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{Handling Testing}
DLC: D-Class Sedan, Sprung Mass from Total

il

{Stability Testing}
Fishhook - Stable: E-Class, SUV

{Ride Testing}
=== Roll Sine Sweep: D-Class, Sedan

{Event-Driven Tests}
Events: Shift 2WD to 4WD

{Trailers and Payloads}
Trailer: Reversing
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{Simulink}
ABS: Split Mu: B-Class, Hatchback

BLTRAE—TH&HE

{K and C Test}

Bounce Test: D-Class, Sedan d -

RLOBESEIEO Sy DIEEE Roll Stiffness Test: D-Class, Sedan — ;.@"

-

{Simulink} . .
Yaw Control Diff. (Detailed, CS7), DLC w/ AN e
Low Mu: B-Class, Sports Car RWD

CarSim7.11%45) -

{Event-Driven Tests} [
HERIRAEHEIO DY) DRI Events: Reverse Spin i

>

1 — &

{Simulink}
External 4WS, DLC: D-Class, Sedan

{* CS 8.0 Traffic and Sensors}

1 Sensor, 24 Objects
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CarSin 8.0 (Torsionally Rigid)
Vehicle-suspension arrangement: i i
Generated by VehicleSim Lisp on June 30, 2003

C:\Docunents and SectingsiAll Users\Documents\CarSinG0_Data)Runs\Rund0S_all.par
ocuments and Settingsiill UsersiDocuments\CarSing0_Data\Runs\Rund09_echo.par
ocuments and SetringsiAll Users\Documents)Car3in80_Data)Runs\Rund0g_end.par
:\Documents and Settings\All Users\DocunentshCar$ins0_Data\RunsiRund0d_log. txt
Tput: C:\Documents and SettingsiAll Users\Documents)Car$insd_Data\Runs\Rund0s.erd
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VS Visualizer - CarSim - Baseline <* * Quick Start Guide Example>

Playback Piot Tools Help.

Amange ¥ Auto Arrange Columns:

Lateral distance to path

o—*
op—o 4

ion (path) at vehicle orig Time -5

Lateral Tracking vs. Stal Steering: Handwheel An Road Wheel Steer Angh
Steering wheel angle -d Angle - deg

Slip Angles : Baseline  Lateral Accel. of CG's - | Roll Angle of Sprung Ma

2 Rows: %

Time -5

Angle - deg Lateral acceleration, vet o, vehicle - deg

Time -5 Time -5

Yaw rate (body-fixed), veForce - N

Yaw Rate of Sprung Ma: Vertcal Forces - Baselin Longitudinal Speed : Ba

Time -5

Longitudinal speed - km.

Time - s Time -5

Time - s

5.371/6.300/
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Purpose of CarSim
(TruckSim, BikeSim)

Capabilities

®  Predict overall motions of vehicle

* driver controls
* electronic interventions

* interactions with ground and air

Very accurate for system-level tests
* Braking, steering, acceleration, stability

* Tests involving vehicle system
Very easy to learn and use
Fast, with support for real-time HIL
Works well with third-party software

Not Capable

® Component durability
® FEM-type flexible bodies
® High-frequency NVH (> 20 Hz)

¢ Durability, corrosion, material
properties

® Crash
® Body styling

® Human-factors (lighting, radio,
windows, navigation, etc.)

® Electronics

10
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Inertia y Tire Testing
Measurement & \ &

Suspension

Measurement

® Run tests to measure behavior
® Math models to predict test results Modeling,
® Measure parameters for models Algorithms, &
® System-level models for system- Simulation
level tests
*  Vehicle

Testing and Parameter
Analysis Measurement

*  Subsystems




wuicC carsim

Simulation Development
1996~

¢ Core model for vehicle dynamics
= 3D kinematics and dynamics from symbolic multibody program
= Built-in models for standard systems (brakes, powertrain, tires,
steering)
= Comprehensive 3D road model
= Closed-loop controls for basic driver actions

Developers «—'_> Users
3D multibody vehicle (Mechanical ! i i —
description (Lisp) . . I :ng-SpllIMu.B-CLﬂss,Hﬂtch.,NnABS = ®
Simulation) ' BXRESLI-EE?
Machine- CarSim [Sees
generated Solver DLL  ~ =
VehicleSim Lisp ‘ 1
, C compiler
(old name: AutoSim) 1

T

Hand-written C code for VehicleSim library _ —
vehicle systems and routines (API, T T T e —
components commands, file i/o, etc.) CarSim O
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Camber change Vehicle center

AR R AL

Instantaneous

|
|
|
|
|
|
i
I center of wheel
I \

Roll center at
~ design condition

Trajectory \ Trajectory of wheel center
of CTC movement N OZAY A+

L Front Wiew ] Top Wiew

QE + Camber gF +Toe
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Steer rotation geometry

T e | RO TEURLY
/ ‘_/"f P A\_}

-

\!
& L s
Kingpin Axis
‘ Front View Side View
Kingpin Caster angle

inclination
: ; . angle
Kingpin Inclination Angle _— o e

PR Steerin
Riah Kingpin lateral . -« ons
Rinpin Offset at the Ground offset \H_ axis

Center of
Tire Contact
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Vers2009~)  11I€ relaxation

Dynamic Properties
Tire spin moment of inertia:

Tire farce T
ar rnormnet

[ L far Fx h"’]
Maolagin Fu [ir:;}stant response|
v | for Fx
L for Fx iz nonlinear function of kappa and Fz

| Mo lag in Fx for high zpeeds or decreasing lip Tl |

v Mo lag in Fx for high zpeeds or decreazing zlip
Mo lag in Fx for high speeds

Increaze lag in Fx far high speeds

Constant length-{ ¥ 180 i ”
Contact length =0
¥ Conztant length
Contact length is function of tire compression

Virtual Mechanics Corporation 23
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VS VILIN\—DIIEFE D &

Qi-2, Qi-2 Ji-1, Q-1 Qi 4} Qis1/2, Qis1r2 Qi+1, Qi1

.._---""“/ 2T —_—_——\‘-\

g T ) - —p

i —2 i —1 i i +1/2 i +1 Time

Adams-Moulton 2nd Order Method (7274 /L

'\) AT ' ' !
qi+1/2:qi+T(5qi—qil) ) qi+1:qi+ATqi+l/2

& Models: Self-Contained Solvers; 1 Simple S

File Edit Datazetsz Librariez Toolz Yiew Help

& 2% PO X}

Back Forward — Home | Previous Mext  Mew Delete L

AdamS-MOU|t0n 3d Order MethOd [ Use external wrapper program
AdamS'MOU|t0n 4th Order MethOd Numericalintegrati2:| Ahd-2 (2 updates perstep)37| ]

[ Externaltimp st AB-2 (1 update per step)

Runge-Kutta 2nd Order Method W A

¥ AN-2 (2 updates per step)

Ahd-3 (2 updates per step)

Adams-Bashforth 2nd Order Method AN (2 updites per ster)

\
The fiald snd blie nEES e et =T

Y =a7 )L Help > Reference Manuals > VehicleSim Solver Programs
Virtual Mechanics Corporation 24
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VehicleSim Models are Extensible

Alternate Alternate Driver
Powertrain Models
Models
Active
Suspension
Alterl!ate N A
Steering
Models

Drive Train Alternate Tire

-. Models
Component . 4 : : \ . S
Controllers | |
Engine ABS Traction ESC
Controllers Controllers Controllers
Core vehicle dynamics model Extension by Users
* Motions due to driver controls, 3D ® Symbolic equations for input

ground, and aerodynamics VS Commands and Events
i Braking, handling, Stablhty, acceleration Other Software (e. g., Slmuhnk)

o
]

¢ Many built-in alternative models L4 Hardware in the Loop (HIL)
o

VS API for custom programs 26
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MATLAB/Simulink& 0 & £
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ABS: Split Mu: B-Class, Hatchback

L absmal CarSim S-Function [ B EBEX
Swvz_Undo  Reds Porst e B LL20 AEE B
Run Control with Simulink = MNormal hd & = &

ABS Contraller cs7) [+

| [ NWEE ]
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WHWC  Hardware in the Loop

—_— ———————— e

¢*Host Machine with Windows
= Database
= Animator & Plotter
= User Interface

*Target Machine with RT OS
= CarSim math models
= Hardware-in-the-loop interface
= Works with major RT systems
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Extending Models: VS API

Programming Languages API Functions (100+)

®  Any language that can load DLL file ® Program support for all VS commands

and access functions.

. ® Access to all internal variables and

Example code provided: parameters (use keyword)

= ANSI C/C++ ® External functions can be installed in 14
=MATL AR locations

= Visual Basic = defining new variables

= Python = calculations

® Options to add features and still let = parsing inputs, echoing

VS solver run the simulation ® Functions to support custom simulators

O (e.g., driving simulators)

Options to control the simulation,
including approximate real-time

(Windows) driving simulators 2

O
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carsiM Driving Simulator .

‘CarSim DS Software (i ZFZ1E T L 2aL—4%2YTR)
- CarSImD AT 7 ZAEREZ AL 7 — LNV RILIG27 1 F &
- MATLAB/Simulink T B D IR v o % B NI 8E
ARl TFSAEL T VSaL—4%FFEH ! !
CarSimIIAEFAFEADSOEMETILICZHDIZFHER

=

carsiMm
trucksiv

[ g A A B

CarSim DS Software CarSim DS Software with SENSO-Wheel
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Driving Simulators
£330

® CarSim used “as is” for 170+ driving
simulators
® CarSim used for huge two-track
Toyota Simulator
® Low-cost DS’s use basic PC with

o 2ame controls

® “Feel” design and/or HIL

S e e o WO
_____

carsim
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Traftic and Sensors

Left edge

ight edge,

closest point

width

Sensor

File:

Edit  Yiew

Animate  Help

Left edge

v Sensor aim

Closest point Object 2

@®
Object 1
Object 3

Right edge Not detected

®  Traffic an roadside objects handled
by VS commands

®  GUI has options that automatically
generate commands

®  Up to 20 sensors

o

Sensor-object interactions include
occlusion

o |
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Targets

= Traffic Motion: 12 Oncoming Yehicles at -Vx

[ File Ect Datasets LUbraries Tooks View Meb

e

|—\ TMotion] 06
|- 08-26-2010 09:43:07

f4eVvHE

X @&

#o Sensor Targets: Target Vehicle, 5: 145 m. Head: TO deg

Fil= Edt Datasets Lbraries Tools Wew Help

BE)

i !tmc Prowious Hest  Hew Lib Tool  Parsfile e Sicdebar Refred

&
| Back | Forw

V5 commands sppbied for asch obpsct before snything else specified on this screen Usze "7 s essians a3 the placehcld

object numbe (e.g., use "5_0BJ_%" for stalion of
objeci)

Targetll2
05-26-2010 054308

e eyl

i Home Previous Rext M

%

0 LibTool Parsiie

X ® &

? 0

Delete  Sidebar Refresh Help Lock |

[ 47 22 05 1 1 HMMWY

i~/ .

WS commands andfor miscellaneous keywoeds and vabues in thiz field ae appled after everpthing elee specified on this screen

Urits for thit page are meters (S, L], m [spaed), Uz thiz datased to define a target obiect that maves kateraly relative o the mad, such as tralfic or Lalesal offset jor ') |§
heading angle] Divide by DF to coredt from def|  PEdEstian crossing. /
Lateral positon aw angle offsst [rad) Specily speed (/5] using V5 equston = Use """ in spmbolic espressions as the placeholder for the object numbes [e.g . use "S_D8_7" for Irstial stabon for ] ¢ Ghatign (o0
25 F ] slation ol this maving object]. Units sre meters (5. LL m/'s [spead]. and rackans [heading angle]
.Rl,‘q,dle,,,mwm'w”mn Laotesal it Lead it Trad it 2] Divide by DR bo corves from degiess to radians, &g, 180MDA i
Mevrig abjects they reach isils in postion 5 20 50 W5 commands spplisd befors angthing st speciied on this soiean /™ Heading
[ Reflectiveness based on matenal type -
S iritial [m) Reclangle? Length or diam. ‘width Ls_Fronk Height  Rafleciivensss: Lird:s o wehicle animation datasst: r(‘p.' -\,\_
0 & 125 2 ] L] 1 [ ALlass, Subcompact FV Ay
sllstecal /| S
15 = 15 2 as 07s 1 [ B-Class. Hatchback, :’Ff';;'l l[:-r"fll .»{H VAL
5 = 32 2 a5 075 1 [ C-Class. Hatchback. Motion of the Dbject Station Latesal offzet 7 7 - (,f L=_Frort
Ba a3 4 2 05 05 1 l D-Class, Sadan Iritial positcn of object at start of un 143 20 m Vi
o = a5 2 a5 e 1 | E-Class. SV [ Specily besdng sngle of mowement | Molion headng TWDR rad _,."'r Lerqll]_jl
A wdin
£ = 55 2 05 1 i ] Laige Eurapean van [+] St eonditions for staitig  Slart condiior: gt sl ation, 1010) Ly de
150 [ 4 2 13 05 1 G1 B Siop condition: gifztation, 1 20) S
175 o) 45 3 05 08 1 0-Closs, 50 Spesd ! me -
EE & 55 2 0s 08 1 [ Pk, Full Size w/ GN Hich [ Riecycle object when cutside itz
25 = 15 2 05 05 1] B-Class. Sports Cai [Haid Top) relaiive (o 10ad and vehicls position
240 & 4 2 05 08 1 Pickup, Compac! Properties of the Object (flectangle or Clinder) [ Reflectiveness based an material lype [ JEat heading of obgect
30 = TS 3 a5 065 1 l F-Class Sedan Rect? Length or dism. a/idik L_Feont Height  Rellecteness: Arimator shape for thiz moving object Set color?  separately from motion

99 Objects, moving or fixed

Traffic or road-side objects
Vehicle crossing

Object can be recycled when they go out of range
GUI has two screens for common scenarios

Solver handles 3D road geometry
Positions can be defined with algebraic or differential equations

37
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