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The Article deals with the controlled influence of the adhesive force in contact of the road vehicle’s wheel
with the road. The first section shows how the adhesive force is reduced. The next step is the famili-
arization with the experimental vehicle with the Alternative SkidCar, where experimental measurements
were carried out, assessment of the advantages and disadvantages of the experimental vehicle with the
Alternative SkidCar and the drive on the sliding surface following the experimental test methods. The
objective of the article is to determine how great the difference in vehicle behaviour is when the adhesive

force changes by modifying the radial reaction and the change in the coefficient of adhesion.
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1 The adhesive force of the road vehicle and
possibilities for its modifications

The magnitude of the adhesive force transmitted
between the tire of the road vehicle and the road sut-
face may be varied by changing the coefficient of ad-
hesion or by changing the radial reaction transmitted
by the vehicle’s wheel [1,2]. In this article, we discus-
sed reducing the adhesive force of an experimental ve-
hicle so that we can put the vehicle in a skid at the so-
called safe speed. The requirement to bring the vehicle
to the skid at low - safe speed was triggered by the
demands on the department. At the same time, the
area of vehicle testing can be transferred from the ex-
perimental environment to the software environment
[3,4] where simplifying conditions need to be appro-
priately chosen.

1.1 SkidCar system

The producer is Cedergrens Klintehamn Sweden
[5]. It is an electro-hydraulic wheel frame which allows
the vehicle to achieve different adhesion conditions.
The frame is attached to the car and with an electro-
nically controlled hydraulic circuit it allows the front
axle or rear axle or both axles to be partially unloaded
at the same time, in any range. On a closer look at the
frames offered, we found that SkidCar can only be
used on selected vehicles. That is why we have appro-
ached designing a frame for the experimental vehicle.
Since we have made adjustments to the frame over a
commercially available system, we use the name the
Alternative SkidCar. The main difference is in the me-
chanical way of changing the radial reaction of the ve-
hicle’s wheels. At the same time, we have placed the
front wheels of an Alternative SkidCar behind the
front axle axis of the vehicle as shown in Figure 1. In
this way, we have achieved that the vehicle body is

easier to pitch than with the commercial SkidCar.

o >

Fig. 1 Experimental vebicle with the Alternative SkidCar

The frame of the Alternative SkidCar system con-
sists of two cross members, two side members and
wheel units and is designed as detachable. The cross-
members are provided with mounts to secure the
frame from below to the frame of the experimental
car. At the ends of the cross members are a pair of
clamps to which the guide tubes of the wheel units are
attached. These wheel units are equipped with axial
bearings that allow them to rotate freely around the
vertical axis. Once mounted, the wheel units can be
pushed out mechanically and thereby reduce the load
of the wheels of the experimental car. The side mem-
bers are mounted on both sides between the cross
members, thereby increasing the rigidity of the entire
structure, especially in the longitudinal direction. The
frame of the Alternative SkidCar is designed without
any optimization. For the purpose of future use, it is
advisable to optimise the frame in terms of design [6,7]
and, if necessary, materials.

Advantages:

e continuously adjustable traction for any axle,
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e the possibility of altering the adhesive conditi-
ons when driving,

o reliable with minimal wear

e the possibility of holding an adhesive setting
for repeatable tests,

e can be used on vehicles with front, rear and
both drive axles,

e almost impossible to turn over a car,

e keeps the electronic systems of the car in ope-
ration,

o the road does not contain any optical or other
information relating to the variation in the ad-
hesive conditions,

o the possibility of using any tire,

o the repeatability of the adhesion conditions
during the various tests is ensured.

Disadvantages:
e the system cannot be used on any car,

e the electro-hydraulic unit and solenoids can
be heard operating in the vehicle, so the driver
is warned that the adhesive conditions have
changed,

e increase in the mass of the car and decrease
of the height of the car’s centre of gravity,

e the need for a relatively flat surface of suffi-

cient size according to the considered test,

e the vehicle is equipped on the sides with au-
xiliary wheels - greater width of the tested ve-
hicle means a negative property during mano-
euvres,

e The body of the car is attached to the SkidCar
frame - it is not possible to tilt the sprung
masses in relation to the unsprung masses, the
body does not tilt or roll during manoeuvtres,

e the change in rolling resistance and the di-
rectional characteristics of the wheel tire due
to a reduction in the radial reaction transmit-
ted by the wheel.

1.2 Skid surface

There is essentially a section of asphalt with a spe-
cial coating or a sliding foil that, when coated with a
water, modifies its adhesion coefficient in a way simi-
lar to the sliding film. The skid surface (Figure 2) can
be positioned both in a straight line and in a bend, as
required for a road test. The skid surface may be made
in the form of a continuous surface, possibly with al-
ternating elements with a higher and lower coefficient
of adhesion. These sub-areas may be made in the form
of belts (transverse or longitudinal to the vehicle) or in
the form of a chessboard, where the wheels of the
same axle are at any given moment at different adhe-
sion coefficients [8-10].

Fig. 2 An excperimental vebicle on a skid surface

Advantages:
e the road conditions are very close to real con-

ditions,
e the vehicle's dimensional and weight parame-
ters are not changed,

e can be used on vehicles with front, rear and
both drive axles,

e zero car adjustments,

o the applicability of any serial car or prototype,

e the possibility of using any tire,
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e to a certain extent, repeatability of the adhe-
sion conditions during the various tests is en-
sured,

Disadvantages:
e the need for additional treatment of the test

surface,

e the need to rebuild/replace the test surface,

e The possibility of carrying out tests only at
temperatures above + 1 °C,

o the need to ensure continuous water coating
of the test area,

o the driver is able to identify a surface with di-
tferent adhesion by visual perception,

e asmooth variation in the adhesive conditions

is not possible,

e the exact value of the coefficient of adhesion,
e itis not possible to achieve a different coeffi-

cient of adhesion for each axle or wheel.

2 Experimental measurements

As a road test we have chosen a slalom test. The
principle of the test is that the vehicle runs through a
defined corridor between the cones at a predefined
speed. For this speed, we choose the maximum speed
at which the corridor on the sliding surface can be dri-
ven. The design of the corridor for the experimental
test of the Alternative SkidCar and the driving test on
the skid surface are shown in Figure 3. The driving
tests for the Alternative SkidCar have been carried out

for a 50% radial reaction to the vehicle wheels.

16 - Distance between cones, 1'7 - Offset between the cones, K - Cone
Fig. 3 Corvidor for the slide test and the Alternative SkidCar

The speed v, tire slip angle @ and the yaw rate of
the vehicle @ were measured using the Correvit sen-

sot. The steering wheel angle /3, was detected via the
analogue cable position sensor. Transverse g, and lon-
gitudinal @, acceleration using the acceleration sensor
and the body roll angle £ by means of a pair of ultra-
sonic distance sensors located at the centre of gravity
plane on the sides of the vehicle [11, 12].

To measure the characteristics of an experimental
car, we have used a measuring system owned by the
Educational and Research Centre in Transport, which
we have complemented with steering wheel position
sensor. We used the Correvit S-CE sensor to measure
the speed of the vehicle, which simultaneously mea-
sures both components of the speed. Both the
forward speed 2. and the lateral speed #,. To measure
the yaw rate of a car we used the VG910S optical gy-
roscope, which is based on the Sagnac effect principle.

The gyro sensor of the yaw rate is part of the Correvit
S-CE speed sensor. To measure the acceleration of the
experimental vehicle during the driving tests we have
used the 3-axis acceleration sensor IMEMS type
ADXIL311. The sensor was screwed firmly to the ve-
hicle's central tunnel with the aid of a base plate. We
measured the body pitch using a pair of HL.2 and HP2
ultrasonic sensors. We have placed the HL.2 sensor on
the mount at the front of the vehicle and the HP2 sen-
sor on a specially designed rear mount.

We calculated the body roll angle according to the
formula (1), where Hs; (Hy) is the distance of the me-
asuring point on the left (right) side of the body, at the
prescribed distance from the road at time #, B is the
distance between the measuring points in the
transverse plane of the vehicle, Hj (Hsp) is the
distance from the measuring point to the ground
corresponding to the steady speed of the vehicle [11].
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B; = tan! ((Hsi—H3o)B—x(H4i—H4o)) M)

We compared the measured results to the experi-
mental measurement on the skid surface.

3 Evaluation of measured courses

Time courses of the speed #, longitudinal accelera-
tion a. and transverse acceleration g, are comparable
in both tests, together with the steering angle f,. There
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is an obvious difference in the height position of the
HL1 axle lower right-hand arm, where the lift of the
Alternative SkidCar is significantly limited by the use
of the frame. A similar effect on body roll can be seen
with the Alternative SkidCar in both HL2 and HP2
time courses. The difference in the body roll angle
corresponds to the data measured by the height sen-
sors, so the body roll of the Alternative SkidCar is neg-
ligible compared to the experimental vehicle. This is
the most significant difference in measured courses.
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Fig. 4 Speed v time course for the skid surface and the Alternative SkidCar
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Fig. 5 Yaw rate time conrse @ for the skid surface and the Alternative SkidCar
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Fig. 6 Height coordinate time course of the HP2 right-hand side of the vehicle for the skid surface and the Alternative SkidCar
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Fig. 7 Height coordinate time course of the HL.2 left-hand side of the vebicle for the skid surface and the Alternative S kidCar

4 Conclusion

The measured time courses show that the Alterna-
tive SkidCar system allows to vary the adhesion force
transmitted between the road vehicle and the road sut-
face. The yaw rate time courses @ are comparable for
sliding surface and the Alternative SkidCar. There is a
big difference in the position of the body, where there
is a more intense body roll on the skid surface than
when using the Alternative SkidCar. The body roll li-
mitation is caused by the attachment of wheeled units
to the vehicle body via the subframe. The body roll
magnitude of the Alternative SkidCar is determined by

the tire stiffness of the support wheels.

From the measured data it is clear that any inter-
vention in the structure of a road vehicle chassis has
an effect on the behaviour of the vehicle as a result.
Therefore, the Alternative SkidCar system also affects
the behaviour of the car and thus it depends on the
purpose of achieving an adhesion force reduction on
the road vehicle wheels. Despite the fact that the Al-
ternative SkidCar system causes some characteristics
describing the behaviour of the vehicle to change, it is
usable for the needs of the department and has met
the desired objective.
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