ACTA UNIVERSITATIS AGRICULTURAE ET SILVICULTURAE MENDELIANAE BRUNENSIS

Volume 68

4

Number 1, 2020

SYSTEM FOR CHANGING THE RADIAL
RESPONSE ON CAR WHEELS

Petr Jilek!, Jan Némec!

! Department of Transport Means and Diagnostics, Faculty of Transport Engineering, University of Pardubice,

Studentskd 95, 532 10 Pardubice, Czech Republic

Link to this article: https://doi.org/10.11118/actaun202068010039

Received: 2. 7. 2019, Accepted: 7. 2. 2020

To cite this article: JILEK PETR, NEMEC JAN. 2020. System for Changing the Radial Response on Car Wheels. Acta
Universitatis Agriculturae et Silviculturae Mendelianae Brunensis, 68(1): 39-47.

Abstract

The paper deals with the possibilities of change in adhesion force for experimental measurement
on a road vehicle. The article deals with the ways in which the road vehicle can be brought to
skid limit while driving at a safe speed. These are two newly designed systems (SlideWheel and
Alternative SkidCar) to complement the experimental car. Both systems allow for the reduction of
the adhesion force on car wheels, depending on the reduction of radial force transmitted by the car
wheel. Their main difference is in the spatial arrangement and in the method of attachment to a car.
The wheel units are mounted under the axles in case of SlideWheel and attached to the experimental
car body via a subframe in case of Alternative SkidCar. We implemented an objective finding of their
influence on the quantities describing the movement of the car in the two systems designed by the
authors. Mutual comparison was made during experimental measurement during a test drive in the
form of driving in a circle at a constant steering wheel turning angle. Experimental measurements
were made with 50% of the radial response on car wheels. It is clear from the measured results that
both systems met expectations and can be used to bring the car to the skid limit at a safe speed. Both
systems help to induce any type of car skidding. The advantage of the SlideWheel system compared
to Alternative SkidCar is its lower weight; the disadvantage is the size of the support wheels. The
paper is focused on objective comparison of ASC and SW in terms of effect on the experimental car’s

behaviour.
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INTRODUCTION

More and more attention needs to be paid to
safety nowadays when road traffic is increasing and
cars are an integral part of our lives. The amount
of cars will increase in the future, especially the
autonomous ones. These are the cars that are still
being retrofitted with new electronic systems. This
is the area in which we need to look for new ways
and conditions to test these systems before being put
into production (Harun et al, 2016). Testing takes
place first in the area of model preparation (Harun
et al, 2016) and then experimental testing under
modelled conditions is performed (Harun et al., 2016;
Kostial et al, 2012). The process of testing electronic
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systems is complemented by continuous monitoring
of characteristic quantities (Marek et al, 2016).
The safety of road vehicles is given primarily by
their stability. The crucial element of stability is the
adhesion force, that is, the force transmitted between
the car wheels and the road. If the limit value is
exceeded, the balance of forces is violated and the
car skids (Krmela et al.,, 2014). The speed at which the
car skids is determined by the car structure, adhesion
properties, driving style, car weight parameters
(Reivaj et al, 2018; Verner et al, 2018), the state and
condition of tyres and, last but not least, by proper
maintenance (Glos et al., 2016; Sejkorova et al,, 2017,
Skarkan et al, 2018). The cars are mainly tested for
lateral, longitudinal and directional stability.
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It would be ideal to use real conditions when
testing cars. However, this area is limited due to the
know-how of the car manufacturer, the safety of the
operator or the conditions cannot be achieved. It is
then necessary to proceed to the model conditions.
One of the possibilities for reducing the adhesion
force is to use a reduced adhesion coefficient of
sliding surfaces (Lucete et al,, 2017; Tesar et al., 2016)
or sliding tyres (Albinsson et al., 2018; Gao et al.,, 2016).

The second option to reduce the adhesion force
between the road and the car wheel is to reduce the
radial response on the car wheels. The reduction can
be achieved using additional wheels. This system is
called SkidCar in the commercial sector. At present,
it is necessary to test a unique experimental car at
the authors’ workplace, which has wheels of both
turning axles at reduced adhesion.

Since the authors’ workplace does not have
a test corridor and surfaces to reduce adhesion, we
developed and verified the functionality of the original
device for changing the adhesion force. At the same
time, we developed a measurement methodology to
make the car skid while driving ‘safely’. There are no
authors dealing with the objective evaluation of the
given adhesion issue in the literature.

MATERIALS AND METHODS

The main goal of the paper is to make the car
skid at so-called ‘safe speed’. We used a speed at
which a potential accident does not have serious

consequences and, at the same time, it is possible
to objectively control the car to a limited extent
based on the driver’s experience. We selected
a speed of 50 km/h as the safe speed. Thus, the car
must reach the skid limit when driving below the
selected speed. To achieve the goal, we changed the
size of the radial response on the car wheels. The
reduction of the radial response is accomplished
using four support units attached to the car.

Alternative SkidCar

Commercially sold SkidCar is a device that
consists of a supporting frame, an electronic control
system and a hydraulic circuit. The frame design is
always single-purpose and is adapted to a given car
without the possibility to use it on another type. In
order to carry out experimental measurements on
a customized car, we proceeded to the production
of an analogue of commercial SkidCar. The frame is
attached to the experimental car body. We placed the
front wheel units with a crossbar behind the front
axle; the rear crossbar with wheel units in front of
rear axle. This is a deliberate placement to allow
the car body to tilt more easily in the longitudinal
direction. The change in the radial response of
the car wheels is set before the experimental
measurement. The setting is a mechanical ejection
of the wheel unit. Based on the differences of our
system from commercially available SkidCar, we
call our system Alternative SkidCar (ASC) (Jilek et al.,
2019); Fig. 1.

1: Experimental car with ASC (authors)
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2: Deformation properties of ASC wheel units (authors)

3: Measurement of ASC deformation properties on
static adhesor (authors)
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The ASC frame is rigid enough and the movement
of the body is limited by the rigidity of the support
wheel units. The wheel unit flexibility is determined
by the rigidity of bantam wheels.

The support wheel deformation properties (Fig. 2)
were found on a static adhesor (Fig. 3) and are
described by equation (1).

y=-0.3441x + 5.8352x D

When using ASC, the width of the experimental
car increased by 845 mm to 2280 mm and the kerb
weight increased by 198 kg to 1180 kg.

SlideWheel

The alternative to ASC is the SlideWheel (SW)
system designed by the authors. This is an additional
device to complement the chassis of an experimental
car (Fig. 4). It consists of an electrohydraulic system
that allows the car to achieve different adhesion
conditions. The system consists of four wheel units,
a hydraulic unit with an electronic control circuit. The
wheel unit consists of a hydraulic cylinder, a piston
and a support wheel with an idler. The assembly is
attached to the lower control arm. Applying pressure
oil above the piston will reduce the radial response
on the vehicle wheel. The hydraulic circuit filling
control is controlled by electronics according to
the operator’s request. The fork creates a cotter for
the support wheel. This allows the wheel unit to
rotate when the direction of travel of the pattern is

changed. Each of the four electronically controlled
hydraulic circuits allows partial lightening of any
wheel. With a suitably selected combination, it is
possible to lighten any axle or even a side of the car.
The size of the change is within any range of radial
responses. The SW system is designed directly for the
experimental car.

The SW wheel units are attached to the
experimental car through the lower McPherson axle
arms. From this point of view, the SW system rigidity
is given by the wheel unit rigidity. The support wheel
deformation properties (Fig. 6) were found on a static
adhesor (Fig. 7) and are described by equation (2).

y=-0.0219x* + 0.2873x (2)

The noise emitted during driving increased due to
the increase in the number of elements in contact
with the road. The determination of the noise level
increase is in (Kulicka et al, 2016). Using SW, the
curb weight of the experimental car increased by
68 kg to 1050 kg.

Experimental Measurement

To verify the behaviour of the car with the SW
system, we chose a test drive with a constant
steering wheel turning angle with a gradual
increase in forward speed. The drive was made
on the left hand. With the help of the chosen test,
it allows to determine the boundary of limit skid

deformation [mm]

2
load [kN]

6: Deformation properties of SWwheel units (authors)

7: Measurement of SW deformation properties on
static adhesor (authors)
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8: Test corridor for test drive (authors)

t, — width of SW circular corridor, t; — width of ASC circular corridor,
R —nominal radius of circular corridor, K - cone, R, . _— outer driving corridor
radius, R, — inner driving corridor radius

relatively easily and with sufficient accuracy. The
test corridor is defined by cones in the form of an
annulus (Fig. 8). The nominal radius of the test
corridor is R = 10 m. The corridor width is 3m for
SW test drive; for ASC testing, we increased the
corridor width in proportion to the increase in
car width due to the ASC frame. During the test,
the car speed was gradually and continuously
increased so that the longitudinal acceleration does
not exceed the value of a, = 0.2 m-s* until the car
leaves the defined corridor. Measured variables
are car velocity v, body tilt angle §, longitudinal
acceleration a, lateral acceleration a, steering
wheel turning angle B, car turning velocity w and
car turning angle 7.

We conducted a series of verification
measurements before starting the measurement in
the test corridor or after re-setting the ASC and SW
adhesion conditions. The verification measurements
are used to verify the functionality of the measuring
chain and as a data set for subsequent off-time
correction. Correction is necessary in terms of
removing any mounting and technical deviations
in the installation of the measuring instrument on
the car and to eliminate the tilting of the car body
when changing the radial response. We selected
the verification measurements of all variables in
the form of repeated records in the range of seven
measurements at a steady ride in a straight line on
a track of at least 30 m. The measurements must
be repeated for both driving directions to avoid
the effect of test road slope. We conducted the
experimental measurements for the radial response
of car wheels in the amount of 50%. A 100% radial
response corresponds to driving a classic car
supplemented only by the ASC or SW system, when
the system is not operating. The car’s behaviour is
affected only by the added weight of the system.

The maximum size of lateral acceleration a, that
can be achieved in the car is given by the adhesion
force that the car wheels can transmit in contact
with the road. It is assumed that the car will be able
to transmit less adhesion force with lightweight
external car wheels than with lightweight internal

wheels. It is also assumed that the car will pass
the driving corridor at a lower speed with a lower
adhesion force value.

Processing of Measured Values
in Driving Mode

In compensation measurements, we initially
removed outliers and averaged. Thus, we obtained
values for off-time correction of longitudinal and
lateral acceleration, front, rear, left and right body
sections, directional deviation and turning velocity.
We removed outliers from of the speed sensor
signal that are not related to driving the car.

The current steering wheel turning angle g was
determined from the measured signal indicating
the extension of the cable from the steering wheel
turning angle sensor [, using equation (3).

180x],

TXT,

ﬁ\): ﬂ\/o (3)

Legend: 8 —steering wheel turning angle; 5, —steering
wheel turning angle in verification measurement;
[, cable extension from steering wheel turning angle
sensor; r, — steering column shaft radius.

We monitor the current position of the car body
using ultrasonic distance sensors. The position of
the sensors is shown in Fig. 8. The starting point of
the body from the road was the position identified
during the verification measurements. The final
position of the body tilt after the experimental
measurements did not return to the initial position
due to the hysteresis of rubber parts in the bearing,
particularly the chassis system. The body tilt angle
is determined by equation (4).

(4)

B —tanl((H3i 'Hao)'(H4i _H4o)]

B

X

Legend: H, — vertical distance of the measuring
point from the road on the left side of the body
at time t; H, — vertical distance of the measuring
point from the road on the right side of the body
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Hao H4iI

Hzo Hai z

9: Plane model of body tilt: A — body tilt axis (authors)

at time t; H,, — vertical distance of the measuring
point from the road on the left side of the car body
corresponding to the steady speed of car movement;
H,, - vertical distance of the measuring point
from the road on the right side of the car body
corresponding to the steady speed of car movement;
B, — distance between the height sensors in the
lateral plane of the car.

Before processing the measured signal from the
distance sensors, we removed obvious outliers
that were not related to the car movement. We
smoothed and eliminated the oscillations not
caused by body movement from the waveforms of
ultrasonic distance sensors to determine the body
tilt. For this purpose, a moving average at time
interval 0.2 s proved successful. When there is no
significant effect on the measured waveform. The
height sensors were firmly connected to the car
body, which is why the sensors were deflected from
their vertical position when the body is tilted. Since
the amount of body deflection from the equilibrium
position does not exceed 5° (Tesar et al, 2014), the
measurement error due to the distance sensor
deflection is negligible, and we did not recalculate
the distance depending on the body deflection
angle from the equilibrium position. We processed
the signal from the lateral and longitudinal
acceleration sensors only in the form of smoothing
the waveform using a moving average at 0.2 s. The
initial static body slope is based on the verification
measurement, where the value from the verification
measurement is subtracted from the currently
measured value in the experimental test during
off-time signal processing. We processed the signal
mapping the turning velocity and the slip angle
signal in the form of smoothing the waveforms
using a moving average and subsequent off-time
correction according to the data obtained during
the verification measurements.

The resulting orientation of the measured
variables depends on the installation of the sensors
on the experimental car. When driving the vehicle
on the left hand, the steering wheel turning angle
B, is negative, and the lateral acceleration a,, ay, the

body tilt angle B, and the position of the right side
of the body H,,, H,, are also negative. The angular
velocity w, the slip angle ¢, the position of the left
side of the body H,, H, and the car turning angle ¥
have positive values. A graphical representation of
the car tilt is shown in Fig. 9.

RESULTS

Test Drive Evaluation

For a clear comparison of the waveforms, we
reported the dependence of the measured variables
on time and not on the forward velocity v.

It can be seen from the measured longitudinal
acceleration waveform (Fig. 10) that a constant speed
increase was not ensured during the measured
section. It is not possible that the car will skid
when starting it under the given conditions of the
experiment, so we proceeded to start the vehicle with
a higher longitudinal acceleration than at the end
of the test. The performance of the car was dosed
subjectively (without a control device); thus, it was not
possible to achieve a constant acceleration throughout
the test. The requirement is that the longitudinal
acceleration is constant and less than 0.1 g in the area
before the car is driven out of the corridor, which was
achieved in the experiment. The ASC and SW speed
waveforms correspond to the theoretical basis and are
mutually comparable. The longitudinal acceleration a,
corresponds to the theoretical basis and represents
the way of starting the car when performing both
experimental measurements.

The waveform of velocity v in the experimental
measurement is comparable in both cases and is
shown in Fig. 11.

The steering wheel angle B, (Fig. 12) corresponds
to the theoretical basis and is comparable in both
cases, despite the small corrections in SlideWheel. The
waveforms are almost identical in the area just before
the limit state.

The variable lateral acceleration a (Fig. 13)is related
to the variable forward acceleration and the steering
wheel angle. At a low driving speed, we turned the
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steering wheel to a position in which the car could
drive through the marked-out corridor without
a correction by the steering wheel. We then fixed
the steering wheel in that position. The a, waveform
corresponds to the theoretical basis and is almost
identical in both measurements.

The angular velocity w (Fig. 14) corresponds to the
theoretical basis. In both cases, the angular velocity
waveforms are very similar, but it achieves a higher
value in case of Alternative SkidCar. The end of the
waveform has the opposite direction, so the vehicle
is slightly understeering when using both systems
for changing the adhesion force. The reason is the
design of wheel units, where the tyres have better
guidance capability than the SW wheel units.

The slip angle ¢ (Fig. 15) corresponds to the
theoretical basis. The sudden increase of the
@ waveform at the start of the experimental
measurement is caused by starting the car having
its wheels in lock position. It is slightly higher in the
car with Alternative SkidCar than with SlideWheel.
The reason is again the design of wheel units, where

the tyres have better guidance capability than the
SlideWheel wheel units.

The body tilt angle B, (Fig. 16) is different. The
difference is due to the differences in the design of
the systems being compared. Smaller tilt angle in
Alternative SkidCar is due to the design and rigidity
of the frame. In the SW system, the radial response
of the car wheels is reduced through the sprung
masses, l.e., the body tilts more easily than in ASC.
Here, the Alternative SkidCar frame is larger than
the track of the car wheels. The frame is attached to
the experimental car body; therefore, the ASC body
changes its position to a lesser extent than in the SW
system when comparing them.

As the speed of the vehicle increases, the lateral
acceleration in the centre of gravity increases,
causing the body to tilt and overload the outer
wheels and lighten the inner wheels of the car. The
body position (height from the road) on the outside
approaches the road HP2 and rises on the inside
of the body, thus increasing the distance (height
from the road) on the distance sensor HL2. As the
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speed of the circular track increases, the value of
slip angle ¢ decreases gradually. The change in
body position with the ASC system is lower than
that with the SW system. The reason for this is the
Alternative SkidCar frame with a larger track than
the car wheel track, while SlideWheel has a smaller
track than a classic vehicle, which makes it easier to
change its position when comparing the bodies.

It can be seen from the measured waveforms that
the Alternative SkidCar system and the SlideWheel
system behave in a similar manner at 50% of the
load. The main difference is in the area of body
movement where the body with SlideWheel has
a significantly larger tilt angle which is closer to the
real car movement.

CONCLUSION

Monitoring the behaviour of a car in relation to driving stability is a relatively widespread area related
to vehicle safety. In most cases, real winter conditions or sliding surfaces are used to verify the car’s
performance under reduced adhesion conditions. The SC system is a device that is predominantly
used to teach drivers to handle a vehicle’s limit state. There is currently no research that would be
interested in objectively monitoring car behaviour with a system for changing the adhesion force.
Both ASC and SW are systems that can be used to bring the vehicle to the skid limit when driving
safely. This is the primary area of causing a car to skid. The advantage of the systems compared to
sliding surfaces is that it is possible to reduce the radial response on any car wheel without affecting
the radial response of the other wheels. In this way it is possible to bring the vehicle to any type of
skid at a safe speed.

The expectation that both systems behaved similarly was confirmed by experimental measurements
at 50% radial response on car wheels. Compared to ASC, the newly designed SW allows for a more
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natural body tilting and approximates the experiments made on sliding surfaces. Another advantage
of SW compared to ASC is less added weight and none of the components of the system exceeding
the car plan view. The SW system can also be used for the purpose of driver training. Note that SW
should be subjected to further testing and optimization. Both systems can be used for an initial
verification of electronic systems for increasing stability and improving road safety in the form of
driver training.
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