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Extending and customizing CarSim
math models at runtime

Michael Sayers, Ph.D. ®m Core model capabilities

m Extending the models
B Runtime VS commands
BQ&A

CEO and Chief Technology Officer
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- Ha-n an :-,‘;w._ (" Nn-/p.-.rtv: ) Divided Highway (L] Mu: B-Class s Hatch. . Mo ABS g@ (‘ Surfanim 3.0
- e Sz Lbwwser Joke e
G - TIX GE D B i EX N e

1 ns2003201247

I " Run992.par @ 2 y
‘ = | 10.27-2007 11:30:35 .
ey lete LibTool  Save  Undo Parsfie Lock Refresh Sidehar Helo

Run Control: Built-In Solvers Results [Post Processing]
Bun Math Model Iv'; | Animate
R - X | E B Bl (] D) [ s Front View 'Wide Angle
Toe s el y
139 9500 pron T 2
H -
g bpar L | Plot [+ Multiple Plots
e < 0 Luwd cooednenof mars canter Lwud coceindn 5 i ified | :
Cartale ! - > AL op run at specifie ;""i
L v £ et Y - wheelimeeds [A1] hd
2 o e Tir ARl [ = e Fenl .
Drome |
o = SQ v 1
Leb (YR Y Lot Faye $ w B
[Z75% | n5e - 1 [meds [ e ’ ! CarSim &-beta
* y - y Vehicl im
codr - W I\| Canerated by AutoSim 2.83 (LW Dev) on April 30, 2004
e 00 » Simfile found: batch coperation.
A3 drvnions ond Cooknates e ey Input file with parameter values- Funs\Run52%_all par
Yool paueteaie e i 1 i eag b vt e ik hblarial by Echo file with initial conditions Runs\Run529%_echo par
= = & Echo file with final cenditions: Runa\RunS25_end par
SoNg ey 157 9 ~ Output file with log of nested inputs: Runa\Run525 log.txt
005 1 g mel 083 " Output file with time-history data: Runs\RunS235 erd
" ELE) gl Ry 134 " -
Pt e R
B ‘(FI‘M Tnedis and 00 o ascn e rellod by My FTirat Run <DLC. Basic>
Predxt fet 0 tond  squen | =N
Prochet ) st 0 tpr2

Hthere is a problem and you need to stop the simulation. use Cul+AlteDel -

Vehicle math model solvers B =y
© how <3| @] b [ <) M s ] 1

Graphical database

Surface animator

I ]
I e I ar t S O f C a r S I I I l I - Vx - wheel speeds (All) : Braking - Split Mu: B-Class, Hatch. , ABS <Brakes > L—.J[E]E

File E Format Data Miew Window Help
[E1Vx - wheel speeds (All} - Braking - Split Mu: B-Class, Hatch. . ... |~ |[OJB]
Longitudinal speed - km/h Long. acceleration, vehicle - ¢'s
0 05
n " —Wheel L1 (equivalent)
=Wheel L2 (equivalent)
. 50 =Wheel R1 {equivalent) hM
B Wheel R2 {equivalent) 0 1 5 5 3 5 N ey
3 & Vehicle total C& U

conditions, and test results
® One click to make a run i

— Brake wheel cylinder L1
= Brake wheel cylinder L2 0
p = Brake wheel cylinder R1

1. 2:3 4. 5 6.7 8. .6 10

® One click to view animation

20

m One click to view engineering plots e o
m Export results to other software

Engineering plotter
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Timeline

UMTRI

Transportation Research Institute

(forme
*1960's
«1970's

«1989 Automated modeling (AutoSim) “

«1990
«1995

Mechanical Simulation Corporation

*1996
«1998
«1999
2002
«2005
2007

: University of Michigan

rly HSRI)

Vehicle dynamics research
Early vehicle and tire models

Simulation GUI
TruckSim

CarSim
Real-time Hardware in the loop
Simulink support
High-quality animation
BikeSim, event programming
VS commands, VS API
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Mechanical Simulation

Help
bh=zEE b 8 & BEE® & o= X (s Run809.par ﬁ;’ Fa 2
I % I '|—I = " 09-06-2007 14:18:51 i b "
1 Mewy Celete  Lib Tool o Parsfile Lock Fefresh Sidebar Help

Run Control with Simulink

Reszults [Post Processing)

Control Mode

WWIC Pressure

Mz Pressure

o ;:I_,:I
Simple ARS Controller Model

Welocity
Bewy — okdm

v Bun from Here Send to Simulink |w Animate
= ABS Controller [CS7) || Front iew [Road Ref.) hd
Car3im 5-Function v | o |/ Nelve videa | +]
wehicle Code: i | Plot [+ Multiple Plots
- —
| Stop run at specified time T| e e W ]‘_|
Brake Actuator Madel ; i -
= 1

m Simulink can access CarSim math models through S-Function blocks

u Use S|mU||nk from CarSIm Run Control with Simulink

m Use CarSim from Simulink Bun from Here

Send to Simulink

Run CarSim with Simulink
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Host PC
Windows

RT Lab

=

Choose RT Platform

~ Mechanical Simulation

iy,

iy,

" 0

............
uuuuuuu

LabView RT

i =
.|| dsPACE

Run Control for Opal RT-LAB

Aun || Open | Buid

® Host Machine w. Windows |

Regults [Post Proce ingv:'
I~ | |

RT-Lab Durnmy Data

® Database
® Animator & Plotter
® User Interface

® Target Machine w. RT OS
e CarSim math models
® Hardware-in-the-loop interface
® \Works with most RT systems

CarSim RT for Hardware in the Loop

\ Animate £ ‘
[Mo linked library] <

Models: Self-Zontained Solve
Madels: Sirulink,

Maodels: Transfer to Local Windowdg Direckory
¥ Models: TransfFer ko RT-Lab Target
| Madels: Transfer ko dSPACE Target |

Maodels: Transfer ko Target by FTP

Models: ETAS ASCET

Models; Labiiew For wWindows 4T

---------

---------

......
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Driving Simulators
m “Feel” design and/or HIL
B Reproduce established tests

m CarSim used “as i1s” for 70+
driving simulators

B RT animation for engineers

B CarSim RT used for huge two-
track Toyota Simulator

— o — | S S - '
G fl‘m'i .
) WEANYANTAW A-A'IA' o .‘";, = .
: “b"sfl ”\‘.

Mechanical Simulation
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Mechanical Simulatior

CarSim and Product
Product Life Launch
Management

e Compress design cycles

Vehicle i“?.'a Proyin_g G_round_ |
Testing _— W7 Optimization, Driving
Simulators

e Optimize physical testing
e Collaboration

Component Test with Hardware
lesting W= in the Loop

Controls = | [ AN Test with Software
Development B R o in the Loop

Sy Stem || simulate with
DETRINGN -~ CarSim

Vehicle o | Vehicle Requirements,
Capalbilities,
Capacities

DERMUGN W




Mechanical Simulation

Many Applications

m 1000+ CarSim licenses (many on networks)

® VVehicle design and testing at OEM and tier-1 (mechanical
engineers)

e Controller design and testing (electrical engineers)

e Evaluation by specialists (brakes, powertrain, tires, steering)

® Testing of aftermarket vehicle modifications

® Research by scientists

e Education (vehicle dynamics, control)

® Driver training and human factors research (driving simulators)
e Road design

e Marketing

e Accident analysis and reconstruction
° .

m A single vehicle model is not perfect for everyone
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Mechanical Simulation

A CarSim vehicle model

m Core model for vehicle dynamics
® Nonlinear 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

3D multibody vehicle
description (Lisp)

VehicleSim Lisp
(old name: AutoSim)

Hand-written C code for
vehicle systems and
components

Machine-
generated
C Code

Developers
(Mechanical
Simulation)

b:ﬁ Users
: ling Split Mu: B-Class, Hatch. ,
1
I
I
CarSim
Solver DLL

C compiler

T

VehicleSim library
routines (API, commands,

)

file i/0, etc

-— -| -— -— ] L]
s E o CS‘I
 gireds i
=l i oRERS "'
: BRsEEs &
H fEppt
o 95: 5
‘m T
A I
8 E" H
\ ghedie *
|

CarSim



VehicleSim Lisp Multibody
Code Generator

-~

Wwysm_difeqn.c - Microsoft Visual Studio g@

File Edit ‘iew Debug Tools Window  Community  Help

< wsm_difeqn.c - X

Define the equations of motion for CarZim 7.01 (Torsionally Rigid)
wehicle-suspension arrangewent: i i, which has 12 degress of freedom. Each
derivative evaluation reguirez 2008 mwultiply/divide=s, 7001 add/subtracts,
and 492 function calls. Copyright 2006. Mechanical Simulation Corporation.

woid wsm difeqn (vs_real t, vws_real g[], vs_real gpl[], vs_real u[], vs_real
=] up[l1]
i

A4 Compute =2ines and cozinez of angular coordinates

dyvars.3[3] = sinig[3]):
dyrara.2[4] = siniqg[4]):;
dyvars.3[5] = sinig[5]):

dyrars.s[16] =

dyrars.s[17] = =sin(g[17]):

dyvar=s.s[18] = =sin(g[18]1)1: v
[2]

[{ I I} |

sin(g[16]);

dyvars.z[10e00] = dyvars.=[e963] + dyvars.=[105396] + dyvars.=[10537] +
dyrars.z[10599] -dywvars.z[10595] -dywars.z[10593] ;

dyvars.z[10601] dyvars. =[10600] fdyvars.z[3812] ;

dyrars.=[10602] dyvars.z[2234] *dywars. =[10508] »

dyvars.z[10603] dyvars.=[9238] *dyvars.=[10511] :

dyrars. s [10604] dyvars.z[9236] *dywvars.=[10515]

dyrars.=[10605]

dyvers-c(10606) - ) M Extensive and fully nonlinear

< ® Highly optimized (but lengthy!)
® Much faster than real-time

dyrars.=[10608]
dyvars.=[10609]
dywvars.=[10610]
dyrars.=[10611]

LI | T - N | R | A | B |
| |
'_I.

o
]

up[3] = dywvars.=z[10508]:
up[?] = -dywars.z[10511]:
up[&] = dywvars.=z[10515]:
up[4] = dyvars.=z=[10520]

3| ! |

Example: 3D suspension/
steering kinematics

Front View Side View
Kingpin Caster angle -
. . . II.-'__\-\.,_l
Inclination iz
angle
ki ¥
|[=====- - = o ———— |~
Kingpin lateral e -« STEE_I’IH
offset — ) aws

11



Mechanical Simulation

c Steering wheel angle (deg] i Spline interpolation & extrapolation 'j
1.0- ——
. File Edit WYiew Format Project Tools Options Window Help -5 X o
= Runl186_ECHOPAR
0.8-
STEER COMF GAIN(Z) 1 ! Maultiplier for takle ~
STEER CONP OFFSET(=) 0O ! steer offset added to calculated walue [after gain] (ded) 07- [%
!' 3TEER_3W: 3Zteering wheel angle az a function of time. The steering wheel angle Lz=
' zan be computed from time. Or, & linear coefficient can be multiplied by time. 05-
' If tabular, the wvaluse can be transformed by a gain. 4 calculated walue can also
' be given & specified offset. Steering wheel angle (deg] | Linear interpolation, flatine extrapolation | 04- Y
1.00- "
. . 0.95- / \\ Steering wheel angle [deq] 5pline interpolation & looping - E
' 1D takble: col 1 = time (3), col 2 = steering 0'90_ SN 1.00-
STEER_SW TAELE LIMNEAR FLAT ! linear interpolati 0285_ \\ 0.95-
. 0 0.80- A \\ 0.90-
1, 0 0.75- \C 0.85-
1.4083, 204 070- / 5 s
0.65- ' 0.75-
1.57, 204 T | \\ 0.70-
2.387, -294 055- N 065
10, —294 0s0- N 060-
EHDTABLE gj; ‘\\ 0.55-
STEER 3W GAIN 1 ' Multiplier for takle 0235_ \ 0.50-
STEER_SW QFF3IET 0 ' steering wheel angle of] gao- : —
! jafter gain) (deg) 0.25- Linear coefficient
0.20- . -
e [Steenng wheel angle [deqg]] / [Time [zec]]: |
< ot- -/
= 4 '’ '’ '’ r r T — ! !
Ln 3115, Col 43 Insert Sel: Hormal O -
o100 02 04 06 08 10 12 14 18 18 Uil
Tirme [sec) 0.10-
" rr|]Trrrrrrrrrrrrmrrrrrrrrrrrrrr DDE-
D.DD'| I 1 1 1 1 1 1 1 1 1 1 1
‘ \ 0100 02 04 0OE OB 10 12 14 1B 18 2021
-10.0- — - -
Spline interpolation & extrapalation i
Constant

Runtime Table Options
® Table interpolation determined at run time

Linear coefficient

Linear interpolation & extrapolation

Linear interpolation & looping

Linear interpolation, flat-ine extrapolation
v Spline interpolation & extrapalation

Spline interpolation & looping e

m Most tables have offset and gain options

Spline interpolation, flat-line e:-:trapn:uliqiﬂ

® Support sensitivity, DOE studies
® Define customized control functions

12



A CarSim vehicle model

m Core model for vehicle dynamics

® Nonlinear 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

B The core vehicle model can be a block in Simulink, LabView,
ETAS ASCET

13



Mechanical Simulation

. : u‘.' --'..:' N 7-.'-,. T~} TS v '.’-v. 1":: - X T Y: 13 =
| Microsoft Excel - i_i_imports_tab.txt =JICJES —
lj_] File Edit ‘“ew Insert Format Tools Data  Window  Help i b4 | - ”Ij ]
Arial » 10 =B Z O /===Fd|§ °% s 3 ;B]EE| -0 A-H
E} D " I_Chl12_par ﬁ 2 P
& WARIABLE ! | O8-07-2007 162358 o & "
LB C | ] | E | ~ |@ve Undo Parsfie Lock Fefresh Sidebar Help
Units = Component Description Mative Value [y | '
... || viewFile | | Befresh |
M- Sprung mass Uszer defined ¥ moment on sprung mass g |»
M-m  Sprung mass User defined £ moment on sprung mass 0 Actwelmpult‘lul"allahles
deg/s |Stesring Derivative of ditect contral of stear of road wheel 0 i At B _ -
deg’s Steering Derivative of direct contral of steer of road wheel 1] tove Mame tMode Initial ¥ alue J
deg/s Steering Derivative of direct control of steer of road wheel 0 selected 1 IMP FD L1 |Replace | 0n
degls Steering Derivative of direct control of steer of road wheel 1] variable  fe—t—=—=— T
M Steering Steering rack boost force WARIABLE '_JF'-""j'I"-'f'-'” ;_.E_!MP—.FD.—m E.HECpla':E: . 0.0
M Steering Steering rack hoost farce WARIABLE i the: list | 3 |IMP_FD_LZ \Replace | ™ 0.0
M-m  Steetin Steering gear boost torgue YARIABLE [ le e o~ .
M-rm Steering Steering gear boost tnrgue WARIABLE ﬁ :i!MP—FD—HE _;_Heplace -:_ DD
deg  Steering Direct cantral of steer of road wheel 0 ¥ Replace
deg  Steering Direct contral of steer of road wheel 0 @ Add
175 deg  Steering Direct contral of steer of road wheel 0 Multiply
176|IMP_STEER_RZ deg  Steering Direct contral of steer of road wheel 1]
177 |IMP_STEER_SW deg  Steering Steering wheel angle WARIABLE Clear
178 IMP_STEER_T_IN M-m  Steering steering input torgue WARIABLE Lizt
179|IMP_FD_L1 M Suspensions Damper force, L side, axle 1 WARIABLE
180|IMP_FD_L2 M Suspensions Damper force, L side, axle 2 YWARIABLE
181/ IMP_FD_R1 M Suspensions Damper force, R side, axle 1 YARIABLE
182|IMP_FD_R2 M Suspensions Damper farce, R side, axle 2 WARIABLE
183 IMP_F5_L1 M Suspensions Spring force, L side, axle 1 0
184 | IMP_F5_L2 M Suspensions Spring force, L side, axle 2 1]
185/ IMP_FS_R1 M Suspensions Spring force, R side, axle 1 0 [
M4y H_\?ij__impnrts_tah / 3 ' T 2 |'{' — T2 | . J
REEId';.-' o ]

Full Import Options

m Combine with “native variable” by add, replace, multiply
® Machine-generated documentation (Excel)

14




A CarSim vehicle model

m Core model for vehicle dynamics

® Nonlinear 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

B The core vehicle model can be a block in Simulink, LabView,
ETAS ASCET

® The model can be controlled by other software using the
VehicleSim API

15
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Mechanical Simulation

VehicleSim A

B One set of DLLsS

® \/ehicleSim
Browser (SGUI)

® Simulink
® LabView
o ASCET

® Custom EXE
® More...

m VS API provides
3D road, tire

m Extend with
custom C/C++

Fie Edt DetaSets Lbraries Tools View Hep
A Al 2 _JL &2 X a2, B F Run943 par .
N - ' Wy d = & | 12-22-2006 10:02 11 -“\j e ?
Back Home | Previous Next  New Delete L Too! Parsfile Lock Refresh Sidedar Hep
ol
_— | v
E
3\R
! s\R
2R
Envitos -4 & M
9\R )
Road hd
| v
-
] Gl —U
] P L
1 Time step [sec]  Freq [Hz] P )
N selected)
Road/wind/misc w1 | path modet 2001 7000 No data tet selected| |+
Outpust file 0.05 20 (No dats set selected) |+
™ Ovewide Some Controls ™ Moe [No data set selected) ||
= Cartim B Controk: { Simmbe | ABS: B-Clas Hate hback: FWD & Soie by e %) - n
o ool e T B 25 P KRB B
o ;\, =, R >_( T“ A .“‘"'m”'p"' ” j? Neds £ raldi b
Ty Cormeal it imaseod FAorabs st Prorcessamg)

[ Bt e S 0 St |+ |

LN
B’

I Detiit Some Comtioh

Ly Ve seceyle |

CRREEEER

L ——— Viewst Unosty 15 3 A e

MATLAB/Simulink MDL

7 CorSim W Controt:  ( Stmtiodt | A5 Clans Matebbuch Tl & ol o 0

Wrapper DLL

B D:\CarSim7_Dev\Extensions\Custom_Cisolver_steer_control\solver _extended.exe

CarSin 7 Alpha-5
v i

. 2086

7_Deu\Runs\Run1812_s
Fcho file with initial condici 1812
Echo file with final condition 5 De A 1812

Putput file with log of nes

1012
Dutput File with tine-history data:

Einple Driver Control w. Custon C <= Customn Driver Model>

une \Run1@12 .end

Wrapper EXE program

VS Solver DLL

VS Solver DLL

VS Solver DLL

16



[w solver_extended.c - Microsoft Visual Studio

Edit  Wiew Debug

Tools

Window  Community  Help

_solver_extended.c

Fwoid main{int argo,

doukble
char

int ibarg = 0;

/7 get simfile from argument list and load DLL

sarcw[1] [0]) :
[ve_get _dll path (simfile, pathDLL))

if (argc > 1)

if

if (v=3_api load dll
printM=sg =

strepyisimfile,

char *¥arovw)

pathDLL[FILENAME MAX], siwmfile[FILENAME MAE]={"simfile"},

[pathDLL) )] return;

gAPT.ws get output message () ;

A/ Initialize V3 model

T =

w35 check for dll error
gAPI.v=s initialize

W32 print message

vss_check_fnr_dll_errur

Ff BRun.
while
H

gAPT.wvs integrate
w22 check for dll error
gAPI.wvs har graph update (&ibarg): d7 update b
V33 _print message

3

£/ Terminate

external calc (T,
gAPT.ws terminate
w83 _print message

[

vEs_opt pause

V3 _EXT_EQ END);

gAPI.wv= zetdef and readi(simfile, externsl setdef, external sca

(-

(t, external calec, external echo);

(printMsg) :
)

Each loop advances tCime one full step.
[('gAPI.w= stop runf]]

[z

[printM=g)

[t, external echo]:
[printM=g) ;

wS api unload d11();

retuarn;

11}

m | oad DLL
m Start (read data)
m | oop (integrate)
B Terminate

¢ pointer to text

[&t, external calc):

7 Corbim Wam Controt: { Stusiod | MBS 8 Clans Wt bbach. T 8 Sl W

= 6
? ‘J o thiy 1 s

B8 Dwaten imww Dek Jes Do

- R A-viA X

2 D:\CarSim7_Dev\Extensions\Custom_Clsolver_steer_control\solver_extended.exe

CarSin 7 Alpha5 CUS Alpha 6)
Uehiclo-suspens ion_arrangenent: i_i
Generated by UchicleSim 1.8 filpha 6 on December 21, 2086

ut File with paraneter values:

D:\CarSin?_Deu\Runs\Runi@12_all.par
o file with initial conditions:

D:\CarSin? Dev\Runs\Runi1®12_echo.par
_Dewv\Ru

"
D:\CarSin? Dev\Runz\Run1@12 lo
D:NCarS in?_Dovr\Rune\Run1fi2. e

con ons
OQutput file with log of nested inputs:
Dutput File uith tine-histomy data:

Einple Driver Control w. Custon C <= Custom Driver Model>

Wrapper EXE program



W external.c - Microsoft Visual Studio E]@ Help

File Edit iew Debug Tools indow  Commounity  Help

~external.c | - ¥

I [a

Set up wariabhles for the model extension. For the steering controller

define new units and parameters and set default wvalues of the paramet
that will khe used if nothing iz specified at run time.

Fwold external setdef [wvoid]
{

int idXE, id¥:

Af o set default wvalue eters defined in this file
slUseExternal = 0;

sLfwd = 20.0;

sGain3tr = 10.0%PI/180.0;

sLatTrack = -1.6;

/¢ C wersion of V3 comwand: define units deg/m 57.:289 51
gAPI.wvs define units ("deg/wm", 180.0/PI):

/¢ define two new parameters: L FORWARD and LAT ERR

gAPI.wvs define parameter ("L FORWARD™,
"histance prewview point 1 ruard of wehicl
£sLfwd, "H7T);

gAPT.w=s define paraweter ("LAT TRLCE",

"Lateral offset (Lo iwver's left) for targe
L&sLatcTrack, "M™): [v

H{] il | ]
case V3 EXT EQ IN: // calculations at th art of a time sStep [a

A malculate ¥ and ¥ coordinates of prewview point
sXprewv = ¥*zXog 4+ sLfwd¥cos (¥=YVaw)
a¥prev = ¥3¥og + sLfwd sin *sTaw)

if ('sUzeExternal) ; /¢ no effect if aUseExternal is FALLIE
elze if ([t <= *3Tstart) *zImp3tr = 0.0; /Y no steering at the start [
else // steer proportional to the latersal error

#almpitr = sGalinstr® (slatTrack -glPIl.vz road 1l(sXprev, s¥prev)):

hreak:;

£ | m | >

Ready Ln 43 Col 2 Chz INS

18



A CarSim vehicle model

m Core model for vehicle dynamics

® Nonlinear 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

B The core vehicle model can be a block in Simulink, LabView,
ETAS ASCET

® The model can be controlled by other software using the
VehicleSim AP

B The core model can be extended at runtime with VS
commands

® Use events for changing controls or vehicle properties
® Add new variables and equations (algebraic and differential)

® Redefine forces, moments, and controls in the core model
19



Mechanical Simulation

i

Home  Previous Me:;
Yehicle

Vehicle code; Ind 54
E-Clazs, 5UW High CG w/ Dual Qutrigger

Eventz and Procedures

&

Back Fory

Ewventz and Procedures
Fizhhoaok

Environment & Miscellaneous Data

R oadAwind/mizc.: Animatar Group
Tire Forces, Flat [r'ellow)

FoadAvwind/mizc.: Animatar Group
Clutrigger points

RoadAwind/mizc.

¢ CarSim Run Control; { *Rollover (S 7.01 } Fi

|Ei|e Edit Datasets Libraries Tools Wiew | Help

fbout This Sa
YehicleSim 53
iuick, Skark G
Cata Manual
Yehicle Drynar

Surface Anim
Plokker
ERD Canwverks

Abiouk Carsim
YehicleSim 5o
YehicleSim 53
YehicleSim AR

Skeering Conf
Example: Ext
Canverk Simu
Borrowing a

Check Web S
About CarSim

[ Owemde Some Controls

[ Mo

Table 5. VehicleSim Commands.

Command

Action

DEFINE EVENT

Define new event.

DEFINE IMPORT

Define a new potential import variable (to pass-through data).

DEFINE OUTPUT

Define a new output variable for export, plotting, and animation.

DEFINE VARIABLE

Define a new variable available to the solver.

DEFINE UNITS

Install new units in the VS solver.

EQ DIFFERENTIAL

Add an equation to calculate the derivative of a new variable.

EQ END Add an equation that is applied when the run terminates.

EQ IN Add an equation that is applied at the start of a time step.

EQ INIT Add an equation applied before initial outputs are calculated.
EQ INIT2 Add an equation applied after initial outputs are calculated.
EQ OUT Add an equation that is applied at the end of a time step.

EQ PRE_INIT

Add an equation that is applied just before initialization.

EVENT SET GT

Define new event (old version, not recommended).

EVENT SET LT

Define new event (old version, not recommended).

REDEFINE UNITS

Redefine existing units in the VS solver.

RESET EVENTS

Clear any pending events.

RESET EXPORTS

Disable all export variables.

RESET IMPORTS

Disable all import variables.

RESET LIVE ANT

Disable all live animator broadcast variables.

SET OUTPUT COMPONENT

Set the 32-character component name for a new output variable.

SET OUTPUT GENERIC

Set the 32-character generic name for a new output variable.

SET OUTPUT LONG NAME

Set the 32-character long name for a new output variable.

SET UNITS

Set the units for a variable.

VehicleSIim Commands

® Only a few commands
® Yet, powerful options
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P & CarSim - Fishhook - Cutrigger: E-Class, SUV <* Rollover CS 7.01 =

E File Edit “iew Format Projeck Tools Options Mindow  Help

| Ext117.par |

#MizcTellowl
define units N/mm 0.001

define_'.raria.hle K_RIG 1000 units = N/ mm

eq out IMP FZ EXT 7 = wax((.09 -Z RP7)*E RIG,0):
eq out IMP FZ EXT 8 = wax((.09 -I RPS)*E RIG,0):
eq out IMP FZ EXT 9 = wax((.09 -Z RP3)*E RIG,0);
eq out IMP FZ EXT 10 = max((.09 -Z_RP10) *E RIG,0);

IMP FZ EXT 7 replace 0O;
IMP FZ EXT 8 replace 0O;
IMP FZ EXT 9 replace 0O;

IMP FZ EXT 10 replace O;

] "7 . 2]
Outrigger Example
m Add 4 equations

®m Enable 4 imports

File Edit MWew Animate Help

-
el

417 zec,

0fpz IEI ghozts vi _i

m Use existing reference points and forces (7,8,9,10)
® Add 1 variable (parameter) K_RIG
® Define new units: N/mm (gain = 0.001)

VS Commands Example

21




AN M s Mechanical Simulation

—G‘m’lzu)_' Steering wheel angle - deg
0 steer angle AforAy=0.3 ¢

Gain = Gain + 0.5
V =82 km/h
driver model = on
Speed control = off

Initialize vehicle position

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

Time relative to current event - sec

ESC Test: FMVSS 126

When T_Event = |.07:

s Gain 2 5.0 * Run tests to find steer for Ay =
B +0.3 g
No IsYCG > 1.83 m? ] (o .
) = No * Run series of “sine with dwell

~S tests”

« Compare yaw rate at two times to
peak yaw rate

e Check lateral position

When T_Event = 2.93 sec:
Is yaw rate < 35% of peak?

When T_Event = 3.67 sec:
Is yaw rate < 20% of peak?

° ' o
- o — - — I Test until steer > 270

VS Commands: Example ESC Test

— I —f——— 22
== 2 ‘“’ff:? 2 _ 24 26
e e
-100 R =
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it DD s 5= Mechanical Simulation

I Yaw rate (body-fixed), vehicle - deg/s
S0+
50 il
Time relative to current gvent - sec

. FiMY 7
i Tot. CG Y coordinate, vehicle - iy

Time - sec
Fallure: Yaw rate >
35% peak

| I " Runl1216.par é_
e | 10-11-2007 23:26:59 @ « ?

rnclo Parsfile  Lock Refresh Sidebar Help
G onaon oanc e s olvers Reszults [Post Processing)
Run Math Model v Animate | !

Front View Meh. Ref.] L’"@ IT‘

o T
_ Plot [+ Multiple Plots
Frd%w'S5 126 Performance tests [3 seres) |"'l'"| Gl R o
= i R e e YCE_TM g

23



C ConTEXT - [c:\WarSim703_B2_Data\Runs\Run1215_ECHO . PAR *]

27 CarSim Run Control; { FMVSS 126 Example } FMVSS 126: F3°
File Edit Datasets Libraries Tools Yew Help
v v - i y Runl1215.p
<]j E:> @ @ €7 E x Q & | 03-14-2007 09;
Back Faorward Home  Previous et [y Delete Lib Tool Sawe  Undo  Parsfile Lock
Yehicle Run Control: Built-In Solvers Reszults
Vehicle code: Ind_Ind - | . Bun Math Model I+ |
Formula 3 w. less gain |v L«\i Front
Events and Procedures
Events and Procedures b | Plot
FrwSS 126 Performance tests (3 zenies) IT T — = r—— T —
}"3 WinEP - Steer SW vs. T_Event : FMVSS 126: F3 =FMVSS 126 Example = = ||E [
Steering wheel angle - deg
400 T
200 4
0 ]
] 25
=200
400+
Time relative to current event - sec
Yaw rate (body-fixed), vehicle - deg/s AVz_Peak - deg/s
A0 a0
0 ]
P
50 o JALLIIARTANINT
_ _ 0 100 200
Time relative to current event - sec Time - sec

c File Edit “iew Farmat Project Tools Options Window Help
Run1215_ECHO.PAR *
' WEW VARIALELES

DEFIMNED AT RUN TIME

DEFIHE WARTABLIE SWA 4 = 1;

DEFINE WARIABELE 3W.i LES = 1:

DEFIHE WARTABLE 3WA SIGH = 1:

DEFINE WARIABLE 3WA REF = 0O; THNITS = deg:

DEFIHE WARTABLE AVZ PEAK GO = 0;

DEFINE WARIAELE FMVZ3 OFK = 0O:

DEFINE OUTPUT 3WL Awp = 0O; UNITS = deg:;

DEFINE ODUTPUT AWz Peak = 0; UNITS = deg/s:

DEFINE OUTEUT LatDisp = 0; UNITI = m;

e

! EQUATICNS IN (AT START OF EALCH TIME STEFR)

e, e, ———————

E( TH TIMP STEER 3W = 3WL 4 :

e

P EQUATICNS OUT (AT END OF EACH TIME 3TEPR)

| e e e

EQ OUT 3WA AMP = SWA ABS*3WAL 3IIGN :

EQ OUT AWZI PEAK = IF GT O THEN(AWZI PEAK GO, MAX(ABS(AVZ), AVEI PEAK],

E( OUT LATDISP = ABI(YCG_TH)

! ____________________________________________________________________

I EVENTS

| e e e

' Each ewvent is defined with the name of an output wvarisble that iz m

' gomparison '<' or '>', & threshold equation, and a pathname with in

' read to restart the run i1f the threshold iz reached. If no pathname

' gpecified, the run i= stopped.

DEFIHE_EHEHH LY » 0.3 ; Events\EventsZ9g.par =

| (]
(1] 1]

Ln 132, Cal 12 Inzert Sel Mormal b odified Dos File zize; 10

VS Commands
extend the model

m Add
m Add
B Deflne events

new variables
equations
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D e NI R I Il R U T Mechanical Simulation

Complex Testin .
P J Alternate Driver

Sequences
9 Models
Alternate
Powertrain
Models
Active
Alternate Suspension
Steering Models
Models
. . Alternate Tire
Drive Train Models
Component
Controllers
Engine ABS Traction Ese
Controllers Controllers Controllers

CarSim Has the Core Vehicle Model

e VS Commands e Custom C
EXtend the core e Simulink, LabView, e RT with HIL
model as needed ASCET e Driving Simulator
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