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2)
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4)
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7)
8)

$ n

Objectives

System Architecture
Experimental Set-Up
Study Metrics

Virtual Model Preparation
Control Analysis
Sensitivity Analysis
Results on the Track
Robustness Analysis
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Suggest modifications to current logics for assistance torque
computation in the electric steering systems with the aim to increase the
steering quality by:

 exploring potential improvements with simple tuning of parameters through systematic
sensitivity analysis

» determining areas to propose adjustments of the current control strategies

e introducing completely new contributions to assistance torque

In view of developing new control strategies for torque overlay to
augment the safety feeling perceived by the driver and the global vehicle
stability

Fiat Auto SpA  Study Management, Control Strategies, Model Integration
Elasis SCpA Test bench and prototype set-up, Modelisation, Sensitivity Analysis
CRF SCpA Robustness Analysis
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frequency response - handwheel torque / steering angle 0,05 ~
120 km/h - 20 degrees
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Gmax/GO0 ( 1/smorzamento)
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9 T7$%"# 8  Parametri oggettivi | IEL | IVR | IPV | ISP | IVU | IPS | IPC | ICE |

%

TAU40
KDVOL [deg/g]

$%  cumax kgl H
$) KBETA [deg/g]

7 mVB2/VB1 [1/g] STEP
STEER

8 qVB2[g] 100 kph
4TDVOL1 [s]

$ mDVOL2/DVOL1 [1/g]
qDVOL2/DVOL1
mDVOL?2 [deg/g]

&: & - < gDVOL2 [deg]

CDmi [kgm/deg]
CDarea [Kgm*Deg]
& DAm [Deg/qg]

CDcvOBV [kgm]
CDcvODF [kgm]
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Ips-progr. sforzo inserim. incurva = -

Ice-centratura in rettiineo -

lvu-vuoto al centro in rettilineo

g - CeL el lel-elasticitd sterzo inserim. in curva

. Isp-sforzo volante in parcheggio

ooy - ler-ritorno vol. uscita di curva
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' ."'Ipu-pendulam. vol. in uscita di curva

QS — Measured

Steering Quality: 7.9
Fiat Stilo, 1.9 JTD, Step 1

Balocco September 2004-March 2005
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frequency response - lateral acceleration / steering angle
120 km/h - 20 degrees
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frequency response - yaw rate / steering angle
120 km/h - 20 degrees
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Starting from the stand-alone steering system model, the integration with the vehicle model has
been pursued, aiming to fit model and vehicle performances in handling and mentioned metrics
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Model Coherence - Sweep Amplitude Sweep CO h erence
' f(Gmax) [Hz] = 1.33 (+1.5%) Model Coherence - IQS

A Gmax/GO [] = 1.83 (+12%)

7 G(0) [deg/kgm] = 37.26 (+12 %)
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g // ¥,ﬁ tr(1) [s] = -0.011 (-0.016 s)
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] Vehicle Dynamics Expo, Stuttgart, 10 May 2006 12



The development phase is an iterative
process. Algorithm modifications are
required only for large displacements
between proved performances and
driver/Performance Eng. expectations.
Otherwise the loop closes again on the
track runs through parameter tuning

Vehicle Dynamics Expo, Stuttgart, 10 May 2006 13



%

1 %

1) Identify curve representative of the actual
Dvol/Cvol in Bode (TFtarget)

2) Define Elementary Transfer Functions
of the system (steer and road)

3) Compute the Transfer Function TFeps= :>
Tdem/Tsen as function of the actual TFtarget

4) Verify the coherence of computed
assistance with actual assistance

5) Define the curve representative of desired
TFtarget,.. =Dvol/Cvol, in Bode

des

6) Compute the Transfer Function TFeps .=
Tdem,./Tsen as function of the TFtarget )

7) Reproduce the compensation filter able to
modify TFeps in TFeps 4.
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Option 1: Torque Shaping devoted Option 2: Torque Shaping devoted
to reduction of ration Gmax/Go to phase-lead at low frequency
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to eliminate the braking effect for the assist torque related to rotor acceleration
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Criterion _ -
The number of control parameters has been ‘ Assistance is slightly affected

reduced by about a factor 3 to permit easier
analysis

Sweep and 1QS are slightly affected

Current Control Performance Reduced Control Performance
6 $ 7" 8 ?& 6 $ 7" 8 ?8&
" @ %7 "8 E& " @ %7 "8 E&
@ %7 8 F& @ %7 8 F&
7 18 =& 7 18 =&
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The works has been executed in
two steps

1) The first step has been
devoted to define the
influence of single
parameters on the
performances.

Ten parameters having the
largest influence have been
selected

2) The second step has
considered the effect of the
contemporary variation of
parameters belonging to
several SW modules. The
combination giving the most
promising improvements has
been proved in the vehicle
during preliminary and final
test sessions
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Calibration “168”
(optimal Sweep)

Improvement of the
torque graduality in
the bending
manoeuvres with
medium/narrow
radius

Better elasticity
(torque graduality
for small angular
variations)

Smoother but not
braked centering

% 9

QS Global Steering Quality

Index

10 -
ICE Torque Deadbandin
_ 8 - “~-.. IEL Handwheel Elasticity

Straight Path — : \

/

IPC Handwheel Control |
Gr aduality

IPSHandwheel Tor que' //IPV Handwheel Oscillations

Gr aduality after aCorneringMan.

ISP Steering Tor quein Parking
IVU Center Feel V- )

Man.
NP Tuning
Optim. tuning
Nardo (LE)
November 2005
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mTDVOL1 [s/g] =-0.017 mTDVOL1 [s/g] =-0.012
qTDVOL1 [s] = 0.208 qTDVOL1 [s] = 0.185
mDV2/DV1 [1/g] =-0.059 mDV2/DV1 [1/g] =-0.379
qbV2/DV1 = 0.378 qDV2/DV1 - 0410
mDVOL2 [°/g] = 37.75 mDVOL2 [%g] = 33.93 Nardo (LE)
gDVOL2 [] = 9.01 qDVOL2 [] = 9.49 November 2005

NOTE: mDVOL2 (-10%), mDVOL2/DVOL1 (-0.379 instead that -0.059) and qTDVOL1l (-11%). In
consideration that gDVOL?2 is affected by a negligible increment (+5%) these parameters gives the
indication of a return more damped and faster in the same time.
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Flatter response in both gain and phase No anticipation at middle frequencies
Sweep 60 kph, 20° Sweep 120 kph, 20°
Lower delay at low frequency /
Initial Status
Balocco (VC) Intermediate Status
December 2005 Final Status
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Larger Damping at second peak Flatter response after second peak

Steer Pulse »45°, 100 kph Steer Pulse » 100°, 100 kph

Initial Status
Intermediate Status

Final Status Balocco (VC)

December 2005
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