 gillingham x3 annotation(
> BatteryElectricVehicle equation
> FuelCellHybridVehicle connect (sMPM_Motor.MotorFlange, simpleBus_NoSlip.InputTorque) annotation(
B Blocks connect (constantPowerAuxiliaries.ControlBus_Auxiliaries, GlobalBus) annotation(
& Drivers connect (sMPM_Motor.ControlBus_Inverter, GlobalBus) annotation(

connect (landoNorris.ControlBus_Driver, sMPM_Motor.ControlBus_Motor) annotation(
connect (simpleBus_NoSlip.ControlBus_Vehicle, sMPM Motor.ControlBus_Motor) annotation(
connect (motorControlUnit.ControlBus_MCU, GlobalBus) annotation(

1L SpeedCycles
% EnergyStorage

”:VE’“"E connect (batteryPack.ControlBus_BatteryPack, GlobalBus) annotation(
** TorqueSource connect (constantPowerAuxiliaries.pin_n, batteryPack.pin n) annotation(
@ Electronics

connect (batteryPack.pin_n, sMPM Motor.MotorNegativeTerminal) annotation
connect (constantPowerAuxiliaries.pin_p, batteryPack.pin p) annotation(
connect (sMPM_Motor.MotorPositiveTerminal, batteryPack.pin_p) annotation(
connect (gillingham x3.ControlBus_Cycle, sMPM Motor.ControlBus_Motor) annotation(
annotation (

end BatteryElectricVehicle;

i lcons

18N O o R=)
VVvVVVVVYVVYVVVVYY

Messages Browser
Al Notifications ~ Warnings  Errors
[1] 22:56:07 Scripting Notification
Automatically loaded package Complex 4.0.0 due to uses annotation from Modelica.

[2] 22:56:07 Scripting Notification

4.0.0 due to uses annotation from Modelica.

Ln: 1100, Col:0 @G Welcome  of Modelng &8 Plotting @ Debugaing

| 04/03/2023 | 23
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ext Based Modeling

o& OMEdit - OpenModelica Connection Editor
File Edit View SSP Simulation Data iliation ~ Sensitivity Optimization Debug Tools Help
"

e ¥ \OHOTR <=6H Q9E S>%$9 ¥&-
Declared . ——

@ [ [ [ [P e i s [sP R Tomap e
Parameters and
Models with
Modified Initial
Values
| ) estePecriciehice I
Equations & |
Connections. |
Inside models |

lodel BatteryElectricVehicle

extends Modelica.Icons.Example;
PUNCH_Torino.TorqueSource.SMPM Motor sMPM Motor annotation( .
extends Modelica.Icons.Example; Va I u es d Iﬁe re nt fro m
PUNCH_Torino.Drivers.LandoNorris landoNorris annotation(
Vehicle.SimpleBus_NoSlip simpleBus_NoSlip annotation( H H

PUNCH_Torino. Electronics.ConstantPowerAuxiliaries constantPowerAuxiliaries annotation( d efa u Its ] a n d I n Itl a I
Modelica.Blocks.Examples.BusUsage_Utilities.Interfaces.ControlBus GlobalBus annotation(
PUNCH_Torino.Electronics.MotorControlijms e s

PUNCH_Torino.Energystorage.Eatterypac! batteryPack (C ch = 0.333333, C dis = 0.541667, InitialSOoC = 0.5, N p = 240, useHeatPort = false, useRC = false Iar Condltlons WIII appear

PUNCH_Torino.SpeedCycles.Gillingham x3 gillingham x3 annotation( [ ...)/

1 . .
quZn;ZZt (sMPM_Motor.MotorFlange, simpleBus_NoSlip.InputTorqgue) annotation( eXpI ICItIy Stated I n

connect (constantPowerAuxiliaries.ControlBus_Auxiliaries, GlobalBus) annotation(

connect (sMPM_Motor.ControlBus_Inverter, GlobalBus) annotation( a re nth eses

connect (landoNorris.ControlBus_Driver, sMPM_Motor.ControlBus_Motor) annotation( p

connect (simpleBus_NoSlip.ControlBus_Vehicle, sMPM Motor.ControlBus_Motor) annotation(

connect (motorControlUnit.ControlBus_MCU, GlobalBus) annotation( [...):

connect (batteryPack.ControlBus_BatteryPack, GlobalBus) annotation( [...): )

connect (constantPowerAuxiliaries.pin_n, batteryPack.pin n) annotation(

connect (batteryPack.pin_n, sMPM Motor.MotorNegativeTerminal) annotation

connect (constantPowerAuxiliaries.pin_p, batteryPack.pin p) annotation(
h b 14 connect (sMPM_Motor.MotorPositiveTerminal, batteryPack.pin_p) annotation(

t e re m ay e 14 connect (gillingham x3.ControlBus_Cycle, sMPM Motor.ControlBus_Motor) annotation(

14 annotation (

more 147" end BatteryElectricVehicle;
148

equations!

VVvVVVYVVYVVYVYVYY

Messages Browser g x
Al Notifications ~ Warnings  Errors

[1] 22:56:07 Scripting Notification
Automatically loaded package Complex 4.0.0 due to uses annotation from Modelica.

[2] 22:56:07 Scripting Notification

4.0.0 due to uses annotation from Modelica.

1n: 1100, o0 QL Welcome & Modeing 88 Plottng @ Debugaing
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Return to Graphical Programming

File Edit View SSP Data Sensitivity O Debug Tools Help

oA OMEdit - OpenModelica Connection Editor - X
F-eBH e e X \PHOTR <= 5 QO9%9E Sr»9d9d &
Libraries Browser x

ibrari = BatteryElectricVehicle [x] . .
y ¥ . By s | e o [a]

> [P] openModelica - °r

> H MidelxcaServices ||||ngham X3 |andONOITIS

@ (i) |wmaue ‘Modd ‘Dagum‘ilew ‘PLNGleEmuEsBaﬂﬂyEewlcVehd: |DIPLNG|TormIPLNG'lem
LNO4

Libraries -

v 72 Modelica

> @ UsersGuide

> (2 Blocks ‘
> @ ComplexBlocks GIobaIBus -I.r

> £ Clocked g

> £ StateGraph ‘

Electrical
lPI.lNcIIlTOI'InO PUNCH | Torino Co PUNCH | Torino

(2]l

Con...

) (3

Magnetic
> "= Mechanics
> P Fluid
> Media
> 1 Thermal
", Math
© ComplexMath
> X Utilities
7 Constants

> i lcons
> kg Units
v 1 PUNCH_Torino
> @ UsersGuide
v > Examples
> > BEV_Models
> b FC_Hybrid_Models
> BatteryElectricVehicle
> FuelCellHybridVehicle

K} lc SMPM

PUNCH ITor 0

> (2 Blocks
> W Drivers v
> 1L SpeedCycles < >
> % EnergyStorage Messages Browser 8 x
> @8 Vehicle Al Notificatons =~ Warnings  Errors
> [# TorqueSource [1] 21:30:25 Scripting Notificatior
s @ Electronics Automaticall loaded package Comples 4.0.0 due to uses annotaton from Modelca.
> (i lcons [2] 21:30:25 Scripting Notification
loaded packag 4.0.0due to tation from Modelca.

& wecome A Modelng B Plotting @ Debugging

| 04/03/2023 | 25
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Check if Model is well defined

oA OMEdit - OpenModelica Connection Editor

© PUNCH | Confidential

- X

File Edit View SSP Data i Sensitivity O Debug Tools Help
- wBE Beeex \ONOT ) 99E S3999 &-
Libraries Browser B X oA BatteryElectricVehide
[Fiterciasses — ]9Z »'-,EE (i} |Writable ‘Modd ‘Iﬁaglm View ‘W_Tm.Em:ks.BathyEekaeﬁd: |D:IPLN01_TmIPLNG1_Tm.m
Libraries
> [B] openModeli i :
= e illingham_x3  landoNorris
> [ Complex

v 72 Modelica
> @ UsersGuide
> (2 Blocks
> @ ComplexBlocks
| Clocked
> b StateGraph
> % Electrical
£1 Magnetic
> "= Mechanics
> P Fluid
> Media
> 1 Thermal
", Math
© ComplexMath
> X Utilities
7 Constants

GIobaIBus

> i lcons
> kg Units
v 1 PUNCH_Torino
> @ UsersGuide
v > Examples
> > BEV_Models
> b FC_Hybrid_Models
> BatteryElectricVehicle
> FuelCellHybridVehicle

| -
|- Iﬁ:ﬂ;

lPI.lNcIIlTOI'InO

Con...

K} lc SMPM

PUNCH ITor 0

LNO4

e

PUNCH | Torino

) I I.{

> (2 Blocks
> W Drivers v
> 1L SpeedCycles < >
> % EnergyStorage Messages Browser 8 x
> @8 Vehicle Al Notificatons =~ Warnings  Errors
> [# TorqueSource [1] 21:30:25 Scripting Notificatior
s @ Electronics Automaticall loaded package Comples 4.0.0 due to uses annotaton from Modelca.
> (i lcons [2] 21:30:25 Scripting Notification
loaded packag 4.0.0due to tation from Modelca.

& wecome A Modelng B Plotting @ Debugging

! PUNCH | Torino
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Check if Model is well defined...

PN

-

o& OMEdit - OpenModelica Connection Editor

File Edit Vie

Jlation  Data Reconciliation g Tools He

at ation  Sensitivity Optimization Debu
F-w8H8 HOee ¥ \PHOTH <= EH- O9E S>999 ¥&- .
Libraries Browser B x A& BatteryElectricVehicle %]
[Fiterclasses 442 @ A0 ‘Wmﬂie |Modd |Diagranwew |mu-|_Tm.Emus.sansyElecmcvdide |n:/nm_Tm/nm_‘rm.m | ﬁ‘

Liraries -
>
> [P] openModelica

5 Neseessoes illingham_x3  landoNorris

> [ Complex
L O o — o I
v 1 PUNCH_Torino

> @ UsersGuide

v P Examples
> > BEV_Models

OMEdit - Check Model - PUNCH_Torino.Examples.BatteryEle.. ~ — [} X

Check of | c
> > FC_Hybrid_Models PUNCH_Torino.Examples.BatteryElectricVehic S
le completed successfully.

Jd
S reccaryitntice Same number of " i

> B Blocks . UNCH_P@¥1ino.Examples.Batter
= has 734 equation(s) and 734
> quations & : ,
.k """"" e ua I ns - I PUNCH | Torino Cea. puncH | Torino
3 563 of these & &l equation(s) .

gctricvVehic

— SMPM

-
L puncn Toiro)

L

A

AT

.l

KY)
e
I A
"y

<

Messages Browser
Al Notificaons ~ Warnings  Errors
[1] 22:26:29 Scripting Notification
Automatically loaded package Complex 4.0.0 due to uses annotation from Modelica.

[2] 22:26:29 Scripting Notification
Automatically loaded package ModelicaServices 4.0.0 due to uses annotation from Modelica.

NOTE: Models with signal busses may have different
number of equations & variables due to being i | [ | Avesars [Wie [Woors
components of a system, and thus balancing the other

I PUNCH | Torino equations/variables via connecting with other models.

| 04/03/2023 | 27




omplete Model with Functions

oA OMEdit - OpenModelica Connection Editor

© PUNCH | Confidential

- X

File Edit View SSP Data i Sensitivity O Debug Tools Help
F-eBH o e X \.l.Tl<~ 99D ¥ -
Libraries Browser B X oA BatteryElectricVehide
[Fiterciasses — ]9Z »'-,EE (i} |Writable ‘Modd ‘Iﬁaglm View ‘W_Tm.Em:ks.BathyEekaeﬁd: |D:IPLN01_TmIPLNG1_Tm.m
Libraries
> [B] openModeli i :
= e illingham_x3  landoNorris
> B Complex

v 72 Modelica
> @ UsersGuide
> (2 Blocks

GIobaIBus

ComplexBlocks
Clocked
> b StateGraph
Electrical
Magnetic
> "= Mechanics
> P Fluid
> Media
> 1 Thermal
", Math
© ComplexMath
> X Utilities
7 Constants

()i

) (3

> i lcons
> kg Units
v 1 PUNCH_Torino
> @ UsersGuide
v > Examples
> > BEV_Models
> b FC_Hybrid_Models
> BatteryElectricVehicle
> FuelCellHybridVehicle

| -
|- Iﬁ:ﬂ;

lPI.lNcIIlTOI'InO

Con...

K} lc SMPM

PUNCH ITor 0

LNO4

e

PUNCH | Torino

) I I.{

> (2 Blocks
> W Drivers v
> 1L SpeedCycles < >
> % EnergyStorage Messages Browser 8 x
> @8 Vehicle Al Notificatons =~ Warnings  Errors
> [# TorqueSource [1] 21:30:25 Scripting Notificatior
s @ Electronics Automaticall loaded package Comples 4.0.0 due to uses annotaton from Modelca.
> (i lcons [2] 21:30:25 Scripting Notification
loaded packag 4.0.0due to tation from Modelca.

& wecome A Modelng B Plotting @ Debugging

! PUNCH | Torino
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Full Model Text to Export

o& OMEdit - OpenModelica Connection Editor

File Edit Viev

F-eBB

Libraries Browser

Simulation

ciliation ~ Sensitivity Optimization D

moeee xX \ol

A

Help

TR<=

- OQ9E S99 ¥-

BatteryElectricVehice

© PUNCH | Confidential

Filter Classes

E]E (i} ‘wmaue |Modd |nsagranv|ew IP\NG{_Tm.Emds.BaﬁsyEecﬁcVe}idg |n:/pwn_1mpmm_rm.m

Libraries
> [P] openModelica
> ModelicaServices
> Complex
> 72 Modelica
v ! PUNCH_Torino
> @ UsersGuide
v P Examples
> > BEV_Models
> b FC_Hybrid Models
> BatteryHlectricVehicle
¥ FuelCellHybridVehicle
Blocks
Drivers
SpeedCycles
EnergyStorage
Vehicle
TorqueSource
Electronics

~ @) [9) () W E e [

Icons

<

& OMEdit - Instantiate Model - PUNCH _Torino.Examples.BatteryElectricVehicle

aillinadham_x3
- a X

1

function Modelica.Blocks.Tables.Internal.getDerTablelDValueNoDer "Derivative of interpolated 1l-dim. table
defined by matrix (but do not provide a second derivative function)"

input Modelica.Blocks.Types.ExternalCombiTablelD tableID "External table object”;

input Integer icol "Column number";

input Real u "Abscissa value";

input Real der_u "Derivative of abscissa value";

output Real der_y "Derivative of interpolated value";

external "C" der_y = ModelicaStandardTables_CombiTablelD_getDerValue (tableID, icol, u, der_u);
end Modelica.Blocks.Tables.Internal.getDerTablelDValueNoDer;

function Modelica.Blocks.Tables.Internal.getDerTable2DValueNoDer "Derivative of interpolated 2-dim. table
defined by matrix (but do not provide a second derivative function)"

input Modelica.Blocks.Types.ExternalCombiTable2D tableID "External table object”;

input Real ul "Value of first independent variable";

input Real u2 "Value of second independent variable"™;

input Real der_ul "Derivative of first independent variable";

input Real der_u2 "Derivative of second independent variable";

output Real der_y "Derivative of interpolated value";

external "C" der_y = ModelicaStandardTables_CombiTable2D_getDerValue (tableID, ul, u2, der_ul, der_u2);
end Modelica.Blocks.Tables.Internal.getDerTable2DValueNoDer;

function Modelica.Blocks.Tables.Internal.getDerTimeTableValueNoDer "Derivative of interpolated l-dim. table

where first column is time (but do not provide a derivative function)"
input Modelica.Blocks.Types.ExternalCombiTimeTable tableID "External table object”;
input Integer icol "Column number";
input Real timeIn " (Scaled) time value";
discrete input Real nextTimeEvent " (Scaled) next time event in table";

~

landoNorris

LNO4

T’ﬂ' I >

Messages Browser

Al Notificatons ~ Warnings  Errors
Checking: model PUNCH_Torino. Exampl

]

seconds -> OK

et

Check of PUNCH_Torino. Exampl

ok
Class PUNCH_Torino.Examples. BatteryElectricVehidle has 734 &

563 of these are trivial equation(s).
Error String:

Error Buffer:

#[+], 0.2199999999999989, PUNCH_Torino.Examples.BatteryElectricVehicle

[4] 22:27:39 Scripting Notification
Number of dasses checked / failed: 1/0

PUNCH | Torino

ted
quation(s) and 734 variable(s).

File — Export — FMU

NOTE: The model may also be exported from...

v

Amodeing BB Plottng @ Debugaing
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Simulate: via first checking settings...

PN

BT Simulation Settings

: BatteryElectricVehide [x] .
z @E (i} |wmaue |Mod=l |Diawamv-zw |W_Tm.em.samﬁe¢kvdid= |D:/Pwm_TmM_Tm.m a
Libraries b
B gilingham x3  landoNorris ‘
) B compin A Tm [ B

o& OMEdit - OpenMod

Edit e

ation Data

>

> 7% Modelica LNO4
v ! PUNCH_Torino

& OMEdit - Simulation Setup - PUNCH_Torino.Examples BatteryElectricVehicle 70X
> @ UsersGuide
v b Eamples Simulation Setup - PUNCH_...es.BatteryElectricVehicle
> b BEV.Models 5
3
> P FC_Hybrid_Models General Interactive Simulation Translation Flags Simulation Flags Output ©
> BatteryElectricVehicle ) ~
> FuelCellHybridVehicle Simulaton Interval
> B Blocks . . Start Time: [o | secs
> W Drivers Sl U|at|0n [o33.4 ] secs ca
. m =
> [ SpeedCycles . L. [aa30 Bl
> 4 EnergyStorage Tlmestep & O Interval: [o.01 | secs
> @ Vehicle
> ) TorqueSource D t Integration
> @ Electronics uration Method: | dassl -
> i lcons

Tolerance: [1e-06 ]

A
e

Jacobian: | v
DASSL/IDA Options
[4 Root Finding
[ Restart After Event
Initial Step Size: [

T 11
L eunc o) |
‘W

S
N
A
"

[] save experiment annotation inside model i.e., experiment annotation
[ save translation flags inside model .., _OpenModelica_commandLineOptions annotation
[] save simulation fiags inside modeli.e., __OpenModelica_simulationFlags annotation [

< L >

T — Launch Simulation |EE)r=1e= | o x

[1] 21:30:25 Scripting Notification
Automatically loaded package Complex 4.0.0 due to uses annotation from Modelica.

[2] 21:30:25 Scripting Notification
Automatically loaded package ModelicaServices 4.0.0 due to uses annotation from Modelica.

X:255,Y: 113 @ Welcome & Modeing &8 Plotting  @F Debugging

I PUNCH | Torino | 04/03/2023 | 30
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imulate: or with default settings

oA OMEdit - OpenModelica Connection Editor - X
File Edit View SSP Simulation DataRecon

FeBR @9 | aunch Simulation ”@"" L R

Libraries Browser [x] .
[Fiterciasses — ]9Z \L@jg @ | witable | Model | Diagram View | PUNGH_Torino.Examples Batteryectrcieride |D:IPLNG|_TorinoIPLNO'I_Tor'no.m | a .

Libraries ol 4

> [P] openModelica L .

v 72 Modelica LNO4
> @ UsersGuide .
> (2 Blocks ‘
> 2 ComplexBlocks GIobaIBus -I.r
> £ Clocked 2

> £ StateGraph ‘ .
X . I

> £F Electrical
IPum:ll[Tonno PUNCH | Torino Co PUNCH | Torino

Con...

> %1 Magnetic
> "= Mechanics
> P Fluid
> Media
> 1 Thermal
", Math
© ComplexMath
> X Utilities
7 Constants

> 1 lcons

Units

v 1 PUNCH_Torino

© UsersGuide

> Examples

> > BEV_Models

> b FC_Hybrid_Models
> BatteryElectricVehicle
> FuelCellHybridVehicle

&

K} lc SMPM

<

PUNCH ITor 0

> (2 Blocks
> W Drivers v
> 1L SpeedCycles < >
> % EnergyStorage Messages Browser 8 x
> @8 Vehicle Al Notificatons =~ Warnings  Errors
> (% TorqueSource [1] 21:30:25 Scripting Notificatior
s @ Electronics Automaticall loaded package Comples 4.0.0 due to uses annotaton from Modelca.
> (i lcons [2] 21:30:25 Scripting Notification
loaded packag 4.0.0due to tation from Modelca.
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o& OMEdit - OpenModelica Connection Editor - X
File Edit View SSP Sensitivityf‘ Debug Tools Help
> ‘ .
| Libraries Browser x Plot: 1 [ | Variables Browser 8 x
Filter Classes ¥ [ UL W] [Fiter variables
o % e Owex Owey % B &
Libraries Simulation Time Uit
> [P] openModelica
> | ModelicaServices
) B Come ] MO I mefe Jomess
> 72 Modelica
v 1 PUNCH_Torino Variables Value Display Unit  Descri
> @ UsersGuide 0.8
v b Examples
> b BEV_Models
> > FC_Hybrid_Models T
> BatteryElectricVehicle
> FuelCellHybridVehicle
> & Blocks 067
> W Drivers
> [i SpeedCycles |
> % EnergyStorage
> @W Vehicle
> (& TorqueSource 0.4
Electronics
Icons
0.2
0 T T T T T T T T T |
0 02 04 0.6 0.8 1
time (s)
| Messages Browser 8 x|
Al Notificaons  Warnings  Errors  BatteryElectricvehice (£
Compling PUNCH_Torino. Examles. BatteryElectricVehice. | n Open Output Fie
Compilation Output
BatteryElectricVehicle_03lsy.c ~
clang -Os lity -falig -msse2 "-IC: Andre's Roaming/ deli Modeli 4.0.0+maint.om/! -I"D: 1i include/omc/c" -I"D:/OpenModelica/include/omc™
~-I. -DOPENMODELICA_XML_FROM I FILE _AT_RUNTIME -DOMC_MODEL_PREFIX=] Bac:ezyﬁlactzxc\lehxcle ~DOMC_NUM_MIXED SYSTEMS=0 -DOMC_! 1!\7!( LIN‘EAR SYSTEMS=0 -DOMC_NUM_NONLINEAR SYSTEMS=€ -DOMC_NDELAY EXPRESSIONS=0 -DOMC_NVAR_STRING=0 -c -o BatteryElectricVehicle_O4set.o
BacteryElec:r;cVehlcle O4set.c
lang -Os quality -falig n: lign -msse2 "-IC:/Users/Andre's P/ App! ing/ . lica/libraries/Modelica 4.0.0+maint. C- " -I"D: lica/include/omc/c" -I"D:/OpenModelica/include/omc”
I. -DOPENMODELICA_ XML _FROM_FILE AT RUNTIME -DOMC_MODEL_PREFIX=BatteryElectricVehicle -DOMC_NUM_MIXED_ SYSTEMS=0 -DOMC_NUM_LINEAR SYSTEMS=0 -DOMC_NUM_NONLINEAR SYSTEMS=¢ -DOMC_NDELAY EXPRESSIONS=0 -DOMC_NVAR_STRING=0 -c -o BatteryElectricVehicle_OSevt.o
BatteryElectricVehicle_0Sevt.c
v
< >
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imulating

o OMEdit - OpenModelica Connection Editor

File Edit View SSP Simulation Data Reconciliation Sensitivity Optimization Debug Tools Help

| Libraries Browser

Plot: 1 [ | Variables Browser
(Erea— 5 [Fiter Variables
i Dwx Owey 8 B &
Libraries 1 Simulation Time Unit
> [P] openModelica
> ModelicaServices
. @ o | I I o P
> 7% Modelica
v 1 PUNCH_Torino Variables Value Display Unit  Descri
> @ UsersGuide 0.8
v b Examples
> > BEV_Models
> B FC_Hybrid_Models b
> BatteryElectricVehicle
> FuelCellHybridVehicle
> & Blocks 0.6
> & Drivers
> L. SpeedCycles i
> 4 EnergyStorage
> @ Vehicle
> [# TorqueSource 04
> @ Electronics
Icons.
0.2
0 T T T T T T T T 1
0 02 0.4 0.6 0.8 1
time (s)
Messages Browser 8 x|
-
AN icVehi
4 Loading em‘ o ) o
Compi
C:/Users/Andre's AppData/Local/ ica/OMEdit/PUNCH_Torino.Examples.BatteryElectricvehicle, lectricVehicle.exe —port=52711 -logFormat=xmltcp - ~
override=startTime=0, stop’hme-933 4,stepSize=0.01,tol 1 , 301 1, ,variableFilter=.* -r=C:/Users/Andre's Desk:op/AppDal:a/Local/Tenp/OpenHodellca/OHEdlt/PUNCH Torino.Examples.BatteryElectricVehicle/BatteryElectricVehicle_res.mat -w -
1v=LOG_STATS -i 2 /U Andre's Desktop/App! Local/Temp/OpenModelica/OMEdit/PUNCE_Torino.Examples.BatteryElectricVehicle 2 /U Local/Temp/OpenModelica/OMEdit/PUNCH_Torino.Examples.BatteryElectricVehicle
«.. loading "InverseMixMap™ from "D:/PUNCH_Tori ‘Maps/SMPM_Motor_Effici TXt"
... loading "MotorMap" from "D:/PUNCH_Torino/Maps/SMPM Motor_EfficiencyMap.txt" v
< >

PUNCH

| Torino
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iImulation Successful!

o& OMEdit - OpenModelica Connection Editor
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PN

- 8 x

File Edit View SSP Data iliation  Sensitivity Optimi Debug Tools Help
H - 2 T4 A : csv
@B Beee ¥ o8 XOl-hA4 SN .
Libraries Browser 8 x| X Plot : 1 3, | Variables Browser 8 x
Freose — J64 0 |5 W @ o = S hS |
5 3 e 0w Do % B & earch Signals!
Ubrares Simdaton Time Unit
i -
> [P] openModelica 1
> ModelicaServices ]
> [ Complec | Ml rmebe e
> 72 Modelica
v 1 PUNCH_Torino 1
> @ UsersGuide 0.8 M4 7 (Active)...cVehicle
> GlobalBus
v b Examples
> » BEV_Models > batteryPack
> b FC_Hybrid_Models 1 I > constantPo..uxiliaries
N PN > gillingham_x3
) Bt - Results! ? igham
> FuelCellHybridVehicle andoNorris
> & Blocks 0.6 9 > motorControlUnit
> & Drivers p > sMPM_Motor
> [i. SpeedCycles ] > simpleBus_NoSlip
> % EnergyStorage
> @ Vehicle 1
> [ TorqueSource 04
> @ Electronics
> (i lcons 1
02
0 T T T T T T T T 1
0 0.2 04 0.6 0.8 1
time (ks)
Messages Browser 8 x|
Al Notficatons ~ Wamings  Errors  BatteryElectricvehide £
Simulation of PUNCH_Torino. Examples. BatteryElectricVehidle is finished. Cancel Simulation| K]
Compiation  Output
«.. loading "SpeedCycle" from "D:/PUNCH_Torino/Maps/Gillingham x3.txt" ~
«.. loading "InclinationCycle" from "D:/PUNCH_Torino/Maps/Gillingham x3.txt"
The initialization finished successfully without homotopy method. _ S im ul atlon S ucces Sful | .

Inserts new plot window

PUNCH

| Torino

< >
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Expand Model Result

ignals

o& OMEdit - OpenModelica Connection Editor
File Edit View SSP i i Data

F-e@B8R

Debug  Tools

EHOee X 98 XOl-F g4 I %
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af;

' Libraries Browser 8 x| [X Plot: 1 [ | Variables Browser 8 x
[FierCeses % :X: gg w:lv Dlteax Do §e & [Fiter variables 9242 @
Libraries Simulation Time Unit
> [P] openModelica 1 1
> | ModelicaServices 1
" 8 o ] I | r—
> 72 Modelica
v T PUNCH._Torino 1 Value Display Unit De A
> @ Userscuide 0] | 1oz Active).cvericle |
v Vv GlobalBus
P 4 Expand a Component! |Emmm) ~se= =
> ) FC_Hybrid_Models B [ AuxCurrent 115816 vir
> BatteryElectricVehicle 1 [ AuxPower 7000 vir
> FuelCellHybridVehicle O BattenyEnergy 885191 vir
> B Blocks 0.6 | [ BatteryOCV  605.14 vir
> W Drivers ] [ BatteryReq 0.062961 vir
> [ SpeedCycles [J BatterySOC 0481372 vir
> B EnergyStorage 1 [ BatteryTemp 29215 vir
> @W Vehicle q [ Brake 0 vir
> [@ TorqueSource 0.4 4 [ Errorl_.istance 33.6549 vir
> 8 Electronics [ Error2_...edError 00360563 vir
> ) Icons 1 [ Error3_...ceError -28.7302 vir
i [ Inclination 331 vir
[J MaxAb..Power 130546 vir
1 [ MaxDi...Power 190020 vir
0.2 [ MaxMo...Power 183020 vir
[J MaxRe..Power 123546 vir
] [ MaxTorque 146939 vir
b [ MinTorque -1469.39 vir
] [J MotorCurrent 00364356 vir
[ MotorRPM 0494754 vir
0 T T T T T T T T 1 [ MotorTorque ~ 284.93 vir
0 0.2 0.4 . 0.6 0.8 1 [ PowerRequest  22.022 vid
ime (s) O o il
Messages Browser x [J RegenThrottle 0 vir
Al Notifications ~ Warnings  Errors  BatteryElectricvehide (£ [ Reverse 0 vir
O -0.555556 vir
Seaton o N T aniestercctenc s | il ) ool | )
Compilaton  Output [ Throttle 0.19391 vir
C:/Users/Andre's Desktop/AppData/Local/Temp/OpenModelica/OMEit/PUNCH_Torino.Examples.BatteryElectricVehicle/BatteryElectricVehicle . exe —port=52711 -logFormat=smltcp - A [ VehicleSpeed  0.00240919 vin
override=startTime=0, stopTime=933.4, stepSize=0.01, tolerance=1e-0¢, solver=dassl, outputFormat=mat, variableFilter=.* -r=C:/Users/Andre's Desktop/AppData/Local/Temp, lica/OMEdit/PUNCH_Torino.Examples.BatteryElectricVehicle/BatteryElectricVehicle_res.mat —w - [ kWh_per km  1.8023 vir
1v=L0G_STATS -inputPath=C:/Users/Andre's p/AppData/Local/Temp lica/OMEdit/PUNCH_Torino.Examples.BatteryElectricVehicle -outputPath=C:/Users/Andre's Desktop/AppData/Local/Temp/OpenModelica/OMEdit/PUNCH_ Torino.Examples.BatteryElectricVehicle > batteryPack
... loading "InverseMixMap" from "D:/PUNCH_Torino/Maps/SMEM Motor EfficiencyMap.txt” > constantPo..uxiliaries
> gillingham x3
... loading "MotorMap” from "D:/PUNCH_Torino/Maps/SMEM Motor EfficiencyMap.txt" . > landoNorris .
< >
& welome oA modeing B piotting @ Debugging
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Select Signal

oA OMEdit - OpenModelica Connection Editor
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End of

Y/

File Edit View SSP i Data Sensitivity Debug Tools Help . .
' 2w Simulat
Boee X 9 Ll_l_ BA S & Imulation
Libraries Browser 8 x| X Plot: 1 Q| [Vera Value
S0 | na e =
‘_)(_. 2K, Grid ~|Otegx toegy X
Libraries ’
> E] OpenModelica —— GlobalBus.BatterySOC l
> ModelicaServices
0.505
> 8 Conple I | |
> 72 Modelica . .
v 1 PUNCH_Torino Variables De
> @ UsersGuide M 27 (Active)...cVehicle
v b Examples 0.5+ ¥ GlobalBus .
> > BEV_Models [ AntiTear 22022 vir
> > FC_Hybrid Models [ AuxCurrent 115816 vir
> BatteryElectricVehicle [ AuxPower 7000 vir
> FuelCellHybridVehicle 0.495 o [ BatteryEnergy 285191 vir|
> [ Blocks [ BatteryoCV  605.14 vir
> W Drivers . . [ BatteryReq 0.062961 vir
L BatterySOC 0481372 vir
> & s Select the signal of interest 2
> 4 EnergyStorage 0.49 [ BatteryTemp ~ 293.15 vir
> @ Vehicle : [ Brake [ vir
> % TorqueSource [ Errorl_..istance 33,6549 vir
> @ Electronics [ Error2._...edError 0.0360563 vir
> (i lcons [ Error3_...cefrror -28.7302 vir
0.485 - [ Inclination 331 vir,
axAb...Power vir
[ MaxAb..P 130546 i
axDi...Power vir
[ MaxDi...P 190020 i
axMo...Power vir
[ MaxMo...P 183020 i
0.48 - [ MaxRe...Power 123546 vir|
[ MaxTorque 1469.39 vir
[ MinTorque -1469.39 vir
MotorCurrent X ir
O rC 00364356
[ MotorRPM 0494754 vir,
0475 T T T T T T T T T 1 [ MotorTorque ~ 284.93 vir
0 02 04 ' 06 08 B [ PowerRequest  22.022 vir
time (ks)
erenceSpee vir
[ ReferenceSpeed 0
Messages Browser 8 x| [J RegenThrottle 0 vir
Al Notificatons ~ Warnings  Errors  BatteryElectricvehice (£ [ Reverse 0 vir
O inN  -0.555556 vir
Simulation of PUNCH_Torino.Examples Satteryiectriceice s fvseo.. | corcelsinultion K] [open Output Fie] ] 0555556 ir
: Output rottle . vir
Compilation tpul [ Throttl 0.19391 i
C:/Users/Andre's Deskr,op/AppDar,a/Local/Telrp/OpenHodel:Lca/OHEth/PUNCH Torino.Examples.BatteryElectricVehicle/BatteryElectricVehicle.exe -port=52711 -logFormat=xmltcp - ~ [ VehicleSpeed 000240919 vir
override=startTime=0, stopTime=933.4, stepSize=0.01, toler 1 . S variableFilter=.* -r=C:/Users/Andre's Desktop/AppData/Local/Temp/OpenModelica/OMEdit/PUNCH_Torino.Examples.BatteryElectricVehicle/BatteryElectricVehicle_res.mat -w - [ kWh_perkm  1.8023 vir
1v=L0G_STATS -inputPath=C:/Users/Andre's Desktop/AppData/Local/Temp/OpenHDdellca/OMEd:L:/PUNCH Torino.Examples.BatteryElectricVehicle -outputPath=C:/Users/Andre's Desktop/AppData/Local/Temp/Opentodelica/OMEdit/PUNCE_Torino.Examples.BatteryElectricVehicle > batteryPack
... loading "InverseMixMap" from "D:/PUNCH_Torino/Maps/SMPM Motor_EfficiencyMap.txt" . constantPo.udiliries
> gillingham_x3
... loading "MotorMap" from "D:/PUNCH_Torino/Maps/SMPM Motor_EfficiencyMap.txt” . > landoNorris .
< >
L weome oA modeing W piotting @ Debugging
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Or Several Signals...
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Ig" .‘.

File Edit View SSP Simulation DataReconciliation Sensitivity Optimization Debug Tools Help
= 4 L4 H csv.
F-@BEE Beee ¥ 98 Xel-Eak =N
| Libraries Browser 8 x| X Plot: 1 [ | Variables Browser
(T e — 9 = [Fite varisbes
5 AR, (Gid | Otogx [Jtegy * = - -
Libraries Simulation Time Unit
> [P] openModelica GlobalBus.BatterysOC Globalb. Globaiee ]
> | ModelicaServices
20
" 8 o I | e ra—
> 72 Modelica
v T PUNCH_Torino Variables value Display Unit  De A
> @ UsersGuide (Active)...cVehicle
v ) Examples ¥ GlobalBus
> % BEV.Models 15 [ AntiTear 202 vir
> B FC_Hybrid_Models [ AuxCurrent  11.5816 vir
» BatteryElectricVehicle [ AuxPower 7000 vir
> FuelCellHybridVehicle [ BatteryEnergy ~ 8.85191 vir
> & Blocks [ BatteryOCV 605.14 vir
> W Drivers 10 . [ BatteryReq  0.062961 vir
> [ SpeedCycles I S I g n al 1 [ BatterysOC 0.481372 vfl
> (4 EnergyStorage | [ BatteryTemp 29315 vir
> @8 Vehicle | f [ Brake 0 vir
> [ TorqueSource “ i [ Errorl_..istance 336549 vir
> @ Electronics 5| | | ! [ Error2....edError 00360563 vir
> [ tcons \ [ Error3....ceError -28.7302 vir
/ [ Inclination 331 vir
[ MaxAb..Power 130546 vir
/\ [ MaxDi..Power 190020 vir
[ MaxMo...Power 183020 vir
0
- Y [ MaxRe..Power 123546 vir
[ MaxTorque  1469.39 vir
q
[ MinTorque -1469.39 vir
[ MotorCurrent 00364356 vir
[ MotorRPM 0494754 vir
B T T T T T T T T T 1 [ MotorTorque 28493 vir
0 02 04 time (ks) 0-6 0.8 1 [ PowerRequest  22.022 vir
O 0 vir
Messages Browser [ & x [J RegenThrottle 0 vir
Al Notifications ~ Warnings  Errors  BatteryElectricvehice () . [ Reverse 0 vir
S |g n a I S [ SpeedMarginN  -0.555556 vir
Simulation of PUNCH_Torino. Examples.BatteryElectricvehice is finished. Open OUtpUt Fie O SpeccMarginp  0.555535 l
Compiiation  Output 2 & 3 0 Throttle 0.19391 it
C:/Users/Andre's Desktop/AppData/Local/Temp/OpenModelica/OMEdit/PUNCH_Torino.Examples.BatteryElectricVehicle/BatteryElectricVehicle.exe -port=52711 -logFormat=xmltcp - ~ [ VehicleSpeed 000240919 vir
override=startTime=0, stoplime=933.4, stepSize=0.01, tolerance=1e-06, solver=dassl, outputFormat=mat, variableFilter=.* -r=C:/Users/Andre's Desktop/AppData/Local/Temp/OpenModelica/OMEdit/PUNCH_Torino.Examples.BatteryElectricVehicle/Battey [ kWh_per km 12023 vir
1v=LOG_STATS -inputPath=C:/Users/Andre's Desktop/AppData/Local/Temp/OpenModelica/OMEdit/PUNCH_Torino.Examples.BatteryElectricVehicle :/Users/Andre's Desktop/AppData/Local/Temp/OpenModelica/OMEdit/PUNCH_Torino.Examples.BatteryElectricVehicle > batteryPack
... loading "InverseMixMap" from "D:/PUNCH_Torino/Maps/SMPM Motor_EfficiencyMap.txt"™ > constantPo...uxiliaries
> gillingham 3
«.. loading "MotorMap" from "D:/PUNCH_Torino/Maps/SMPM Motor_EfficiencyMap.txt"” o) > landoNorris v
<
Broting @ Debugging
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lica Connection Editor X
File Edit Viev Simulation [‘J h Debug Tools Hel
. : :
F-@BE 8| e Export b - .
Libraries Browser 8 h Plot : 1 @ | Variables Browser 8 x
: the wx Oy % B & i i 92 62 o
Libraries Simulation Time Unit s vl
> [P] openModelica Re su Its Globalby Globaky 1
> | ModelicaServices
" 8 o T | R r—
> 7% odsics Selected
v ! PUNCH_Torino Variables Value Display Unit De A
> @ UsersGuide to CSV (Active)...cVehicle
v b Examples ¥ GlobalBus
> > BEV_Models [ AntiTear 202 vir
> b FC_Hybrid Models [ AuxCurrent  11.5816 vir
» BatteryHlectricVehicle [ AuxPower 7000 vir
> FuelCellHybridVehicle [ BatteryEnergy ~ 885191 vir
> & Blocks [ BatteryOCV 605.14 vir
> W Drivers 10 [ BatteryReq 0.062961 vir
> 1L SpeedCycles I [ BatterySOC 0481372 vir
> () EnergyStorage | [ BatteryTemp 29315 vir
> @8 Vehicle | f [ Brake 0 vir
> % TorqueSource i i [ Errorl_.istance 33.6549 vir
> @ Electronics 5 [ | ! [ Error2....edError 00360563 vir
> (i lcons I [ Error3....ceError -28.7302 vir
/ [ Inclination 331 vir
[ MaxAb..Power 130546 vir
/\ [ MaxDi..Power 190020 vir
[ MaxMo...Power 183020 vir
° N | N
- Y - [ MaxRe..Power 123546 vir
[ MaxTorque  1469.39 vir
[ MinTorque -1469.39 vir
[ MotorCurrent 00364356 vir
[ MotorRPM 0494754 vir
N T T T T T T T T 1 [ MotorTorque 28493 vir
0 0.2 04 0.6 0.8 1 )
: [ PowerRequest  22.022 vir
time (ks
(ks) ] 0 vir
Messages Browser 5 x [J RegenThrottle 0 vir
Al MNotficaons ~ Wamings  Erors  BatteryElectricvehide 3 [ Reverse 0 vir
[ SpeedMarginN  -0.555556 vir
Simulation of PUNCH_Torino. Examples.BatteryElectricvehice is finished. Cancel Smulation| (@] Open Output Fle % 3R -
Compilation ~ Output [ Throttle 0.19391 vir,
C:/Users/Andre's Desktop/AppData/Local/Temp/OpenModelica/OMEdit/PUNCH_Torino.Examples.BatteryElectricVehicle/BatteryElectricVehicle.exe -port=52711 -logFormat=xmltcp - ~ [ VehicleSpeed 000240919 vir
override=startTime=0, stoplime=933.4, stepSize=0.01, tolerance=le-06, solver=dassl, outputFormat=mat, variableFilter=.* -r=C:/Users/Andre's Desktop/AppData/Local/Temp/OpenModelica/OMEdit/PUNCH Torino.Examples.BatteryElectricVehicle/BatteryElectricVehicle_res.mat -w - [ kWh_per km 18023 vir
1v=LOG_STATS -inputPath=C:/Users/Andre's Desktop/AppData/Local/Temp/OpenModelica/OMEdit/PUNCH_Torino.Examples.BatteryElectricVehicle :/Users/Andre's Desktop/AppData/Local/Temp/OpenModelica/OMEdit/PUNCH_Torino.Examples.BatteryElectricVehicle > batteryPack
... loading "InverseMixMap" from "D:/PUNCH_Torino/Maps/SMPM Motor_EfficiencyMap.txt"™ 5 constantPo..uxiliaries
> gillingham 3
«.. loading "MotorMap" from "D:/PUNCH_Torino/Maps/SMPM Motor_EfficiencyMap.txt"” o) > landoNorris v
<
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Hide Selected Results...
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X

File Edit View SSP Data Debug Tools Help
- z 2 b T H o F csv : o
F-@EE 086 X 98 Xel-l#hd4 s & .
| Libraries Browser 8 x| X Plot: 1 [ | Variables Browser 8 x|
FitrGosses |4 ol = S~ [Fite varisbes |4z ¢z @
K XKl V0w Owr X H &
Libraries Simulation Time Unit s v,
> [P] openModelica GlobalBus. SpeedMarginP 1
> | ModelicaServices
20
" 8 o I | S r—
> 72 Modelica
v 1 PUNCH_Torino Variables Value Display Unit De A
> @ UsersGuide (Active)...cVehicle
v b Examples v GlobalBus
> > BEV_Models 1’ [ AntiTear 22022 vir
> B FC_Hybrid_Models [ AuxCurrent 115816 vir
¥ BatteryElectricVehicle . . [ AuxPower 7000 vir
> FuelCellHybridVehicle H |d e S | g na I S You [ BatteryEnergy 885191 vir
> [ Blocks [ BatteryOCV  605.14 vir
i ’ [ BatteryRe: 0.062961 vir
> & Drivers d t t t - q
> L. SpeedCycles o n Wa n o See - [ BatterySOC 0481372 vir
> % EnergyStorage [ BatteryTemp ~ 293.15 vir
o8 v Grayed Out. In Qowe o
> @ TorqueSource " [ Errorl_.istance 33.6549 vir
> @ Electronics H [ Error2_...edError 00360563 vir
g o case of exporting s
[ Inclination 331 vir
results; hidden e e
I [ MaxDi...Power 190020 vir
. . . [J MaxMo...Power 183020 vir
signals will still be 0 e s 1256
O MaxTorque 146939 vir
eX Orted | [ MinTorque -1469.39 vir
p - [J MotorCurrent 00364356 vir
[ MotorRPM 0494754 vir
> T T T T T T T T T 1 [ MotorTorque 28493 vir
0 0.2 0.4 0.6 0.8 1 -
) [J PowerRequest  22.022 vir
time (ks
(ks) ] 0 vir
Messages Browser & X [J RegenThrottle 0 vir
Al Notificatons  Warnings  Errors  BatteryElectricvehice (£ [ Reverse 0 vir
] -0.555556 vir
T —— o R e = e e
Compilation  Output [ Throttle 0.19391 vir,
C:/Users/Andre's Desktop/AppData/Local/Temp/OpenModelica/OMEdit/PUNCH_Torino.Examples.BatteryElectricVehicle/BatteryElectricVehicle.exe -port=52711 -logFormat=xmltcp - ~ [ VehicleSpeed  0.00240919 vir
override=startTime=0, stopTime=933.4, stepSize=0.01, tolerance=1e-08, solver=dassl, outputFormat=mat, variableFilter=.+ -r=C:/Users/Andre's Desktop/AppData/Local/Temp, lica/OMEdit/PUNCH_Torino.Examples.BatteryElectricVehicle/BatteryElectricVehicle_res.mat —w - [ kWh_perkm 13023 vir
1v=LOG_STATS -inputPath=C:/Users/Andre's P/App] /Local/Temp, 1i OMEdit/PUNCH_Torino.Examples.BatteryElectricVehicle -outputPath=C:/Users/Andre's Desktop/AppData/Local/Temp/OpenModelica/OMEdit/PUNCH_Torino.Examples.BatteryElectricVehicle > batteryPack
... loading "InverseMixMap” from "D:/PUNCH_Torino/Maps/SMPM Motor_ EfficiencyMap.txt" > constantPo..uxiliaries
> gillingham x3
... loading "MotorMap" from "D:/PUNCH_Torino/Maps/SMPM Motor EfficiencyMap.txt" v > landoNorris .
< >
& weicome oA Modeing  EBplotting @ Debugging
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Change Plot Line Colors...
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nulation  Data Reconciliation
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i’.'hlﬂkﬂ ﬁ oso\e\ gg

Mf\ =0
| Libraries Browser 8 x| [X

Plot: 1 [ | Variables Browser
[Fiercesses 942 @ |[mal v e = [Fiter Variabes
oG M e v Owex Owef 28 1E] &

File Edit View SSP

Libraries A 4 Simulation Time Unit
> [P] openModelica e liuniasadiia 1
> ModelicaServices 20— .
> [ Complex G h S tt Tlme:speed
) B o raph Settings.... K>
v 1 PUNCH_Torino X Plot Setup ? X Variables Value Display Unit De A
> @ UsersGuide (Active)...cVehicle
v ? Examples Variables  Tites  Legend  Range ~ GlobalBus
> (B BEV_Models B Select  variable, then editts properties belows i M 0 d If Le en d 0 AntiTear 202 vir
> b FC_Hybrid_Models y g [ AuxCurrent  11.5816 vir
Slobalfis BatterySOC O AwPower 7000 vir
¥ BatteryElectricVehicle GlobalBus.SpeedMarginN . . i
> FuelCellHybridVehicle GlobalBus.SpeedMarginP S ett| n g S , L N e g smery'y::‘;gy z:::? vir
> & Blocks atte . vir
> W Drivers 10 3 H I [ BatteryReq 0.062961 vir
> L. SpeedCycles CO OI'S, %::ery?oc 02;:11272 "f’
> 4 EnergyStorage . eryTemp vir
> @ Vehi [ Brake 0 vir
. Thickness, etc!
> @ Electronics 5 o [ Error2._..edError 00360563 vir
> (i Icons General [ Error3._..ceError -28.7302 vir
[ Inclination 331 vir
Legend [GobaBus Battenysoc | [ Reset | [ MaxAb..Power 130546 vir
File  BatteryElectricvehicle_res.mat [ Max ower 190020 vir}
04 Appearance ] [ MaxMo...Power 183020 vir
[ MaxRe..Power 123546 vir
L [ Mrickcolor | B4 automatic Colr [ MaxTorque 146939 vir]
Pattern [ MinTorque 146939 vir
Thidness o ] [ MotorCurrent ~ 0.0364356 vir
[ MotorRPM 0494754 vir
® i T T T M race T T T 1 [ MotorTorque 28493 vir
0 02 04 [ Toggle sign p 0.8 1 [ PowerRequest  22.022 vir
O 0 vir
Messages Browser [oc || sy || concel | 8 x| [J RegenThrottle 0 vir
Al Notfications ~ Wamings  Errors  BatteryElectricvehice (£ S Reverse 0 vir
-0. vir
Simulation of PUNCH_Torino. Examples. BatteryElectricyehide i finished. Cancel Smulation @& |Open Output File| “ ; 01:1:6 l
Compiation  Output [ Throttle 0.19391 vir
C:/Users/Andre's Desktop/AppData/Local/Temp/OpenModelica/OMEdit/PUNCH_Torino.Examples.BatteryElectricVehicle/BatteryElectricVehicle.exe -port=52711 -logFormat=xmltcp - ~ [ VehicleSpeed 000240919 vir
override=startTime=0, stopTime=933. 4, stepSize=0.01, tolerance=le-0¢, solver=dassl, outpucFormat=mat, variableFilter=.* -r=C:/Users/Andre's Desktop/AppData/Local/Temp/OpenModelica/OMEdit/PUNCH_Torino.Examples.BatteryElectricVehicle/BatteryElectricVehicle_res.mat —w - [ kWh_perkm  1.8023 vir

1v=LOG_STATS -inputPath=C:/Users/Andre's Desktop/AppData/Local/Temp/OpenModelica/OMEdit/PUNCH_Torino.Examples.BatteryElectricVehicle :/Users/RAndre's Desktop/AppData/Local/Temp/OpenModelica/OMEdit/PUNCH_Torino.Examples.BatteryElectricVehicle
... loading "InverseMixMap" from "D:/PUNCH_Torino/Maps/SMPM Motor EfficiencyMap.txt”

> batteryPack
> constantPo...uxiliaries
> gillingham_x3

«.. loading "MotorMap" from "D:/PUNCH_Torino/Maps/SMPM Motor_EfficiencyMap.txt"” > landoNorris
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Or The Axis Settings

o OMEdit - OpenModelica Connection Editor

© PUNCH | Confidential
vity Optimization Debug Tools Help

x Plot: 1 [ | Variables Browser

File Edit View SSP Simulation Data Reconciliation

' Libraries Browser

T — 53 % Ouesx Osy % B & e vt oz
Lo — [—
> [P] openModelica —— GlobalBus.BatterySOC —— GlobalBus.SpeedMarginN Globals.
> | ModelicaServices 204
> @ Comple formeloo e
> 72 Modelica
~v 1 PUNCH_Torino |Z Plot Setup ? X Value Display Unit De A
> @ UsersGuide (Active)...cVehicle
v b Examples Variables  Titles  Legend m ¥ GlobalBus
> > BEV_Models 157 1 & Auto Scale u [ AntiTear 22022 vir
> > FC_Hybrid_Models s [J AuxCurrent 11.5816 v!.
> BatteryElectricVehicle [ AuxPower 7000 vir
> FuelCellHybridVehicle Minimum [0 [ BatteryEnergy 225191 vir
> & Blocks Maximum [1000 [ BatteryOCV 60514 vir
> W Drivers 10 s [ BatteryReq 0062961 vir
> L. SpeedCycles [ BatterySOC 0481372 vir
> B Energystorage vinimum [5 ] O BatteyTemp 29215 vir
> @® Vehicle Maximum [20 ] [ Brake 0 vir
o 1 H [ Error_.istance 33.6549 vir
i @ ::::::m 5 [ Prefx Unis 5 MOdIfy AXIS [ Error2_...edError 0.0360563 vir
> i lcons . [ Error3_...ceError -28.7302 vir
‘ S ett| n g S [ Inclination 331 vir
[J MaxAb..Power 130546 vir
[J MaxDi...Power 190020 vir
04 Il [J MaxMo...Power 183020 vir
[J MaxRe..Power 123546 vir
[J MaxTorque 1469.39 vir,
[ MinTorque -1469.39 vir
[J MotorCurrent ~ 0.0364356 vir
[ MotorRPM 0494754 vir
N ! ) ) T T T T 1 [ MotorTorque 28493 vir
0 02 04 p 0.8 1 [ PowerRequest  22.022 vid
O 0 vir
Messages Browser o 1 mey |[ conce | |1 8 x| [ RegenThrottle 0 vir
Al Notificatons  Warnings  Errors  BatteryElectricvehice (£ [ Reverse 0 vir
] -0.555556 vir
Simulation of PUNCH_Torino. Examples. BatteryElectricvehide i finished. Cancel Simulation Open Output Fie| 9 T i
Compilation ~ Output [ Throttle 0.19391 vir
C:/Users/Andre's Desktop/AppData/Local/Temp/OpenModelica/OMEdit/PUNCH_Torino.Examples.BatteryElectricVehicle/BatteryElectricVehicle.exe —port=52711 -logFormat=xmltcp - ~ [ VehicleSpeed  0.00240919 vir,
override=startTime=0, stopTime=933.4, stepSize=0.01, tolerance=1e-08, solver=dassl, outputFormat=mat, variableFilter=.+ -r=C:/Users/Andre's Desktop/AppData/Local/Temp, lica/OMEdit/PUNCH_Torino.Examples.BatteryElectricVehicle/BatteryElectricVehicle_res.mat —w - [ kWh_perkm 13023 vir
1v=LOG_STATS -inputPath=C:/Users/Andre's P/App] /Local/Temp, i OMEdit/PUNCH_Torino.Examples.BatteryElectricVehicle -outputPath=C:/Users/Andre's Desktop/AppData/Local/Temp/OpenModelica/OMEdit/PUNCH_Torino.Examples.BatteryElectricVehicle > batteryPack
... loading "InverseMixMap” from "D:/PUNCH_Torino/Maps/SMPM Motor_ EfficiencyMap.txt" A
> gillingham x3
... loading "MotorMap" from "D:/PUNCH_Torino/Maps/SMPM Motor EfficiencyMap.txt" v > landoNorris .
< >
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Other Settings for Title & Legend

M-

o OMEdit - OpenModelica Connection Editor - X

File Edit View

J'DH:

nulation Data Reconciliation

N

itivity Optimization Debug Tools Help
Hoee X 98 XIPl-|# g4 S %
\Llhranes Browser 8 x| Plot : 1 [ | [Variables Browser x
=9 2o Duwox Oieor 5 a [Fiter Vriables ] 9
Libraries Simulation Time Unit '
> [P] openModelica —— GlobalBus.BatterySOC —— GlobalBus.SpeediarginN GlobalBe 1
> ModelicaServices
> @ Complex 1 D Il wmebo e
> 72 Modelica
v 1 PUNCH_Torino X Plot Setup 7 X Variables Value Display Unit |De 2
> @ UsersGuide (Active)...cVehicle
v b Examples i Titles  Legend  Range ~ GlobalBus
> % BEV.Models 12 1 Oesee [ AntiTear 2022 i
> B FC_Hybrid_Models s [ AuxCurrent  11.5816 vir
> BatteryElectricVehicle . \ [ AuxPower 7000 vir
> FuelCellHybridVehicle Dlsable Auto-scale pinimum [0 J [ BatteryEnergy ~ 8.85191 vir
> B Blocks Maximum [330 [ BatteryOCV 60514 vir
> & Drivers — s [ [ BatteryReq 0.062961 vir
> [ SpeedCycles [ BatterySOC 0481372 vir
> 4 EnergyStorage Miimum (-5 ] [ BatteryTemp 20315 vir]
> @W Vehicle Maximum (20 ] [ Brake [ vir
> [ TorqueSource [ Errorl_..istance 33.6549 vir
> @ Electronics 5 | EPrefxunits [ [ Error2_...edError 0.0360563 vir
> [@ tcons -28.7302 vir
[ Inclination 331 vir
[ MaxAb..Power 130546 vir
[ MexDi..Power 190020 vir
o | | [ MaxMo...Power 183020 vir
[ MaxRe...Power 123546 vir
[ MaxTorque 146939 vir
[ MinTorque ~ -1460.39 vir
[ MotorCurrent ~ 0.0364356 vir
[ MotorRPM ~ 0.494754 vir
B T T [ MotorTorque 28493 vir
0 0 100 [poo 250 300 [ PowerRequest 22,022 vir
[m] 0 vir
Messages Browser [oc || sy || concel | 8 x| [ RegenThrottle 0 vir
Al Notfications ~ Warnings  Errors  BatteryElectricvehice 3 [ Reverse 0 vir
= inN - -0.555556 vir
Simulation of PUNCH_Torino.Examples.BatteryElectricvehidle is finished. Cancel Simulation E‘ ‘q;mmqmtﬁe‘ g . 0.555556 Vil
Compilation  Output [ Throttle 0.19391 vir
C:/Users/Andre's Desktop/AppData/Local/Temp/OpenModelica/OMEdit/PUNCH_Torino.Examples.BatteryElectricVehicle/! lectricVehicle.exe -port=52711 -logFormat=xmltcp - ~ [ VehicleSpeed ~ 0.00240919 vir,
override=startTime=0, stopTime=933.4, stepSize=0.01, tolerance=1e-06, solver=dassl, outputFormat=mat,variableFilter=.* -r=C:/Users/Andre's Desktop/AppData/Local/Temp/OpenModelica/OMEdit/PUNCH_Torino.Examples.BatteryElectricVehicle/BatteryElectricVehicle_res.mat -w - [ kWh_perkm  1.8023 vir
1v=LOG_STATS -inputPath=C:/Users/Andre's Desktop/AppData/Local/Temp/Opentodelica/OMEdit/BUNCH_Torino.Examples.BatteryElectricVehicle :/Users/Andre's Desktop/RppData/Local/Temp/Opentodelica/OMEdit/BUNCH_Torino.Examples.BatteryElectricVehicle > batteryPack
... loading "InverseMixMap" from "D:/PUNCH_Torino/Maps/SMEM Motor EfficiencyMap.txt" ) constantPo.uxiliaries
> gillingham 3
... loading "MotorMap" from "D:/PUNCH_Torino/Maps/SMPM Motor EfficiencyMap.txt” . > landoNorris v
< >

& welome oA Modeing BB plotting @ Debugging
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Select Signal

M~

oA OMEdit - OpenModelica Connection Editor

File Edit View SSP i Data Debug Tools Help
= asnl P
B\
Flt reSU|tS Plot: 1 [ Varisbles Browser
[Fitter variables |92
to graph F—
g p —— GlobalBus.BatterySOC [ |
0.505
8 conn I [ —
= .
. e Variables Value Display Unit  De A
v 1 PUNCH_Torino
> @ usersGuide g 27 (A
v b Examples 0.5+  GlobalBus
> > BEV_Models [ AntiTear 22022 vir
> B FC_Hybrid_Models gAuxCulrent 11.5816 vir
ehi AuxPower 7000 vir
> BatteryElectricVehicle
> FuelCellHybridVehicle 0.495 o g BatteryEnergy  8.85191 vir|
BatteryOCV  605.14 vir
> [ Blocks rye
> W Drivers [ BatteryReq 0.062961 vir
> L. SpeedCycles [ BatterysoC 0481372 vir
> 4 EnergyStorage 0.49 gzaliery‘femp 59315 vir
> @ Vehicle rake vir
> % TorqueSource [ Errorl_..istance 33,6549 vir
> @ Electronics [ Error2._...edError 0.0360563 vir
> (i lcons [ Error3_...cefrror -28.7302 vir
0.485 [ Inclination 331 vir
[ MaxAb..Power 130546 vir
[ MaxDi..Power 190020 vir
[ MaxMo...Power 183020 vir
0.48 - [J MaxRe...Power 123546 vir
[ MaxTorque 1469.39 vir
[ MinTorque -1469.39 vir
[ MotorCurrent 00364356 vir
[ MotorRPM 0494754 vir,
0475 T T T T T T T T T 1 [ MotorTorque 28493 vir
0 0.2 0.4 0.6 08 1 )
" PowerRequest  22.022 r
time (ks) o q v
O 0 vir|
Messages Browser 8 x| [J RegenThrottle 0 vir
Al Notifications  Warings  Errors  BatteryElectricvehice 3 [ Reverse 0 vir
O inN  -0.555556 vir
Smuton of PUNCH _Torino Examples.BaterySectrctenice i finshec. | oo st ] open OuvputFie] ] jnp 0555556 il
Compilation ~ Output [ Throttle 0.19391 vir
C:/Users/Andre's Desktop/AppData/Local/Temp/OpenModelica/OMEdit/PUNCH_Torino.Examples.BatteryElectricVehicle/BatteryElectricVehicle.exe —port=52711 -logFormat=xmltcp - ~ [ VehicleSpeed  0.00240919 vir
override=startTime=0, stopTime=933.4, stepSize=0.01, toler 1 , S0l 1, variableFilter=.* -r=C:/Users/Andre's Desktop/AppData/Local/Temp/OpenModelica/OMEdit/PUNCH_Torino.Examples.BatteryElectricVehicle/BatteryElectricVehicle_res.mat -w - [ kWh_perkm  1.8023 vir
1v=L0G_STATS -inputPath=C:/Users/Andre's Desktop/AppData/Local/Temp/Openodelica/OMEdit/FUNCH_Torino.Examples.BatteryElectricVehicle -outputPath=C:/Users/Andre's Desktop/AppData/Local/Temp/Opentodelica/OMEdit/ PUNCE_Torino.Examples.BatteryElectricVehicle > batteryPack
... loading "InverseMixMap" from "D:/PUNCH_Torino/Maps/SMPM Motor_EfficiencyMap.txt" ) constantPo..uxiliaries
> gillingham_x3
... loading "MotorMap" from "D:/PUNCH_Torino/Maps/SMPM Motor_EfficiencyMap.txt” . > landoNorris .
< >

@ welcome oA Modeing B eiotting @ Debugging
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Select Signal

M~

oA OMEdit - OpenModelica Connection Editor
File Edit View SSP i Data i Sensitivity i i Debug Tools Help

= asnl P
L csv Y
P, ws.,Q B@L DA »1»,‘
L 0 g X Plot: 1 [ Variables Browser
ol A AL 9 = [Fiter Variables |92
R (Dweex Ouesr) & =
Graphs —
p —— GlobalBus.BatterySOC [ |
0.505
8 Cong MO I mebs o
> 72 Modelica
3 ; ~
v I PUNCH_Torino Variables Value Display Unit  De
> @ usersGuide g 27 (A
v b Examples 0.5+  GlobalBus
> > BEV_Models [ AntiTear 22022 vir
> B FC_Hybrid_Models gAuxCulrent 11.5816 vir
ehi AuxPower 7000 vir
> BatteryElectricVehicle
> FuelCellHybridVehicle 0.495 o g BatteryEnergy  8.85191 vir|
BatteryOCV  605.14 vir
> [ Blocks rye
> W Drivers [ BatteryReq 0.062961 vir
> L. SpeedCycles [ BatterysoC 0481372 vir
> 4 EnergyStorage 0.49 gzaliery‘femp 59315 vir
> @ Vehicle rake vir
> % TorqueSource [ Errorl_..istance 33,6549 vir
> @ Electronics [ Error2._...edError 0.0360563 vir
> (i lcons [ Error3_...cefrror -28.7302 vir
0.485 [ Inclination 331 vir
[ MaxAb..Power 130546 vir
[ MaxDi..Power 190020 vir
[ MaxMo...Power 183020 vir
0.48 - [ MaxRe...Power 123546 vir|
[ MaxTorque 1469.39 vir
[ MinTorque -1469.39 vir
[ MotorCurrent 00364356 vir
[ MotorRPM 0494754 vir,
0475 T T T T T T T T T 1 [ MotorTorque 28493 vir
0 0.2 0.4 0.6 08 1 .
" PowerRequest  22.022 r
time (ks) o q v
O 0 vir|
Messages Browser 8 x| [J RegenThrottle 0 vir
Al Notfications ~ Warnings  Errors  BatteryElectricvehicle (£ [ Reverse 0 vir
O inN  -0.555556 vir
Simulation of PUNCH_Torino.Examples Satteryiectriceice s fvseo.. | corcelsinultion K] [open Output Fie] ] jnp 0555556 ir
Compilation ~ Output [ Throttle 0.19391 vir
C:/Users/Andre's Desktop/AppData/Local/Temp/OpenModelica/OMEdit/PUNCH_Torino.Examples.BatteryElectricVehicle/BatteryElectricVehicle.exe -port=52711 -logFormat=xmltcp - ~ [ VehicleSpeed  0.00240919 vir|
override=startTime=0, stopTime=933.4, stepSize=0.01, toler 1 , S0l 1, variableFilter=.* -r=C:/Users/Andre's Desktop/AppData/Local/Temp/OpenModelica/OMEdit/PUNCH_Torino.Examples.BatteryElectricVehicle/BatteryElectricVehicle_res.mat -w - [ kWh_perkm  1.8023 vir
1v=L0G_STATS -inputPath=C:/Users/Andre's Desktop/AppData/Local/Temp/Openodelica/OMEdit/FUNCH_Torino.Examples.BatteryElectricVehicle -outputPath=C:/Users/Andre's Desktop/AppData/Local/Temp/Opentodelica/OMEdit/ PUNCE_Torino.Examples.BatteryElectricVehicle > batteryPack
... loading "InverseMixMap" from "D:/PUNCH_Torino/Maps/SMPM Motor_EfficiencyMap.txt" ) constantPo..uiliaries
> gillingham_x3
... loading "MotorMap" from "D:/PUNCH_Torino/Maps/SMPM Motor_EfficiencyMap.txt” . > landoNorris .
< >
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Select Signal

M~

oA OMEdit - OpenModelica Connection Editor
File Edit View SSP i Data i Sensitivity i Debug Tools Help

= asnl P
2 csv -
P 9 L PL-Fad4 3 &
S ave X Plot : 1 [ Variables Browser
A 2 [Fiter Variables |92
O AR (G v Oegx Ctegy : :
IMAGE of —
—— GlobalBus.BatterySOC [ |
graph " M Il mmele e
S orino Variables value Display Unit  De A
> @ usersGuide M 27 (A
v b Examples 0.5+ ¥ GlobalBus .
> > BEV_Models [ AntiTear 22022 vir
> > FC_Hybrid Models [ AuxCurrent 115816 vir
> BatteryElectricVehicle [ AuxPower 7000 vie
> FuelCellHybridVehicle 0.495 o [ BatteryEnergy 285191 vir
> [ Blocks [ BatteryoCV  605.14 vir
> W Drivers [ BatteryReq 0.062961 vie
> L. SpeedCycles [ BatterysoC 0481372 vie
> 4 EnergyStorage 0.49 [ BatteryTemp ~ 293.15 vir
> @ Vehicle : [ Brake [ vir
> % TorqueSource [ Errorl_..istance 33,6549 vie
> @ Electronics 0.0360563 vie
> (i lcons 3 -28.7302 vir
0.485 [ Inclination 331 vir
[ MaxAb..Power 130546 vir
[ MaxDi..Power 190020 vir
[ MaxMo...Power 183020 vir
0.48 - [ MaxRe...Power 123546 vir|
[ MaxTorque 1469.39 vir
[ MinTorque -1469.39 vir
[ MotorCurrent 00364356 vir
[ MotorRPM 0494754 vir,
0475 T T T T T T T T v 1 [ MotorTorque 28493 vir
0 0.2 0.4 0.6 08 1 .
" PowerRequest  22.022 r
time (ks) g q 5 v
vir
Messages Browser 8 x| [J RegenThrottle 0 vir
Al Notifications  Warings  Errors  BatteryElectricvehice 3 E Reverse °o sossss vir
-0. vir
Simulation of PUNCH_Torino.Examples Satteryiectriceice s fvseo.. | corcelsinultion K] [open Output Fie] ] jnp 0555556 ir
Compilation ~ Output [ Throttle 0.19391 vir
C:/Users/Andre's Desktop/AppData/Local/Temp/OpenModelica/OMEdit/PUNCH_Torino.Examples.BatteryElectricVehicle/BatteryElectricVehicle.exe —port=52711 -logFormat=xmltcp - ~ [ VehicleSpeed  0.00240919 vir
override=startTime=0, stopTime=933.4, stepSize=0.01, toler 1 , S0l 1, variableFilter=.* -r=C:/Users/Andre's Desktop/AppData/Local/Temp/OpenModelica/OMEdit/PUNCH_Torino.Examples.BatteryElectricVehicle/BatteryElectricVehicle_res.mat -w - [ kWh_perkm  1.8023 vir
1v=L0G_STATS -inputPath=C:/Users/Andre's Desktop/AppData/Local/Temp/Openodelica/OMEdit/FUNCH_Torino.Examples.BatteryElectricVehicle -outputPath=C:/Users/Andre's Desktop/AppData/Local/Temp/Opentodelica/OMEdit/ PUNCE_Torino.Examples.BatteryElectricVehicle > batteryPack
... loading "InverseMixMap" from "D:/PUNCH_Torino/Maps/SMPM Motor_EfficiencyMap.txt" ) constantPo..uiliaries
> gillingham_x3
... loading "MotorMap" from "D:/PUNCH_Torino/Maps/SMPM Motor_EfficiencyMap.txt” . > landoNorris .
< >
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Modeling with Open Modelica
Part 4 — Important Details / Tips & Tricks

1 — Modelica Basics

2 — Open Modelica Environment
3 — PUNCH Torino Library

4 — Important Details
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Applying/Modifying Default Simulation Times

o OMEdit - OpenModelica Connection Editor - x

File Edit View SSP ion  Data iation  Sensitivity Optimization Debug  Tools  Help

Al LT /o

F-ewBB EBeee ¥ \OHOTHE< = .
' Libraries Browser 8 x B icvehi B & Gilngham_x3*

[Fitrcasses ——  [HE4E® A 0|W|Md|rmvzw|wrmmm icVehi |D:MN01_ ino/ |5|

Libraries model BatteryElectricVehicle »

> @ OpenModelica 0 extends Modelica.Icons.Example;

> ModelicaServices PUNCH_Torino.TorqueSource.SMPM Motor sMPM Motor annotation(

> Complex extends Modelica.Icons.Example;

PUNCH_Torino.Drivers.LandoNorris landoNorris annotation(
Vehicle.SimpleBus_NoSlip simpleBus_NoSlip annotation(
PUNCH_Torino.Electronics.ConstantPowerAuxiliaries constantPowerAuxiliaries annotation(
Modelica.Blocks.Examples.BusUsage_Utilities.Interfaces.ControlBus GlobalBus annotation(
PUNCH_Torino.Electronics.MotorControlUnit motorControlUnit annotation(
PUNCH_Torino.EnergyStorage.BatteryPack batteryPack(C_ch = 0.333333, C dis = 0.541667, InitialsoC = 0.5, N_p = 240, useHeatPort = false, useRC = false) annotation(
PUNCH_Torino.SpeedCycles.Gillingham x3 gillingham x3 annotation(
equation
connect (sMPM_Motor.MotorFlange, simpleBus_NoSlip.InputTorque) annotation(
connect (constantPowerRuxiliaries.ControlBus_Auxiliaries, GlobalBus) annotation(

> 72 Modelica
v 1 PUNCH_Torino
> @ UsersGuide
v b Examples
> > BEV_Models
> b FC_Hybrid Models
> BatteryHlectricVehicle
> FuelCellHybridVehicle

> = Blocks
> % Drivers connect (sMPM_Motor.ControlBus_Inverter, GlobalBus) annotation(
v [ SpeedCycles connect(landoNorris.Cox_‘n:rolBus_Driver, SMPM_Motor.ControlBus_Motor) annotation(
&) SoRTI connect (motorControlUnit.ControlBus_MCU, GlobalBus) annotation(
= connect (batteryPack.ControlBus_BatteryPack, GlobalBus) annotation (
£l SORT2 connect (constantPowerRuxiliaries.pin n, batteryPack.pin_n) annotation(
£l SORT3 connect (batteryPack.pin_n, sMPM Motor.MotorNegativeTerminal) annotation( _
£l Braunschweig connect (constantPowerAuxiliaries.pin_p, batteryPack.pin_p) annotation(
£ MLTB_OId s - - o T
Gillingham connect (gillingham_x3.ControlBus_Cycle, sMPM Motor.ControlBus_Motor) annotation( [ ...);
! Gillingham_x3 annotation(
5 WLTC experiment (StartTime = 0, StopTime = 933.4, Interval = 0.01),
éﬁ Targetspeed Diagram(coord:}nate?ystem(extent = {{-380, 140}, {200, -80}}), graphics = {Text(origin = {-254, 70}, textColor = {0, 0, 255}, extent = {{-60, 20}, {60, -20}}, textString = "High Voltage", fontName = "Impact™)}));
> end BatteryElectricVehicle;
> 4 EnergyStorage h
> @ Vehicle !
> st TorqueSource
> @ Electronics
>

i lcons

Messages Browser 8 x
Al | Notficaons ~ Wamnings  Errors
[1] 14:28:15 Scripting Notification
e

To modify default simulation time, add/modify the model annotation to include the line:
experiment(StartTime = XX, StopTime =YY, Interval = ZZ)
It is also possible to modify the model icon from this section.

— =
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Performing “Case” Simulations

oA OMEdit - OpenModelica Connection Editor
File Edit View SSP i Sensitivity Optimization Debug  Tools  Help

F- @B B e ¥ \PHOTE <= EH-O9%E SY999 ¥-
8 x A4

Libraries Browser BatteryElectricVehide 8

Gilingham_x3* A

FCH_0to100_Multiple:

© PUNCH | Confidential

BEV_0to100_Multiple

PN

- 8 x

=]
EC A0 |wmaue |Mode1 |niaganmaw |m_rm.mus.mv_mdeb.sv_omm_mue |n:m_rmm_1’m.m

o
[a]

Libraries

> [P] openModelica
> ModelicaServices

> Complex LowMass_85_0 LowMass_65_0 LowMass_45_0
> 7% Modelica
v ! PUNCH_Torino

> @ UsersGuide

v b Examples
v B BEV_Models

» BEV.SORTI HighMass_85_0 HighMass_65_0 HighMass_45_0
> BEV_SORT2
> BEV_SORT3

> BEV_Braunschweig
> BEV_MLTE
> BEV_Gillingham
> BEV_Gillingham x3
> BEV_0to100
> BEV_0t0100_Muitiple
> B FC_Hybrid_Models
> BatteryElectricVehicle
> FuelCellHybridVehicle

anMf 250

Hig

hMass_25_0

Messages Browser
Al Notifications ~ Warnings  Errors

1] 14:28:15 Scrim‘m Notification

Modelica does not support DOE’s or Case Studies. The best way found to launch “Cases” is to add several complete
models into another model, and change the parameters externally for each one, then simulating them all together.

Disadvantages of this are that different timesteps, solvers, or simulation times are not possible.

Save a copy of the class in a new file

PUNCH | Torino

X:-219,Y: 104 @ Welcome

=
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Using the Default Data Bus

PN
o& OMEdit - OpenMode nnection Editor = [a) X
F-@H8H @o\ee\?'& \.l.T.<§I OQ9E S>999 &- .
Libraries Browser B x| A& BatteryElectricVehicle™ [x]
iter Classes T4 9 ‘...I‘E i) |wma,|e ‘me; ‘lﬁagynVEw |PlN(}|_Torho.Exardes. icvehi |D:/Pma-|_ ino/PUNCH_Torino.mo | "|
illingham x3  landoNorris ‘
= - [No4

GlobalBus

nnection

> > BEV_Models
> b FC_Hybrid_Models

> BatterylectricVehicle
> FuelCellHybridVehicle

> & Block ;
> W Drivers .
r PUNCH | Torino Ceaf puNcH | Torino
> [L. SpeedCycles
> 4 EnergyStorag Connector onnector
> @ Vehicle v
> = TorqueSource PUNCH]| Torino v <3 ControlBus_Vehicle
> @ Electronics —1) N;w\{ g| -
= myBo ignal e
> 1 lcons X myRealSignal na
(s i | v Differential eal
[© H Backward «; Control otor
7'[‘ F H Forward < fariable>
B o(((( ] Free . myBooleanSignal .

connect( simpleBus_NoSip . ControlBus_Vehide . [<New Varizble > .
SMPM_Motor . ControlBus_Inverter . [<New Variable> | %

|

When making Data Bus connections; the easiest way to have a reliable working connection is to manually insert a
variable with the desired name. Naturally this does mean the user must keep track of the variables on the bus
themselves. Note in the example shown, the yellow connection between the vehicle and motor is now black as it has
been deleted and re-added. Sub-Data busses default to black, whilst Main data Bus is yellow. The color of any
connection can be changed by double clicking on it & modifying it in the options.
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Importing Variables from Data Bus to Script
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[Fiterclasses 42 @ 'I'@E (i) ‘vm‘taue |Modd |Diagranwew |HNm_Taim.Eechwi¢s‘HMzaﬁonlemlﬁt_stateGrai| ‘D:/Pmm_rormpmu—ijm.m

HybridizationControlUnit_StateGraph [x] I

[a]

Libraries ~
>
> [P] openModelica I .
> ModelicaServices | PUNCH o rl n
> [ Complex | 1
> 72 Modelics ¢
v 1 PUNCH_Torino
I3

> @ UsersGuide
tiTear Rk

v P Examples
84382

> P BEV_Models
stCurrent Ej

> b FC_Hybrid_Models
=
g Tipy T2
5, !
3 lB1p5_B2
5
=

BatterySOC
BtteryOCY

> BatteryElectricVehicle
¥ FuelCellHybridVehicle 2

> [ Blocks &
> W Drivers ]

> L. SpeedCycles

TZ'Tl = T283
> 4 EnergyStorage
. B2 B1 B2_B:
> @8 Vehicle A ):j )
T3,TL T1_J1p5 St . St
> % TorqueSource (1 F“!E ] Ll
v @ Electronics as!a: SIEE‘Il..m_Jms - ™
{21 SimpleBoost T4t TipgTL 4T Ck
L Inverter 54!51 am!_m 8483
B MotorControlUnit [

B HybridizationControlUnit_eCMS

[T1p5 T4
B Hybrid: olUnit M
B3 Hybridi i i)

B1p5 84
it_StateGraph

34T Sﬁaﬂl

= AuxCurrent
& ConstantPowerAuxiliaries aala) e
> [ lcons %

T2,T

e | ceromen | oh

The data bus is convenient for reducing the number of connections between model components. However, variables on
the data bus aren’t directly available for text-based programming. To make them available; include a structure with
signal inputs in your model and connect them to the data bus. The variables then will exist for text-based programming.
The name of the variables corresponds to the name of the triangular elements.
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StateGraph from MSL4.0
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Libraries Browser B X oA BatteryElectricVehide B & FuelCellHybridvehide R
Fiterdosses  ~ [9242 9 BAEO ‘vm‘taue |Modd |Diagranwew |HNm_Taim.Eechwi¢s‘HMzaﬁonlemlﬁt_stateGrai| ‘D:/Pmm_rormpmu—ijm.m

Libraries

B ! punch | Torino

> [ Complex I

> 72 Modelica
v 1 PUNCH_Torino
> @ UsersGuide
v P Examples
> > BEV_Models
> b FC_Hybrid Models
> BatteryElectricVehicle
¥ FuelCellHybridVehicle
> (2 Blocks

> L. SpeedCycles
> 4 EnergyStorage
> @8 Vehicle
> [# TorqueSource
v @ Electronics
i SimpleBoost
o Inverter
B MotorControlUnit
B HybridizationControlUnit_eCMS

B Hybridi
B8 Hybridi it_StateGraph
& ConstantPowerAuxiliaries

> i lcons

Most other libraries inside MSL4.0 are quite
intuitive. Block library works just like
Simulink, whilst physical component libraries
work just like Simscape. The odd one out is
StateGraph. States are represented by the
white squares, whilst transitions by black
vertical bars. There can only be one initial
state, and a RootGraph must be present. The
initial state is FIXED to the model and cannot
be changed without redoing model
connections.

Messages Browser

BatterySOC

5

HybridizationControlunit_StateGraph [x] I
[a]
ol 4 |

B
=
ES a
<
: <
g &
@ 3
T2,T1 £ T2,T3
|
B2.81 B2.8!
T3,T1 T1, 5 St -
B
as!a: Statel.. El_JlaS = i
T4, T1 T T1 T4,T]
. K
54!51 am!_m 8483 T
[T1p5 T4
ms | e2po :ja,‘, 1,
AuxCurrent T31T S
5315 L’?“
T2,T-
e | ceromen | oh

Al Notifications __ Warnings __Errors

To switch states, the transitions must be enabled, and firing. For a transition to be enabled, the active state must
precede the transition. For a condition to be firing, the Boolean condition and timer conditions must be satisfied.
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Issues with StateGraph

o& OMEdit - OpenModel - X
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[Fiterclasses 42 @ A0 ‘Wn’ﬂk |Modd |Diagramwew |P\Nﬂ-1_Taim.EechorimHﬁxiizaﬁmtholﬁt_stamGraﬁ ‘D:/Pmm_rmpmmjmm | ﬁ‘
Libraries ~
>
> [P] openModelica I H
> Modsicasenices i PUNCH | [0orino
> [ Complex
> 72 Modelica 5‘@»
[ Ul PUNCH_Torino oA OMEdit - Element Parameters - T4_T1 in PUNCH _Torino ElectronicsH.. 2 X 2 g
> @ UsersGuide 2
v b Examples E
> [ BEV, Models Parameters &
> B FC_Hybrid_Models P -
> BatteryElectricVehicle 3
> FuelCellHybridVehicle Component 2 g
> ) Blocks Name:  T4.T1 & :
g
> W Drivers Comment: 8 g
> L. SpeedCycles Class Tyt = 2 T2,T3
’ :’ EnergyStorage Path:  Modelica.StateGraph.Transition 8281 25
7 Vehicle Comment: Transition where the fire condition is set by a modification of variable condition T3,T1 st
> [ TorqueSource

i Fe TS

1 = | : '_ T
v @ Electronics Timer as!a: SIEE‘Il..m_Jms - ™

127 SimpleBoost

T T T1 T4,T]
ensbieTimer = true, i mer is enabled Hya b =k
. Inverter !4'5! am! B1 84 83
. waitTime s | wait time before transition fires & -
B MotorControlUnit

B HybridizationControlUnit_eCMS

rrecden wlbity | i o1,
B i roluni condion = e, Fransiton may fr (sme vryig expressio) e
B4 Hybrid nit_StateGraph AuxCurrent e o
B] Conmmponaadiate S— T i G o w M
> & teons o ][ cance ¥
ﬂ:ﬁﬁé&—l—ﬁ&%ﬁm 284

Modelica state graph (Modelicas version of MATLAB Stateflow) is quite buggy. Firing conditions can not be written into
the pop up menu since as they won’t be saved. They must be manually inserted into text-based programming. If
correctly inserted, they will show up next time one opens the menu. Furthermore, timing conditions should be included

in the transition block & not externally (even if theoretically these would be equivalent) to minimize bugs (such as faulty
switching of states).
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Interpolation Tables
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o& OMEdit - OpenModelica Connection Editor X

File Edit Vie

Simulation  Data Reconciliation  Sensitivity Optimization Debug Tools Help
F-@B8 8 rHe%e X \PHOTR<=EH-O%9E S>%999 & .
Libraries Browser 8 X A BatteryElectricVehide B A Gilingham_x3* [x]
[iterClasses — [9E42 & ‘@Eo|mm|m‘mmm|m3' Gilingh _x3|n:pmo-1_ ino/PUNCH_Torino.mo @
& OMEdit - Element Parameters - Inclination in PUNCH_Torino.SpeedCycles.Gillingham x3 7 X
Ubraries ~
> [P] openModelica
> . ModelicaServices Parameters
> [ Complex —
> 72 Modelica Generdl - [Jrodne]
v I PUNCH._Torino Component
> @ UsersGuide Name:  Indlination
v b Eamples Comment:
> b BEV_Models Class
’ : EC;HYZZ}M‘:;’:.SI Path:  Modelica.Blocks.Sources.CombiTimeTable
e e Comment: Table look-up with respect to tme and linear periodic extrapolation methods (data from matix/fie)
> FuelCellHybridvehicle Aainatd
> = Blocks Table data definition
> 't Drivers % tableOnFile [ true v] = true, if table is defined on file or in function usertab
v Lgspgzﬁdes table fl0.0,0,2) ] Table matrix (tme = first column; e.g., table=[0, 0; 1, 1; 2, 4])
m SORT2 tableName  [TIncinationCydle™ ] Table name on file or in function usertab (see docu)
£ SORT3 ) fieName ~ [D:/PUNCH_Torino/Maps/Gilingham_x3.txt™ | [..] File where matrix s stored
&1 Braunschweig Glinghan Iehznps verboseRead e ©] = tue,ifinfo message that fie isloading is o be printed
£ MLTB_OId
&) Gilingham > Table data interpretation =
' Gillingham x3 s columns [Zszetabie, 2 ] Columns of table to be interpolated y
S ?LT:‘S , AddMargin omps_AddMargin [Modeica.Blocks. Types.Smoothness.Linearsegments ] of table A time | (1] | v(2]
5 TorgetSpee
N 5"‘5"&;&0‘;5& Toerance W extrapolation [Modelica Blocks.T woPoint ] Extrapolation of data outside the defintion range
> @H Vehicle + timeScale [1 ] Time scale of first table column
& TorqueS‘ource — +11 offset [y | Offsets of output signals
i L) IE“K"O"'“ + startTime [ ] Output = offset for time < startTime
i lcons - ;
k=ToleranceMargin o shiftTime [startTime Shift time of first table column
. Sroul e SO | tmeevents Modelica.Blocks.Types. TmeEvents. NoTmeEvents Time event handing of tabe nterpolation |{ =
verboseExtrapolation | true = true, if warning messages are to be printed if time is outside the table definition range colurnns
Messages Browser offset - g x
Al Notificatons_Werigos_Eaors 1
o ” f startTime 5
If one wants to export results, ensure “time Events” o
interpolation blocks are disabled, otherwise duplicate =]
data points (left limit, data point, then right limit). T T
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Dummy Gains
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Libraries

> [P] openModelica

> | ModelicaServices

> Complex

> 72 Modelica

v ! PUNCH_Torino

> @ UsersGuide

v b Examples

v > BEV_Models
> BEV_SORTI
> BEV_SORT2
> BEV_SORT3
> BEV_Braunschweig
> BEV_MLTB
> BEV_Gillingham
> BEV_Gillingham x3
> BEV_Oto100
> BEV_0to100_Multiple
> b FC_Hybrid_Models
> BatteryElectricVehicle
> FuelCellHybridVehicle

ControlBus_Inverter

I PUNCH | Torino

ControlBus_Motor

G:)

MotorRPM
MotorRPM

TorqueSource [
% SMPM_Motor

% SMPM_Motor_0G
> @ Electronics
> i lcons

I Red Boxed Icon Require Map Inputs !!

0 A SMPM_Motor_OG (%] ' .
M I

Messages Browser

Al OO0 e A0S LTS

& x

the connections.

Sometimes Modelica components for table interpolation may default to sending a vector signal on their connection (distinguishable by
a thicker dark blue line). This despite the fact that only one column is present for interpolation, and thus the output is a scalar. This can
be problematic when connecting to the data bus and can cause errors. A valid solution is to use a dummy gain of one prior in between
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Jacobians Divide by Zero?
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Libraries Browser
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oA OMEdit - Element Parameters - batteryPack in PUNCH_Torino.

Filter Classes T4 9

(A 5 @ [ rtable |wode! [ pagram vew | runcr_Torino Exampes ice | Di/PUNcH

)/PUNCH_Toring

Libraries

> [P] openModelic:
lodelic

v 1 PUNCH_Torino
> @ UsersGuide
v b Examples

> & BEV_Models

> b FC_Hybrid_Models
> BatteryElectricVehicle
¥ FuelCellHybridVehicle

o

Parameters

If, during simulations, errors referring to Jacobians
dividing by zero are observed, insert dummy initial
conditions in the circuit. These errors occur due to
the element potentially beginning the simulation

disabled & thus causing compilation errors.

Examples BatteryElectricVehicle
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General  Modifiers

Add new modifiers, e.g., phi(start=1), w(start=2)
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