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Overview

Settings and Libraries

Modeling of a base-body model
= |Implementation
= Driving resistances
= Parameterization
= Modeling of a chassis model
=  Wheel models
= Body model
= Bus models (connection)
= Electric Vehicle - Modeling and Simulation
= Parallel HEV - Overview

=  Series HEV - Overiview
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Settings and Libraries |

= Creating a work package, D:\WorkVPPC

= Copy of following cycle-files
= NEDC.txt
= FullLoad.txt
= Open Dymola/Modelica
= Dymola 7.4
= Modelica 3.1
= Loading of libraries
= SmartElectricDrives (1.3.2) Library
= VehicleInterfaces (1.1.1) Library
= VPPCTutorial _EVehicle
= File /l Change Directory //

/[l D:\WorkVPPC

August 31, 2010

Dymola - Dynamic Modeling Laboratory - [Diagram]
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Settings and Libraries Il

= VPPCTutorial _EVehicle library

Package Browser

Packages

ﬁMDdelica Reference
[JModelica
é--Unnamed

I SmartElectricDrives

& (¥ Examples

B [JlOr ivers

# [Hicans

=+ @Erakes

# [PChassis

[#] ﬁUCDmpDnents
= [Jlcontrollers
= [ JlDrivelines

i [ JElectricDr ives
[+ @Energysmrage
[

3l @Transmissions

L)l Z) €] % (K]
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B File  Edi

BHQE R Y UOTANZL & Z- B¢ mBPABEE 0w -

Commands  ‘Window  Help

Package Browser F X

Packages

[+ §WModelica Reference
[ [JModelica

- Unnamed

[+ ESmartE\ectrchrwes

[ vehicleInterfaces

| (¥ Examples

+ “lDrivers

H ._—|| Icons

| ._—|| Brakes

+ [l Chassis

| ._—|| Components

H [l Contrallers

l ._—|| Drivelines

H ._—|| ElectricDrives
 [JlEnergystarage

[T e WO WO == WO == A = A e Y = O == Y == W ==

2] ._—|| Transrissions

Information

SmartHybridElectric¥ehicles library, Copyright (C) 2006-2008 by

AT

Gisterreichisches Forschungs- und Prifzentrum Arsenal Ges.m.b.H.
Austtian Institube of Technology

Gigfinggasse 2
1210 Vienna
Austria

Package Content

Name

Description

Examples

Examples of SmartHybridElectricvehicles

Dirivers

Driver Models

Icons

Icons used in the SmartHybridElectricvehicles Library

Brakes

Chassis

Components

Clutch subsystem definition

Controllers Controllers subsystemn definition
Drivelines
ElectricDrives | Electric Drive subsystern definition

Energvstorage

Energy Storage subsystem definition

Transmissions

Transmissions subsystemn definition

AUSTRIAN INSTITUTE
OF TECHNOLOGY
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Creating a new “Body Model”

= Components // Edit // New Class in Package // New Model // Body_ vppc
= Modelica Text “This is a body-model”
= Import of Sl units

VPPCTutnrial_[Vnhirln VPPCTutorial_EVehicle - [Documentation]

“ Fle Edt: Smulstior spimation Commands  Window  Help
model Body vppc " This is a body-model " EHAE W fJ covAms & % G essSHEL o B
_— Package.Browser @ x| Information

1 —_— H H . ackages SmartHybridElectricYehicles library, Copyright {C) 2006-2010 by
import S| = Modelica.Slunits ; [ T—
end Body vppc; e

[+ [ SmartElectricDrives
i+ [T]uehiclelnterfaces
[CvPPcTutorial_Evehicle

Create New Model

AI I AUSTRIAN IN TITUTE
OF TECHNOLOG

| (B Examples Osterreichisches Forschungs- und Prifzentrum Stsenal Ges.m.b.H.
Marne DF (L= deEl: ]| @Drwers fustrian Institute of Technology
| [Hleons Giefinggasse 2
|Body_vppcl | PP %
= @ i 1210 Yienna
ipkion: H [Tl Chassis
Description: ! T
= =
| | e Open Library Window Package Content
i .5 Open Class in This Wwindow
D Partial 0 @Cor Open Class in New Window ! Name ‘ Bedaaptian
it . | = 1 Fremmemlem - EnartHybridElectricviehicles
. i ' Remowe ——
Extends (optional): 7 (Fori e o defirition
@E\e( g_ Lt P the SmartHybridElectricvehicles Library
| | H Ene Q?' Seaich, Duplicate Class tem definition
/ @Tral Sl Extend From... stem definition

Insert in package (optional);

| YPPZTukorial_Evehicle. Components

isualfiase Info

| New Class in Package ¥ | Ny Model. .

Mews Conneckor. ..

New Record...

Mew Block. .. —
Ok l ’ Cancel ] Mew Function... ——————]
r‘;_ | Mew Package.,
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Creating a new “Body Model” 1I

= Equations of driving resistances:

= Air (drag) resistance

I:drag = 1/ 2 E(tw Eb DQ‘EVZ Facc

= Rolling resistance

Fo =C; Imig
= Acceleration
F.__=mla

acc

= Driving force

F= Z (Fdrag ! |:roII ! Facc)

August 31, 2010 8
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Creating a new “Body Model” Il

=  Parameters:

parameter Sl.Mass mass "chassis mass" ;
parameter Sl.Area A "chassis frontal area" ;

— 2
parameter Sl.Density  rhoAir  “"density ambient air" ; Fdrag —1/2E3W Lo[ALY
parameter Real cw "chassis aerodynamic coefficient” X E = 'mi
parameter Real cr "rolling resistance coefficient" ; ol = C¢ LMLG

F. =mla

constant Real g = Modelica.Constants.g_n;

F= Z (Fdrag’ |:roII ! Facc)

August 31, 2010 9



IEEE VPPC 2010
Vehicle Power and Propulsion Conference AUSTRIAHIRETTORE
Lille, France OF TECHNOLOGY
. 1 7
Creating a new “Body Model” IV

= Parameters + Variables:

parameter Sl.Mass mass "chassis mass" ;
parameter Sl.Area A "chassis frontal area" :

— 2
parameter Sl.Density  rhoAir  “"density ambient air" ; Fdrag =1/ ZEZW Lo[ALY
parameter Real cw "chassis aerodynamic coefficient" ; E = 'mi
parameter Real cr "rolling resistance coefficient" ; ol = C¢ LMLG

F. =mla

constant Real g = Modelica.Constants.g_n;
Sl.Acceleration a "vehicle acceleration” X F Z(Fdrag’ Fro” ’ Facc)
Sl.Velocity v(start=0) "vehicle velocity" ;
Sl.Position s(start=0) "vehicle position" ;
Sl.Force fDrag “aerodynamic drag" ;

Sl.LForce fRoll  "rolling resistance" X
Sl.Force  fAcc "acceleration force" X
Sl.Force f "vehicle drive force" X

August 31, 2010 10
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Creating a new “Body Model” V

= Qutside connector (communication)
= Change to Diagram window
= Insert flange connector from

Modelica.Mechanics.Translational.Interfaces.Flange

= Change the name from flange_a 10 flange
= Put the flange to desired position

August 31, 2010
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Creating a new “Body Model” VI

= Modeling — equations

Sl.Force f "vehicle drive force" X

equation
s = flange.s;
f = flange.f;
v = der (s);
a = der (v);

fDrag = 0.5*cw*rhoAir*A*v/2;
fRoll mass*g*cr,;
fAcc mass*a;

f = fAcc + fDrag + fRoll;

August 31, 2010

o =1/ 208, o AL
Fai =C¢ IMlg
F... =Mla

F= Z (Fdrag’ |:roII ! Facc)

12
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Creating a new “Body Model” VII

= Modeling — equations

Sl.Force f "vehicle drive force" X

equation
s = flange.s;
f = flange.f;
v = der (s);
a = der (v);

fDrag = 0.5*cw*rhoAir*A*v/2; O
fRoll = mass*g*cr;
fAcc = mass*a;

f = fAcc + fDrag + fRoll;

August 31, 2010 13
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Creating a new “Body Model” VIII

= Modeling — equations

Sl.Force f "vehicle drive force" X

equation
s = flange.s;
f = flange.f;
v = der (s);
a =

der (v); 7 N
fDrag = 0.5*cw*rhoAirA*v"2; VO

fRoll = mass*g*cr;
fAcc = mass*a;

f = fAcc + fDrag + fRoll;

August 31, 2010 14
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Creating a new “Body Model” IX

= Modeling — equations

Sl.Force f "vehicle drive force" X

equation
s = flange.s;
f = flange.f;
v = der (s);
a =

der (v); m

fDrag = 0.5*cw*rhoAirA*v"2; VO
fRoll = mass*g*or;

fAcc = mass*a;

f = fAcc + fDrag + fRoll;

August 31, 2010 15
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Creating a new “Body Model” X

= Modeling — equations

Sl.Force f "vehicle drive force" X

equation
s = flange.s;
f = flange.f;
v = der (s);

s}
1

der (v); m

fDrag = 0.5*cw*rhoAirA*v"2; VO
fRoll = mass*g*or;

fAcc mass*a;

signal \
1 L. _.

f = fAcc + fDrag + fRoll;

August 31, 2010 16
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Creating a new “Body Model” XI

= Modeling — equations

Sl.Force f "vehicle drive force" X

equation
s = flange.s;
f = flange.f;
v = der (s);

s}
1

der (v); m F

P —
fDrag = 0.5*cw*rhoAir*A*v"2; VO ST
fRdl_”@EEIII"Zig
fAcc = mass*a; ax(-1, min (1,v*100))

signal \
1 L. _.

f = fAcc + fDrag + fRoll;

August 31, 2010 17
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Creating a new “Body Model” XII

= Change the Dymola window to Icon
= Draw the vehicle body icon

Body_ wppc - VPPCTutorial_EVehicle.Components.Body wvppc - [lcon]

B File Edit  Sipolsbon Plol Animaton Commands  Window  Help

BHAE N Y OOCARS & 2 % ¢ NSRS o -

Package Browser 5 x

Packages

A BModelica Reference __

[ [JMedelica = L
Adrriarned - S BerO 6

i+ [EFsmartElectricDrives 1

[+ [J¥ehiclelnterfaces

[ = ¥PPCTutorial_Evehicle
() Examples
@Drivers

E2] @Icons

E2] @ Erakes

2] @Chassis

=) @Components

Body

Differentialldeal

= @Contm\lers

= @Drivelines

= @ ElectricDrives
&) @Enargysturaga
= @Transmissiuns
-YisualBase

2] ﬁMndelicaServices

= ﬁRn\lingWheel

R E€] ¥ (&

|8 moog [V siotin

18
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Creating a new “Body Model” XIII

= |nsert the model name

Text of label;

Cancel

Body_wppc - VPPCTutorial_EVehici®<omponents.Body _vppc - [lcon]
B File Edit Simulabon Plob A rmands  Window  Help

=HQE \?rﬂmo@zvg« Z % ¢INEHEE o - He v OH A
Peckog Bronser ' 8 x—

Packages
1 §BModelica Reference

= ﬁl‘ﬂodelica

- Lnnamed

i+ [EFsmartElectricDrives
[+ [J¥ehiclelnterfaces

[ = ¥PPCTutorial_Evehicle
: () Examples

3| @Drivers

E2] @Icons

E2] @Brakes

2] @Chassis

=) @Components

- Bevon @

B

= @Contm\lers
= @Drivelines
= @ ElectricDrives
&) @Enargysturaga

= @Transmissiuns
-YisualBase
2] ﬁMndelicaServices

= ﬁRn\lingWheel

|8 masog [V st |
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Example-Testing of new “Body Model”

= Create a new example in Example package

Example _body 01

1=Body_vppc - VPPCTutorial_EVehicle.Components.Body_vppc - [Icon]

Example_body_01 - VPPCTutorial_EVehicle. Examples. Example_body 01 - [lco

M Fle Edit Cioodation Commands  Window  Help B Ril=  Edit Commands  Window  Help

SHAS W NDOVA-J > [ 2 % ¢ EEHEE o . - B —nT -

IR = ZHQAS KR /OO ARL > 2o By 4 9
'Package Browser = x|
Package Browser B X

Packages
[+ €®Modelica Referance Packages
& [JModelica [+ €WModelica Reference

Hnnaied & [JModslica

SmartElectricDrives 3
I Unnarned

[EhiceTs s &+ [FSmartElectricDrives
=] T3 ¥PPCTutorial_Evehicle

= - [ [C]vehicleInterfaces

=) =

o Cpen Library Window [ =5WPPCTutarial_Evehicle

i Driv Open Class in This Window El ® Examples

=

it Icor‘ Open Class in New Window | : S Electric

[ [Brakl— ik > Ramays jple_body_01

B (Ficha 2 thece Rofaesi H [ Drivers

= @Cnrr Search.., Duplicate Class

H @Icons
Close Extend Frarm. .

£
£
s g | + e
| Parameters Order New Cohnector... F[7] N Chassis
E

[ [Corkralers Hew Rerord. .. ] _—“ Companents
[E3] @Drivelinas Mew Block... : Body
= @ElectricDrives Hew Function... taDifferentialldeal
[+ @Enargystorage | Mew Packaga.. ﬁBody vppE
[ jTransmlsswons B ._—“ Controllers
-VisualBase
[T Modslicagervices ] @D”""e"nes
[Jralingihes! [ ElectricDrives
[+ @ EnergyStorage
= ._—|| Transmissions

August 31, 2010 20
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Example-Testing of new “Body Model”

= Put the Body vppc into Example body 01

S Example_body_01 - VPPCTutorial_EVehicle.Examples.Example_body_01 - [Diagram]

TEEEET i S HLE body_vppc in VPPCTutorial_EVehicle. Examples.Example... 2| E
EHAE R NDOC/AI/&HEz e sBREEE o o B 0D @ —_—
Pax ackage Browser &8 x e
P General | Add modifiers |
"‘ﬁ]Mudehta
Unnared Camponent Icon
) [ smertel:
) [Jrehiteinterfaces
T UPPCTutoria_ Evehice Mame | b.:..jy_\.lpp.: |
21 ® Examples L]
ToElectric
e Cormment | | %
& Jlorvers
& [FPhcons
i+ orskes Model
L \ Path WPPCTutorial_Evehicle.Components Body_wppc
-A:Drr ntialldeal -
Eoilon \> Comment This is a YPPC body model
s [FPrCTusorial_svenicie Components Beay_vppe body_vree  Parameters
ey /| ,
Vssse mass I:I kg chassis mass
[JModeliaservices

I:I chassis frontal area
rhaiir I:I kafm3 Density ambient air
oW I:I chassis aerodynamic coefficient
cr I:I ¥ rolling resistance coefficient

Initializakion

woskart [ o mfs vehicle velacity
s.start [ o m vehicle position
oK ] [ Info l [ Cancel l

| B todeling [ simulation

August 31, 2010 21
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Example-Testing of new “Body Model” Il

= Put the body parameters into the body model

= Setup parameters

Experiment Setup

General | Translation || Output || Debug || Compiler || Realtime

Experiment

Mame | Example_body_01 |

Sirnulation inkeryal

Start time [0 |

Stop time | 120 |

Cukput inkerval

O Interval length |D |

(&) Number of intervals |SDD |

Inteqgration
Algorithm |Dassl v |
Tolerance | 0.0001 |

Fixed Integrator Step | o |

I Ok l ’Store in model] ’ Cancel

August 31, 2010

?

< j Simulate

- B a@@

I
o

o
-
[=]

body_wvppc in VPPCTutorial EVehicle.Examples. Example... |E|g|

General | Add modifiers |

Component Icon

Mare | body_vppc |

Comment | |

Model

Path WPPCTutorial_Evehicle.Components Body_wppc
Comment This is a YPPC body model

Parameters
mass v kg chassis mass
A vomZ chassis fronkal area
rhoair v kgim3 density ambient air
cw 0,360 |» chassis aerodynamic coefficient
cr 0.013 |» rolling resistance coefficient
Initializakion
woskart [ | 0 |' krnfh vehicle velacity
s.start [ | 0 |P m vehicle position

[ OKI}—H mio || cancel

22
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Example-Testing of new “Body Model” IV

= Change to Simulation window in Dymola

= PJot

Example_body_01 - VPPCTutorial_EVehicle. Examples. Example_body_ 01 - [Plot [2*]]

I Fie Simulation  Plot  Animation  Commands  Window  Help
ZHAS R em e - B oL @ SBR TE S
Ul AL B Tine: 0 17 Speed: 1 v

= Velocity (v) CE:

Variables Values
[+Example_body_01 1 s
H EExample_body_01 2 B
= Acceleration (a) o
Ca 4 i
rhoair 1.25 0e
Tew 0.36
e 1.013
L9 e 04
a
= Force (flange.f ) 2L 3 .
:Efer(v) L
[der(s)
[JfDrag 1
iRl i
Dface 04
F
[Hflange
a8
[}3 EF | I
0 25 50
body_vppc.a
12
08
04-]
T
E,
= 0o
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Example-Testing of new “Body Model” V

= Rolling test
= Change the initial velocity (v.start )
to 50/3.6 m/s

body_vppc in VPPCTutorial_EVehicle. Examples. Example... |E|E|

General | Add modifiers |

Camponent Icon

Marne | body_vppc |

Comment | | %

Madel

Path WPPCTutorial_Evehicle.Components Body_wppc
Camment This is a YPPC bady model

= Change to Simulation window in Dymola
i e

»= Simulate the model s | w0 e
rhaiir ' kafm3 k air
oW 3 dynamic coefficient
cr r stance coefficient

Initializakion

woskart [ S0/36[» mfs vehicle velacity
s.start [ o m vehicle position

Cog e J [coo ]

August 31, 2010 24
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Example-Testing of new “Body Model” VI

= Results discussion

= Velocity (v)
File Simulation  Plot  Animation  Commands  Window  Help

= Acceleration (a) 5HA8 ¥ €8 o - Bovoi 6858 DOHE-
PUl M4 AP Time: 0 O smeed 1 -

Variable Browiser -3

Example_body_01 - VPPCTutorial_EVehicle. Examples.Example_body_01/ - [Plot [2*]]

—— hody_vppc.y
Yariables Values
[#Example_body_01 1
ZExample_bady_01 2 50+
Ebody_vppe
= orce (fl f B
F ange. o :
[rhosir 1.25 40
Dow 0.36/
M M M Cer 0.013
= Drlvmg resistances Do
Oa 309 “body_vppc.v = 33.3195 kmfh
v 13,8889 z Iocal min = -1.75034e-14 at 120
Clder(v) E local max =50 2t 0
Os —— slope = -0.806701
[der(s) 20 ° time = 16.8
forag
Clfreall
e
OF 10
Flange
o
T
o 25 50
—— hody_vppc.a
0
000+
0054
010
015
a7
2
E
020
0254
030
035
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Example-Testing of new “Body Model” VII

= Results discussion

= Plot Fdrag and Froll
dependent on the
body velocity

Yariables 7| Values
FExample_body_01 1
EExample_body_01 2

Elbady_vppc
-[mass 00
LA 4
[rhadir 1.25
e 0.36
[er 0.013
g

:ﬂé
V Ty H 1 a
1/ Independert variable * Ti

Display body_vppc.v b

Display with Legend

Erase all

ORROO0

{2l
O
[#flange

August 31, 2010

= Plot [2*]

[M]

body_wppe fDrag

body _vppc fRoll

200

160

120+

a0

40

_40 4

by _vppo v

T
g
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Example-Testing of new “Body Model” VIII

= Acceleration test

= Use the source component
Modelica.Mechanics.Translational.Sources.ForceStep

ISl Example_body. 01 - VPPCTutorial_EVehicle.Examples.Example_body 01 - [Diagram]

=] File' Edit  Simulation maton Commands  Window  Help

SHQAE N ﬂmom\lf o[ % % ¢ sEAES o - BovOon 6

Package Browser & x

Packages o
=l ) Mechanics

E+. [CJMultisody

'f! =] Rotational

5 (S Translational
&+l [Examples
I+ HComponents
= Sl 5ources

i i forceStep
!‘T*nSpeed T I I I

---T*nAccelarate
==
T Move

--T?Force

- efForce?

1

= time L

- Z-LinearSpeedDependentFo. -
- zQuadraticSpeedDepende. L)
3 E-ConstantForce
ForceStep —_ @ Jicoaspe
—~ :rl"-ForceStep

= [ 5ensors

B [nterfaces
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Example-Testing of new “Body Model” IX

| Acce I e ratl O n te St forceStep in VPPCTutorial_EVehicle. Examples. Example_body_01 |_|[z|

General | Add modifiers

Parameterize the model (forceStep )| comeenn

Marne |Forcestep | ForceStep

= Use the source component o A

Model

. . . P
Modelica.Mechanics.Translational.Sources.ForceStep ath  odslca Mecharice Thanclationsl Sarces ForcaStep
Comment Constant force, not dependent on speed
Example_body_01 - VPPCTutorial EVehicle. Examples.Example_body 01 - QEEEEmeee
=] Eo e 9 SR i Commalj’s Windo:vJ iz o useSupport ] + = trug, if support Flange enabled, otherwise implicitly grounded
= H Q é k' : /\/ 0o <7 A . - - @ M- % - stepForce 300(r M Height of force step {if negative, force is acting as load)
5 x| offsetForce ar M Offset of Force
; 2 skartTime aor s Force = offset For kime < startTime
= e Mechanics ~

1+ [JMultiody

; =] Rotational x Oﬂ\ [ Info ] [ Cancel
=1 (]| Translational T "

&+l [Examples
[+l [E] Components

= Sl 5ources

T Position

forceStep

=2=Speed I I
T —

---T*nAccelarate

---T*nMove

--T?Force

- efForce?

- Z-LinearSpeedDependentFo. -

- zQuadraticSpeedDepende. L)

- —aConstantForce
—

ForceSte - Toconsangspeed

\

¢ :rl"-ForceStep

&+l (e Sensars

B [nterfaces

August 31, 2010 28
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Example-Testing of new “Body Model” X

= Results discussion

= Acceleration

=) Example_body_01 - VPPCTutorial_EV:

mples. Example_body_01 - [Plot [2°]]

Fle 4 Smulston Plot  Anmation  Commands  Window  Help
EHAS W eD v - Berol @ AN OLES
L[ M4 PP [Tine: O g Speed; 1 -

Variable Brawser

——— body e v

8 x
© alues
50+ -
: , velocit m
e IS
.
rhas 1.25] 40+
e 0.36]
Oer 0.013;
il
-a 30
v [ 13,8859 z
[der(v) B
Os [ [T
-[lder(s) 20
“iforag
@ifRall
Cfac
Of 10
Eflang:
ForceStep

T T T T
0 25 s0 75 100

——— body_vppe fDray  —— body_vppe fRol

Froll (N)
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Example-Testing of new “Body Model” XI

Two coupled body models

= Acceleration

B File  Edi  Simulshon  Flot

=Ea8 W

=] Example_body_01 - VPPCTutorial_EVehicle.Examples. Example_body 01 - [Diagram]
F n Commands

OO0 AN E-

Window  Help

g'@ - - 4 ’lﬂEﬁ 100%

- iE e O G

Package Erowser g x

Packages

1+ €®Modelica Reference

1+ [T Modelica

Unnamed

1 [ SmartElectricDrives
[+ [T vehicleInterFaces

[ T YPPCTutorial_Evehicle
21 (B) Examples

- = Electric

Examplz_body_D1

& [lorivers

& [Jlcons

i [J6rakes

& [Jchassis

= Cumpunents
Eudy

- MaDifferentialldeal

- G Body_vppc
& [Pcontrollers

& [Plorivelnes

i [JElectricDrives
& [JEnsrgystorags
& [ ransmissions
visualBase

1 [TModslicaServices

August 31, 2010

| forceStep
—_—

[t

time [}

l l
=y gy

body_vppc  body_vppcT

copy & paste @
30




IEEE VPPC 2010
Vehicle Power and Propulsion Conference
Lille, France

Example-Testing of new “Body Model” XII

= Two coupled body models

= |nitialization
V-Start B Fle Edit

=Ec&e W /Ood

=] Example_body_01 - VPPCTutorial_EVehicle.Examples. Example_body 01 - [Diagram]

Commands  Window  Help

AN SR Z- B ¢ mBRAEE

Package Erowser

& x

Packages

[+ §Modelica Reference
1+ [T Modelica
Unnamed

General | Add modifiers |

Cormponent

Mame

Model

Path

Parameters

Wisualg cr

L

Triitizlization

Ican

Comment |

e —
rhoair ' kafm3

Body _vppc

YPPCTutorial_Evehicle. Components.Bady_vppc
Comment This is a YPPC body maodel

chassis mass

chassis fronkal area

density ambient air

chassis aerodynamic coefficient

rolling resistance coefficient

wstart [

( S0f3.6(r ) mfs vehicle velocity

Fom vehicle position

[ QK ] [ Info ] [ Cancel

August 31, 2010

forceStep

——

time

N

General | Add modifiers |

Zomponent Tcan

Mame | body_vppcl |

Comment | |

Model By _vppc

Path YPPCTukarial_Evehicle, Camponents.Body _vppe
Comment This is a YPPC body model

Parameters

T
pow sl i

chassis mass

chassis frontal area

density ambient air

chassis aerodynamic coefficient

ralling resistance coefficient

Initialization
\ N\
wskart v Z E 25/3.6 v ) mfs vehicle velacity
5.sEam! or m vehicle position

[ O ] l Info I [ Cancel

[t

=y gy

body_vppc  body_vppcT
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Example-Testing of new “Body Model” XIlI

= Compare the results

Example_body_ 01 - VPPCTutori i mple_body_01 - [Plot [2°]] EEX
-8 x

File  ©or  Simulation Pt Animatior
ZHAS R ¢B o - cHe o @ 85K OOH £-
P I[P e 0 [l

Speedi 1 -

= ——— body_ppet v —— body_vppet b
Wl

Advanced Start 25 km/h

T T T T
25 50 75 100

Compare
Results

~

T T T T
25 50 75 100
scanp] 2 . tFile=" "

5| - crue &

Modeling | 1 Simustion
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Modeling of “Chassis” |

= Create the MinimalChassis_vppc

MinimalChassis_vppc - VPPCTutorial_EVehicle.Chassis.MinimalChassis_vppc - [Modelica Text]

E File Edit Commands  ‘Window  Help
sHAG W /oo ARL D Z- By- ¢ mBAEHE o

Package Browser X

Packages

[+ #BModelica Reference

[ [JModelica

- Lnnamned

H ESmartEIectricDrives
[+ [TJJvehicleInterfaces

[=] T WPPCTutorial_Evehicle
() Examples

3 @Drivers

3 Icons

Create New Model i [Jerakes

B
B
B
E

Mame af new madel: Eal\ Open Library Window
. R Open Class in This Window
MinimalChassis_vppc 1 [Pcor
T Open Class in Mew Window
Description: ¥ @c°r| Edit v e
emave
# Dy —
| | 0 gﬂ 5£| Check Rename...
e
D Partial o EnE Q Search... Duplicate Class
. l
Extends {optional): (P ose Exterdiion’
Info | New Class in Package » | Mew Model, ..
| | -VisualBase
[+ [ Madel Parameters Order D Hew Chrnector,..
Insert in package {optional): || New Record...
| WPPCTutorial_Evehicle. Chassis v | Hew Block...
Mew Function...
Ok ] [ Cancel ] Mew Package...
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Modeling of “Chassis” |l

= Change to Text window in Dymola
= Put the text in the Text window

before later
model MinimalChassis_vppc model MinimalChassis_vppc "vppc chassis model"
equation import Sl = Modelica.Slunits ;
extends Vehiclelnterfaces.Chassis.Interfaces. TwoAxleBase
end MinimalChassis_vppc; extends VPPCTutorial EVehicle.lcons.Chassis ;
equation
end MinimalChassis_vppc;
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= View in different Dymola windows

B9(=IES

= Modelica Text

hmdel HinimalChassis vppe "vppco chassis model"
import 51 = Modelica. STunits;
extends VehicleInterfaces. Chassis. Interfaces. TwolxleBase:

extends WVPPCTutorial EWehicle. Icons.Chassis;

end MinimalChassis_wppe: 3z

(B0 EE&X

Ta
g

n
Wh;e\%b 2
.m
n
]
whas\%&n 4

]

assisFrame

n
j:
whesl%b 1
Il
1
Wheel%h 3
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Modeling of “Chassis” IV

* Insert the chassisBus In the Dymola model window
Vehiclelnterfaces.Interfaces.ChassisBus chassisBus

MinimalChassis_vppc - YPPCTutorial_EVehicle.Chassis.MinimalChassis_vppc - [Diagram]

File  Edit  Simation Commands  Window  Help

SHAS R NYooUANL &% % ¢>eSAEL o - By

| Package Browser 8 x

Packages ~
I [[]¥ehicleInterfaces
1 BUsers Guide

[+ [ Examples

| (Blocks E [
H ﬁlcnns % : ‘{ }»
= [Jirkerfaces TS

& Inkernal

wheelHub 2

- &2 ControlBus
- (I AccessotiesBus
- (I AccessotiesControlBus

T Batterybus chassisBus

- T BrakesBus : q}

7 ontrolBus
|VehicleInter faces.Interfaces ChassisBus chassisBus
(" &5 ChassisBus
- (T3 ChassisControlBus

- (T Drivelin

&= Driveling

- (T DriverBus

- @ DriverInterface

- ERElectricMatorBus

- IR ElectricMotorControlBus
- e EngineBus

- R EngineControlBus

-y TransmissionBus
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Modeling of “Chassis” V

* Insert the chassisBus In the Dymola model window
Vehiclelnterfaces.Interfaces.ChassisBus chassisBus

n C O n n e Ct th e ChaSSIS B us MinimalChassis_vppc - YPPCTutorial_EVehicle.Chassis.MinimalChassis_vppc - [Diagram]

Fils  Edit  Srdetion Pl Animaton Commands  Window  Help
: FEHQAS R N/OOCARL 20l % -¢raEABEL o -
with controlBus Patkage Bronser 8 x
Packages it

text = [[]vehiclelnterfaces

NI
connect (controlBus.chassisBus, =0y neE
. : —EaET L
chassisBus) oL f :
= [Jirkerfaces St =
d I & Inkernal 3
l I I O e - &2 ControlBus
: - I AccessoriesBus
connect{controlBus, chassisBus)
- (I AccessotiesControlBus -
Connect ta component of outside connector, by selecting sub-components below. T EBatteryBus chassisBus
Marme Unit | Description | Mame Unit | Description - {59 BrakesBus (, T E ;
= «Add variable > [ ElcharsisBus An empty expandable con...
: } ) - &% BrakesControlBus
EJMGRE0s This bus cont. .. <Adivarishls i | |V){icleInter faces Tnterfaces ChassisBus chassisBus
ElaccessariesBus AccessoriesBus |Veh\de[ntarfaces‘Interfaces.chasslsBus chassisBus in m - ¥ ChassisBus Y
EaccessotiesCantrolBus AccessoriesC,.. ’
[=lbatteryBus Control signa. .. + &3 ChassisControlBus

EbrakesEus ErakesBus - (&2 DrivelineBus

ElbrakesContralbus BrakesConitr...
i: ChassisEus &= DrivelineControlBus
1 E]chassisContralBus ChassisCort... - (T DriverBus
(=] ] drivelineBus DrivelineBus w
- @B DriverInterface
Connection: i
- & ElectricMatorBus
connecks contralBus .chassisBus B
chassisBus 3 - IR ElectricMotorControlBus
[ Label connection to bus connector - T EngineBus
- IR EngineContralBus
- T TransmissionBus
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Modeling of “Chassis” VI

= |nsert the wheel models to chassis model
Modelica.Mechanics.Rotational. Components.ldealRolli ngWheel

= wheel 1

MinimalChassis_vppc - VPPCTutorial_EVehicle.Chassis.MinimalChassis_vppc - [Diagram]
= wheel_2 Bt ok swiow R fweon G Mot 15

=HAQ S K NDO.VA.ivgv@ Z- - ¢ BBHEE wn - BHe ¥E
= Wh e e |_3 thk&gs.ﬁmwssr 8 %

Packages -~

= [JModsiica
" Wh eel 4 1 €BUser's Guide
- & (g Blacks

1] g Statetraph E E <{
£ [ Electrical E

[ g Magnetic
g Mechanics
 [Jrulibody idealRaling o

2 [lRatational
1+€BUser's Guide of Rotational Lib... ~—
[+l [(JJExamples chassisBus I E
=l (]| Components @ Modelica.Mechanics. Rotational. Compo

==
wheelHub_2

5, Fixed
-4pInertia

~=z=Disc

- epaSpring
-sgz<Damper
-qfeSpringDamper
- &ipeElastoBacklash
--E-EearingFriction
{;}:Erake
é?nclutch
@OneWayCIUtch
%IdealGaar
-ﬁ%Lussszar

ey
-!‘?fldealPlanetary' K

g Gearbox

7 IdealGearh2T

g deaRolingihesl >

- {InitializeFlange
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Modeling of “Chassis” VII

= Model rotation

= Edit // Rotate 90
= Edit // Rotate -90 B Fie | Edt | Smulation F

MinimalChassis_vppc - VPPCTutorial_EVehicle.Chassis.MinimalChassis_ vppc - [Diagram]

o Apimaton Commands  Window  Help
BH ahz P ARL- S-[Ff] Z- B-¢s2EFHEZ o
Pac.k.age I Fedo T X.E
'Ekages' Cut e [ Al
"—i E]MC‘: Copy Chrl+C
el i 10 Paste Crrly ol
¥ [y Delete Del £ = _QI
=
Cuplicate Ctl+D t E <{ e
Select Al el : f i
pt e (MY | e -
2
align 3
Order 3 I T T 3‘—' | é
fManhattanize Chrl-+Hr g
e 11}
H i i &3 chassisBus |
i Flip Harizantal
| Flip Vertical
| Draw 4
|FE Check Fa
| attributes..,
‘ariables 3
Optiors. . Rotation
i e e
-EnBearingFriction
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Modeling of “Chassis” VIII

. inimalCha EVehicle.Chassis. MinimalChassis_vppc - [Diagram]
] M d | m Fle  Edt  Sinula Arima Commands  Window  Help
O e VIeW FHAE N /OO ARL & [ =Z- B ¢ w@AELE o -

Package Browssr 8 x

- x
@O0 @

Packages ~
& JModslca %
HBUser's Guide

& g Blocks

& i Stateraph
(S]Electrical

1 G Magretic

= e Mechanics
1 (TP itiBocdy

-l (= Retational

1+ € User's Guide of Rotational Lib. ..

s (] Examples chassisBus I
= (] Components @

o3, Fixed
{TpInertia

eaDist

steetingh..

=
wheelHub_2

AT

pIsuM

L
g =

~weaspring
scE=Damper
<espringDamper
<beElastoBacklash
BfearingFriction
obbrake
acluten
EoneWsyChtch
yldealGear
ﬁ?LussyGear
EfeldealPlanetary
getearbox
mlde-ﬂGEBr’RZT
fﬁ]dealﬂnumgwheel
{ JinitialioeFlangs
-8 <RelativeStates
1 [y sources
 Elsensars

= [Jinterfaces

] Translational

i (T Fluid

& [Tmedia

g;::m' sisFrame

i [T uilities

o
&

51 (P hunits

Unnamed
[ smartElectricDrives
) [J¥ehiclelnterfaces

&) €] » [

I
=
=]
wheelHub_1
T
wheel%ﬂ 3

~

| B Hodeling | ¥ smuation |
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Modeling of “Chassis” IX

= Connection with wheelHub

connect(wheel 2.flangeR, wheelHub,_2)

Connect ko component of oukside conneckor, by selecting sub-components below, shicle.Chassis. MinimalC hassis vppc - [Diagram]

Marme Unit  Description Mame Urit  Description
Ewheel_z = MwhesHub_2 Fronk right wheel

- : [= M flangeR. Flange of rotational shaft includeBearingConnector = true, if bearing... I i' g' Z = EE = * * g E E = 100

~phi rad  Absolute rotation angle of Flangni 1-dim. rotational ...
“kau M. Cut korque in the Flange W bearingFrame 3-dirn. Frame inw...

ands  window  Help

Connection: -
connect( wheel_2.flanger,

wheslHub_2 .Flange n

ub 2

Label connection to bus connector

[or ][ coee

S p——— g
ﬂLlser's Guide of Rotational Lib,. g
ﬁExamples chazsisBus |_
El (S| Components @ N

{ i e, Fixed
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= Model view

August 31, 2010

) [ vehicleInterfaces

= File Edi

=Has8 k?'NDO-VAlﬁvgv

Commands  Windaw  Help

Package Browser 8 x
Packages ~
= [acelcs

1 BUser's Guide

: G stateGraph
& (SElectrical

= (EMagnetic

[ Mechanics:

B [JMulkiBedy
=/ [=]Retational

1 BLiser's Guide of Rotational Lib.
4 [ Examples

1 (Z] Components

8, Fived
ATpInertia
wmDlise
~weSpring

- spaDamper

- 4 SpringDanper

- ahweElastoBackiash

- BearingFriction
bbrake
acluteh
S OnewayCluteh
yldeslGear
E}Lussyﬁear
E1dealPlanetary

“geGeartiox

m[daa\GEaVRZT

- rﬁ[daa\RnlhngWhaa\

-{JitializeFlange

-+B +RelativeStates

[ Ry Sources

ol Esensars

 [Tinterfaces

B[] Translational

il (CJFluid
& [TJMedia
B [T Thermal ¥
g h sisFrame
B |Matt
i [TJutilies
B @Cnnstents
£ [Ftcons
[ (] Stunits
Unnamed
[ SmartElectricDrives

v

BlE]e]» [

chassisBus

o

-
Bl =
7z leeym — wheelHub_2

i il

b T 1

=

—_——
wheelHub_1

steeringivh.

wheel_3

l:

1
ET* ;
wheel%) 3

wheelHub_4

P eaum

| B todelng [ V# smulaton |
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© MinimalChassis_vppc

= Parameterize FL.5

- VPPCTutorial_PVehicle. Chassis. MinimalChassin vppe - [Diagram]

finime Commands ~ Window Help
BHQAE N /OO ARSL- 2-FfZ- B-¢»aBRAEE o - Beroo @
Package Browser 8 x
Packages |
the wheel ey
; o <
_QI steeringiiyh, _DI
& EfstateGraph 2 =
models 6 s EE— H% @ Eﬁ— 3
= (EMagnetic i 2 H o
=l e Mechanics: 3 3
] [JMultiBody
s = L g
#BUser's Guide of Rotational Lib. g %
(Examples chagsisBus 1 |
(F)components B @ L) =
5, Fixed
AZpInertia
wheel 2 in VPBCTutorial EVehicle.Chassis.MinimalChassis_vppc 7 [
General | Add madifiers | |
Camponent Icon
Name | wheel 2 | IdeaiRalin...
Camment | | Eenﬁ
Model l— £ |
Path Maodelica, Mechanics, Rotational. Components, IdealR ollingwheel
Comment Simple 1-dim, model of an ideal roling wheel without inertia
Parameters | 2,
i
useSupportR [] ] = true, if rotational support flange enabled, othenwise implicithy grounded = L
useSupportT [ ] = true, if translational support flange enabled, otherwise implicithy grounded °,
H -3
- n 3
@ b m ‘heel radius E—E[IH%
£
QK l [ Info ] [ Cancel
| & Modeing | simulation |
_ —
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Modeling of “Chassis” XII

MinimalChassis_vppe - VPPCTutorial_EVehicle.Chassis. MinimalC hassis_vppe. - [Diagram]
u I n Se rt th e T ; Conmmmands) Widon Hep

EEX
T MR
=EHQE K _/*/EIO(VA.ﬁ'Q,'E Z- - ¢ @BHEEZ o - B VOn G
Package Browser 8 x|

Packages
body model  |gu-

Unnamed

) [@rsmartElectricDrives
| [Jvehiclelnterfaces

T WPPCTutarial_Evehicle
# (¥) Examples

1 [Jlorivers

a1 (Jeons

& [Perakes

&1 [Jichassis chassisBus

£ [Flcomponents @ |
- [EfBody
«apifferentialideal

# [Pontrallers

stesringh

® E

=]
wheelHub_2

wheelHub_4

W
i

4 [Foriveines

1 [P ElectricDrives
i lenerystorsge
) i mansmissons

VisualBase

) [modeicaservices [%

body_vppc_final

|

sisFrame

L

wheel 3

,_,
|
)
I
=

wheelHul

E(E)( €] [w]
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MinimalChassis_vppe - VPPCTutorial_EVehicle.Chassis. MinimalChassis_vppe - [Diagram]
™ CO n n ect th e = Fle  Edt oo S Arimat Commands  Window  Help
EHQA8 N /OOFARL 2= W ¢ aBHEZ o

Package Browser 8 x|

wheel models g,

Unnamed

. ) [@rsmartElectricDrives
WI t h [+ [Jiehiclelnterfaces

(2] T ¥PPCTUtorial_Evehicle
# (¥) Examples

body model 1y

1 [Perakes

E1 [Jichassis chassisBus
~ s MinimalC hassis @ !
e inimaichassis_vopc

| [ Compenents

E
[lBody

Habifferentialldeal

|Eﬂnnect (wheel_4_flangeT, body vppe_final.flangs)
Sy Bady_vmoc_final
& [P controlers
31 [Plovivelines
1 [PElectricorives
& [Penergystorage
41 [P ransmissions

visualBase
# [JModslicaservices

body_vppc_final

EEX

- Eeve s a

stesringh

=]
wheelHub_2

wheelHub_4

oy, Y

ZT1eaum
1
pIBauM

|

sisFrame

L i

wheel 3

.
]
)
I
=

wheelHul

E(E)( €] [w]

| todeling [ V* smudation
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. = MinimalChassis_vppe - VPPCTutorial_EVehicle.Chassis. MinimalChassis_vppc. - [Diagram] CEx
- P aram ete rIZ e [ File Edit it Commands  Window  Help -8 %
EHQA8 N /JOOFARL 2 [ =Z- H-¢»aBHEE o - B2von a
Package Browser a x|
Padages
t h e 4 €9Modsica Reference
+ [JModelica o~ <
Unnamed o stesringWWh al
[@smartElectricDrives = =
bod mo d e I (Jeheeinteraces = = . = =
0 y =1 oeRC TS Elihicl =, 3 2
7 H %

—e z 0 S
General | Add modifiers | chassisBus e 0 M., "
(&) e
Component Icon =
N bod final | ik
ENE] ady_wppe_fina - [ammsmct (wheel_a_flangsT, edy_wppe_finel flangs]
Comment | |
Madel Socky _vppe_final

Path YPPCTutarial_Evehicle, Components. Body_wppc_Final

Comment This is & ¥PPC body model [%
Parameters

body_vppc_final

ass chassis mass

mass|' kg

&

a |' mz chassis frontal area
density ambient air
N cw o |' chassis aerodynamic coefficient

|
|
rhodir | rhodir |' kg/m3
|
|

cr|' rolling resistance coefficient kil "H"’T il

@ @

@ @

Initialization - £ £

wostart [ | Dlr krnfh wehicle welocity i il
o e}
sstark [ | D|> m wehicle position E_Huﬂi E_H[lﬂi
[ [
2 2
2 S

[0 | mio || cancel

| todeling [ V* smudation

a7
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= Change to Text window in Dymola and insert these parameters

parameter Sl.Mass mass "chassis mass" annotation (Dialog(group=  "Chassis" ));

parameter Sl.Area A "chassis frontal area" annotation  (Dialog(group=  "Chassis" ));

parameter Real cw "chassis aerodynamic coefficient" annotation  (Dialog(group=" Chassis" ));
parameter Real cr "rolling resistance coefficient" annotation (Dialog(group=  "Chassis" ));
parameter Sl.Radius r "tire radius" annotation  (Dialog(group=  "Tires" ));

parameter  Sl.Density rhoAir  “"density ambient air” annotation (Dialog(group=  "Environment” ));

MinimalChassis_vppc - VPPCTutorial_EVehicle.Chassis.MinimalChassis_vppc - [Modelica Text]

E File  Edit Commands  Window  Help
— = =
BHAG N /Y OOCARL D Z- T-¢rmBAEHE o -
Package Browser F X model MinimalChassis vppe "wppc chassis model"
Packages ~
. g C — - import 5 = Modelica. 5Iunits;
@ on=tants extends VehicleInterfaces.Chassis.Interfaces. TwolkxleEBase;
B [ lcons extends VPPCTutorial EVehicle.Icons.Chassis;
SIurnits
.@ = parameter 2I_.Mass mass "chassis mass" amncotationi(Dialogi{group="Chas=si="}));
-Unnarned = parameter SI_Area A "chassis frontal area" amnobtation({Dialogigroup="Chassisz"));
[+] ESmartEIectricDrives = parameter Feal cw "chassis aerodynanic coefficient" annotationi(Dialogi{group="Chas=si="}];
) = arameter Real cr "rolling resistance cosfficient" ammotation(Dialog{group="Chassis"));
=l [J¥ehicleInterfaces F ¥ ghEredp
GUSEfS Guide = parameter SI.Radius ¥ "tire radius" anwnotation(Dialog{group="Tires"));
B+ [ Examples
l%ﬁl:ﬂnrlrr = parameter 2I_Density rholdir "density awbient air" anncotationi{Dialogigroup="Environment "j);
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MinimalChassis_vppc - VPPCTutorial_EVehicle.Chassis.MinimalChassi#®goc - [Diagram]

EEX
™ I nse rt EE Commands  Window  Help NEE

SHOEN /OOTANS S % % ¢ sBHES o - BeYOona

Packags Brawser A x|
Packages ~
oL ] 5 Reference
E ﬁMudel\:a o 4
E !;Erifulde _gl steeringWh _gl
e -
accSensor - E— e 0 EE_ z
# [ Electrical —E E
H s

speedSensor -l
& [CmultiBody

positionSensor

=1 ] Transiational ehassisBus
& (] Examples @ 1
& [ Companents
& [ sources

ZT1eaum
1

@
49

= accSensor
- I: ¥PositionSensar .m—b
a
rO' r l ayspesdsensor
= -
gﬂccSensur
@-Rel?usltlunSensur
“grRelspeedsensar, speedSensar
@-RElﬂ(ESensm

H ErPowersensor —
Modelica. s
& [ Fluid

Mechanics. it ol % body_vppc_final
. 1 [JMath s
Translational.

B [T Whilties |
[ Constants

Sensors

i [C]stanits

Unnaied
[+ [ErsmartElectricDrives
 [JlvehicleInterfaces

|

sisFrame

L i

wheel 3

o

- ElMinimalChassis =

B MinimalChassis_vppe

Companents

rm
ﬁ

wheelHub_1
==
wheelHub.

Controllers

o1 [Poriveines a
T EARIE TS

- | @ odeing |V Smuiation
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Modeling of “Chassis” XVII

malC hassis_vppc - VPPCTutorial _EVehicle.Chassis. MinimalChassis_vppc - [Diagram] ]
.
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Modeling of “Chassis” XVIII

malChassis_vppc - VPPCTutorial_EVehicle.Chassis.MinimalChassis_vppc - [Diagram]
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Modeling of “Chassis” XIX

Connect the sensors  With chassisBus

connect{accSensor.a, chassisBus)

Connect ko component of outside connector, by selecting sub-compaonents below,

Urit  Descripkion

Marne

[ & chassisBus

£ <add variable =
longitudinalie

Unik
Elaccsensor

§..:|,,a

Absolute acceleration of flange as o...

connect{speedSensor.v, chassisBus)

Connect o component of outside connector, by selecting sub-components below,

Descripkion
An empty expa...

Absolute accele. ..

Unit | Description Mame

=l El chassisBus

Slspeedsensor
e

Absolute velocity of flange as out...

Connection: =] <Add variable >
T S e &  longitudinalvel
chassisBus

connect{positionSensor.s, chassisBus)
[] Label connectiony

P longitudinalacceleration

Unit | Descripkion
An empty expa...

Absolute accele. ..

Absolute velocit. .,

Connect to compaonent of outside connector, by selecting sub-compaonents belaow,

Unit | Descripkion
Connection: absolute position of flange
connect( speedSens
chassisBus

[] Label connectiony

Mame

£ chassisBus
Plongitudinalfcceleration
Flongitudinalielocity

Linit

|'é| <Add variable>
Flongitudinalvelocity _start

#ev_veh
= heyamFate

Description

An empty expa...
Absolute accele. ..
Absolute velocit. ..

Connectar of R...
Absoluke positia. ..

Cukput signal

Connectar of R,

Connection:

connecti positionSensor. s,

chassisBus traveledbistance
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Modeling of “Chassis” XX

MinimalChassis_vppc - VPPCTutorial_EVehicle.Chassis. Minimal

EEX
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wheel 3
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Vehicle Example |

= Put the chassis model into vehice model
= Parameterize the
chassis model . "

[Elconstants

2O Ga

= Jstunts

Unnamed
) [ SmartElectricrives
1 [Jueticenterfaces
€PUsers Gude

& [E]Examples

&1 [Jelocks

| [Jicons
[irterfaces

1 [JMechanics

& (Prypes

B [PAccassories

controller
- &

E driver
1 [FPatmospheres battery e,

[Plerakes
1 [Pichassis

Examples. Example_master 1 [Fhontroliers

4 [Poscapictionaies

i [ Florivelnes
Component Ieon & [PoriverEnvironments
61 [Plorivers

B [PElectricDrives

1 [Penergystorage
Camment =
| ‘ =] A [Pengines
Model 4 PPonertrantiounts
5 . " i [PRoads
Path WPPCTutorial_Evehicle. Chassis, MinimalChassis_vpy
o Pransrissions
" VPPCTutorial EVahicle
Chassis =1 (B Examples
o Electric

B00)v kg chassis mass Example_body fral

General | Advanced Add modifiers

Mame | minimalChassis_vppc ‘

Comment. vppc chassis model

mass

=

Bower
B [Pcons
& [Perakes
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£ MinimalChassis
r [ 023y mo e radios CaalMiimalChassis_vppe
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o
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| & todeing | 1° simulaion |
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Vehicle Example Il

= Connect the chassis bus with driver bus connector

Example_master - VPPCTutorial_EVehicle.Examples. Example_master - [Diagram]
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Vehicle Example Il

= Connect the front wheel connectors

August 31, 2010

Example_master - VPPCTutorial_EVehicle.Examples. Example_master - [Diagram]
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= Connect the rear wheel connectors

August 31, 2010

Example_master - VPPCTutorial_EVehicle.Examples. Example_master - [Diagram]
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Vehicle Example V

Check the model

Example_master - VPPCTutorial_EVehicle. Examples. Examp

e Edt ol

=

. Commends Windaw Help

AL o [Ff = % ¢dnBAEE o - Be ron

? - [Diagram]
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Simulation and Results |

=  Simulate the example_ master model

Electric - VPPCTutorial_EVehicle. Examples. Electric - [Plot [14]]

= Change to
Simulation window
in Dymola
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Simulation and Results Il

controlBus.driverBus.longitudinalVelocityRef

= Plot the variables

Electric - VPPCTutorial_EVehicle. Examples. Elec

(] Fle 0 Simulstion Flot  Animation 3
E’:HQS Niem o - Heron 8§ 85K ZLE £-

Y Il H AL B e o i Speeti 1 -
,h”;blgﬁmwsw = l? = —— controlBus. —— cortre
Variables ke |

controlBus.chassisBus.longitudinalVelocity

Fbattery
[HMe2 _

\trolB ﬁ
[+istateSelect =
10+
)
25‘0 5D‘D 75‘D m‘nn
—— cortroBus batteryBus soc.
49
048,
046,
/___s/
controlBus.batteryBus.soc

T T T
Advanced [ 250 500 750
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Simulation and Results Il

= Change to Model window in Dymola
= Open the controller model (parameter list)

= Change MGZAnd Brakes param eter controller in VPPCTutorial_EVehicle. Examples. Electric
General | add modifiers
Zamponenk Ican
= From: without recuperation vame[cortroler |

= To: recuperation then braking Commen: | |
Model "

Path WPPCTutorial_Evehicle. Contrallers. ContrallerElectric

Comment Conkroller of the electric vehicle

=  Simulate the model

Parameters
MG2ANdErakes without recuperation V|E + Controller MGE2Z and brakes
i ) <Remove modifier =

Drive train k¥ braking with recuperation

"7 recuperation then braking

transmissionr atid withaut recuperation

diff erentialr skic | driveline. ratio |P Differential ratio
Brakes
Fri_maee | brakes.fn_ma: |> Maximum brake Force
oK ] [ Infa ] [ Cancel ]
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Simulation and Results IV

= without recuperation mode

= |n this strategy for the electric vehicle
only mechanical braking is implemented . The
el ectri c machine MG2 only acts as motor
The state of charge (soc) of the battery
wi || decrease continuously w thout
considering the soc limts in the
controller. As depicted in figure the
braki ng torque increases linearly wth the
brake pedal position whereas a brake pedal
position of O neans no braking and a brake
pedal position of 1 neans full nechani cal
br aki ng torque.

August 31, 2010
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mechanical
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Simulation and Results V

= braking with recuperation mode

= In this strategy for the electric vehicle
mechanical braking and electrical
recuperation are implemented . The electric

machine MG2 acts as motor and generator

The state of charge (soc) of the battery

wi || decrease and increase, depending on
the drive cycle. As depicted in figure the
full braking torque increases linearly with
t he brake pedal position. It consists of a
nmechani cal part (tauMechani cal) and an

el ectrical part (tauElectrical) whereas a
brake pedal position of 0 neans no braking
and a brake pedal position of 1 neans full
braking torque. In the controller nodel,
limts for the soc called socMax and socM n
have to be defined. Wen the soc rises
beyond the maximum |limt, recuperation is

di sabl ed. Recuperation is enabl ed, when the
soc falls beneath the mnimumlimt.

August 31, 2010

brakingTorque [Nm]

T )
mechanical

0
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brakePedalPosition [-]
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Simulation and Results VI

= recuperation then braking mode

= In this strategy for the electric vehicle
electrical recuperation and mechanical
braking are implemented . The electric

machine MG2 acts as motor and generator

The state of charge (soc) of the battery

wi || decrease and increase, depending on
the drive cycle. As depicted in figure the
full braking torque increases linearly with
the brake pedal position. It consists of an
el ectrical part (tauElectrical) and a
mechani cal part (tauMechanical) whereas a
brake pedal position of 0 neans no braking
and a brake pedal position of 1 neans full
braking torque. In the controller nodel,
limts for the soc called socMax and socM n
have to be defined. Mechanical braking only
occurs when the maximum electrical braking

torque is reached or no recuperation takes
pl ace because the soc has exceeded the

maxi mum soc |limt.
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brakingTorque [Nm]

T )
mechanical
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Simulation and Results VII

= Change to Simulation window in Dymola
= Advanced // Compare Results -
| | Plot the Ve|0C|ty and soc

controlBus.chassisBus.longitudinalVelocity

controlBus.batteryBus.soc

-

& Modeling | 12 simulation
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Hybrid Electric Vehicle Model (series)

= Start-Stop of the engine = Different operating strategies

= Electric drive, diesel-electric = Different types of el. components
= Optimum operating of the engine

battery E'- ! {%ﬁﬂﬁ &i driver

control.

controlBus Eﬂ

T — T — —7T — — T
brakes

engine MGl MG2 trans.

driveline

world road atmosphere

- - -

>
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Hybrid Electric Vehicle Model (parallel)

=  Start-Stop = Different operating strategies

= Electric drive = Different types of el. components
= Boost function

battery !T ! \ﬁ % driver

control.
controlBus

brakes
engine

world road atmosphere driveline

- - -

>
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