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Abstracts

Red Time Damper (RTD) systems are devoted to modify the instantaneous damping characteristics
to generdly determine increesed comfort performance. RTD control drategy conception  can
moreover support the redization of a drategy oriented to integrate different chassis control systems
to cary out a better handling. To cope with the huge problems concerned to those generd ams,
virtua experimentation gppears fundamental to correctly concelve both sand-aone RTD control
drategy and its integration with other chasss control systems. The paper presents the methodology
adopted to invedtigate about the vehide dynamics with RTD, consdering as benchmark a step-steer
manoeuvre and the dard-done control drategy robustness to some typicd inputs. The vehicle
model was carried out with a FIAT customized ADAMSCar verson. The RTD stand-done and an
example of integration with Vehide Dynamics Control (VDC) was caried out in Matlao/Smulink.

Some examples of performance obtained in ADAMS/Car — Matla/Smulink cosmulation are
presented.



Vehicle M odel

An andyss usng an ADAMSCAR/Car vehicle modd, integrated in cosdmulaion with
MATLAB/Simulink software was conducted. ADAMSCAR/Car permits the integration with
Smulink sysem blocks, in order to obtain a MATLAB/Smulink full vehide modd for handling
manoeuvres. The vehicle modd was an Alfa Romeo 166 — 30 super of which a schematic
ADAMSCAR/Car layout is shown in Figure 1.

Figure 1. Alfa166 ADAM S/Car model

Engine is a 3000cc cylinder with 220 CV power and sandard 2WD driveine. The vehide is
equipped with Goodyear 205-55-16 tires. Whed behaviour in ADAMS/Car was described by
Pacg ka s mathematica modd. Alfa 166 tires characterigtic curves are shown in Figure 2.
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Figure2. Pacg ka'stireforcesfrom Alfa 166 ADAM S/Car mode



Vehide has a front sugpenson double wishbone type, with two attach points in the lower am, two
in the upper, upright with soindle and co-axid sorings and dampers. Dampers action in the model
was disabled to dlow the damper ratio continuous control in MATLAB/Smulink.

Rear suspension isa multi-link type, with five attach points to the body.

Front and rear roll-bars geometry complicates the direct modding with ADAMSCar because it
does not dlow an accurae destription of the physcd behaviour, so ther influence on vehicle
dynamics (deduced from elagto-cinematic curves) was insarted in vehicle modd as a conceptud
force gpplied between suspensions and body.

Front anti-roll equivdent diffness is 34 N/mm conddering anti-symmetric jounce. Rear equivaent
diffness was edimated in 21 N/mm. Elasto-cinematic curve for this suspenson was vaidated on
experimentd daa  Vdidaion of ADAMSCa vehicle modd condgdeing deady-date roll
behaviour with experimentad dala was done adjusing bushings and bumpstops stiffness’damping
characterigtics. Figure 3 shows some examples about the vaidation work results.
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Figure 3. Alfa 166 experimental and modelling elasto-cinematic curves

M anoeuvres
ADAMS/Car permits to generate a large choice of handling and comfort manoeuvres. The more
interesting for the present work are briefly resumed in the following:

Sep Seer is an arupt handling manoeuvre. Steering whedl angle (SWA) increases from 0 to 90-
100-120 degrees in 0.25-0.3 seconds, then it remains in the same postion for the whole smulation
time.
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Figure 4. Step Steer (SWA vstime)

Single Line Changeisasnusoidd wave steering input. It Smulates for example the driver will on

avoiding an obgtadle. This manoeuvre points out the vehicle ability on recovering Sdedip anglein
critical handling conditions
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Figure5. Single Line Change (SWA vstime)

Swept Sine Seer is important for comfort tests, it permits to characterise roll dynamic behaviour
and to andyse vehicle frequency response.
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F|gure6 Swept SmeSteer (SWA vstlme)

Sow Ramp Steer is a manoeuvre ussful to determine the roll sabilized curve (roll angle depending
on lateral acceleration), steering wheel angle increases with 15 deg/srate from 0 to 180° in 12s.
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Figure 7. Slow Ramp Steer (SWA vstime)



Real Time Dampers (RTD) control strategy
The generd target is to cary out a control drategy elaborated to optimise the vehicle dynamics
subjected to a defined handling manoeuvres set. A predictor is devoted to identify the manoeuvre.

Manoeuvre Predictor

Frequent Driver
Manoeuvres:

Step Steer
Single Lane Change
Double Line Change

Variable Damping
Ratio

Figure8. General glance on Real Time Damperscontrol strategy

Three many targets are mainly important to develop agenera Red Time Damping control strategy.

The firg one concens handling full vehide behaviour in the most frequent Steering manoeuvres,
the second is referred to the brake distance optimisation during emergency braking tests, third is the
comfort continuous control. At the moment the firg point wes developed according to a
methodology tested congidering a step steer recognizing and ared time roll angle control.

Step steer manoeuvre for afirst attempt analysis

The reference manoeuvre was a step steer 100-120, (100 knvh, 120 degrees of maximum steering
vaue). Figure 9 presents the variation fidd expected for damping ratio: max curve is obtaned
multiplying the default one for a 2.5 factor, moreover min curve resultsfrom a 0.5 multiply factor.

Darnping characteristic, field of variation.
10000 T T T T T

BOOO f-emmmmeeeee boeoemnaos R RLCErT SRR PEREPT SR PEPEEEREY BEPEEPREES -

1 S S S S S ot M .
H 1 1 — default

: ; ; — rmax
4000 |- oo booeonans R T i

force [M]

2000 fe--eeeeenes bmeomeeenes T S T SRR .
] R v S S E——

1011] SO S T S S S -

-4000
-1500 -1000 -500 0 500 1000 1500
relative speed [mm/is]

Figure9. Damping adjustable curves (for ce vs vel ocity)

The methodology adopted to optimise damping ratio st congders initidly to cary out exploraive
smuldion tests about the roll/time diagram, modifying the four damping ratio configuration
imposng different st of curves Figure 10 shows different roll dynamics obtained consdering

severd damper combination setting (numbers in legend are respectively the factors in the order: FL-
FR-RL-RR).
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Figure 10. Rall dynamicin different damping configuration, Step Steer 100-100

A ocontrol drategy devoted to maximize response veocity of the sysem (high dope of roll
increesing) and to avoid overshooting was chosen. The control strategy was concelved using fuzzy
logic. The control was implemented through MATLAB/Simulink fuzzy logic toolbox.

A preiminay control drategy was caried out conddering as input roll eror, laterd acceration
and the variations of both from one sample to the other. Roll eror was cdculated as difference
between actud roll angle (directly exported from ADAMSCar modd) and the roll angle estimated
by roll characterigtic curve, according to Figure 11.

Steady roll curve
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Figure 11. Roll AnglevsLateral Acceleration, Slow Ramp Steer

Smulation results obtained wth such prdiminary control drategy are shown in Figure 12. Roll
angle behaviour in a 100-120 sep steer manoeuvre is efficiently controlled. Progressve degrade of
control  performances in dependence with velocity and Steering whed angle decreasing are clearly
remarkable.
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Figure 12. Comparison between RTD controlled and passive vehicle, SWA/velocity decreasing

RTD control works very wel in high veocity fidds, but its efficiency sgnificantly appears reduced
conddeing les criticd manoeuvre conditions, in particular congdering vehide speed, Stesring
whedl angle and steering whed angle rate lower than those established to optimise performance.

To overcome performance dependence on vehicle and seering whedl angle velocity, a new control
input with suitable member ship functions pointed on vehicle gpeed was introduced.
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Figure 13. Comparison between speed sensible and smple RTD controal, low speed step steer



From the point of view of control drategy flexibility, fuzzy logic gppeared very tunesble because
permitted to condder the new input not requiring modification to the control drategy formerly
concalved. Smuldion results obtained with this new speed sensible roll control are shown in
Fgurel3.

Functiondity of this control switch on for minor speeds than 25 mv/s (90 knvh) so. An example of a
step seer results analysis obtained considering 80-80 and 70-70 manoeuvres is presented .

Congdering diagrams obtained with low vehide and deering whed angle veocity it can be
observed that it was not possble a complete repeding of the overshooting. For example roll angle
in 70-70 dep deer manoeuvre reeches a maximum vaue of 2.2 degrees before stabilisng on about
1.8 degrees. Such result depends on the maximum available damping cur ve limit permitted.

Vehicle Dynamics Control and RTD: an example of integration

A semiactive suspensgon sysem modifies the forces exchanged between tire and ground
digribution. Moreover, if vehide is equipped with a Vehicde Dynamic Control (VDC) sysem,
longitudina forces produced by VDC action are exerted on tires, dso. In normd functiondity this
influence is active mainly in emergency conditions.

By the contrary RTD system points on ride comfort increesng, so a fundamentd target for an
integration control drategy is to asign eech control system priority in particular to optimise the
ovedl peaformance when driver and opeaing conditions require a contemporaneous
Systems activation.

A generd integration drategy could suspend RTD action when the VDC dgnd is on, S0 giving a
priority to safety (VDC) on comfort (RTD) system. It means that dampers configuration is carried
on dandard (passve) mode, to avoid that a double action on tire forces could cause an anticipated
tire saturation with a following vehide ingahility.

The control system switches off RTD action congdered by the Authors acts in two different ways a
first drategy turn RTD sgnal off as soon as VDC overcomes a desth-zone limit (death -zone
integration control), a second dtrategy implements in RTD Fuzzy control a suitable input which
read VDC sgnd in order to obtain a progressive RTD signd switch off.

HE4EHEHE K]
i
ry

IIIIIIIIII

P arean Dampat

........

Figure 14. ADAM S/Car vehiclewith MATLAB/Simulink control full model

Figure 14 shows the ADAMSCar and MATLAB/Simulink full modd, in which are visble main
subsystem blocks vehicle sysem ADAMS/Car (orange block), RTD control with dampers
MATLAB/Simulink (green block), VDC syssem MATLAB/Simulink (light blue block).



Integration Srategy models were inserted in RTD control stbsyslem. They are shown in Figure 15,
fuzzy logic controller block is visble in the centre and the death -zone contral is located on the right
of thefield.
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Figure 15. MATLAB/Simulink model, RTD subsystem

Smulation results are reported in Figure 16 and 17. Frg picture shows the longitudina tire forces
exchanged between ground and whed in a100-100 step steer manoeuvre.

In Fgure 16 (left) the integration logic effect on tire forces is evident: in critical Steering conditions
thestand alone VD C equipped vehicle feds only one time the stabilizing brake action.
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Figure 16. L ongitudinal tire forces, mu=1 and mu=0.4

Interaction between stand done VDC and RTD systems generates a logicd conflict that causes a
second brake action. This undesred effect can be depressed by death-zone and fuzzy logic control



RTD sysem. Moreover right figure shows that two drategies effects are opposite for different
adherence conditions fuzzy logic control is better for high adherence, while the death-zone strategy
works better in low adherence road conditions.

Figure 17 shows RTD/VDC control effect on chassis dynamic.
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Figure 17. Roll angle and yaw rate curves, 100-100 step steer (low adher ence)

In low adherence conditions VDC sysem  succeeds to keeping on control handling behaviour
vehide both with RTD than without it. Anyway oscllations magnitude and quantity around
dabilized vaue give us an important knowledge about goodness of the two different control
Srategies.

Conclusion

A number of troubles concerning vehide dynamic and integration between severd chasss control
system can be numericadly predicted by ADAMS/Car. For dl the typology of topics that cannot
modelled with ADAMSCar only, cosmulation with MATLAB/Smulink can hep the engineers
for examplein redizing vehicle mode s with red time controlled parameters.

The activity presented conduced to meke an advanced knowledge about vehicle behaviour in
continuous damper control and its dynamic dependency from different control drategies rad
conditions and suspenson parameters setting. In particular it was possible to detect vehicle response
in particular conditions of road, manoeuvre and setting. Data results obtained from full vehicle
dmulations shows the necessty of edimate road adherence coefficient due to choose the best
integration strategy for each manoeuvre recognized by the control.

Moreover the paper presented the great versttility of  fuzzy logic goplied on vehide dynamic
control. Works are in progress to cary on supervison drategies pointed on advanced general
dynamic condition recognizing for on/off switching of dedicated sub-draegies in Integrated
Chasss Control matter. Another next step of this work will be the development of control drategies
concerning both the other most common manoeuvres and the andyss consdering emergency brake
conditions, road noise detection and comfort troubleshooting. Consequently it will be necessary to
conceve an integrated supervison control for the management of dl sub-drategies on vehicle
board.



