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Chapter 1

Introduction

Library PowerTrain is alicensedModelica package providing 1-dimensional rotational mechanical com-
ponents forvehicle power trains It is also useful in general for modeling of gear boxes. The library
includes from easy to use to very sophisticated components to model power trains. It does not supply com-
ponents for all specific needs. But, all components are open and can be modified or extended by the user.
A typical screenshot is shown in the next figure

driver

Oriver

Enging

transmiss. . axle

where the most important components are used to build-up a drive line. Note, that for all these components,
different variants can be selected, e.g., a detailed 4-gear and a detailed 6-gear automatic transmission model.
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1.1 Main features of package PowerTrain, version 1.0

e 45 user-callable componentgnot counting interface objects)) example models45 new compo-
nents for the Modelica standard library (version 1.5) since of general interest and needed from the
PowerTrain library.

e Speed and torque dependent frictioncan be handeled in a robust and efficient way based on new
research results. Therefore, gear efficiency is now easy to simulate. Many elements in the library,
especially most clutches, gears, planetary gears, automatic gearboxes, engines, have now optional
speed and torque dependent losses.

e Bus conceptto get rid of the complex connection structures of signal connections and support the
user to easily extend the bus with user-defined signals.

e Variant selectionusing the replaceable feature of Modelica. Basically, there is now just one model —
PowerTrain.DriveLine — consisting of a typical drive line from which all the main variants provided
in the library can be selected, e.g., 3 different types of detailed automatic gearbox models but also
user-defined gearboxes.

e Animation of gears and shafts of a drive line as built-in feature of many components, see, e.g., the
animation of a 6-speed automatic gearbox of Lepelletier type in the figure below. Animation can
be switched off with a parameter to remove the animation code completely from a model, e.g., for
hardware-in-the-loop simulation.

e Control units to control the various parts of a drive line, such as . All of them are parameterized with
the control lever position of the driver (P,R,N,D,1,2,3,...) and do not depend on a specific number of
gears.

e Sophisticated examplesvhich may be used as a starting point for user drive line models. Especially,
examples are provided for power consumption calculation and analysis of shift strategies based on
detailed models of 4 and 6 speed automatic gear boxes.

e Improved documentation with this 54 pages tutorial and a 127 pages reference guide (both in pdf-
format and in html-format for online-help).
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1.2 How to use this Library

You should be familiar with Dymola and Modelica in order to use this package. PowerTrain Library version
1.0 needs Dymola versidnOaor later. Note, that the terms "package” and “library” are used interchange-
ably in this tutorial.

e Running a Demo Model (cf. Sectioii Rhelps you with a quick start and gives a useful introduction
to understand the concept of the library.

¢ Build a first Model gives a short step by step introduction for building a first model.

e Model DriveLine (cf. Section[4)combines the main components (engine, transmission, axle, resis-
tance, driver) of a power train. For most of these components different variants can be used including
your own versions.

e Basic Components (cf. Sectiof|5)o build the main components (also useful for users building
higher level components).

e Concept of the Signal Bus (cf. Sectiof]6gxplains the concept of the signal bus that is used to
transport data between all components.

e Concept of the Animation (cf. Sectiorj Y )describes, how animation is set up and used.
e Description of all Demo Examples (cf. Sectioh|8)lescribes the available demo models.

e Upgrade ((cf. Sectiorj 9§)models that have been developed with a former version of the PowerTrain
library, e.g., with version 0.98.

e Literature (cf. Section[10) contains a list of useful books and literature.

1.3 Acknowledgement

The development of this library was in parts supported by “Bayerisches Staatsministerium flr Wirtschaft,
Verkehr und Technologie” under contract 300-3245.2-3/01 for the project “Test und Optimierung elektron-
ischer Fahrzeug-Steuergerate mit Hardware-in-the-Loop-Simulation”.
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Chapter 2

Running a Demo Model

Open the PowerTrain Library from menkse, Libraries, Power trainsand you see:

Dymola - Dynamic Modeling Laboratory - [Diagram] - | I:Ilil
File Edit Simulation Blob Animation window  Help - | ﬁllﬂ

—

s [RIF¥OOTAL-D-[HM[Z (¢ »=mSHB W

| Packages I;I

=l [ ]| PowerTrain
@Examples
[ DrriveLine
.Bus
|:|Driver

BeE ngine

-fé:-T ranEmiszion
-m-.-‘-‘-.:-:le

_é’EarH esistance
[ ]|V ariants

[ ] Auiliaries

(] Clutches

[ ] Controlnits
[ ] Gears

[ ] Interfaces | |
1 Yisualizers =l

E E|l el > | x|

Unnamed Modeling | ™ Simulation

Double click onExamplesand then orSimpleAutoGear and you get:
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simplefutoGear - PowerTrain.Examples.SimplefutoGear - [Diagram)] - |EI|5|
Eile Edit Simulation Elot Animation Window Help _||5’|£|
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o = J=rr g2

- ] CarConzumptian ;I

AR IR S

[
—
S
\
M

Components -
B[P T rain Examples. Sim...
M@ Example - Modelical...

B2

B

Load

enging

targue ﬂ

Modeling "y Simulation

4

This example shows a very simple, basic structure of an automatic gearbox. The components of this model
are from the following packages:

From packag®owerTrain:

e Gears “planetaryl” and “planetary2” are instances of Gears.LossyPlanetary and model planetary
gears with mesh and bearing friction.

e The laminar clutches “C1” and “C2" are instances of Clutches.LaminarClutch.

e The control unit “clutchControl” is a very simple model to control the clutches and brakes of this
automatic gearbox. It is an instance of Examples.SimpleAutoGear.SpecialClutchControl.

From packag@&lodelica:

e The rotational inertias “enginel”, “engine2” and “load” are instances of Mechan-
ics.Rotational.lnertia.

e The frictional brakes “B1” and “B2” are instances of Mechanics.Rotational.Brake

e The external torque “torque” transforms a signal to a driving torque. It is and instance from Mechan-
ics.Rotational. Torque
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e “Constantl” from Blocks.Sources models the engine in an extremely simplified way by providing a
constant torque signal..

The system switches after every second to the next gear. Change novBimtilationmenu, seStop time
in Setup ...to 5 s and simulate the system. The model will be translated automatically, the simulation run
will be performed and you get the window setup for generating plots:

SimpleAutoGear - PowerTrain.Examples.SimpleAutoGear - | I:Ilil

File Edit Simulation Blot Animation window Help

==L o @EEREI N Cdad»

Warablez I Ualuesl Un
Hlinitial values
diB2
HBT
[+Load
enginel
[engine2
[+ Constant
[+ planetaryT
[+ planetary2
RICT
RIC2
[ clutchControl

< | B

Advanced |

L

tranzlateModel | "PowerTrain. Examples . SimplefutoGear");
= true

|_[=] Modeling | W* Simulation

v

Select now results you want to plot from the left part of the window. In the example, we choose the selected
gearfrom componentlutchControland the speed of theLoad The result is the following plot:
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SimpleAutoGear - PowerTrain.Examples.SimpleAutoGear - [Plok]

=10 x|

I File Edit Simulation Plot Animation ‘Window Help -8 x|
& WE2 O | @EF=2R L0 KHddDb»
Yariables II'-.-"-3|LI ik I Descl; 4 clutchontral gear
E5impledutoGear 1

B2 1

HB1 24

HLoad -

phi [0 rad &b 0-
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#flange_a o 25 5 |
Hflange_h

L1 [70 kgmZ Moo e Load.w

: b radds Ab

- derw] rad/s/s der... 1

-a radfs2 A, 0.4

Fenginel i
[+ tarque 0
Fengine ;I
Advanced | 0 ' ' ' 2|5 ' ' ' ' 5
|| = true -

= true
4]

gimul ateModel { "PowerTrain. Examples . SimplefutoGear ",

stopTime=5, resultFile="5i

W Simulation

| _[=] Modeling
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Chapter 3

A First Example

You can either go through this example from top to bottom or choose from:

e explain the first example (cf. Sectipn3.1)
e setting up the example (cf. Sectjon|3.2)

e simulate and see the results of the example (cf. Selction 3.3)

3.1 Description of the first example

With thefirst example some basic elements are explained and it will be shown how these can be combined
with elements from other packages.

gjain
bazic=trat ...
o EE k={3.6} T =
S | o
. hroittle ' -
ramg [ | wheel1
= slidinghMass
]
u - o— ==
_/_ / i
_ AseEngine idealGear=3.5 =1 —-
duration={1} cortrolled_Mgear

e The diagram shows an engine with a gear moving a sliding mass, which could be a very simple model
of a car.

e The simple “driver” is a ramp which applies the gas (throttle position) to the engine.

e The gearbox (controlled_Ngear) defines the gear ratio, depending on the selected gear.
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e The gear is chosen by the component “basicStrategy” based on car speed (in km/h, see Gain) and
actual throttle position.

e The “idealGear” models the differential gear.

e The “wheell” changes the rotational movement (output from the differential gear) to the translational
movement of the moving mass (car).

e The speed sensor measures the speed (in m/s).

3.2 Setting up the first example

Generate the first model, described above, by combining the following elements and use the parameters as
described below.

PowerTrain Package:
BaseEngine (sublibrary Auxiliaries) models a simple engine with respect to torque generation and
fuel consumption based on tables. Parameter setting in model first.mo is:

baseEngine in first g

Generak I Add taodifiers I

— Component

Mame II:uaseE ngine

Comment I

— hModel
Fath PowerTrain Auriliares. Bazek nginel
Comment Simple table-bazed engine model

— Engine torque characteristic

oo 1: throttle position [0..11; column 1;
torqueT able 0,0, 0;1000, 0, 40; 5000, 0, 300] ~ motor speed [revdmin];
matar T orque=flzpeed thrattle] [MN.m]

torqueT ableM ame name of torqueT able for driving torque

torqueFilet ame file name where torqueT able iz stored

— Engine torgue limit

ratar T orgue_min 20 Mo Minimum

rnobor Torgue_mas 300 Mmoo M asimurn

k. Cancel

The parameters for motorTorque_min and motorTorque_max are changed. The torqueTable is
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In Modelica syntax this matrix is defined a9,0,1; 0,0,0; 1000,0,40; 5000,0,300This means,
if throttle is 1 (full gas), the output torque of the engine is 40Nm at 1000 rev/min, 300 Nm at 5000
rev/min and interpolated linearly between these values.

Controlled_Ngear (sublibrary Gears) models a generic wheelset with a defineable number of gears
and ratio dependent losses. All parameters are set to their defaults.

controlled_Ngear in firsk 7] ]

— Component

Hame Iu:u:untn:ulled_N gear

Comment I

— Model
Fath PowerT rain. Gearz. Controlled_Maoear
Comment Genenc wheelzet with a defineable number of gears and ratio dependent lozzes

— Parameters
anirnatiorn Turn ondoff animation
Jin kagmZ  |nput inertia of gear
J_out kam2  Output inertia of gear
farwardR atio Element [i] iz gear ratio of gear i
backwardF atio Backward gear ratio
gearS witching Time E: Switching time for gear selection

true, if meshGearLogs and

gearLDSSESmeFIlEI bearngGearlosz tablez are read from file

— gearLozzezFromFile = bue

File where tables are ztored, if

fiieName I gearLoszesFromFile=true
meshGearlozsh ame I ame of meshGearLozzT able on file
bearingGearlozzMame Mame of bearingGearLoz=T able on file

— gearlozsesFromFile = falze

tezh friction efficiency az function of
mezhGearlozsT able I input shaft zpeed and selected gear
[detailz zee docu]

_ Bearing friction torque as function of input
bearingl earLu:ussTaI:uIeI zhaft zpeed and zelected gear [detailz zee
docu]

k. Cancel

BasicStrategy (sublibrary ControlUnits) models a basic shift strategy. Input are speed of the vehi-
cle and throttle position. Output is the selected gear as Integer value. Two tables define the upshift
and downshift velocities, dependent on the throttle position. Throttle position is between 0 (no gas)
and 1 (full gas). The values in the tables shall be given in km/h. Therefore the input speed signal
has to be also in km/h which requires to multiply the speed of the speed sensor (which is given in
m/s) with a factor of 3.6 using the Gain block (from the Modelica.Blocks Library). The values for
the upTable arél,10,30,70,120km/h. The values for the downTable dle5,15,35,7bkm/h. As we

choose 5 values (switching velocities in km/h) for each of the tables, we defined a 5-gear strategy.

10
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basicStrategy in first 7] x|

| Add Modiiers |

— Component

M amne IbasicStrategy

Comrment I

— hodel
Fath FPowerT rain. Controlll nitz. B azicStrategy
Comment Bazic zhift strateqy

— Parameters
upT able [1.710,30, 70, 120] I pzhift welocities dependent on throttle
downT able [1.5,15, 35, 75] Diownzhift velocities dependent on throttle

aF. Cancel

This model defines a gearbox with five gears. The gear ratios are defined in model “con-
trolled_Ngear” by using the default values.

Wheell (sublibrary Variants.Wheels)is a simple 1D model of an ideal rolling wheel. It transfers
rotational speed into translational speed for the mass (car). Use the default parameters:

wheell in firsk ed B
General I Add Modifiers |
— Component
M ame Iwheel'l
Comment I
— Model

Path FowerTrain. ariants. \Wheels. Wheell
Comment Simple 10 model of an ideal roling wheel

— Parameters
J kamZ ‘wheel inertia
wheelR adius i Wwheel radius

] 4 Cancel |

Modelica.Mechanics.Rotational Package:
IdealGear models a gearbox with a fixed gear ratio (without losses and elasticity). This model is

used to define the ratio of a differential gear (ratio = 3.5).

Modelica.Mechanics.Translational Package:
SlidingMassmodels a translational moving mass without resistances (mass = 800 kg).
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slidingMass in First il bl

General I.-'l‘-.u:lu:l b adifiers |
— Component

M arne IslidingM ass

Comment I

— Model
Path todelica. Mechanics. Tranzlational. Slidinghd azz

Comment  Sliding mazs with inertia

— Parameters
L I length of component from [Eft flange to
right flange [= flange_b.= - flange_a.z]
ml 200 kg  mass of the sliding mass

(] 4 Cancel

Sensors.SpeedSensaneasures the absolute velocity. This block has no parameters.

Modelica.Blocks.Sources Package:
Ramp is used to model a simple “driver”. It defines the throttle position between 0 (no gas) and 1
(full gas). It takes 1 s to open the throttle completely.

e

— Companent
M arie Iramp
Comrment I
— Model
Path kodelica Blocks Sources. B amp

Comment Generate ramp signals

— Parameters
height Heights of rampsz
duration i1} Diurations of ramps
offzet Offzetz of output zignals
zkartTime & Output = offzet for ime < startTime

k. Cancel

3.3 Simulation of the model

After you combined all components and selected the suggested parameters, translate your model.
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-lnix

File Edit Simulation Elob Animation window Help

==L oo gl@EXR QSN Cdaan»

{Translate} '
Yariables I Yalues | Oniit

Slinitial values
I:uaseE ngine
I:uasiu:Strateg_l.l
ideaIG ear
wheel'l
ramp
slidingM asE
gain
Hcontrolled_Mgear

< | H

Advanced |

x| l:d( "E: fotter fHodelicaflibrary-designfPowerTrainftest");
translateModel ("first");
= true

Translates the current model For simulation, |_|=] Modeling | y* Simulation

4

If the translation was successful, choose a simulation time of 20s. The following plot shows the gear
shifting from 1 to 5 and the corresponding speed of the mass.
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first - first - [Plok [1%]] O] x|
File Edit Simulation Elob Animation window Help - | Elil
I dE WE2YO | @EF=2XRLTr | HadDb»
Yariables I"-.J'aluel L rit IDESCI: 5 basicStrateqy. gear
Sfirst 1
I:uaseE ngine 4
[t/basicSirategy
ideaIGear 5
[lwheell
ramp
= glidingh ass u ' ' ' ' I ' ' ' '
s m abs... u 10 20 ]
<[] der{z) mds  der... _
<[ der(z. 2] mds 2 derl... 40 slidinghdass v
L [0 m leng... i
Hflange_a —
Hflange_h 204
m [B00 kg mas... .
o] v mds  abs.. 0
[T derfw mdsds  derl... ll
Advanced 0 ' ' ' ' ’IIIZI ' ' ' ' 0
¥| | translateModel"first"); :|
= true
gimulateModel {"first", stopTime=20, resultFile="first"}; j
= true i
|_|=] Modeling | * Simulation
Vo
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Chapter 4

DriveLine and Main Components

On the first hierarchical level of the PowerTrain library the main sublibraries are present, as well as the
main componentsfor the first setup of a general powertrain: Bus, Driver, Engine, Transmission, Axle and
CarResistance. For all these components different variants exist (e.g., a specific 4- and 6-gear automatic
transmission). Additionally, mod@&riveLine is a complete drive line with these components. All available
variants, including user supplied variants, can be selected in the DriveLine model. To understand the
concept, open model “DriveLine” from the top level of the PowerTrain Library.

driver

Criver

engine

transmiss. . axle

If you open, e.g., component Engine with a double click, you see the menu
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fullEngine in Driveline

General I Add M odifiers

— Companent

M amne I fllE hgire

Comrment I

— kodel
Fath PowerT rain. Main. FUllE nagine
Comment  bModel of engine and of its auxilianies

— Parameters

enginel

Engine model

E T able bazed engine model

B T able bazed engine with warm-up model 0k, Cancel

and you can choose one of the suggested engine models. The components gearbox, axle, car and driver
behave similarly. Below, the currently provided variants are shortly described.

4.1 Choice of drivers (package Variants.Drivers)

Currently, there is only one choice of a prepared driver model

Drriver PowerTrain.Driver
Models of drivers and drive cycles from PowerTrain.Variants.Drivers and from user
Oriver definitions.
w
Driver Variants.Drivers.Driverl
A basic driver model for driving cycle simulation with an automatic transmission. The
Oriver model is based around a Pl controller that is used to determine the desired throttle and
brake pedal positions. The driver will only control one pedal at once and the pedal being
u controlled is decided by a logic system based on the desired speed and acceleration. The

desired vehicle speeds are input by a CombiTable and are usually defined on a file (see
file PowerTrain/maps/DrivingCycles.txt). The driving cycle that the driver follows is
provided as a speed-time profile including control lever position

4.2 Choice of engines (package Variants.Engines)

_— PowerTrain.Engine
Models of engines with controllers and auxiliaries from PowerTrain.Variants.Engines
I-Eia_n

and from user definitions.
Encine
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- Variants.Engines.Enginel
Engine based on a table with idle and speed limit controller. Input to the engine model is
—=0  the desired throttle position. Additionally, a starter motor is present to start the engine.

Engine1

- Variants.Engines.Engine2
@ Simple engine model based on tables which includes an engine warm-up model. Inputs

to the engine model are desired throttle position and fuel flow. The model determines
Engine2 the torque produced by the engine from a table of throttle position and engine speed
(both signals from connector bus) taking into account frictional losses which depend on
oil temperature. The warm-up model determines the heat rejected into the engine based
on the fuel energy input and useful work output. Additionally, a starter motor is present
to start the engine.

a

4.3 Choice of transmissions (package Variants. Transmissions)

PowerTrain. Transmission
Transmission models from PowerTrain.Variants.Transmissions and from user defini-

= tions.

v

Transmi...

Variants. Transmissions.AutomaticNgear
Generic automatic wheelset with a defineable number of gears, ratio dependent losses
and simple model of switching behaviour based on a first order filter.

2

Avtomat ...

Variants. Transmissions.Automatic4Gear

Detailed model of a controlled automatic wheelset with 4 forward gears of extended
Simpson type. The automatic gear is modelled with laminar clutches, brakes and free-
wheels.

2

Avtomat ...

Variants. Transmissions.Automatic6Gear
Detailed model of a controlled automatic wheelset with 6 forward gears of Lepelletier
type. The automatic gear is modelled with laminar clutches, brakes and freewheels.

2

Avtomat ...
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4.4 Choice of axles (package Variants.Axles)

m
!

Ale

m
!

Al

m
!

A

PowerTrain.Axle
Models of front or rear axles with differential gear, wheels and brakes from Power-
Train.Variants.Axles and from user definitions.

Variants.Axles.Axlel
Axle model including differential gear losses and a simple 1D model of an ideal rolling
wheel.

Variants.Axles.Axle2
Axle model including differential gear losses and a simple 1D model of a wheel with
speed dependent wheel radius.

4.5 Choice of car resistances (package Variants.CarResistances)

B

CarFesi...

£

CarFesi...

T

CarFesi...

PowerTrain.CarResistance
Models of car resistances from PowerTrain.Variants.CarResistances and from user def-
initions.

Variants.CarResistances.CarResistancel

Model of car resistances due to acceleration, slope of the road, wind and rolling resis-
tance. Some of the data are given via combi-tables, i.e., the data may be given directly
or read from file.

Variants.CarResistances.CarResistance2
Model of car resistances defined as a 2nd order polynomial of the car speed.

18
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Chapter 5

Basic Components

Below the basic components provided in the PowerTrain library are shortly described. They are used to
construct the main components discussed in “DriveLine and Main Components”. They are also useful for
a user when constructing higher level components.

5.1 Package Clutches

This package contains laminar clutches, free wheels and one-way-laminar clutches (= parallel connection of
laminar clutch and free wheel). These components are based on the Coulomb friction model and have stuck
and sliding phases. The implementation of the friction models are performed in a robust and numerically
reliable way. Problems usually only occur, if two friction elements may lock (directly or indirectly) the
same relative motion, since then no uniqgue mathematical solution exists. Dymola is still able to handle
this situation in most cases by continuing with a least squares solution (= pick one solution of the infinitely
many that is as close as possible to the solution of the previous time instant). The friction phases in all these
elements are characterized by the public Integer varialolde which can have the following values:

mode = 2. clutch i:ot active (no frictional torques)

mode = 1. clutchisliding in forward direction

mode = 0: clutch istuck (no relative motion between clutch surfaces)
mode = -1: clutch isliding in backward direction

In package Modelica.Mechanics.Rotational also clutch and brake models are available. The essential dif-
ference to PowerTrain.Clutches is that the latter are parameterized by technological parameters directly
available from a clutch manufacturer whereas the components in the Rotational library have a generic pa-
rameterization.

Components that have a dark orange color in the icon (LaminarClutch, OneWayLaminarClutch) can be
optionally used in an animation to visualize when the component is active or not active. The parameter
menus of model LaminarClutch are:
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laminarClutch in Unnamed 7| x|
General I Arirmation | Add Modifiers I
— Component
MName IIaminarEIutch
Comrment I
— hodel
Fath FowerTrain. Clutchez. LaminarClutch
Commemt
— Parameters
[w_rel, muelw_relpl ], muelw_rel.p2]. ...]
mue_pos | [0,0:0,0.1] 20-table of pasitive sliding friction
coefficient [w_rel>=0]
rueName I Y prYp— name of mue_pos on file or in function
uzertab
mueFiIeName| "MoMame" file where mue_pos is stored
ool I 1 peak mue_poziw_rel=0p) = maximum
wvalue af mue far w_rel==0
Fout 11 'm auter lamella radiuz
Rin .01 fm inner lamella radiuzs
nSurface 1 nurnber af friction sufaces
pistondrea L0022 pressure area of pizton
zpringForce 100 W force of clutch #pring
5. sgiic) 1 radds Helatw_e angular velocity near to zer [zee
model infio text]
(] 4 Cancel
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laminarClutch in Unnamed

General | Animation | Add Modifers |

animation I

Turn ondoff animation [following
parameters only relevant if animation=true]

— Shape position

axizDlirection I

axizUrigin I

zoale I

YWector in direchion of dive awiz
Position wectar from warld frame to axiz
arigin

Animation iz vizualized ‘scale’ imes bigger

— Shape definition

diameter

width

posgition

clutchCalar2

|
clutchCaolar I
|
|

prezzureT oShow

Diameter of clutch plates

Width of one clutch plate

Fozition of left clutch plane along dive
axiz gtarting from axiz origin

RGE color value and zpecular coefficient
aof left clutch plate

RGE color value and specular coefficient
af right clutch plate

Frezzure at which clutch iz shown as
engaged

(] 4 Cancel

Clutches.LaminarClutch

Laminar clutch where the input signal is the pressure. Same as LaminarClutch with the
o  only difference that the plates are defined via a middle radius instead of an inner and an

outer radius.

Latminar ...

Clutches.LaminarClutch2

Same as LaminarClutch with the only difference that the plates are defined via a middle
o radius instead of an inner and an outer radius.

Latminar ...

Fregiheel Clutches.FreeWheel

Model of an ideal free wheel, i.e., the component does only allow a relative motion
in one direction and locks the relative motion, if the sign of the speed would become

|
|:> =0
- negative.
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CInEE .

CneaE .

Clutches.OneWayLaminarClutch

Same as LaminarClutch, however the speed cannot become negative (= parallel con-
nection of LaminarClutch and FreeWheel. The ambiguity of the friction torques are
resolved here in an appropriate way).

Clutches.OneWayLaminarClutch2
Same as OneWayLaminarClutch, with the only difference that the plates are defined via
a middle radius instead of an inner and an outer radius.

5.2 Package Gears

This package contains different kinds of gears, such as planetary gears, Ravigneaux wheelsets, differential
gears, CVT gear. Components that have a red arrow in their icon, such as LossyPlanetary, are modelled
with mesh and bearing frictional losses (= torque and speed dependent friction with sliding and stuck
model). The implementation of the friction models are performed according to a new theory in a robust
and numerically reliable way. Similiarly as for package Clutches above, the friction phases in all these
elements are characterized by the public Integer varialolée (details see above). Components that have

a dark orange color in the icon such as LossyPlanetary can be optionally used in a 3-dimensional animation
to visualize the movement of the gear wheels.

FIANEIFI. ..
=1
—n
=_—L—|.|:|
o— =
_—T

I=,

FIRMNETHI. ..

Gears.PlanetPlanet

is used to model together with “PlanetRing” any type of planetary gearbox. The usage
can, e.g., be inspected in model “IdealRavigneaux”. Note, that no inertia is included
in this model. By attaching inertias to the sun, carrier and ring flanges, all inertias
of a planetary gear can be taken into account. Only the inertia of the planets with
respect to their axes are always neglected. If this should be not the case, use component
“PlanetPlanetinertia”. Also elasticity, damping or backlash are not included in this
model.

Gears.PlanetPlanetinertia

is identical to PlanetPlanet with the only exception that the inertia of the planets with
respect to their axes are included in the model.

Gears.PlanetRing
is used to model together with “PlanetPlanet” any type of planetary gearbox (see, e.g.,
the implementation of IdealRavigneaux).

22
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Loz=yPla...
==

.—"’

T

i 0=

IdealFa. ..

u

Lepelletier
¥

——
Extende...

Differen...
O= =N

o

LozzvDi...

FasY

LozzvyGear...

LML

Gears.LossyPlanetary

models any type of planetary gear that has three external flanges and is described by
Willis’ equation: (w_A - w_B) = i_0*w_C - w_B) where “w_X" is the speed of
flange_X and “i_0" is the so-called stationary gear ratio. For standard planetary gears
“i_0=zr/zs", where “zs” is the number of teeth for the inner sun wheel and “zr” is the
number of teeth for the outer ring wheel (teeth numbers are taken negative for internal
teeth). The model includes mesh and bearing friction effects and can be animated.

Gears.ldealRavigneaux
Ravigneaux wheel set without losses and with animation

Gears.LossyRavigneaux
Ravigneaux wheel set with losses and with animation

Gears.Lepelletier
Detailed model of lepelletier wheelset for 6 speed automatic gearbox, modeled with
inertias, clutches, brakes and free wheels. Component can be animated.

Gears.ExtendedSimpson
Detailed model of extended Simpson wheelset for 4 speed automatic gearbox, modeled
with inertias, clutches, brakes and free wheels. Component can be animated.

Gears.Differential
ideal differential gear without losses.

Gears.LossyDifferential
differential gear with losses

Gears.LossyGearFed

standard gear where the mesh and bearing friction losses can be defined by external
signals. One has to be very careful when using this element, because “non-physical”
signal connections can lead easily to nasty non-linear systems of equations. Be careful
that the input signals do not depend non-linearly on torques of other components. As an
example see the implementation of component “IndexingGearLosses” where this model
is used in a suitable way.
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[FCE=1 T

.

b
o
o

IndexingGe. ..

Contralled_ ...

Contralled_ ...

Contralled_ ...

Gears.ldealCVT
ideal CVT gear (= Continuous Varying Transmission) without losses

Gears.IndexingGearLosses
speed and driving torque dependent losses in an indexing gear as function of the selected
gear

Gears.Controlled_Ngear

generic automatic wheelset with a defineable number of gears, ratio dependent losses
and simple model of switching behaviour based on a first order filter. The input to this
model is the selected gear.

Gears.Controlled_4gear_ExtendedSimpson

detailed model of a controlled automatic wheelset with 4 forward gears of extended
Simpson type. The automatic gear is modelled with laminar clutches, brakes and free-
wheels and controlled by a simple clutch control system. The input to this model is the
selected gear.

Gears.Controlled_6gear_Lepelletier

detailed model of a controlled automatic wheelset with 6 forward gears of Lepelletier
type. The automatic gear is modelled with laminar clutches, brakes and freewheels and
controlled by a simple clutch control system. The input to this model is the selected
gear.

5.3 Package Auxiliaries

~tarterhotor

Wiarmld. ..

Auxiliaries.StarterMotor
is a simple model of a starter motor. When the boolean input signal ignition is true, the
component outputs a fixed torque value. It has no inertia

Auxiliaries.Fan
is a simple fan model. Input is a threshold value for temperature. When the boolean
input signal ignition is true, the component outputs a fixed torque value. It has no inertia

Auxiliaries.WarmUpModel

is a simple warm-up model that determines coolant and oil temperature based on a
lumped mass system. An energy balance between 4 masses represents the engine block,
coolant in the block, coolant in the radiator and oil system

24

PowerTrain Version 1.0 — Tutorial



¥ Auxiliaries.EnginelLosses
models frictional losses of engine and auxiliaries as a function of the engine speed and
oil temperature

EngineLozz ...
n Auxiliaries. TorqueConverter
Q models a hydrodynamic torque converter consisting of pump, turbine and reactor, where
E= —=0 the reactor is controlled by a clutch to allow the torque converter pump and turbine to
tJ be directly coupled together. The torque converter characteristic is primarily defined
Tarquec by a combi-table. The signal “lockUpClutchDemand” from the signal bus controls the

lock-up clutch position. This element is usually used as coupler between the engine of
a vehicle and an automatic gearbox.

5.4 Package ControlUnits

E:gicﬂt... ControlUnits.BasicStrategy

T ! . . basic shift strategy, dependend on throttle position and speed

Clutehc. . ControlUnits.ClutchControl
generates clutch pressure for selected gear
I T
j SEEEEET iy N
ControlUnits.ShiftSchedule
is a gear shift controller for use with an n-speed automatic gearbox
S
shiftsc. ..

ControlUnits.LockUpControl
Torque Converter Lock-up clutch control for automatic transmissions
i
S0

ControlUnits.FuelMap

Fuel flow controller with externally determined fuel cut-off. Fuel flow is the output
!{ﬁﬁ%ﬁ from this model and is determined from tables of engine speed and throttle position

Fuelhap
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ControlUnits.ORFCO
Over Run Fuel Cut Off (ORFCO) Controller to shut-off the fuel flow into the engine
_.ﬁ%:ﬁ when the engine speed is above a threshold value and the engine is decelerating

DRFCO

26
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Chapter 6

Concept of the Signal Bus

The signal bus (connector PowerTrain.Bus) is used to exchange signals. It was designed to avoid many
connections of input/output signals in the graphical diagramm. The result are simulation models, which
are easy to understand. Since this is of general interest for Modelica applications, the needed utility blocks
have been included in the Modelica Standard Library (versionn 1.5). In the PowerTrain library the signal
bus is defined a®placeableconnector. This allows a user to exchange the bus definition in the PowerTrain
library with his own definition of the bus (= all signals of the original bus + additional, user defined signals).

6.1 First bus example

A goodfirst example is the modelDriveline from the top level of the Powertrain Library.

clriver

CIFiver

For a description of this model see the description of model DriveLine (cf. S¢gtion 4). The pink line in the
middle with the description “bus” is the signal bus, which is an instance of connector PowerTrain.Bus with
the instance name “bus”. The bus is usually drawn in such a way as shown in the above figure in order to
provide the standard graphical representation of a bus.

6.2 Description of the bus

The component bus defines the connector for the signal bus. All signals, which are transferred by the bus
to a component are defined in the bus. Currently, the bus contains the following signals:

PowerTrain Version 1.0 — Tutorial 27



Name Description
desiredThrottle desired throttle position between 0 (closed) and 1 (fully open)
brake brake position between 0 (no action) and 1 (maximum position)
controlLeverPosition | position of control lever

= | meaning

-2 | P | park position

-1 | R | drive backward

0 | N | neutral (no movement)

1| D | drive forward

2 gear limited by “desiredGear”

3 use gear “desiredGear”
desiredGear maximum or desired gear if controlLeverPosition = 2 or 3
ignition true, if ignition is on, otherwisdalse
throttle actual throttle position between 0 (closed) and 1 (fully open)
selectedGear actual number of selected gear between -2 (park) and maximum gear (same

meaning as controlLeverPosition)
gearOutputSpeed angular velocity of transmission output shaft in [rad/s]
lockUpClutchDemand | force signal for lock-up clutch in torque converter between 0 (no action)
and 1 (maximum pressure force)

fuelFlow fuel flow in [g/s]
fuelOverRun true to shut-off fuel flow into the engindalseif no action
vehicleSpeed Speed of vehicle in [m/s]
engineSpeed Angular velocity of engine crank shaft in [rad/s]
coolantTemperature | Temperature of cooling liquid in cooler in [K]
oilTemperature Temperature of oil in oil pan in [K]

Components that have the pink bus connector can be connected to the signal bus. For usage of the bus, copy
the bus in a new model and drag it to a long line.

BusExample - BusExample - [Diagram] - |EI|£|

Eile Edit Simulation Elot Animation  Window Help -|5’|£|
— —| —

e E& R~/ Oo 7 AL DR =

Packages I;l

= ﬁ PowerTrain

=+ ﬁ] Examples J

- DDiveLie —

- .Bus

H |:| Diriver

_?I-CE-Enuine j
Bl ey |m

I+

1

Modeling ® Sirnulation

&

Allmost all control units use the signal bus to exchange signals. If you want to apply, e.g., the component
ControlUnits.ShiftSchedule it needs four signals from the bus and returns two signals to the bus:
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hasicStrategy

gearCutputs. .
desiredThrat. .
thru:d'tle finaiGear

ks

_-:uintrcuILever... E%&

desiredGear

—a

0
zelectedGear

If you want to add this component to your model, you have to connect the pink bus connector to the bus.

o

ShiftSchedulet

6.3 First steps to connect a signal to the bus

The following description shows, how you can send a real signal to the bus. In Modelica context this means
that a signal on the bus is defined by an equation. To receive a signal is a similiar procedure.

As example you may compute a desired throttle as a Real value. If you want to send this Real
signal to the bus, you have to connect it first to the “SendReal” component from package Model-
ica.Blocks.Interfaces.BusAdaptors .
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BusFirst - BusFirst - [Diagram] - |I:I|i|

Eile Edit Simulation Plot gnimation Window Help _|E’|5|
— —|
B2EE RN/ OO AL D[R 2
Packages I;I
&+ M RealPart -
- Ml BooleanPart AL B
- M IntegerPart -
=] [ ] Bustdaptors
-E35endHeal e
3
-e15endBoolean %
o

- S endinteger

- 1FReceiveReal
==

e oo ]
d|

- tReceivelnteger

B E|l €| 9w

Modeling ¢ Sirnulation

4

If you connect the bus connector of “SendReal” with the bus, the following menu appears on the screen:

connect{SendReall.toBus, Bus1) ﬂﬂ

IInmatched components in connechans

connector InputReal = input Real; connector Bus -
RealPart brake:

IntegerPart controlleverP ozition;

FealPort coolantT emperature;

IntegerPart desiredGear;

RealPort desiredT hrottle;

RealPart engineSpeed;
D~ =Dk B ngllrln ..I-:l ;I

b ake the connechion:

connect] SendReall toBus,

Busl |

brake -
.controlLeverPosgition Cancel
.coolantT emperature
.desiredGear

¢ dezsiredT hrottle
.engineS peed
[fuelFlaw
[fuel0verBun
.geardutputSpeed

igrition -

Choose “desiredThrottle” from the menu and click the OK button and you get:
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BusFirst - BusFirst - [Diagram] - |EI|5|

Eile Edit Simulation Elot Animation Window Help _||5’|£|
] =
IBHE W~/ OoT AL D[R, Z
Packages I:I
&+ M RealPort =
- Ml BoolearPort ) | m
M IntegerPort - al
= (] BusAdaptors
- 5endReal
-5 endBoolean J =
212
- Sendinteger g §
- tReceiveRaal = @
- tHAeceveloolean

==

- tReceivelnteger

# []Intemal =
R E|le|lP|n]

Modeling "y Simulation

&

If you want to see, which signal was send to (or received from the bus) you double click on the line which
connects the bus connector with the bus and you will see:

x

equation
@ conneck(SendReall koBus, Busl.desiredThrottle) annokation (points=[-30, -23; -30, -53], styvlelcalor=771)

6.4 Model SimpleBusUsage

To learn more about the Bus, open the model “SimpleBusUsage” from package PowerTrain.Examples.
This model shows, how different signals are sent to the bus and received from the bus.
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The component “RestBus (in package PowerTrain.ControlUnits) allows to define default values of signals
on the bus, if they are not defined elsewhere:
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restBus in SimpleBusUsage

eneral I.-ﬁ-.u:lu:l Modifiers |

— Component

WETN IrestB ]

Comment I

— Model

Fath Controllnitz. RestBus
Comment  Set default walues far buz variables nat defined elzewhere

— Parameters

zet_desiredT hrottle true
zet_brake

zet_controlleverPozition true
zet_desredGear brue
zet_ignition

zet_thrattle brue
zet_selectedGear

zet_gearllutputSpeed brue
zet_lockUpChlutchDemand brue
zet_fuelFlow brue
zet_fueldverRun true
zet_vehicleSpeed brue
zel_engines peed true
zet_coolantT emperature brue
zet_nilT emperature true

Set dummy value for dezsiredT hrattle

Set durnmy value for brake

Set dumnmy value for controlleverPosition
Set durmmy value for desiredGear

Set durnmy value for ignitian

Set durmmmy walue for throttle

Set dummy value for zelectedEear

Set durnmy value for gearlutputS peed

Set durmy value for
lockU pClutchDemand

Set durnmy walue for fuelFlow

Set dummy value for fueldwverBun

Set dummy value for vehicleSpeed

Set dummy value for enginespeed

Set dummy value for coolantTemperature

Set dummy value for oil Temperature

0k, Cancel
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Chapter 7

Animation

Some components supply animation. The icons of such components have a dark orange color. You find such
components in packages Clutches, Gears and Visualizers. Animation can be switched off for faster simula-
tion. In this case, all equations needed for the animation are removed from the model before generating the
code.

7.1 Run a first example with animation

An example with animation of a planetary gear is:

inertiz2
L
= =
=ine torgue inertial
Al i
tau torg... —
fregqHz=... -

visual...

—i

poziti...

Set the stop time of this example to 100.

Attention: If the animation window does not open automatically (usually it is automatically opened when
animation information is present), use the menu: Animation/New Animation. Now you can run the anima-
tion:
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=1 AnimatePlanetary - PowerTrain.Examples_AnimatePlanetary
File Edit “iew Simulation Elutl,&.nimatiun Window Help

(EEmE R[E & DR M«aD»
Mew Animation Window
Wariables I"v"alues
ElAnimatePlanstany 1
inertiaE Pauss F4
EIEE" 4 Rewind F7
|nert|a1 44 Reverse Shift+FE
Htorque
[ visualShaft 4l Backstep FE
sine IF StepFued F&
rLscale | M Forward Shift+F5
[+ fimed
Setup...
a0 Yiew Contral. ..

K1 — i

-
Adwvanced |
| E
ﬂ 125 remaining time dependent wariahles. :I
Finished
fF& experiment StopTime=10 |
Finished hd
Runs the animation, |_[=] Modeling | "W® Simulation
4

7.2 Animation parameters

Open example PowerTrain.Examples.AnimatePlanetary and double click on the component gear. You will
get the following parameter window (choose subwindow animation):
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gear in AnimatePlanetary E

General | {nimation; Ix-‘u:h:l Madifiers |

animatinnl T Tu_rn u:u_n.-"-:uff animation [following parameters only relewant if
[} animation=tr.e]

b

— Shape position
axizDirection m ector in direction of drive axis
aiz0rigin m  Pazition vector fram world frame to axis arigin

zcale zale Animation iz visualized ‘zcale’ imes bigger

— Shape definitian

ringCliameter m  Diameter of ring wheel

width [ 00 m ‘Widthof gear

zRing Murnber aof ring teeth [negative far internal wheel]
positian m  Position along dive asis starting from axiz angin

sunColor RGE color value and zpecular coefficient of sun

planetColor RGE color value and specular coefficient of planet
ringCaolor RGE color value and zpecular coefficient of ring
k. Cancel

If you choose the parametaue you have to fill the following parameters correctly. If you chofelse
the following parameters are without any meaning.

Parameters in shape position are:

axisDirection = {1,0.5,-1}

e

axisOmgin = {1,

where

e axisOrigin is a vector from the basic (world) frame to the origin of the part

e axisDirection is a vector along the rotation axis of the part.

For a better understanding generate for example the following model (Component Accelerate is from
package Modelica.Mechanics.Rotational, the Constant block is from the Modelica.Blocks.Sources,
component Shaft is from package PowerTrain.Visualizers):
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Constant

Accelerate Shaftsh...
L
— >—P:D—-
a T ™

piositian...

k=Tt
Shatt=h...
positian...

Choose the parameters in ShaftShapel:

ShaftShapel in Animate E

| AddModiiers |

Turn ondoff animation [following parameters only relesant if

ahirnation I trie .
animation=tr.e]

— Shape position

axizDlirection {0.1.0F m Yectar in direction of drive axis
axiz0nigin {1050 m %:sitinn wector from world frame to axiz origin
zcale 1 imnation iz vizualized 'scale’ times bigger

— Shape definition

diameter 0.3 m Diameter of shaft

length 1.2 m Length of shaft

sl I—'T' Er?gsiirtjnn af left shaft plane along drive asis starting from axis
calar {0.1.,0,0} RGE color value and specular coefficient of shaft
rark.erCalar {0,010} RGE color value and zpecular coefficient of marker

[k | Cancel |

The position, rotation and size (diameter and length) of the shaft has been changed. The shaft shows directly
into y-direction. The shatft is green (color = {0,1,0}) and the marker is blue (markercolor = {0,0,1}). The

4th value in the color parameters gives an impression of the illumination. 0 means show the real chosen
value, 1 means illuminate the body.

Choose the parameters in ShaftShape2:
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| AddModiiers |

animatin:nnl e Tu_rn u:u_n.-"-:uff animation [following parameters only relewant if
animation=tr.e]
— Shape position
anizDirection 111,05 m  ‘ector in direction of drive axis
axizlrigin 00,08 m Pasition sector fram world frame to axiz onigin
zcale 1 Animation iz visualized ‘zcale’ imes bigger
[~
— Shape definition b
diameter 0.4 m Diameter of zhaft
length 0.8 m Length of shaft
el I 0 m F'u;us_ltlcun af left shaft plane along drive asis starting from axis
arigin
colar {1.0,0.0.5} RGE color value and specular coefficient of shaft
rark.erCalar {0.0,0.0% RGE color value and zpecular coefficient of marker

k. Cancel

The position of the shaft has been changed, the shaft is red with a black marker. And you will get the
following animation window:

Animation

Play with the parameters to understand their exact meaning.

I [=] E3
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7.3 Comments on the choice of colors

The color is given with RGBRed-GreenBlue) values. Best is you choose values between 0 and 1, which
means how much of this basic color you take to mix the new color. The fourth value means the specular
coefficient. The specular cofficient gives an impression of lighting on the body. Play with the example
“Animate” to see the effects.

Examples:

¢ {0,0,0,0}is black,

e {1,0,0,0}is pure red,

e {0,1,0,0} is pure green,
e {0,0,1,0} is pure blue,
¢ {0,0,0,0} is black,

e {1,1,1,0}is white,

e {1,1,0,0} is yellow,

e {1,0,1,0} is magenta,

e {0,1,1,0} is turqoise,

All other choices are mixtures of these basic colors. The PowerTrain library uses a set of pre-defined
constants in package Visualizers: Black, Red, Green, Blue, Yellow, Pink, Grey, Turquoise. You may use
also use these constants in your models, e.g., “PowerTrain.Visualizers.Red".
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Chapter 8

Demo Examples

Several demo examples are delivered with the Powertrain Package. They help to understand the pack-
age and show examples of usage. All examples are described in the documentation of package Power-
Train.Examples.

8.1 List of all examples

Examples.SimpleAutoGear Simple automatic gearbox

-

clgcky

TP
1
1 el
L o e e e e -
- === == - mm === n
I .

torglieenine engine2
—r— = J=1rE1

Examples.SimpleBusUsageDemonstration of signal bus usage
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Examples.LossyPlanetary Example to show that gear efficiency may lead to stuck motion

Fixed1=0
LELL

DHYESING yoroiet  Inertiad Eiar Inertia2 torquez oA

/.\/ =_..L’[au ;-J;ﬂl-léh_f ;_.:il?:l_.é tau h _\\_

freqHz=... i [=- duration...

Examples.AnimatePlanetary Animation of planetary gear
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inertia?
]._J

iy =
—

Sing torgue inertia
/’\/= _.,/9‘\.,_._._.,_&:5_
tau torg... —
fregHz=... =

visual...

—i

poziti...

Examples.CheckRatios Determine ratios of different gears

combiTa...  combiTa...

=

I'3Im

bV

curstion...

Examples.TestBench4sTest 4-speed automatic gearbox
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clock

stl_?ﬁ T ..
LIFTITIY

K=y

clesired...

Vv

cluratian...

feed...

cluc...
=
L=

cartraller T ——

I/ :_P. Q1
taL —

=T LI =

Examples.TestBenchTest 6-speed automatic gearbox

clock
S

stl_?ﬁ T ..
LIFTIETH

K=y

clesired...

Vv

cluratian...

feed...

cartraller T ——

I/ Hhtau };ﬁ

=T LI

Examples.CarConsumption Predict fuel consumption for prescribed driving cycle
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criver

Cikiver &nalysis of fuel ...

engine

2 l':| Pe 1

tran... B

Examples.CarShiftStrategy4 Examine shift strategy of 4-speed automatic gearbox with detailed clutch
models

analysis of shift strategy with ...

clriver

CIFiver

Examples.CarShiftStrategy8 Examine shift strategy of 6-speed automatic gearbox with detailed clutch
models

analyziz of shift strategy with ...

criver

CIFiver

Engine car

Ll
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Chapter 9

Upgrade from Former PowerTrain Versions

The PowerTrain library version 1.0 is not backward compatible. For users, who have developed models
with a former version of the PowerTrain library and want to upgrade to the PowerTrain version 1.0, a

conversion script is provided.

In order to use it, the PowerTrain library version 1.0 must be opened in Dymola via the File / Libraries
menu (during installation of version 1.0, previous versions of the PowerTrain library are renamed. These

versions are no longer needed).

Dymola - Dynamic Modeling Laboratory - [Diagram] I ]
File Edit Simulation Flob Animation Window Help =18l
[[g Hew.. v 2 A SB[ Z ¢ » 2@ HB w0
— = Open... Chrl+0
F: G
Libraries Modelica Skandard Library
Demos 4 - Electrical sublibrary
|] E save 45 - Black sublibrary
Save As.., - Rotational sublibrary
Save Al - Translational sublibrary
Sawe Total.. - Heat transfer sublibrary
Clear Al - Constants
Change Direckary. .. - Mathematical Functions
& Print... Chrl+P - 51 unit bypes
Expart... 4 Modelica Additions Library
Save Log... - Additonal block sublibrary
E Clear Log - Mulkibody systems
= Exit - Table sublibrary
Lampanents - Petri nets sublibrary
~Unnamed

Subset of hydraulics librarsy

Subset of pneumatics library

PowerTrain Library 1.0

Pawer Train User Definitions

Power trains (old version)

PowerTrain

Maodeling "y Simulation
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In the next step, a model which has been constructed with a former version of the PowerTrain library and
which should be converted, must be opened in Dymola.

Dymola - Dynamic Modeling Laboratory - [Diagram]

_{ol x|
_Eile Edit  Simulation Blobt  &nimation Window  Help _|5’|5|
@& /YOoTAL-B-[[Z¢m@AE = -]
| Packages I;II
=] (T PowerT rain
Open

Suchen ir; |ﬁ tp0Idt odels j = =5 Ef-
AukomaticGear . mo

Uilities. mo

|| =

o)
)}
3

=

Dateiname: I.-’-'-.utu::matiu:G Ear.mo j dffren
Diateityp: | Modelica files [*mo) =l threchen |
E

Maodeling W Simulation

7

Dymola recognizes, that an old model is opened und will warn about this. The user is asked, if he wants

to convert the model to be opened to a model using the PowerTrain library version 1.0. For converting,
Upgrademust be clicked.
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' Dymola - Dynamic Modeling Laboratory - [Diagra : - |EI|5|
| File Edit Simulation Flob Animation Window Help - | Elﬂ

IE-EILIASIST VAR, ¢ »=@HEw: ]
.I.:"ackages I;I

=] (] PowerTrain
[ Evamples
Diriveline

Tt
=
il

Ciriver

-a-Engir Dymola x|
-fénTrans

Mewer version Found!
-m-.-'l'-.:-:le The model AutomaticGear uses version 0,95 of PowerTrain, buk version 1.0 was opened.

.&EE"H' Canversion script Found,

ﬂ"v"arial Upgrade will use script H: [Library/Power Train/ Convert ToPower Traind .0.mos,
i) I Upgrade (| Use Without Upgrade Cancel
Companents
LlUrnamed

Maodeling W Simulation

In the message window, Dymola reports which conversions are performed.
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AutomaticGear - AutomaticGear - [Diag -0l |
Eile Edit Simulation Plob Snimation Window  Help _|5’|5|
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[+] -m-.-'i'-.:-:le
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Carverting clazs name PowerT rainEngine to PowerT rainAusilianes. BazeE nginel in Pr <
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Converting clazs name PowerT rain\wheel to PowerT rain W anantz Wheels. \wWheell in

Converting clazs name PowerT rainwheel to PowerT rain W anantz Wheels \wheell in P
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»

- - L) e RN ST T e S - T

« |

--|_|:| AutornaticGear E
EEAKIAEINS

..../l......x.......2......]l......T]

b

Companents -
EljsutomaticGear

-l Example - Modelica...

.Ju:rank

engine

differential

wheel1

wheel2

torquelConverter LI

Maodeling "W Simulation

7

It is recommended to save the new model under a different n8anee(As . .). Opening the next time, the
new model uses the PowerTrain version 1.0 at once (the version numbers of the used Modelica libraries are
stored in the models).
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