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Abstract components and 10 examples, cf. Figure 1. A num-
ber of components originally developed for the Power-

Version 2.0 of the PowerTrain library will be release@rain library have been incorporated into the Modelica

in March 2005. This article presents the new releasgandard library (version 1.5) since they are of general

which is enriched by optional consideration of 3D efaterest.

fects, a simpler signal bus concept, new components

and example models for flexible drivelines, 4wd driv-

elines and hybrid vehicles. In addition, various ney

driver models have been added.

1 Introduction

The PowerTrain library [6] is a licensed Modelica |- e
package providing components for modelling vehiclt —
powertrains. It is also used for the modelling of gear
boxes with speed and torque dependent losses.

available components range from simple, easy to Ut

parts to very sophisticated components. All the co S S S U
ponents are open and can be extended and modifie ROTE ¢ | % |
the user.

In December 2002, version 1.0 was finished and sirfd@ure 1: Components of the PowerTrain library and
then several new developments have been incorporéi@ene sublibraries

into the library. In addition, new concepts in the Mod-

elica language have been applied leading to improvevery important property of the PowerTrain library is
ments aimed at delivering better interoperability b&e robust and efficient handling speed and torque
tween the different automotive model libraries avaiflependent frictiori8] as illustrated in Figure 2, which
able. These are described in Section 3. In SectiorPgcurs when considering gear mesh efficiency (due to
new fields of application are described and new driv@@ar teeth friction) and bearing friction. This novel

models are presented in Section 5. type of friction handling was used in many compo-
nents in version 1.0, especially for planetary gears,

Ravigneaux gears, Lepelletier gears, extended Simp-
2 Previous library status son gears and differential gears.

Large system models often become difficult to under-
In the past, the library provided standard and planetatand as there can be a large number of signals that
gearboxes with speed and torque dependent lossegd to be passed between the model’s top-level com-
table-based engine and simple driver models, aponents. To overcome this problem, the PowerTrain
components required to model the longitudinal diibrary used a signal bus as shown in Figure 3. The
namics of vehicles, as well as a range of detailed exaithea was that all the signals that have to be exchanged
ples. Version 1.0 of the library contained 45 reusaldy the components are included on the bus. The com-
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(a) Dependency onspeed  (b) Dependency on torque

/ _ Figure 4: Animation of 6-speed automatic gearbox of
Figure 2: Speed and torque dependent fricton

Lepelletier type

. systems for automatic transmissions are implemented
ponents are then simply connected to the bus andiqo

tn ianal " o oth such a way that they support any number of gears.
nothave any signal connections fo other componenl'lshe driver interacts with these controllers by setting

Another common modelling problem is that mode[ e gearbox mode to be used (P, R, N, D, 1, 2, 3 )
with varying levels of detail are required for differ- o s

ent tasks. To reduce the number of different models

that need to be saved a model architecture was imple- jj S "Cﬁﬁ
mented that would allow components contained in the roffe »

top-level objects to be easily swapped for other com- BasicStalegy  ClichContl  FusMap

patible models with different levels of detail. The abil-

ity to swap the components was realized by making w‘iﬁ%ﬁ w‘iﬁ%ﬁ w"iﬁﬁ

use of the replaceable model features of Modelica. As
a consequence, only one model, cf. Figure 3, is neces-
sary to model many different driveline configurations. "’iﬁﬁ

Governar LackUpContral ORFCO

ShiftS cheduls

Driver

Figure 5: Control units included in the library

Several sophisticated example models are provided
which serve as a starting point in developing user-
specific models. Especially, examples are provided for
power consumption calculation and analysis of shift
strategies based on detailed models of 4- and 6-speed
automatic gearboxes

Figure 3: Model Driveline consists of a typical drive-

line from which all the main variants provided in the

library can be selected, e.g., three different types of &- New concepts and components

tailed automatic gearbox models but also user-defined

gearboxes. The components need only a single c&gveral new concepts and components have been in-

nection to thesignal busin order to exchange signalgorporated into version 2.0 of the PowerTrain library.
among them. They are described in the following sections.

The gearbox and shaft components can be animat§_q_,
see Figure 4 for an example, which is useful for plau-
sibility checking and demonstration purposes. Anin [9], a concept for reproducing the three-dimensional
mation can be switched off by a parameter. In th{8D) mechanical effects of one-dimensionally (1D)
case, the complete animation code is removed frormadelled powertrains has been presented. The idea
model in order to get efficient simulation code, e.gs to model transmission elements with their mostly
for hardware-in-the-loop simulations. 1D rotating behaviour in a convenient way with 1D
A number of control systems as shown in FigureBiodel components. Due to the simplicity of the
were included in the library. These are used to cobb equations, this results in very efficient simula-
trol the engine and transmission models. The conttmn code. When these 1D components are mounted

Incorporation of 3D effects
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on systems moving in 3D space using the Moddlated and the connect statements referring to them are
ica.Mechanics.MultiBody [7] library a number of imignored. The advantage in comparison to simply set-
portant effects, such as support torques and gyroscdpig the damping coefficiert of damperto zero is that
torques, are missing. By including adaptor models atik equations of the disabled components are removed
a 3D inertia component it is possible to incorporafeom the model and from the generated code, leading
these missing effects. to more efficient simulations.

These 3D effects are incorporated in version 2.0 Dhis feature is now used to incorporate 3D effects into
the PowerTrain library. By default, 3D effects aréhe PowerTrain library. To include 3D effects into the
turned off to get fast simulations, which is especialtyomponents, a MultiBody connector is required but for
important for real-time purposes [3, 10]. The 3D efhe simple 1D case, it is desirable to remove these con-
fects can be turned on through the use of a parameteictors. Therefore, the base class shown in Listing 2
This has been implemented using the new Modelisas implemented which is inherited by the affected
featureconditional declarationsghat have been intro-components of the PowerTrain library.

duced in version 2.2 of the Modelica language speci-

fication. The idea is illustrated using the example |_n , : .
- ) . N 2:B lass f h 13D
Listing 1 and the object diagram in Figure 6. Isting ase class for components with optional 3

effects
o . . partial model ThreeD
Listing 1: Example demonstrating conditional decla-import  Modelica.Mechanics.MultiBody;
rations parameter Boolean enable3D= true ;
MultiBody.Interfaces.Frame_a
model DampedInertia frame_a if effectiveEnable3D;
import  Modelica.Mechanics.Rotational; protected
outer MultiBody.World world;
extends Rotational.Interfaces. TwoFlanges; parameter  Boolean effectiveEnable3D=
world.enable3D and enable3D;
parameter Boolean damping= true ; end ThreeD;
Rotational.Inertia inertia;
Rotational.Damper damper(d=10) if damping;
Rotational.Fixed fixed if  damping; This base class allows the 3D effects to be switched on
equation or off in two ways:

connect (inertia.flange_a, flange_a);
connect (inertia.flange_b, flange_b);
connect (damper.flange_a, fixed.flange_b); .
connect (damper flange b, flange. b): e The base c_Iass provides a Boolgan paranezier
end Dampedinertia; able3D, which can be used to disable the 3D ef-

fects for a particular component.

e It is also possible to enable the 3D effects for
all the components within a model by use of a
single global setting. This is implemented using
the inner-outer concept of Modelica, which is al-
ready used in the MultiBody library for provid-

. inertia ing global settings (e.g. for default animation and
i — 5" gravity field). These definitions are set in the in-
T | i
o= . ner componeniorld which must be added to the
gﬁ i top level of the model. All the components within
b a model access the global settings through a re-
spective outer componeworld. The component
fixed=0 MultiBody.World has been extended by adding a

Boolean parametemable3D

Figure 6: Object diagram of modBlampedInertia
Both parameters have to be true for the 3D behaviour

The declaration of the componewtamperandfixedis to be modelled. If either of them is false then the 3D
dependent on the Boolean parameatamping These MultiBody frame_aas well as the additional equations
components are instantiated onlydémpinghas the for modelling the 3D effects are removed and only 1D
value true. Otherwise these components are not insta@haviour is modelled. The described base class is
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used throughout the PowerTrain library when 3D efion 2.2 of the Modelica language specification. In
fects might be included. By default, only 1D behathe simplest case, an expandable connector is merely
iour is modelled and all the code for the 3D effects an empty connector, see Listing 3. This connector
removed during the code generation phase. By inhelass can be instantiated in different components, e.g,
iting from this class, it is easy to enable 3D effects ai®burce and Integrator in Listing 3, and it is possible to
then place the complete powertrain models onto 2Dnnect to components in the expandable connector,
moving parts without neglecting any 3D effects. even though they are not defined in the class defini-
Figure 7 shows a model which combines comptien of the bus. The various connect statements are
nents of the PowerTrain and the VehicleDynamics kvaluated at compile time and the union of all refer-
brary [2]. The 3D effects are modelled in the powenced variables is used to build the actual bus connec-
ertrain. First investigations, see Figure 8, of sucht@r. During translation a check is made to ensure that
model have been performed in [5]. every signal read from the bus is defined exactly once.

world
. 4

prver H i Listing 3: Example package demonstrating bus reali-

> sation using aexpandable connector

package BusTest
import  Modelica.Blocks;

expandable connector Bus
end Bus;

model Source
Bus bus;
Blocks.Sources.Sine sine;
equation
connect (sine.y, bus.dq);

. . . . d S ;
Figure 7: Powertrain model with 3D effects combined end sodree

with vehicle dynamics model model - Integrator
Bus bus;
Blocks.Continuous.Integrator integrator;
equation
connect (integrator.u, bus.dq);
connect (integrator.y, bus.q);
end Integrator;

model Example
Bus bus;
Source source;
Integrator integrator;
equation
connect (bus, source.bus);
connect (bus, integrator.bus);
end Example;
. . . L. . . end BusTest;
Flgure 8: Animation of a joint powertrain and vehicle

dynamics model

A simulation result of modelExamplein Listing 3 is
3.2 Expandable connectors shown in Figure 9. Although the bus connector was

. . . . defined as empty, the two contained variables can be
The signal bus concept introduced in version 1.0 O tted Py

the PowerTrain library was not easy to extend to usgr—
specific needs. The recommended method for chaii@ge concept of expandable connectors leads to an
ing the signal bus was to extend from the library arehormous gain in flexibility. The bus definition in the
simultaneously replace the bus with a user-defined bBswerTrain library has been changed to that shown in
ending up in a complicated structure. Listing 3. This allows a user to extend the bus in a
For theVehicle Model Architecturéescribed in Sec-very convenient way: Just a connection must be drawn
tion 3.4 an improved bus concept expandable con- between a signal port and the bus, see Figure 10. In
nectors— has been developed and included in veaddition a variable name on the bus must be provided.
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Figure 10: Example mod&owerTrain.ControlUnits.-
ShiftSchedule

3.3 New gears with losses

In the previous version of the PowerTrain li- o

brary, the two component&ears.PlanetPlaneand

Gears.PlanetRingvere provided so that any type of
planetary gearbox could be constructed. These ele-
ments have been improved so that speed and torque
dependent losses are now taken into account. An ex-
ample is shown in Figure 11 where a planetary gear of
the Wolfrom type, with losses, is constructed using the

PlanetPlanet and PlanetRing components.

LossyPlanetRing2 Inertia_p
L

| v = LossyPlanetRing!
e — Tt
- By |

flange_C Inertia_r1 -
I

Inertia_r2 flange_B
_— _— -
=R

flange_A

Figure 11: Object diagram of Wolfrom type planetary o
gearbox with losses implemented using the improved

PlanetPlanet and PlanetRing components

The overall gear ratio and efficiency of a plan- e
etary gearbox constructed using these basic ele-

ments can be calculated using the modRelwer-
Train.Examples.WolfromEfficiencyshown in  Fig-

teeth contact) are known.

Stepl

Acceleratel Inertia_s1 SpringDampert =1sf
;b—é_‘:—.lE E |<,7
a Te=T
star Time=1 T J=1e-5 o=

gear

torque Constart]

T tau

Fixed=0
[
m

Figure 12: Object diagram of test model to determine
gear ratio and gear efficiency between axis A and B of
the Wolfrom planetary gearbox

The gear ratio and the gear efficiency between axis A
and B are computed as follows:

e At the output (axis B) a unit torque is applied as

a load.

Atthe input (axis A) a unit acceleration is applied
for 1 s. This means that the speed of axis A starts
at zero, and rises linearly to 1 r&during the
first 1 s of the simulation and then remains con-
stant at 1 rads. Since the speed is constant, the
inertias inside the gear do not have an effect for
the power distribution.

To avoid possible problems with the non-

unigueness of solutions of friction elements when
forcing the wheel to rotate according to the de-
sired acceleration, the forced movement of the
flange is not directly required. Instead, the ac-
celeration component drives a very stiff spring
which in turn drives the gear flange.

The gear ratio is the ratio of the angular veloci-
ties of flange_A and flange_B at the end of the
simulation (say at 2 s).

The gear efficiency is the ratio of the cut-torques
of flange_A and flange_B divided by the gear ra-
tio.

The above two numbers can most easily be deter-
mined from the simulation, in Dymola, by click-
ing in the plot window orAdvancedand then set-
tingt = 2 in the input fieldTime This displays the

ure 12, provided that the number of teeth on each of values of all variables in the variable browser at
the gearwheels and the efficiencies of each mesh (gear t = 2.
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Figure 13: Screenshot of Dymola showing example model on Vehicle Model Architecture basis

It would not be possible to determine these values ys1 Flexible driveline models

ing a static model where the gear shafts are not ro- . . : , .
tating. This is because the friction between the te area of increasing interest is the modelling of vi-

would be in the stuck mode and the friction torqué)s.rations _and oscillatory responses within the whole
are thencomputed implicitly from the requirement powertraln. These effects are required when attempt-

that the shaft accelerations are zero. This is corred to simulate dr|veab_|l|ty, shn‘t_quallty or othe_r Sim-
described by the Modelica model and therefore dded €ffects that are likely to introduce oscillatory

not allow the efficiency to be calculated using a stafigrques into the powertram system. The study Of_
model. these effects has required the development of addi-

tional driveline component models that include addi-
tional effects such as stiffness, damping and backlash.
The first key component required was the flexible
shaft, which introduces the ability to model the twist-

Within Ford Motor Company’s Powertrain Researc?ﬂg qf a shaft, such as th_e propshaft or_driveshafts. In
Department an architecture for modelling of vehicldsS Simplest form the flexible shaft consists of two ro-

has been developed and reimplemented in Modelig@ional inertias connected by a linear spring-damper.
The resulting Modelica package was presented in [1]hiS form the shaft can be used to model low fre-
and is freely redistributable in source code form. fHeNcy effects such as shuffle, which occurs in the
order to promote interoperability with other librarie§:-10 HZ range. _ _

in the automotive area, this architecture will be used Ii€ flexible shait can easily be adjusted to model

the PowerTrain library. An example model following!!gher frequency effects as it can contain a variable
this architecture is shown in Figure 13. number of spring-dampers and inertia components.

This is possible through the use of a parameté¢o
specify how many spring-damper blocks the flexible
. o shaft model should contain. The effective stiffness

4 New fields of application and damping of each spring-damper block is adjusted

based on the parameter The flexible shaft contains
Version 2.0 of the PowerTrain library has been er+1 inertias and the total inertia of the shaft is evenly
tended by including a wider range of driver modebldistributed across these. The implementation of the
and new components in a number of new applicatifiexible shaft is shown in Listing 4.
areas. Example models demonstrating the usage of\fieen developing a model to simulate driveability or
new components have also been included in the libratyift quality it is important to include the reaction of
and these are described below. the powertrain within the vehicle. As the entire pow-

3.4 \ehicle Model Architecture
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Listing 4: Flexible shaft implementation

model FlexibleShaft
extends Modelica.Mechanics.Rotational.Interfaces. TwoFlanges;

parameter  PowerTrain.Types.TorsionalStiffness c=1 "Stiffness";
parameter  PowerTrain.Types.TorsionalDamping d=0 “"Damping";
parameter  Modelica.Slunits.Inertia J=1 "Inertia";

parameter Integer n(min=1) = 1 "Number of spring-dampers";

Modelica.Mechanics.Rotational.Inertia inertia[n + 1]( each J=J/(n + 1));

Modelica.Mechanics.Rotational.SpringDamper springDamper[n]( each c=c+n, each d=d);
equation

connect (flange_a, inertia[l].flange_a);

for i in 1n loop

connect (springDamper(i].flange_a, inertia[i].flange_b);
connect (springDamper[i].flange_b, inertiali + 1].flange_a);
end for ;
connect (inertia[n + 1].flange_b, flange_b);
end FlexibleShaft;

ertrain is suspended within the vehicle by a number
mounts it can move within the vehicle and have a si
nificant impact on the overall vehicle response. Pr
viously the PowerTrain library did not consider thes
effects and a number of components have been dey otarue | 47
oped specifically for this task. —
Within the PowerTrain library an example has beeni
cluded showing how to model the reaction of a dif-

drivelne.

FRWheel

~ m (C)

FLvvheel

—
=|
o

tau
driveshaft 7f RightHalfShatt

ferential on its mounts for a rear-wheel drive vehj- ﬁr{'ﬁ'{-‘ﬁ e
cle. In this example the driveline is modelled using ==
the 1D flexible shaft for the propshaft and driveshafts S " ,3; —

the differential is modelled using MultiBody compor *:g:g:—*w]uf D»
nents and is connected to the appropriate shafts viaft o .

ShaftlD_MBS, see Figure 14. E‘ T

The Shaft1lD_MBS model is used to couple 1D rotat T P

ing components directly to components in the Multj-

Body library. This component relates the rotationa Dﬁ .

speed and torque in the 1D connector to the speed ant

torque on the specified axis in the MultiBody connegsigure 14: Driveline model that includes the move-

tor. ment of the differential on its mounts
The differential component is modelled using the

MultiBody library and reacts the torques in the driv,5¢ shouid be connected to the driveline component
eline onto the differential mount points. The aCtu%Ieing suspended

differential mounts form part of the chassis subsystg&nmmber of tyre slip models have been included in

and are discussed below. The differential includes the, ../ version of the PowerTrain library. The avail-

rotating inertias of the various internal componentgy slip models include a simple linear slip model, a

backlash referred to the diff input and the mass, inerpa .oy 4 sjip model and the Rill slip model. These have
and geometry of the complete differential assembly.been implemented for longitudinal slip only and con-

The type of mounts typically used to suspend the pogger the vertical load acting on the tyre.
ertrain within the vehicle are designed to react forces
in the x, y and z directions and they leave the powe v
train free to rotate. These have been modelled using'a
series of three ActuatedPrismatic joints that are us&dgrowing number of vehicles are being developed
to react the forces applied to the mount in three diregith all-wheel drive, e.g. sports utility vehicles (SUV)
tions. A spherical joint is used at the side of the mouahd commercial vehicles. There are a wide-range of

4wd drivelines
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Figure 15: Some of the differential models available in the PowerTrain library. Clockwise from the top-left,
conventional differential, simple active differential, torque vectoring differential, viscous differential

possible ways to deliver an all-wheel drive vehicle ani@dl models available.

components have been included to enable the mgdr the simple active differential and the torque vec-
elling of the most common types and some of the masting differential control systems have also been pro-
advanced. Available models include simple open difided. An example of a four-wheel drive vehicle, that
ferentials, viscous differentials, and two types of activges three of these simple active differentials, has been
differential. The various differential models have ajdded to the library. In this case, the control system
been implemented as 1D rotational systems with omgs been designed to control each differential sepa-
the conventional differential described previously ugately with the sole objective being to maximise trac-
ing a MultiBody approach. tion. Each differential controller looks at the output
All the differential models provided are based arourshaft speeds from its differential and acts to reduce the
the use of an epicyclic differential unit. The differdifference in speed. It should be possible for some slip
ent configurations of active and passive locking medie-occur between the shafts to allow for cornering and
anisms are then placed around this core epicyclic ufits can be defined through the controller parameters.
and work in different ways to control the behaviour dfi addition to the range of differential models, a power
the differential. Figure 15 shows four of the differentake-off (PTO) style transfer box has been provided. In
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some four wheel drive applications this type of transfelled and this would limit the suitability of the library
box is used instead of a centre differential. The kégr concept studies.

difference between using a differential and a PTO style

transfer box is that the ratio between the input and each

output shaft is fixed in the PTO style box whereas ths  Other enhancements

ratio can vary when a differential is used. _ _ _ _ _
This section describes the driver models, which have

been added to the library, and changes concerning ta-

4.3 Hybrid vehicles bles.

With several automotive manufacturers and suppliers

working on hybrid vehicles, there was a necessity 81 New driver models

provide corresponding models in order to support con- . _ _

cept studies in this area. Models have been includEd range of driver models provided with the Pow-
for batteries, motors and the associated controllersfdrain library has been expanded to cover a wider
meet this need. range of tests. In addition to the existing cycle driver
The objective is to deliver models suitable for conce}ﬂere are now driver models designed to carry out per-
study work so that minimal data is required to develdgrmance tests and driveability tests. There are also
a working model of a hybrid concept and to test oy@riants for use with both manual and automatic gear-
the functionality. Two hybrid vehicle examples havBOXes- .

been included, one based on a vehicle using an Inté€ cycle driver models are based around the use of a
grated Starter-Generator (ISG) and another based d#l gontroller that actuates either the brake or accelera-
series-parallel hybrid style vehicle similar to tifiey- OF pedal to control the vehicle speed so that it follows
ota Prius. Both examples have been configured to rdhd€fined speed-time profile. A number of drive cycles
drive cycle simulations. are included by default such as the NEDC, EPA City
The battery model included in the PowerTrain libra@d Highway cycles. Itis possible to define your own
is based on the Saft capacitance model, which wigditional drive cycles for use with the driver model.
originally developed in P-Spice [4] and has also be8Y Varying the Pl gains, the behaviour of the driver
used in the Advisor [1] simulation tool. Figure 16N be altered allowing the driver model to be tuned
shows the circuit diagram used for the battery mod, match a range of different driving styles. The ver-
CapacitorChis very large and represents the ability gion Of the cycle driver used with manual gearboxes
the battery to store charge chemically, the capaitor als_o controls the cIutch ped_al and gear lever. The shift
is small and represents the surface effects of a spifffiNts are USU&}”y qefl_ned in the Idr|ve cycle to occur
wound cell. The three resistances represent the terfiParticular points in time and driver starts to change
nal resistanceR{), end resistanceR@ and capacitor 9€ar at these points.

resistanceR0). The driveability driver models are used to perform tip-
in and tip-out tests in fixed gears, or fixed gearbox

o o . mode in the case of automatic transmissions. The tests
e i u start with the driver controlling the vehicle speed to an

initial value and then accelerating and decelerating the
vehicle between defined speeds using only the throttle.

Bl=]

AoEEy=y

Llel

Hnoo=0

1 . The brakes will not be used to decelerate the vehicle.
T8 For manual gearbox vehicles it is normal to define the

T ) tip-in and tip-out speeds as engine speeds. Due to the
] effect of the torque converter, it is more usual to de-

fine the tip-in and tip-out speeds using vehicle speed
Figure 16: Circuit diagram of the battery model for automatic gearbox equipped vehicles.

The performance driver is used to perform standing
The power electronics required to transfer energy fratart acceleration tests. The version used with auto-
the battery to the electric motor have been simplifiedatic gearboxes can perform both an idle start or stall
so that the simulation performance is maintained. Atart acceleration test. In both versions the accelera-
accurate model of the power electronics would requiiee pedal position for the acceleration test can be de-
a large number of high frequency effects to be mofired so it is possible to assess the part-throttle accel-
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eration performance as well as the wide open throf3] H. ELMQvIsT, S. E. MaTTsSON, H. OLSSON,
tle (WOT) performance. The version used with man- J. ANDREASSON M. OTTER, C. SCHWEIGER, AND
ual gearboxes will change gear when a defined engine D- BRUCK, Realtime Simulation of Detailed Vehicle
speed is reached. If in-gear acceleration times are re- and Powertrain Dynamicsin Electronics Simulation

) . . ; and Optimization (SAE 2004 World Congress), De-
quwgd f[he drlv_eablllty driver model should b_e_used and troit. USA, March 8-11, 2004, SAE International.
the tip-in and tip-out speeds set to be the minimum and 5, ;ment Number: 2004-01-0768.

maximum speeds for the given gear.
[4] V. H. JOHNSON, A. A. PESARAN, AND T. SACK,

Temperature-Dependent Battery Models for High-
5.2 Replaceable tables Power Lithium-lon Batteriesin 17th Electric Vehicle

) _ Symposium, Montreal, Canada, October 16—-18, 2000.
All tables in the library have now been declared as re- o ) -
D. MAUERMANN, Echtzeitsimulation detaillierter

placeable. This change was made f"‘s many (':ustor.né% Fahr- und Antriebsstrangdynamikdiploma thesis,
do not often have data in a form that is compatible with |, <chule fir Technik.  Wirtschaft und  Kultur
the tables in the Modelica_\ standard Iiprary. Instead, | eipzig (FH), Fachbereich Elektrotechnik und Infor-
they are forced to use their own, proprietary data for- mationstechnik, July 2004. Compiled at Deutsches
mat and their own table implementations. It was dif- Zentrum fir Luft- und Raumfahrt e. V.
ficult for them to use these in combination with the[G] M. OTTER, M. DEMPSEY, AND C. SCHLEGEL, Pack-
PowerTrain library in the past. age PowerTrain. A Modelica Library for Modeling
and Simulation of Vehicle Power Trains Proceed-

. ings of the 1st Modelica Workshop, Lund, Sweden,
6 Conclusions and Outlook October 2000, Modelica Association, pp. 23-32.

. - 7] M. OTTER, H. ELMQVIST, AND S. E. MATTSSON,
Version 2.0 of the PowerTrain library offers several[ The New Modelica MultiBody Libraryin Proceed-

new featurgs, which open many new applicatiqns. ings of the 3rd International Modelica Conference,
New Modelica language elements allow a clean im-  Linképing, Sweden, November 2003, Modelica As-
plementation of the new features and make it easier for sociation and Linkdping University, pp. 311-330.
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