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Abstract

An overview of the new Modelica Flight Dynam-
ics Library of the German Aerospace Center DLR is
given. This library is intended for construction of
multi-disciplinary flight dynamics models of rigid and
flexible flight vehicles. The environment models pro-
vide the functionality to cover on-ground operations
up to flight at high speeds and high altitudes. The re-
sulting models may be used in various fields and stages
of the aircraft development process, like flight control
law design, as well as for real-time flight simulation.

Keywords: flight dynamics; flight control; simulation;
aeroelasticity

1 Introduction

Dynamic simulation plays an important role in the
aircraft design and certification process. Typical ex-
amples are development of flight control laws, flight
loads analysis, specification and testing of on-board
systems, aircraft handling qualities and system assess-
ment in real-time manned flight simulators. DLR has
developed an extensive Modelica library that allows
for construction of suitable aircraft flight dynamics
models for the various stages and applications in the
aircraft development process. The following strengths
of Modelica have hereby been exploited particularly:

• Multi-disciplinary modelling: multi-disciplinary
interactions play an important role in flight dy-
namics. Especially when flight control laws are
involved, aspects like flight mechanics, structural
dynamics, and systems may show considerable
dynamic interactions that must be appropriately
addressed in the model used for design analy-
ses. Modelica provides an ideal basis to develop
such models, since a large amount of discipline-
specific libraries is available that may be used to
construct components of the integrated model;

• Single source modelling:Especially in flight con-
trols various types of analysis methods are used
that require aircraft models to be available in var-
ious forms. Examples are nonlinear models for
simulation, (symbolic) linear models for stability
and robustness analysis, inverse models for con-
trol law synthesis, etc. Various forms of mod-
els often involve independent implementations of
the same model data. Modelica allows for the
construction of a single model from which appro-
priate analysis models may be generated with the
help of a model translator.

Back in 1995 the DLR institute of Robotics and
Mechatronics developed a first library (at the time,
based on the Dymola language) for modelling of air-
craft flight dynamics [26]. Objective was to build a
solid basis for constructing integrated dynamic aircraft
models, including flight dynamics, detailed on board
system dynamics, structural dynamics, etc. First appli-
cations were a generic transport and a fighter aircraft
[20] and a first flexible aircraft shortly thereafter [15].
Since then, the library has been expanded and applied
to complex aircraft models that include e.g. system
hydraulics and electronics [25, 27, 24]. In the frame
of the international projects REAL (Robust and Ef-
ficient Autopilot control Laws design, funded by the
EU in the fifth frame work programme [31]) and the
GARTEUR action group AG-11 on clearance of flight
control laws [11], the automatic generation of inverse
models for fast trim computation and nonlinear control
laws was applied for the first time. Recent application
examples are the thrust-vectored X-31A high-angle of
attack experimental aircraft and a real-time capable in-
tegrated flight dynamics and aeroelastic transport air-
craft model, including unsteady aerodynamics, struc-
tural dynamics, control system, etc.
The latest version of the Flight Dynamics Library in-
cludes various major enhancements as compared with
previous versions. Firstly, it exploits more recent
Modelica features, like the bus concept and the ma-
tured inner-outer concept. Secondly, the library is
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now compatible with the Multibody Library (part of
the Modelica standard library), allowing for easy con-
struction of airframes. Thirdly, itsworld model has
been enhanced to comply with inertial standards like
WGS84 [4] for position reference.
This paper discusses these latest developments, new
features, and example applications of the Flight Dy-
namics Library. In the following section the selection
of a generic aircraft model structure is discussed (Sec-
tion 2), based on which the Flight Dynamics Library
has been organised (Section 3). In Section 4 the auto-
matic generation of model code for model simulation
and analysis is discussed, followed by some example
applications. Finally, a summary is given in Section 6.

2 The aircraft model structure

Figure 1: Top-level of model: aircraft and environment

The objective of this section is to introduce and moti-
vate the basic structure of an aircraft model as it may
be composed from the Flight Dynamics Library. The
structure of this library will be discussed thereafter.
In constructing complex models the choice of hierar-
chy is crucial, since this largely determines how model
components interact. For the Flight Dynamics Library
a top-level model structure as shown in Figure 1 has
been adopted. It consist of one or more aircraft, and
environment objects (Theavionicscomponent and in-
put and triangular-shaped output connectors will be
discussed in Section 4). The environment objects in-
clude aworld, atmosphere, terrain, andairport model.
Note that the (in this case, single) aircraft model has no
direct link with the environment models, which phys-

ically makes sense. Using the so-called inner-outer
feature of the Modelica language, these models pro-
vide field functions. For example, the aircraft may re-
quest its surrounding atmospheric conditions from the
atmosphere model by sending its local inertial posi-
tion. Any other aircraft (or e.g. sensor) object in the
model may do this as well. This is an advantage as
compared with most block-oriented libraries, where an
atmospheric model is directly linked to, and thus occu-
pied by, the one aircraft. The ability to easily include
multiple air vehicles is useful for applications involv-
ing mutual interactions, like towed gliders, wake vor-
texes, air-to-air refuelling, release of missiles, etc.

2.1 The world model

In the following subsections the environment models
in Figure 1 (world, atmosphere, terrain, airport) will
be discussed. These components determine validity
of the over-all model to a large extent. Most impor-
tant is theworld model (in this case the Earth, but the
underlying base class may be extended to implement
models of other planets), since it provides the inertial
reference in the form of the so-called Earth-Centred
Inertial (ECI) reference frame. Its origin is attached
to the Earth’s centre of mass, its orientation is fixed
with respect to reference stars. In addition, the model
component has the following functions:

• Provide the geodetic reference. As indicated in
Figure 1, to this end the World Geodetic System
1984 [4] (WGS84) is used. The object imple-
ments an Earth-Centred Earth-Fixed (ECEF) ref-
erence frame, which has the same origin as the
ECI, but rotates with the Earth. The attitude of
the ECEF (w.r.t. ECI) is available in a connector.
A set of functions transform ECI and ECEF ref-
erenced position vectors into geodetic longitude,
latitude, and height co-ordinates (w.r.t. WGS84
ellipsoid) and vice versa. For a given longitude
and latitude, another function provides the local
undulation of the so-called EGM96 (Earth Grav-
itational Model 1996) geoid with respect to the
WGS84 ellipsoid, providing the Mean Sea Level
(MSL) reference [14].

• Implement a model of the Earth’s gravitation.
The gravitational model to be used with WGS84
is the Earth Gravitational Model 1996 (EGM96),
provided in the form of tables describing equi-
potential surfaces a function of longitude and
latitude. Currently, a more simplified height
and geocentric latitude-dependent (Ref. [33] -
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Eqn.(1.4-16)) and a constant gravity model are
available.

• Implement a model of the Earth’s magnetic field.
This field is required to compute indications of
compass models. The model is based on the US
National Geo-spatial-Intelligence Agency (NGA)
World Magnetic Model (WMM), which is pub-
lished every five years and predicts the time-
varying intensity and direction of the magnetic
field as a function of WGS84 longitude, latitude
and height. The current model covers 2005 till
2010 [23].

Double-clicking on theworld object in Figure 1 al-
lows a number of parameters to be set, like whether the
Earth is rotating or in rest, initial day time, and the type
of gravity model (approximate EGM96, height inde-
pendent, or constant). The features of the object may
be overkill for many applications, but provide suffi-
cient generality for use with for example high speed
and high altitude flight vehicles. Furthermore, the
applied WGS84 ensures compatibility with standard
GPS equipment, with most flight simulator vision sys-
tems, navigation system models, etc. Obviously, any
parameter set in theworld and other environment mod-
els applies to all components in the aircraft model.

2.2 The atmosphere model

The second environmental object in Figure 1 is the at-
mosphere. Normally, the International Standard At-
mosphere (ISA) as a function of the height above MSL
is used. Alternatively, parameters for constant atmo-
spheric conditions may be entered. The air mass is
nominally assumed to be in rest with respect to the
ECEF, explaining why a connection with theworld
ECEF-connector exists. However, the component also
foresees implementation of wind fields. Currently,
wind components in northern and eastern directions
may be entered at a reference altitude of 100 ft above
the Earth surface. A simple Earth boundary layer
model logarithmically reduces the wind velocity to
zero on the ground.

2.3 The terrain model

To the right in Figure 1 a terrain model has been added.
A component containing highly detailed, or simple
parametrised models of the Earth’s surface may be se-
lected from the library. Depicted in Figure 1 is a terrain
model as used for automatic landing control law de-
sign and certification, based on EASA CS-AWO spec-

ifications [10]. The location, elevation, direction, and
slope of a runway may be specified, as well as slopes
and steps in the terrain below the approach path. A
simple function call from e.g. an aircraft sensor then
returns the corresponding local terrain elevation above
MSL or the WGS84 ellipsoid, allowing for computa-
tion of for example the reading of the radio altitude
sensor.

2.4 The airport infrastructure model

The airport object implements earth-fixed navigational
equipment (e.g. VOR, DME, ILS systems at specified
locations). In the figure the ILS equipment of the one
runway as positioned in the EASA CS-AWO terrain
model is included. Specific characteristics like glide
slope angle and antenna transmitter positions may be
specified via parameters. Any other model object may
obtain its local glide slope and localiser deviation via
a simple function call.

2.5 Rigid and flexible aircraft models

The core of the model structure is of course the compo-
nent that represents the actual aircraft. The Flight Dy-
namics Library foresees the implementation of rigid
just as well as flexible ones. A typical model structure
for a flexible transport aircraft is shown in Figure 2.
The components resemble physical parts an aircraft
consists of (airframe, engines, actuators, sensors), and
phenomena it is influenced or driven by (kinematics,
aerodynamics, wind).

Component interconnections
For mechanical interconnections the connectors from
the Multibody standard library [28] are used. For use
with flexible airframes an extended version has been
implemented that includes generalised co-ordinates
and forces. For the engines and sensors the connec-
tor represents the point at which the device is attached
to the airframe. Aerodynamic forces actually act all
over the airframe. However, in flight mechanics usu-
ally only the summed effect with respect to some ref-
erence point, like the Aerodynamic Centre (AC), is of
interest. Also for the aerodynamic forces in the aeroe-
lastic aerodynamic model (to be discussed shortly) in
fact only their summed effect is considered due to so-
called left-generalisation with rigid and flexible eigen-
modes, see Ref. [19]. Therefore, the aerodynamic
models need a single connector only.

Kinematics
The backbone of the model depicted in Figure 2 are the
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Figure 2: Structure of theFlexible Aircraftmodel in Figure 1

kinematicsandairframecomponents. The first defines
a “North-East-Down” (NED) local vertical frame with
its origin moving with a fixed position in the aircraft,
preferably the centre of gravity. The object also de-
fines a right-handed body-fixed reference frame with
its origin at the same location, but with a fixed atti-
tude w.r.t. the airframe (x-axis towards the nose, z-
axis down). The attitudes and inertial positions of both
reference systems are available in the two connectors.
The one on top represents the aircraft body reference
system, the one belows represents the vehicle-carried
NED reference frame.

Airframe
The difference between a rigid and a flexible aircraft
is, in fact, only in theairframe object. In case of a
rigid airframe, it contains the standard Newton-Euler
force and moment equations with respect to a body ref-
erence system [7] (attitude and position in lower con-
nector). Although the origin of this reference system is
preferably the centre of gravity (for compatibility with
standard flight dynamics models), a fixed point w.r.t.
the undeformed airframe shape may be more useful
for referencing reasons. The local gravity acceleration
is obtained by a call to theworld object (Figure 1).
Note that the computation of gravity depends on the
method that is selected in theworld object. In case of
a flexible airframe, linear elastic equations of motion

in modal form augment the Newton-Euler equations
[34, 30]. The body axes system is hereby considered as
a so-called mean axis system. The momentary shape
of the airframe is characterised by states in the form of
generalised co-ordinates (also called mode shape mul-
tipliers). The underlying data (modal mass, damping,
stiffness, and mode shape matrices) are automatically
read from a specified file prior to simulation. More de-
tails on nonlinear equations of motion of flexible air-
craft can be found in Refs. [19, 30].

Connection of theairframe object to thekinematics
object (see Figure 2) makes that the reference systems
in both connectors merge, i.e. from then on the air-
frame is moving freely with respect to the inertial ref-
erence, according to kinematic equations described in
thekinematicsobject.

Theairframeobject has a second connector on top (see
Figure 2). This connector may contain a different ref-
erence frame with a constant offset, or may simply be
identical to the body frame (to be specified via an off-
set parameter). It is intended for interconnection of
for example external force model components, sensor
models, etc. As mentioned before, in case of a flexible
airframe also generalised co-ordinates and generalised
forces are included in the connector definition.

External forces and moments
The airframe equations of motion are primarily driven
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by aerodynamic and propulsion forces and moments.
These are computed in corresponding model compo-
nents in Figure 2. These components often need to be
prepared for each aircraft type individually, since ap-
plication rules and data (sources) behind aerodynam-
ics and propulsion models may strongly differ. For this
reason, a base class is available that already defines
interfaces and the connector, as well as equations for
computation of key variables like the angle of attack,
side slip, and true airspeed. Local wind velocities are
hereby requested from theatmospheremodel in Fig-
ure 1. The user may develop own model components,
inheriting this base class.

Besides the airframe, each component may be devel-
oped around its own local reference frame. In case of
aerodynamics, these may for example be the stability
or wind axes. Interconnection with the airframe fol-
lows via a transformation object (e.g.AeroRefin Fig-
ure 2). This object has two connectors representing
two reference systems. The offset (position, orienta-
tion) in between may be specified via parameters that
become visible and can be edited by double-clicking
on the object. The object also relates the forces and
moments that act along the connector reference sys-
tems. When connecting a model with theairframe
object, the transformation object makes sure that the
kinematics between the local component and the air-
frame reference systems are correctly related, as well
as forces and moments are applied correctly.

The aircraft model in Figure 2 has two aerodynamics
models (right hand side). The upper one (Aero) con-
tains forces and moments as induced by the over-all
motion of the aircraft (“rigid aerodynamics”), usually
also corrected for quasi-steady deformation of the air-
frame. The underlying model may be based on com-
plex application rules, table look-ups, etc. In case a
data set is not available or incomplete, computational
tools as described in [13] are used. The lower aerody-
namics component (aerodynamicsFlex) computes un-
steady (generalised) forces and moments as induced
by flexible deformation of the airframe. For this com-
ponent extensive pre-processing tools have been de-
veloped, involving application of the Doublet-Lattice
Method, axis transformations, Rational Function Ap-
proximation and removal of quasi-steady effects (al-
ready accounted for in the rigid aerodynamics model),
see Refs. [19, 13] for more details. The unsteady aero-
dynamic data are read from a user-specified data file at
simulation start.

Note that theAero component is connected to the
lower airframe connector via theAeroRef object,

whereby the latter describes the offset between the air-
frame body axes and the aerodynamic reference sys-
tem. The upper aerodynamics component is directly
connected with the upperairframeconnector, making
use of generalised co-ordinates declared therein. In
case kinematics and the balance between aerodynamic
and actuation forces are relevant, a direct interconnec-
tion between theactuatorsand aerodynamics models
may be added.
The engine models (top left) are connected to the air-
frame via a slightly different type of transformation.
Instead of an offset, the number of a structural grid
point, where the object is to be attached, may be spec-
ified. At simulation start the transformation object
requests the rows of the modal matrix that apply to
the grid point from theairframeobject, allowing it to
continuously compute the kinematic relation and force
balance between its connectors as a function of the off-
set from the airframe reference and the local deforma-
tion [19, 30]. This for example implies that directional
thrust variations due to local deformation at the engine
attachment point are automatically taken into account.

Sensor models
The very same principle as used for interconnecting
engine models with the airframe structure also applies
to the sensor models, located in the top-right corner of
Figure 2. A set of sensor types is available in the li-
brary. For example, accelerometers compute local ac-
celerations at their point of attachment (specified via
grid point number, or offset) as a function of the iner-
tial motion of the airframe, its position in the airframe
reference, as well as the local airframe deformation.
The ILS, GPS, and radio altimeter sensors obtain
their values by making a function call to theairport,
world, and terrain environment models respectively
(Figure 1), passing on their momentary inertial posi-
tion as an argument. In this way, for example multiple
GPS sensor objects may be included at various loca-
tions on the airframe. Each object can request its very
local co-ordinates from theworld object.

Local wind effects
As already discussed in Section 2.2, mean winds are
computed in the atmosphere block at the top level of
the model in Figure 1. However, turbulence models
are usually described in aircraft body axes, whereby
delays as gusts travel along the airframe, are taken
into account. This is described in thelocalWindob-
ject (lower left, in this case based on EASA CS-AWO
specifications for autoland assessment). Random tur-
bulence velocities are obtained from dedicated filters
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(Dryden, Karman) that use white noise signals as in-
puts. This noise is provided via an external connector.

Systems
On-board systems are included in theactuatorscom-
ponent. This component may describe actuators and
hydraulic / electric systems using simple transfer func-
tions, as well as highly detailed physical models, con-
structed from hydraulics and electronics libraries. The
library currently only provides the first variant, since
detailed on-board system models are unique for each
type or family of aircraft and are usually provided by
systems specialists. A recent example of on-board
system model implementation using Modelica can be
found in [5].

Avionics bus
Finally, the thin bar at the top of Figure 2 represents

a so-calleddata bus, implemented using Modelica’s
expandable connector concept. The data bus includes
signals that one would typically find on avionics buses
in the aircraft, like the readings of all sensors, com-
mand signals to engine and control surface actuators,
gear status, etc. For this reason, the sensor, actuator,
and engine models have been attached to the bus ob-
ject. The bus is also accessible from outside and al-
lows direct connection to elements from the Modelica
block diagram library. This enables a control system
composed using this library to directly communicate
with the aircraft data bus.

3 The Flight Dynamics Library

The top-level structure of the DLR Flight Dynamics
Library is depicted in Figure 3. TheModelicabranch
in the depicted tree (top) contains the principal stan-
dard libraries delivered with Modelica. The branches
of the Flight Dynamics Library will be briefly de-
scribed below:

• ProjectTemplate contains a basic library struc-
ture for an aircraft. Each aircraft type has its own
models for aerodynamics, propulsion, systems,
landing gears, etc. These models are built on
base classes that already compute all basic vari-
ables (e.g. for aerodynamics, angle of attack, cal-
ibrated airspeed, etc.) and are stored in this struc-
ture. The project template contains a very sim-
ple, but readily working aircraft model. The user
may copy this template into an own project and
start implementing aircraft-specific components,

or add components from the Flight Dynamics or
any other Modelica library.

• Aerodynamics contains example aerodynamic
models for use in rigid and flexible aircraft mod-
els, as well as base classes that the user may ex-
tend (inherit) to develop his own aircraft-specific
model components. Each aircraft type or family
namely tends to use unique application rules. For
this reason, newly implemented aerodynamics
components are stored within the aircraft project
(see ProjectTemplate).

• Airframes contains rigid and flexible airframe
model objects. The rigid ones may have constant
mass and inertia tensor (entered via parameters),
or these may change at a given rate (e.g. as a
function of fuel consumption). The flexible air-
frame component loads its mass, and modal data
from an external file (e.g. a Matlab mat-file [21]).

• Environment contains all environment-related
models as described at the beginning of Section 2.

• Examplescontains example implementations of
various (basic) aircraft models.

• Gear currently contains a simplified landing gear
model for which basic properties may be set and
which may be attached to theairframe object in
Figure 2. A base class containing a standard inter-
face for interconnection with theairframe is pro-
vided for implementation of detailed landing gear
models, e.g. composed with help of the multi-
body library by specialists in the field.

• Interfaces contains all library-specific connector
types, as well as the data bus that was discussed
Section 2.5.

• Kinematics contains theKinematicsobject as de-
scribed in the previous section.

• Propulsion contains, as for the aerodynamics,
example engine model implementations, as well
as base classes that allow the user to implement
his own propulsion models.

• Systems mainly contains sensor models (ac-
celerometers, ILS, GPS, etc.) with time constants
and noise if desired, and simple transfer function-
based actuator models.

• Transformations contains standard transforma-
tions between reference systems.
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Aircraft project library

Modelica
Flight Dynamics Library

Modelica standard
multi-engineering
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{
Figure 3: Top-level structure of the Flight Dynamics Library

• Typescontains type definitions for internal vari-
ables, to which the user may add his own.

• Utilities contains miscellaneous functions e.g.
for reading external data files.

Within a dedicated Modelica modelling and simula-
tion environment, like Dymola (Dynamic Modelling
Library [3]) aircraft models may be composed from
the library using drag and drop.

4 Automatic code generation

After model composition has been finished, a model
translator sorts and solves all model equations ac-
cording to specified inputs and outputs into Ordinary
Differential Equations (ODE’s) or Differential Alge-
braic Equations (DAE’s), suitable for use in simula-
tion. A modelling tool that is well capable of doing
this is Dymola [3]. Besides a graphical modelling
environment and advanced symbolic algorithms, the
tool offers extensive simulation and data analysis ca-
pabilities. However, the model code may be used in
other engineering environments and simulation tools
as well, like for example Matlab/Simulink [22]. For
this environment an additional tool set has been devel-
oped that automatically generates trimming and lin-
earisation scripts, allowing the user to easily specify
and accurately compute initial conditions prior to sim-
ulation [15].

4.1 Specification of inputs and outputs

A simple way of specifying model inputs and outputs
is shown at the top of Figure 1. Here a so-called Avion-
ics block has been connected to the bus connector of
the aircraft. At this main model level, also input and
output connectors have been defined. The Avionics
block injects pilot throttle and control surface input
commands (from Throttle, Controls connectors) into
the data bus. Output variables of interest, in this case
navigation and air data, are read from the bus and
passed on to output connectors (NavOut, Airdata).

Figure 4: Reversal of inputs and outputs for NDI con-
trol law generation
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4.2 Inverse model generation

Probably one of the most attractive features of Mod-
elica, in combination with a model compiler like Dy-
mola, is the possibility to generate inverse models just
as easily as normal simulation models. Inverse models
are extremely useful for fast and accurate trim com-
putation, systems and control surface sizing, as well
as for automatic generation of control laws that are
based on inverse model equations, like Nonlinear Dy-
namic Inversion (NDI [9]). Ref. [18] describes various
types of inverse model-based control laws and their au-
tomatic generation from Modelica models. Figure 4
shows the addition of an FCS block, which contains
the basic structure for an NDI controller, see Figure 5.
Like theAvionicsblock, the FCS communicates with
the aircraft model via the expandable bus. Compared
with Figure 1, theControls input has become an out-
put, and command variablespqbC(roll rate pb, pitch
rateqb, side slip angleβ ) have been added as inputs in-
stead. This is basically all that is needed to generate an
inverse model. For practical reasons, additional mod-
ifications have been made, like the removal of most
environment models: variables like radio altitude and
ambient pressure can be directly obtained from mea-
surement instead.

Figure 5: NDI control law with command variables for
manual aircraft control

4.3 Desktop visualisation

Easy access to high-quality desktop visualisation tools
becomes more and more important in the flight control
law design process. This helps the engineer to better
understand the (closed-loop) dynamics of the aircraft,
and allows her or him to interactively "fly" the air-
craft to qualitatively assess control law performance
and to find weaknesses before implementation in the
full flight simulator. One of the first commercial en-
vironments offering this visualisation capability is the

Aviator Visual Design Simulator (AVDS), described in
Ref. [29]. An interface with the Flight Dynamics Li-
brary has been described in [24]. Interfaces with pub-
lic domain simulator programs like FlightGear [2] are
to be developed, whereby the internal flight dynam-
ics model in this program is overwritten by the model
constructed from the Flight Dynamics Library.

5 Application examples

Since its first version in 1995, the Flight Dynamics Li-
brary has been applied in several projects at DLR, es-
pecially involving model development for design and
evaluation of flight control laws. A number of these
applications will be briefly discussed in this section.

REAL – Automatic Landing
In the frame of the EU-project REAL (Robust and Effi-
cient Auto pilot control Laws design [31]) for the first
time inverse model equations for a transport aircraft
were automatically generated from the model imple-
mentation in Modelica. These inverse equations were
used as the core of an automatic landing system that
was developed in the frame of this project [16]. The
control laws were successfully flight tested on DLR’s
test bed ATTAS (Advanced Technologies Testing Air-
craft System [6]) during six automatic landings.

X-31A with reduced vertical tail
The same procedure for automatic generation of Non-
linear Dynamic Inversion control laws was applied
to the thrust-vectored experimental fighter aircraft X-
31A in the frame of the project VECTOR (Vectoring,
Extremely short take-off and landing, Control, Tail-
less Operations Research [12]), in order to investi-
gate reduced vertical tail configurations of this aircraft
[32]. The control laws were exported from Dymola
and implemented in the ground-based flight simulator
in Patuxent River, MD, USA, and successfully evalu-
ated by five test pilots and one fleet pilot.

3D-Flexible aircraft flight simulator
From the example flexible aircraft model as presented
in Section 2 simulation code was generated for use
in interactive real-time simulation. The model was
augmented with automatically generated Dynamic
Inversion-based control laws, the automatic landing
system as developed in the project REAL, as well as
load alleviation control laws. An engineering visu-
alisation environment calledVisEngine, developed by
AeroLabs AG [1], simultaneously visualises aircraft
flight dynamics and structural dynamics in real-time
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in very high quality, see Figure 6. As exclusive fea-
tures for DLR, VisEngine was extended with on-line
visualisation of airframe deformation, as well as the
capability of visualising the aircraft and its environ-
ment using 3-D stereo projection. The visualisation of
structural deformation greatly helped to qualitatively
assess performance of structural control laws.

GARTEUR FM(AG17) Control law design for air-
craft on ground
In the future, transport aircraft may be equipped with
drive-by-wire control laws to reduce pilot workload
during landing roll-out, taxiing, and take-off. In ad-
dition, this technology will provide the basis for de-
velopment of functions for automatic ground manoeu-
vring [8]. In the frame of this GARTEUR project a
complex aircraft model, including landing gears, was
implemented using the Flight Dynamics Library. In
order to study various possible command variables for
the pilot, automatic model inversion was used to de-
velop control laws based on nonlinear dynamic inver-
sion. More details can be found in Refs. [19, 17].

Figure 6: 3D-stereo visualisation of aircraft flight and
structural dynamics, and aerodynamic loads

6 Conclusions

In this paper an overview of the Modelica-based Flight
Dynamics Library has been given. This library allows
for intuitive construction of multi-disciplinary models
for use in the aircraft and flight control laws design
process. To this end, the library offers the following
unique features:

• full compatibility with other libraries based on
the Modelica language, allowing for development
of truly multi-disciplinary aircraft models on a
common modelling platform;

• intuitively structured models due to a physics-
oriented break-down into model components and

interactions;

• construction of rigid just as well as fully flexible
aircraft models, including unsteady aerodynamic
effects;

• easy implementation of multiple aircraft models
using the same set of environment models (earth,
atmosphere, etc.);

• automatic generation of efficient simulation code
for various engineering environments (using a
Modelica tool like Dymola);

• automatic generation of inverse model code, e.g.
for use in nonlinear control laws;

• automatic generation of trimming and lineari-
sation scripts for use with the model in Mat-
lab/Simulink;

• easy integration with desktop visualisation.
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