Tutorial: Connecting Aircraft Concept Development to Systems Simulation

Let’s give it a try!
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Tools

* You can download the tools needed for the tutorial via the links below.
 Hopsan

— https://github.com/Hopsan/hopsan/releases

Hopsan-2.16-win64-with_ compiler-zip.zip
* OpenModelica
— https://openmodelica.org/download/download-windows
* OpenVSP 58 otinng
— http://openvsp.org/ Or‘ﬁenM%dellcd

LINKOPING
II.“ UNIVERSITY


https://github.com/Hopsan/hopsan/releases
https://openmodelica.org/download/download-windows
http://openvsp.org/

MODPROD2021 - Ludvig Kn66s Franzén & Robert Hallqvist

Tutorial: OpenModelica step-by-stw

= Open ACDLib

«  Arkiv->Oppna Modell-
/Biblioteks-fil(er)

= Navigate to model

« ACDLIib->ExportModels-
>ExportCaseStudyBaseline

=  Simulate(for 37000s)
= Investigate results

= For example, plot reqMotorNr

01/02/2021 3

ering Debugga SSP  Sensitivity Optimization Verktyg  Hjalp
moece \OHNOTH <= 8- e@ *9
g X B Casc
3

oA GE04
I "l- =] |5ktivhar ‘Mude\ ‘Diagramvy

‘Acnub‘.. portModels. E

= E

rrrrrrrrrrrrrrr
aaaaaaaa ystem
—\—Slm
sior tmog Dajm
\\\\\\\\\\
s drag —>
reqMotc
. [
thrust fuelVolun
|t
7 —i=
e 2 A 'D rrrrrrrrrr
Peng t-:PJ uelCel D
uuuuuuuuuu
\\\\\\\\\
reqFuelt
r—
L &
ACDLib.ExportModels. . ExportCaseStudy

LINKOPING
II.“ UNIVERSITY

s000




MODPROD2021 - Ludvig Kn66s Franzén & Robert Hallqvist 01/02/2021 4

Tutorial: OpenModelica step-by-step

|i‘g‘i E ﬂ ivbar |Model |Te)(twI ‘nCDLib‘Exporﬂ‘dodels.Exporﬁ:asesmdyﬁase\ine C:/Users/robha67/DocumentsGit_mastersfacdib/ACDLib/ACDIb_cours
L

“code-layer” of model e
u InSpeCt CO e_ ayer O mo e moe.xteiéﬁogzgzxizfﬁzi}::;iuéigaseline(aircraftParameters.n.Motor = nMotors, ai

nFuelCells, aircraftParameters.FuelMass = FuelMass);
extends ExportInterface;

[ ] °
u S].Zlng parameters Modelica.Blocks.Sources.RealExpression realExpression2(y = aircraftParametel

[ ——
#Op Level parameters used in sizing optimh
parameter Real nMotors=4; //initial guess

parameter Real nFuelCells=50000; //initial guess
parameter Real FuelMass=4500;//initial guess

« The specified values serve as initial
guess values for the sizing
Optimization engﬁggzt(fuelCell.FuelMass, regFuelMass) annotation( [...): |

connect (fuelCell.FuelCellMass, FuelCellMass) annotation( | ...); |

connect (fuelCell. fuelVolumeLiquid, fuelVolumeLigquid) annotation( [ ...); |
connect (fuelCell. fuelVolumeGas, fuelVolumeGas) annotation( [ ...); |
|

(
(
« These are the parameters that are comect (fuelCel mubermielcells, reqtmbermuelcells) smmotation([o10)
(
(
(

. . . . connect (engine.regMotorNr, regMotorNr) annotation( [ ...): |
> ission.al 1titude) ion{ [...): |
determined durlng the S1Z111 g connect (nission velocity, velocity) ammotation( i)

connect (realExpression2.y, totalMass) annotation( | ...): |

Optimization; prOVided a given end ExportCaseStudyBaseline;
aircraft geometry

« Change “initial guess” values
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Tutorial: OpenModelica step-by-step

o OMEdit - Openhodelica Connection Editor
Arkiv | Redigera Visa Simulering Debugga SSP  Sensitivity Optimization Verktyg  Hjalp

3 : =
Ny Modelicaklass Ctrl+N . T . < - O g
_ | —|
[ | s Oppna Modell-/Biblioteks-fil(er) -0
- . . GE404 E
Oppna/Konvertera Modelica Fi(er) med Teckenkodning

Ladda in Biblictek ‘Skriubar ‘Modal |D\agvamvy |ACDL\b‘Expcrmodals‘Exp

Load Encrypted Library

. Oppna Resultatfil(er) Ctrl+Shift-0 —
 Arkiv->Export->FMU
¥ New Composite Model

& Open Composite Model(s) N
Load Extemal Model(s) L
missior

= The exported FMU is located at = -

Spara

2]

Spara Som

Save Total

the path presented in the .

Export

Bild
FMU

Read-only Package

Systembibliotek

message browser

Rensa Senaste Filer

Encrypted Packg
& Skivut.. CtrlsP
Figaro
To OMNotebook

Avsluta Cul+Q

~ | P] ExportModels
[M] xportcasestusyn

| Exportinterface

| ExportCasestudyBaseline

v [P experiments
[M] exporttest

Meddelandebladdrare
All Notifikationer Warnings Errors

[1] 09:00:46 Scripting Notifiering

ACDLib requested package Modelica e = i sl SN i j eded,

700:46 Scripting Notifiering
The FMU is generated at C:fUsers /robha67 /Documents/Git_masters/acdlib/Modprod [ ExportedModels{ ACDLib.ExportModels. ExportCaseStudyBaseline.fmu.,
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Tutorial: Sizing in Hopsan. Step-by-step

@ Hopsan

Eile Edit Tools Simulation Import Export View Help

mport

oad Model Parameters

™ Import Functional Mock-up Unit (FMU)

WW ST T irn
[

Connectivity
| Electric

Mock-up Unit (FMU). |

= Open HOPSAN
= Import the generated FMU a = N —

LJC== 2019-05-09

! #l Pneumatic Hopsan is now availat
f" [l signal https://www.lathub.or
https://snaperaftio/ho

* Import->Import Functiona = S

[ External Libraries New Model Load Model Last Session Options or
snap install hops:
° Ao = create extemnal lisrary
. & Loud external library

— V! - These packages run in

Baseline 1D_Lookup_Table READIE md#naioak

BEADME.md#flatpak
Baseline Bouncing Ball README md#snaperaft

(AT Baseline Dynamic Pressure Feedback

Cosmic Buster and Snap

TradeStudy5_ClimbRS
2018-11-26

Electric Capacitances & Resistors

Baseline
Baseline ElectricVehicle Hopsan 2.10.0 32-bit ar
TradeStudy5_ClimbR5 FlSInterceptMission An experimental Snap
TradeStudy2_140mps F16systemManeuver Use the following com
TradeStudyd_WA175 Hydrostatic Transmission snap info hopsan
Baseline In-Line Axial Piston Machine snap install —-edg
Load Sensing System
NumHopSISO

Hopsan webpage s inacc
Open Centre System

PneumaticBootstrapCoolingCircuit 2018-05-04
Position Servo The Hopsan webpage |
FT7 Pressure Controlled Pump Simple https://liuse/en/rese:

https://github.com/Ho

hetps://flumes.iei.lius

Pressure Controlled Pump
Pressure Direct Controlled Pump

Pressure Relief Valve Characteristics The Hopsan news feed hi
ServoOptimization 2018-02-28

Sub System Example The migration from aur
UFABC Rocket The news feed has noy

https://github.com/Ho
https://hopsan.github.

Recent Models Example Models

x TR ST NLOJSENpIEST 2095 DUT TS T3 T0Te TIal TIe TOTEl TOMDeT T ST
5 : In EMU_ACDLibExportModelsExportCaseStudyBaseline; Initializing EMU 2.0 import
Simulated 'Baseline’ successfully! Initialization time: 2341 ms, Simulation time: 184 ms
= Successfully unloaded: C:/Users/robhaé7/Documents/Hopsan/import, FMU/RCDLib/ACDLib. d11
2
£ S—
Z  CearMessages || avortseripr | (@ Group Similar Messages

Filter: | X ‘ Terminal 'Kages‘
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Tutorial: Sizing in Hopsan. Step by step

i@HLUC{ /9

= (Open “Baseline.hmf”:

* File-Open

= Set simulation time (mission =
) i Py F_acouberpor
length~37000s) =
: =
= Specify step length (1-10s g
suggested) a

=  Simulate
» Check results
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Tutorial: Sizing in Hopsan. Step-by-step

C‘ Hopsan
File Edit Tools Simulation Import Export View Help
] O timization 'y ._ |E. E P simulate Ctrl+Shift+5 FTﬂlu EﬁE FHU |'—D
p '_' P]):l Toggle Remote HopsanCore Connection - - bt

ComponentLi ¥ Launch Debugger

Cone] @& Animate
Measure Simulation

« Simulate->Optimize

(A

B E Optimize Crrl+5Shift+Z

LM Sensitivity Analysis Crrl+Shift+4

| LO ad S Cri t File J Ly Hydra |- Plot Variables Ctrl+Shifts+P
p L4 Mechi ] Calculate Losses Crrl+L

Pneumatic

* Select “SizingOptimization.hcom” orf‘

External Libraries

make your own using the script &1

Subsystem
i ] -]- Create external [ibrary
+ -

Load external library

zation

HCOM scr. x algorithm op

wizard _

#Evaluate function
define setpars
° ° ° echo off
chpa FMU_ACDLibExportModelsExportCaseStudyBaseline.nFuelCells optpar (optvar (evalid), 0)
- Start O tl 1Z atl O chpa FMU_ACDLibExportModelsExportCaseStudyBaseline.nMotor optpar(optvar(evalid),1)
I I 1 I 1 chpa FMU_ACDLibExportModelsExportCaseStudyBaseline.FuelMass optpar (optvar(evalid),2)

echo on

enddefine

#objective function
define obj

echo off

objl =
abs ( (peek (FMU_ACDLibExportModelsExportCaseStudyBaseline.regFuelMass.y, imax (Time.out.y)) -
FMU_ACDLibExportModelsExportCaseStudyBaseline.FuelMass))/
FMU_ACDLibExportModelsExportCaseStudyBaseline.FuelMass

obj2 = abs (max (FMU_ACDLibExportModelsExportCaseStudyBaseline.reqMotorNr.y) -
FMU_ACDLibExportModelsExportCaseStudyBaseline.nMotor)/
FMU_ACDLibExportModelsExportCaseStudyBaseline.nMotor

obj3 = abs (max (FMU_ACDLibExportModelsEXportC: line.r. FuelCells.y) -
FMU_ACDLibExportModelsExportCaseStudyBaseline.nFuelCells)/
FMU_ACDLibExportModelsExportCaseStudyBaseline.nFuelCells
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Tutorial: Sizing in Hopsan. Step-by-step!
= Optimization takes 10-15min with 10s .

FMU_ACDLibExportMode sExportCaseStudy...

3

Time '
a0000 | parameter 1 Time_INVALID_NAME
——— parameter2 -
step leng —ma

= Finished when parameter values have : ' kNM
converged E ﬁm | SN
= Sizing iteration completed!! WA S

r T T T T Gen: AN  cur
& 100 200 300 00
evaluations

parameter value -]

Select: [2

‘Open New Piot Window |

* Apply found parameter values to FMU - __. - .

g0primizztion.ncom) [ Run |

Script (S

Model file: Baselinehmf

= Simulate with new parameter values  —

pard parl oA 1 2
1 13336854 33936338 4816563 | |1 modeld k — 55%
13843602 36337962 1722777 | |2 total

3 Apply 11809.442 13320658 1040403

4| Ay 35095065 21617176 9932615

5 Apply 0 47026276 24772485 912271

6 Apply 0 65511643 9.9888913 1729035

7 Ay 0 60348.216 36497971 1451576

g Ay 0 742687545 38.64388 8283.517

< >

Assigning scalar totalObl with 0.0746922 ~
(13:23:56] Info: In FMU_ACDLibExportModelsExport! line; Initializing EMU 2.0 import

[13:24:00] Info: Simulated 'Baseline’ 1y! Initialization time: 1992 ms, Simalation time: 766 ms

Assigning scalar totalObj with 0.0289506

[13:24:01] Info: In FMU_ACDLibEXpOrtMod T line; Initializing EMU 2.0 import

[13:24:03] Info: Simulated 'Baseline’ 1y! Initialization time: 1993 ms, Simalation time: 732 ms
Rasigning scalar toralObj with 0.0599823

[13:24:04] Info: In FMU ACDLibExportModelsExportCaseStudyBaseline; Initializing FMU 2.0 import

[13:24:06] Info: Similated 'Baseline’ successfully! Initialization time: 1650 ms, Simalation time: 808 ms
Assigning scaler toralObj with 0.0409813

P [13:24:06] Info: Oprimization finished!
Ll N KO p | N G Defined function: setpars

Defined function: obj

Defined function: evalworst

Defined function: evalall

[13:50:12] Info: In FMU_ACDLibEXportModelsExportCaseStudyBaseline; Initializing FMU 2.0 import

> v

T e

Qear Messoges | | aporsoipr | (D) (@

Group Similar Messages



Thank youl!

Questions?
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