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introduction virtual@®vehicle

Vehicle Dynamics Simulation:

* Vehicle
« Environment (road, ...)
e Driver

Goal:

A robust driver model for Vehicle Dynamics Simulation on basis of a the
multibody simulation (MBS) Altair MotionSolve
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Development virtual {} vehicle

Matlab/Simulink
Development and Basic Tests

Co-Simulation MotionSolve/Simulink
Tests

Time

Integration into Motionsolve
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Matlab/Simulink Vehicle Model virtual@®vehicle

Controller Design

Basic tests

o Similar behavior to the MBS vehicle model
» Two-track-model with weight transfer fore-aft and
side-to-side (pitch and roll motion)

e Tire model

» Aerodynamic drag (long, lat)

* Drivetrain / engine

* Inclination resistance F,.,
I
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Use Cases virtual@®vehicle

Driver - Requirements derived from Use Cases

Basic Use Cases

« Straight-line acceleration with gear shifting
« Steady-State cornering

* Brake-in-turn

e Tracking of path and speed

Advanced Use Cases
e Drive in reverse

o Starting from stand-still
e Three-Point-Turn
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Driver Structure virtual Q} vehicle

Analysis of the Use Cases
—> required control variables

demand values

s gearbox
controller  geqr

Controller Hin B
e speed controller contro,éé

« (longitudinal) acceleration signals;

 velocity :

« lateral acceleration ?er
 steering controller signals

e curvature

* path

* lateral acceleration
e gear box controller

Controller switching
» Use Case: steady state cornering vehicle signals
 steering controller
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virtual@®vehicle

Steady state cornering

* Vehicle set onto road at t=0
* Open loop control - steering angle

» Steady-State initial conditions
» Steering controller takes over control at t=10 (closed loop)

* Not disturbing steady state
» External disturbances ty
t= 20/ closed loop control
,", t=10s
| 50m -
\‘\ open loop control
t=0 50m x
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Steering controller virtual {) vehicle

Structure of the steering controller:

path

r
I
K demand I
ay,demand |
I
,r -
5de-mand |
I
i
initial signals

switch signals

Use Case: Steady-State Cornering

1st Driving Task: open loop control of the steering angle ¢

2nd Driving Task: closed loop control of the vehicle position (path) »
position control and curvature control »
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Controller concept virtual {3 vehicle

 Feed forward controller:
—> inverse plant

« Compensational controller:
—> Pl-controller with Anti-Windup structure

Driver Vehicle

feed forward
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: controller | : I
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Controller switching virtual {? vehicle

Principle :

e Calculate the contribution of the feed forward controller ug.
 Calculate the P-contribution of the Pl-controller uc

« Calculate the initial conditions of the integrator

Uc o =U—Ug —Ug,
« Set the initial conditions of the integrator

Driver Vehicle

feed forward

I : I I
: controller : : :
| input ~ expected output | | '
| G(s) [ ] |
| —] | !
I r : | - G(S) I "
[ \ . I lant '
[ (;’. k Upsps I P '
: ' X :
| o I—(I : | I
| S UC; 1| I
: o i :
| Uc.io L ] |
| 1 '
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MotionSolve/Simulink Co-Simulation virtual {; vehicle

E! in¥_pendulum_cosim

Cihscicoshinvphiny_pendulun
Result : Chscicoshinephiny_pendulun [y | = = |
Transient : Model =

i Be | b [eeii= e (NS I

) State Variables (ol
T ] SRS

5 5 |

500
0
-B00 -

Classical Example — |

Time offzet: 0
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MotionSolve Input/Output Elements virtual {} vehicle

“a30100200"

"TRUE"

II2II

“30100200, 301003000
“o0.o01"

III:I . I:III

¢Control_FlantInput .
*30100100" input/output ports
nun_elemnsnt
“30100400, 30100500"
offset_time
id "aoloo3o0o”
wvariable id_list "a0loo0go0o, F0loos9oo0f
)
num_=lement e Samp“ng
offset_time “o.0"
id
wvariable id_li=t

EeXDT = "FZ{30103035,30104042%" .
5 Supports multiple
id
i=_active "TRUE"
II2II
wvariable id_li=t
zamnpling period "g . g% " ° User may
i ' : :
<Contral_PlantInput disable/enable ports via
is_active “TRITE" “Is_active” flag
nun_elemnsnt e -
zamnpl ing__perin:ud “o.o" .
off==t_tine n.o ° Supports elther
¢Control_PlantOutput H :
id F "30100400" continuous or discrete
i=_active "TRUE"
wvariable id_list “30100600, 30100700"
zamnpling period “o.o"
)
¢Control_FPlantOutput
i=_active
nun_elemnsnt
zamnpling period
offzet_time
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MotionSolve/Simulink Co-Simulation Strategy ~ Virtual {.} vehicle

* MotionSolve and Simulink, run in parallel, each on their own thread
« Communication is via shared memory

* Input and output data is buffered
* MotionSolve interpolates or extrapolates data in time as needed

» Solvers are held within one integration time step of each other using
PThread locks

« User may choose zero-order, first-order or second-order hold
« Relationship is reciprocal, neither solver is master or slave

o Strategy results in faster and more robust co-simulations
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Results - Velocity

virtual@®vehicle

o Cosimulation Simulink / MotionSolve
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Results - Tyre Forces virtual {? vehicle
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Results - Steering Wheel Angle

virtual@®vehicle

Steering Wheel Angle

|

1

0.8
o
o
i

é-” 0.6
o
5

@04
=
=
[
jii
=
5]

0.2

0t
0.2
0 2 4 6 8 10 12 14 16 18 20
Time [s]

2009-11-04 Christian Prettenthaler © VIRTUAL VEHICLE



, ’ AR -
Results - Path of the Vehicle virtual(®vehicle

Source: Altair Engineering
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Conclusion virtual@®vehicle

e Concept and structure of a driver model

» Specification of the general framework for controllers and controller
switching

* Principle and implementation of controller switching
e Cosimulation works!!

e Results
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virtual@®vehicle

Thank you for your attention!
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virtual@®vehicle

Backup
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Anti-Windup virtual@®vehicle

x,demand

\j

14 —

: \
acceleration pedaw\/
\ _

brake\ pedal t
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Steering control - curvature virtual {.} vehicle

Input: curvature [1/m]
Output: steering wheel [rad]

Feed forward control: linear one track model _
« Ackermann steering angle: Vo

5A - (Ire + Ifr ) " Kdemand

e Compensation steering angle:

_ ma, Ir _ If
Oc =
I +1.{ CS;  CSpe

5C = O'5(05rear,left + arear,rigth — U front left _afront,right)*kSA
e Feed forward steering angle

« Steering angle

O = O + Op
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Steering controller - position virtual {.} vehicle

X m
Input: path X (8)=|y | |m
Output: curvature: [1/m] 71 I'm

Circle
« Vehicle position X, .pice
* Direction / orientation of the vehicle
* Preview position X, ciew .
 Demand curvature=Curvature of the circle
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