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Analog(XRF+BE) Digital(Dymola+Mechatronics)
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Linearity 21414

Distributed 7=,

Non Linear JEZt4

Linear £&14

—

Parameter Type S48

Static FH

Time scale AR E

[ Continuous 14

Discrete FE{

Single BE—

Modelica/Dymola jgE

Disciplines £iak

.z, sesx



(hEERIRRZ L

ODE
DAE
PDE

Discrete Event

=Y~

Continuous

l\” c1




(FEERIAIRZ L

Algebraic Equations {572 y+9=15
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Ordinary Differential Equations (ODE) B9 /552 T T E
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Concept

(System level)

+ Evaluation
«Benchmarking

*Power
consumption

*Performance

1D systems

Design

(Subsystem level)

*Design iterations
* Sizing and
packaging
*Metrics
assessment
*NVH

Detailed CAD

Multi-Body Systems

FEA Analysis

Analysis & Testing

models available +HIL & SIL for

+ Distributed systems controller
analysis verification
(FEA/CFD) + Durability and life

* Coupled Simulation

1D / Multi-Body
Systems

AERIEER

.z, sesx

2

PAYS



12

Rz R <niiak

Adrcraft Might simulator AVDS with Modelica models (DLR)

Detailled flight dynamacs
model (120 stares)

Real-tim fMlight simulator AVDS
with Dymola Modelica models

v
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DLR flught dyvuaoacs hbeary

Large, detailled vehicle model (Ford Motors, Dynasim, DLR)

3D Mechanics

(60 josnts. 70 bodies) ‘ 1 25000 nontrival algebraic equations
i3

20 states

l Hydraulics

Motor (combustion) ) .
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L AAA _
(automatic gear hox)

Havdware-in-the-loop simulation of automatic gearbox
(different car manufacrurers)

Electronic Control Unit
(Hardware)
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Modelica Spacecraft Dynamics Library Modelica in Biomechanics
Formation flying on elliptical orbits . './, .....- "
Control the relative motion of two or more AP e
spacecraft L
4 T ~og [ ‘
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Attitude control for satellites
using magnetic coils as actuators

Torque generation mechanism:
interaction between coils and
geomagnetic field
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Modelica
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x 2 3D mechanics ﬁb
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COMmron

model SimplePendulum
Real theta:
Real omegarstart=1);

parameter Real g = 9.81;
parameter Real L = 1:
equation

der(omega) = -(g'L)*sin(theta);
der(theta) = omega;
end SimplePendulum;
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Dymola&DBM

Libraries
BMFIUM Dynamics
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DBM (Dymola
Behavior
Modeling)

3DEXPERIENCE

‘ Dynamic Systems
on cloud Engineer
Systems Simulation

on cloud Designer
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VeSyMA
Vehicle Syste
Analysis

i

ms Modelling and

VeSyMA - Powertrain

Vehicle powe

rtrain

VeSyMA - Suspensions

Suspension s

ystems

VeSyMRA - Engines

Fluid Power
Hydraulic systems behavior

Flight Dynamics

Flight dynamic characteristics of

flight vehicle
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Thermal Systems

Large and complex thermal

systems
ClaRa Plus

Thermodynamic cycle
processes for electricity power

generation using

Human Comfort

Thermal comfort of building
and vehicle occupants

HVAC

Heat, Ventilation and Air
Conditioning Systems

Wind Power

Wind Turbines at system-level
for optimized performances

Design Optimization
Optimize and tune systems

parameters
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Electrical Power System
DC and high-frequency AC electrical
network

Hydrogen
Fuel cells systems

Battery
Battery simulation

Electrified Power Train
Electric drives

Brushless DC Drives
Brushless DC motors and control

Systems Cooling

Cooling systems for batteries, electric
drives and electronic thermal management

Flexible Bodies
Large motions of flexible parts

Powertrain
Vehicle powertrain systems

= TLFEIT, EiERE




ModelicalE
7777 Modelica Synchronous ™

Free library to precisely define and
synchronize sampled data systems with
different sampling rates.

.
/ FTire Interface

The FTire library is intended to enable the use
of the high end tire model within vehicle
dynamics simulations (like VeSyMa library
form Claytex) in Dymola. ?
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7777 Model Management

The ModelManagement package contains
features for library checking, model comparison
and model structure API.

|| ModelManagement
» [ cheek
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Structure
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/ Testing

The idea of the Testing library is that every
component is tested in one or more test
models. “Iom-v
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772 Modelica Linear System2

Library Modelica_LinearSystems2 is a Modelica
package providing different representations of

linear, time invariant differential and difference
equation systems, as well as typical operations
on these system descriptions.

.

770 Vehicle Interface

This library provides standard interface

definitions for automotive subsystems and
vehirle models
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/@ Electrified Powertrain

Assists design steps during the entire process

of developing electric machine and power
electonics

o W—

/@ Brushless DC Drives
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Allows the integration of Brushless DC motors
and control into systems

/ Battery

Bring battery simulation to the system level

/ Hydrogen

Design and validate performances of fuel cells
systems

/gﬂ Wind Power

) y
@ Electric Power Systems

Multi-level modelling of DCand high frequency
AC electrical network

Rapidly model and simulate Wind Turbines at
system-level for optimized performances
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ModelicaEE
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Optimize Design of larae and comolex thermal
systems A

/ ClaRa +

.

~

Simulation thermodynamic cycle processes for

electricity power generation using Clausius
Rankine cycles

23

) .
&BJ Systems Cooling

Develop cooling systems and dimension
components, for batteries, electric drives and

electronic thermal management
Ui

HumanComfort
Library

Model and analyze the thermal comfort of
building and vehicle occupants

o=, HE:-E]‘.

FluidDynamics

Library

The FluidDynamics library carries out CFD-
Simulations using Modelica language and provides
standard interfaces to 1D-Modelica-models.

. -
e -
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HVAC
ik Library

Optimize the design & performance of Heat,
Ventilation and Rir Conditioning Systems

s |
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ModelicaEE

[ .
... Fluid Power

The Fluid Power Library is a library for the

modelling hydraulic systems such as those found
in aircraft, cars, excavators and many other types
of machine

"Ry
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® Design Optimization N

Optimize and tune systems parameters of a
device or its controller to improve system
dynamics e e

I

Flight Dynamics —

The Flight Dynamics library is used to construct
multi-disciplinary flight dynamics models of (rigid)
flight vehicles, such as transport and military
aircraft, UAVs, or airships. ==

/ Pneumatic Systems

The PSL is a library enabling the architectural
design, component sizing, modelling and
simulation of pneumatic systems.
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4#;7‘ Flexible Body

Accelerate the analysis of large motions of flexible
parts such as beams, annular plates and
thermoelastic annular plates.
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Done by DBM/Dymola using
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Real System Model Form

Approximation
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Physical Mathematical | State-Space
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. . . Done by DBM/Dymola solver
Simplification Modelling Sorting Equations/ Compilation
: : Symbolic Preprocessing Simulation/ Integration
i Visualisation
SUS[}EI‘ISiOI‘I I I Differential-Algrebraic Equation Ordinary Differential Equation
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« Bit (DC) ot (HFUTR)

« RESSHT ( Transient Analysis )

« Mt (AC) ot

« $27 ( Steady State )

- RIS HT ( Monte-Carlo Analysis )
« RINERDHT ( Worst-Case Analysis )
o IREI/ERSHT ( Pole/Zero Analysis )
- 4FHE ( Eigenvalue )
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