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... .. .~~~ Mechanical Simulaion
Background

m Applications for vehicle dynamics simulation tools in the
automotive industry are constantly expanding

m To meet the needs of new users the software must grow Iin

features, sophistication and complexity
m The challenge to software designers is to keep the software
easy to use despite increasing complexity
e Keeping the interface intuitive (obvious)
e Structuring the interface for ease of use (efficient)
e Making it easy to set up vehicles and tests
e Facilitating evaluation of results
e “Help” resources

m CarSim 8 has many features illustrating these technigues



... ... Mechanical Simulaton
Quick Start Guide

m Learn to use software in 2-hour exercise

e Run control

e Animating simulation results
e Plotting results and creating new plots
e Creating databases

e New test procedures

e Changing vehicle properties
e Desktop shortcuts

e Managing multiple databases




Program Structure

m Keeping it simple and consistent

< CarSim Run Control; { Animator Features } Camera Tracki... - [T
File Edit Datasets Libraries Tools Wiew Help

FOR A4V TBEBLILS N X B E&?0

Back Forward Home Previouzs  Mext ey Save L-|I-'|-l.‘;itl Re:_c;n Liby Tool  Parsfile Delete  Sidebar Refresh Help Loick
Yehicle & Procedure Run Control: Built-In Solvers Reszults [Post Processing)
Wehicle canfiguration; [nd_Ind |> [ Run Math Model J todsls| ¥ [ Animate ] Flsetrumenlor [
B-Class, Sparts Car w
ass. Spars Car ] [ TrcknaCanenteneed  [¥)
Procedure b [TTrite all available outputs
e = Shi ot
Leading Car an Road Course: - [ Bl oo =] l Plot ] ow mare plots
[T] Shiow mare optiorns an this screen
|\ J |\ J |\ J
Set up the vehicle Make the Run Animate and
and test maneuver plot results
Car bel ng [C] Overlay animations and plots with other runs

simulated | T~

CarSim

Mechanical Simulation B-Class, Sports Car [ View ][ Echa file with iritial conditions | 4
{CS B-Class i




CarSim Example Tests

m Over 100 examples give users a starting point for setting up their first simulation

trol; { * €S 8.0 New Vehicle Shapes } Tractor w/ Center Pivot ... - |0}
ps Tools View Help

aclicaePotacet Chrl+lp g E;{.:TQSDEE_I;:;;:“ X @ ? i_"’%

Back For\nar- Ne)(t Dataset CU’|+DOWI"1 Tool  Parzfile Delete Sidebar Refresh Help Lack

* % Dick Start Guide Example »
¢ ¥ (S 8.0C0SIN /FTire 4
* (5 8.0 Encrypted Parsfiles >
* 5 8.0 Live Animator and Plotter »
* CS 8.0 New VYehicle Shapes >
* 5 8.0 Road Roughness >
* 5 8.0 Traffic and Sensors »
* (5 8.0 Variable Width Roads >
Aero Effects >
Animator Features »
| EBrake Testing ¥ Braking - Split Mu: B-Class, Hatch., ABS
Event-Driven Tests »  Braking - Split Mu: B-Class, Hatch., No ABS
Extended Models ¥ Braking in Turn; E-Class, Sedan w/ Brake Temp. and Booster Effects
3
3
3
3
3
3
3
3
3
3
3
3
3

un Control. Built-In Solvers Results {Post Processing)
un Math Model ]M] [ Animate } [ Setrun colar

[ FLViewyide, Veh. Pef, (Bt Focing) ]
all swvailable autputs . [ Plot l e

Cutputwariahles: |T]

[ Shawer

Handling Testing Braking: E-Class, Sedan w/ Type A Cirl,

India Braking: E-Class, Sedan w/ Tvpe B Cirl.

K & C Test Braking: E-Class, Sedan, Fade Test, 0-100-0 km/h

Measured Test Data [[] Owetlay animations and plots with other runs
Powertrain

Ride Testing

Simulink

Stability Testing

Steering Testing

Suspension Testing

Tire Tester
Mec!| Tire Testing

Torsional Flexibility

Tractor View [ Echa file with initial conditions X
{3 Tractor }




... ...~ MechanicalSimulation
The CarSim Vehicle Family

m Start simulating immediately — choose from data sets for 26 generic vehicles

A-class B-class C-class D-class E-class F-class
Hatchback Hatchback, Hatchback Minivan, Sedan, SUV Sedan
Sports car Sedan, SUV

-.:
I‘\d
\*j Pickup

GT .
Mini Truck

3-Wheeler

Euro Van

Tractors

Trailers 6



CarSim Database Structure

» Simulation datasets are “assembled” » 160+ libraries (screens)

Run 1 Run 2

® S® || b T
N | L ||
\

Controls Library

ngines Library Tires Library

Roads Library




Connectivity with Vehicle Dynamics Community

m Example:

e Translating data from other programs

e ADAMS/Car to CarSim converter, developed and validated by
Macro Extracted from ADAMS

AMET S.r.l.
Standard
par file
——t— | )
Suspensions N

Body s >

ADAMS | | Database | | carsim | Cﬂr::‘zrjd
i — ~F 1 1 T c . > ]
m

'

Available from AMET S.r.l, www.amet.it
Booth 5100




Tracking Data Sets

m Choose from multiple data base folders on start up of the program
m Display the data files used with this run

< CarSim Run Control; { Aero Effects } Crosswind, Low Mu w/ ESC *

=10

File Edit Datasets Libraries Tools Wiew Help

Save  Undo

Redo  Lib Taal

% Runl107.par
06-10-2009 13:12:06 x

Parzfile Delete

H &2

Sidebar Refresh Help Lock

Models: Simulink: ESC Contral
=0 Channels: Import ESC Import
I{0 Channels: Export ESC Export
Animator: Camera Setup: Rear Yiew High, Foad Fef.
Animator: Reference Frame: Camera Fear Paint w®
Yehicle: Loaded Condition: D-Class. Sedan w/ Aero F
Wehicle: Assembly: D-Class. Sedan (Transparent, I
- Suspension: Independent Compliance, Springs, &l
-Suspension: Shock Absorber: Big Car Damping
Suspension: Auxiliary Roll Moment: Linear 384 N
-Suspension: Jounce and Rebound Stops: +60 m
~Buspension: Spring: 153 Mfmm

-Suspension: Shock Absorber: Big Car Damping
uspension: Jounce and Rebound Stops: +60 m
-Suspension: Spring: 153 Nimm

Suspension: Independent Systerm Kinematics: D-C
-Suspension: Dive Angle (Caster Change): Front !
uspension: Longitudinal Position: Frant Strut- L
-Suspension: Camber Angle: Front Strut - Camber
uspension: Lateral Position: Frant Strut - Lateral
~Suspension: Toe Angle: Front Steut - Toe Chang:
uspension: Dive Angle (Caster Change): Front §
-Suspension: Longitudinal Position: Front Strut- L
-~ Suspension: Camber Angle: Front Strut- Camber
-Suspension: Lateral Position: Front Strut- Lateral
Suspension: Toe Angle: Front Strut- Toe Change
Tire: 215/55 R17

=+ Animatar: Shape Assembly: Euro Sedan Tire

[ Expand Al ][ Collapse ][ Refrezh ][ Mew Tree ]

Vehicle & Procedure

Run Control with Simulink

Results (Post Processing)

Wehicle configuration: Ind_Ind b4
D-Clazs, Sedan w/ Asro Foroes %
Procedure >
Crosswind Test =

[]:Show mare options on this screen:

’Bun N0w“§end to Simulink][wj

Animate [] Set run calar

| ESC Cantrol [+

[ RearViewHigh Rosd Fef, (Fri. Facing) ||

[I'rite all available cutputs

[ Dutput varisbles: ¥

MNumber of live animators for this run:

Shows links to all
the data sets

CarSim

Mechanical Simulation

Owetlay animations and plots with other runs

D-Class, Sedan w) Asro Forces
{D-Class}

| Crosswind, Low Muwio ESC I~
| {No dataset selected) I~
| {No dataset selected) I~
| {No dataset selected) [+]
| {Mo dataset selected) [~]

[ Echofile with initial conditions ]




Document the Run

m Make it easy to document history and purpose of runs

< CarSim Run Control;

{ * * Quick Start Guide Example } Baseline

S '@ v i B

File Edit Datasets Libraries Tools Wiew Help

I ™ Run248.par
= @ 05-11-2008 125836 X

o Home Previous hest ey Save U|-1_d0

Fedo Lk Tool Parsfile Delete

H g ?0

Sldebar Refresh Help Lock

Motes L|n’d Data |
5 exarmple when you follow the steps in the

Quick Start Guide, a brief infroduction to using CarSim.

Open the Quick Start Guide by selecting the Help
menu fram the menu bar on this screen, then selecting
"Cluick Start Guide".

The Cluick Start Guide introduces the basic operation
of the SGUI (Simulation Graphical User Interface),
shows you how to change vehicle data, make runs,
and view results using the Animator and Plotter.

NOTE: The exarmples provided in CarSim are
designed to getyou started using the software and to
show you different features that are available. You
can startwith an existing example dataset, create a
new dataset, then modify the new datasetto meet
wourtesting requirements, That new datasetthen
becomes part of your database and can be used for
any number of vehicles.

Record your

notes here

Save Rewvert

Vehicle & Procedure

Run Control: Built-In Solvers

Results {Post Processing)

Run Math Model | [odels: [~ ]

“ehicle configuration: Ind_Ind -
S Class, Hatehback it
Frocedure *

DLC @ 120 kngh -

[ Shaw more aptions on this screen

CarSim

Mechanical Simulation

Wtite all vailable outputs

[ Animate

J [ Set run color

3 deg. Armuth, Veh. Ref, I~

[ Plot

C-Class, Hatchhack
{CS C-Class }

l Show more plots:

[] Owerlay animations and plots with ather runs

View || Echofilewih final conditions b
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Protecting Data

m Encryption prevents vehicle data from being visible
m Complete data sets or sub-sets can be encrypted

m Encrypted components can be replaced with substitute data sets

< CarSim Run Control; {* CS 8.0 Encrypted Parsfiles } Encr... |- |03
File Edit Datasets Libraries Tools Wiew Help

<,‘:|' E{>‘ @ @'@ E'"IE “I I % DF;Z';?Z';:,Q,‘EQ?;@ X @ ? i-r%

Back  Foryvard Home Previous  Mext e Save  Umdo  Redo Lk Tool  Parsfile Delete Sidebar Refresh Help Lack

Run Control: Built-In Solvers Reszultz [Post Proceszing]

’ Bun Math Model ] todels | ¥ Animate [+]5et run color [:]

| 210deg Azinuth [Close). Veh. Ref. ||

Proceaie Xl Tl Al akalable oot ;
DLE @ 120 kmih v| [ = Show more plats: [0 ]

Dutput varisbles:

Vehicle configuration; Ind_Ind
GT. Rear Engite Encrypted

[1 Show maore options an this screen

[l 0verlay animations and plots with other runs

CarSim

Mechanical Simulation [ Yiew ][ &)l dats sent b sabver or animator | 11




Override Controls

m Make it easy to add options and override controls at top level

-+ CarSim Run Control; { Animator Features } Tire Paths, 4A: Pickup, Compact w... - ,.L'_I.mj

File Edit Datasets Libraries Tools Wiew Help
<:I'E£>' ﬁ @v@' lﬁ & 'rl/ % Eﬂgggﬁg:m X @ ? i-}

Eack  Forywvard Home Previous Mext et Save  Undo R;do Lity Toal Parzfile Delete Sidebar Refresh Help Lack
Vehicle & Procedure Run Control: Built-In Solvers Results {Post Processing)
\-’ehicle.cunfiguratiuﬁ: Ind_SA + SA_SA : - l Run Math Model l Models: v l Animate_ } a Set run colar
Pickup. Campsct (Lowered) wi 24 Bost Trailer || e 5
Peartiew Trailer Ref P
Procedurs = ['rite all available outputs [ Plot J
— Fishhoak = [ Outputvariables: iv] —
< Show more options on this screen
ata -
Foad/vindimise Whesl Anows ' - Add tire marks
Simpls Tire Paths (4 Ades) > ti
' opuon
[ Foadiwindimisc.: =]

[] Overide time and distance settings

| Foadjwindjmisc: >

Override controls:
Add braking event

Owerride driver contrals

htrolis not specified

A ed seti mations and plots with other runs

Braking: Brake contral »
Spike Braking of 15mPa @ 2(s) M
[ Shifting control: Rl
[ Steering: =]
Fickup, Compact (Lowered) wi 24 Boat Trailer [ Echo file with initial conditions b
{ Pickup, Compact }




Set Up Complex Test Procedures

Steering wheel angle - de
Gain=1.0 200 g g g

steer angle A for Ay=0.3 g

11;)'J;a'|:r~."; é'2?2'2:.4'2?6
=

Gain = Gain +0.5
V =82 km/h

driver model = on
Speed control = off

> |nitialize vehicle

position

WhenV < 80:
Initialize peak yaw rate
Initialize YCG
Initialize event clock
time
Start Sine with Dwell

Time relative to current event - sec

FMVSS 126 Test Procedure

IsGain 2 5.07 * Run tests to find steer for Ay =
Yes +0.3 g at 80 km/h

No Is YCG >1.83 m? . . .
) Ves _ * Run series of “sine with dwell

When T_Event =2.93 sec:

1
Is yaw rate < 35% of NO == tests
eak?
No

Ves « Check lateral position (T = 1.07)

When T_Event =3.67 sec: .
s yaw rate < 20% of « Compare yaw rate at two times
to peak yaw rate

eak?
=Noo| lsGain-A >270 - = Yes —> [ e Test until steer > 270° 13




Larsim

MVSS 126 edan <FEMySSy 120 Example> | k| S Pl Ed

il Edit e Arimate  Healr

m Yaw rate (body-fixed), vehicle - deg/s
a0
|:| F' == et ——t—1 I - I —t—— I

05 \e—i—r? 25 3
i U5 2. 25 3 35 4
-5l

Time relative to current evemnk- sec

TG T - FMYSS 17 i1 £ X A Eay s e e = | e

Tot. CG Y coordinate, vehicle - m

Failure;:

= |_I-"‘

216 par
2007 23:26:59 @, E ?
Refresh Sidebar Help

Results [Post Proceszing)

Yaw rate > 35% peak

Bun Math Model Animate l

Front View [veh Bel) % |+

| Plot { [+ Multiple Plots

FiV55 126 Performance tests [3 series] I_'i | Stop run &t specified time 5'1

C mssar i s T Minnallamanin Miaka - . " -

YCGE_TM |+
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Overlay Runs

m  Overlay other simulation runs or experimental test results in
animations and plots

< CarSim Run Control; { Aero Effects } Crosswind, Low Mu w/ ESC

File Edit Datasets Libraries Tools Wiew Help

Back  Forward Home Previous  Mext

Mewe  Save  Undo  Redo  LiTool  Parsfie

ED R A v Bo G % D X

Delete

H &7

Sidebar Refresh Help Lock

Notes | Linked Diata |

improvement in vehicle stahility
achiewved with Electronic
Stabiliy Contral (ESC) in high
crossswinds ona low mu
sutface.

The crosswind fans produce
100km¢h wind from the right
side. then the left side.

The steering is controlled
closed-loop, with the driver
steering to keep the car on its
path.

Far this run, the vehicle is
equipped with ESC.

The aerodynamic farces are
displayed as single-headed
arrows, located atthe
aetodyhamic refarence point.
The center of pressure is not
generally located at the
reference point, 50
aetodynamic morments
complete the description of
aerodynamic effects. (Forces at
the center of pressure are
replaced with forces atthe
reference point and
appropriate moments.) The
moments are displayed as |
double-headed arrows located [v|

Save Rewert

This exarnple ilustrates the ]

Vehicle & Procedure

Run Control with Simulink

Results (Post Processing)

Wehicle configuration: Ind_Ind -

D-Class, Sedanw/ Aero Forces

FProcedure >

Crosswind Test v

[] Show mare options on this screen

[ﬂun Now“_ﬁend to Simulink][w]

[ Animate J [ Setrun colar

| ESC Control -

| ResrView High. Road Ref, (Ft Facing) |v]

[I¥rite all available outputs

[ Dutputwariahles: R4

MNumber of live animatars for this run;

Click to overlay
other results

CarSim

Mechanical Simulation

l Plot J Show more plots:

Owvetlay animations and plots with other runs

D-Class, Sedanw/ Aero Forces
{D-Class }

| Crosswind, Low Muwjo ESC '
| 1Mo dataset selected} iV]
| {Mo dataset selected} 471
| Mo dataset selected) I~
| Mo dataset selected) I~

View || Echofilewih iniiial conditions  w}
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... .. Mecchanical Simulation _
Example Animation Overlay

m Performance of the Mustang was measured on the test track
m Performance of the Camaro was simulated with CarSim

From simulation

From experimental
measurements

16



Sensors and Traffic

m Sensors and traffic are created at runtime with VS Commands
m Upto 20 sensors

e Properties: location, orientation, field of view, sensitivity
m Up to 99 stationary or moving objects

e Properties: current location and motion variables

e Motion variables can be computed internally or imported from other
software

m Sensors report out 10 variables for each detected object
e Used internally: e.g., for animations
e Can be exported to other software

17



Sensor Description

~Sensors for Range and Tracking; { Front Facing} Front Fa... -

m] X

File Edit Datasets Libraries Tools View Help

Undo  Fedo  Lib Tool

N T EEEEY BEEE
= = &y b 0F-11-2009 12-20:57

X H a?

Delete Sidebar Refresh Help Lock

Senszor
location

Senzor aim direction

Back Forweard Home Prewvious  Mext Py Save Par=file
g Technical specifications of senzor
Sensor location [sprung-mass coordinates] Sort targets based on prozimity
e Z
. ) 200 1200 T Objects can block [occlude] ather
: P a ; objects
Locat|0n Sensor aim [relative to zprung-mass = axiz) . o )
aw Fitch Eall ] ut_u:umatlca 1] _expprt SERE00
wanables bo Sirmulink AL abIE\W
L a 2 a deg
( Sensol rangs sensitivity - The sign;or field aof \-'i_ew iz limited by |_'ninimum
e = and maximum detection angles [beanng).
FirimnLirm: 10 deg
SenS|t|V|ty { Senzor elevation sensitivity | bl airrovam; 10 deg
Uity Gain i~
\

Optional animation settings

Shape for sengor radiation field; Shape File iV|

Specify plot satups: |

Distanice - 51 (2 Dbjects)

Scale animator shape to these dimenzsions

Bearing - 51 [2 Dbjects]

ey e : | Beging ;51 _
‘Rounded Cane. 'v| Set width autam-la;l;ally | Mgt ~ 51 (2 Objects] 'v]
Color (R G BJ 1002 | ange ) - | Wisibilty - 07 I~
Tranzhicency: 1 'W'!dlh [r] M7 i flzibilite - L
A Height [Z]_ 4 m
ppearance Show detection linesg in animatar
Shaow all detection lines

Animator shape to show line between zensor and object

| Squme ‘v] Option for animator shape \éiéiblit_l,l.-‘translucence [ Mizc.; |"]
Colat [F G BY: 1002 || [ Yigible baged on detection magnitude "']

Plot
Options
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Help Resources

m  Right click on any screen variable — definition and name
“Help” menu accesses complete documentation from the Run screen

~CarSim Run Control; { BrakeFesting} Braking - Split Mu: B-Class, Hatch., ABS [L]

File EBdit Datasets Libraries Tools @yiew

e b At
Back Forward Home Previous Next Mew Save  Ur
Notes | Linked Lata |

This example illustrates howto run & braking test:

Braking on a split mu surface without an anti-lock.
brake system [ABS) is inherently unstable causing the
cartto spin around. Information far the ABS system is
in Libraries -> Brakes -> Brakes: Four-Wheel System.

Save Revert

Help |

his Screen...
All Screens (Table of Contents)
GEUT and Database (WS Browser)

F1

H 20

Sidebar Refresh Help Lock

Home: The Run Screen
Perodyramics

Animator Settings

Brake Systems

Driver Controls

Events and Procedures
Generic Data Screens

30 Ground (Alternative to 30 Road)
Hitch

1/0 Channels (for External Software)
Maodel Extensions and RT HIL
Payloads

Plot Sehup Screens
Powertrain System

30 Roads

Outputs

Spectrurm Analyzer

Steering Systems

Suspension Systems

Tire Models

Toaols

Yehicles

Cuick Start Guide

Technical Memos
Real-Time Systems

Chedk Web Site for Updates. ..

About Carsim...

Run Control: Built-In Solvers

Run Math Model Madls: v
Wiite all available outouts
Cutput vatiakles: ‘v

Some buttons are dimmed because the data sstis
locked

Results (Post Processing)

| FrontView, Pioad Ref (Br.Facingl |~

Setnun color

¥ Cverlay animations and plotswith cther runs

Brlans Hatebbasl

WS Cormmands and Solver Programs

Braking - Split Mu: B-Class, Hatch, No ABS |+

[

| {No dataset selected} ‘*
| {MNo dataset selected} l*
| {Mo dataset selected} l'
| {MNo dataset selected} iv

View [ All data sent to salver or animator V]

CarSim Data

Surface Animator

Plotter

ERDC Corwerter

Delft-Tyre User Marual
VehicleSim COM Interface
WehicleSim APL
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Help Resources

m  “View” options access run information and documentation of variables
m E-mail for technical help at — “tech@carsim.com”

< CarSim Run Control; {* CS 8.0 Traffic and Sensors } Simple Traffic Definition M=l X
Eile Edit Datasets Libraries Tools View Help

<:|' l:{>v @ @'@7 % I I' % E;?Dgfzzugéezgs:ns X @ ? 'l}

Eack  Forward Home Previous Mext [ = Save Urdo Re_do Liky Tool  Parsfile Delete Sidebar Refresh Help Lock
Motes | Linked Diata | Yehicle & Procedure Run Control: Built-In Solvers Results [Post Processing]
This example shows how to add traffic vehicles to Yehicle configuration: lnd |nd i f [ Bun Math Model l Madels |+ Animate [C15et fun calar
-

a simulation. B-Class; Sports Car [Hard Top) | RR View, Veh Rl it Facing) ‘ ]
- nb Yiew, Men kel [Pk Facing] X

[|:|Wr|te all available outputs < Show more plats:
-

Dlutput wariables:

1

Procedure
Traffic Loop

[[] Shaw more optians on this screen

1

Echo file with initial conditions
Echo file with final conditions

¥ Al data sent to zolver or animator
Log file of parsfiles and events
Simulation results (Excel]

Cl0veray Simulation results [Matlab)

ERD header file

Multibody model description

Imports into math model [text)
Imports into math model [Excel]
Outputs from math model [text]
Outputs from math model [Excel]

CarSim

= Mechanical Simulation B-Class, Sports Car (Hard Top) <
Save Bevert {C5 B-Clazs }

Parameters in math model [Excel]
lata sent to galver or animatar [
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Thank
You

For more information:
Visit Booth 5100
www.carsim.com
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