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Abstract. Sometimes it is necessary to test how repair affects the properties of the car. These tests are carried out
using a cylinder test stand. During the test the tyre is rolling between two cylinders of a small diameter. The
question arises whether the rolling resistance of the tyre is the same as the rolling resistance when the wheel is
rolling on the plane. If it is not the same what is the reliation between tyre resistances in these two cases? It is an
important answer because the change of rolling resistance can affect consumption, the highest speed, engine
power and other results of measurement. The paper gives the answer to these questions and describes the

method of getting this information.
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1. Introduction

After car repair it is sometimes necessary to do
some tests [1, 2]. They provide us with the informa-
tion how new adjustment affects the behaviour and
properties of the car. Previously these tests were car-
ried out by the driving test, however, it wasn’t suffi-
ciently effective. It was hazardous due to the accident
possibility, it took a long time and the results were
not exact. Consequently, cylinder test stands are used
to carry out these tests nowadays. The car doesn’t need
to leave the workshop and tests bring information
about the engine power, the fuel consumption or the
useable force for driving by predefined driving resis-
tance. If we want to use these results practically, it is
useful to know what is the dependence of tyre rolling
resistance. During the test the wheels are rolling be-
tween two cylinders of a small diameter (Fig 1).

We can suppose that the rolling resistance is
higher than the resistance when the tyre is rolling on
the plane. The reasons for this assumption are as fol-
lows:

* Normal force Z, is divided between two forces
named F| and F, (see Fig 1). We can write the
formula (1) to define their intensity:

Zy
2-cosa,

(M

F1= F2=

The symbols are clear from Fig 1. We can define
angle o by using a isosceles triangular O ,0 ,0,.
e Tyres have to be adopted twice.

Ris=273 mm

Fig 1. Distribution of normal onerous force Z, between
cylinders of a cylinder testing stand

Consequently the tyre rolling resistance on the
plane is not the same as the one on the cylinder test-
ing stand. What is the dependency between the tyre
rolling resistances in these two cases? To answer the
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question specified above we have to do the measure-
ment of the rolling resistance in both cases and to
compare them.

The intensity of the tyre rolling resistance on the
plane is detected by a drum stand. The diameter of
the drum is 1591, 1707 or 2000 mm. The conditions
for this measurement are determined by STN. The
manufacturer is obliged to do measurement for each
tyre.

To define the tyre rolling resistance in case ac-
cording to Fig 1 we can use a cylinder testing stand
MAHA LPS 2000. It offers the programme
KONSTANTE GESWINDIGKEIT to us. Using this
program cylinder testing stand MAHA LPS 2000 is
simulating the ride on a straight plane at a constant
speed. The stand keeps the set point of the speed by a
whirling brake. This brake spends overlapping power
to the wheels and the testing state displays its inten-
sity. It can be used for rolling resistance measurement.

If we deliver the constant power to the wheels
the overlapping power will be constant as well. When
we change the normal onerous force the rolling resis-
tance will be changed (at the same time) too. The
overlapping power on the wheels will be also changed.
The range of its change is equal to the change of the
rolling resistance power.

The left and the right pair of the cylinders of the
cylinder testing stand MAHA LPS 2000 are coupled
by a crankshaft with two joints. This coupling allows
us to construct the equipment in Fig 2. The right side
is used for input of the constant power. The left side
is determined for the variation of the wheel onerous
force that affects the change of the tyre rolling resis-
tance.

Fig 2. The left and the right side of MAHA 2000 LPS
superstructure

2. The right — forced side

An asynchronous electric motor with the power
of 10 kW was used for driving. Power was transferred
to the wheel by a friction-gear as we can see on the
right side of Fig 2. The friction-gear was located on
the rotor of the electric motor. It allowed us to change
the measuring speed by the replacement of the fric-
tion disk of a different diameter. The friction-gear was
held down to the driving wheel by the weight of the
motor. It guarantees that force is stable. So the rol-
ling resistance developed by it is stable too.

The incoming power is given by the torque of the
electric motor and by revolution. The invariance of
the revolution is guaranteed by the programme
KONSTANTE GESWINDIGKEIT. We can calculate
the electric motor moment by multiplying force F [N]
that is holding electric motor stabile by arm L, [m].
Because arm L is permanent, the incoming power is
permanent, if force F is not changed.

The rolling resistance is changed together with
the temperature of the tyre. It is therefore necessary
to warm up the tyre to the permanent temperature
before starting the measurement by rolling at the nor-
mal onerous force for half an hour. It warrants the
stability of the rolling resistance and the efficiency of
power transfer.

The change of the supplied power can be caused
by the change of the uprightness to the axle of stand
cylinders, too. Its stability was achieved by a fixed axis.

3. The left — measured side

The part for the measurement must allow the
exchange of the tyre. It must guarantee their upright-
ness to the axle of the cylinders and variation of nor-
mal onerous force too. The construction according to
the left side of Fig 2 fulfils all these requirements. The
construction of the pivoted half axle doesn’t allow to
change the wheel geometry. It was supplemented with
the shock absorbers for safety and quiet tyre rolling.
The normal onerous force was involved by the air
spring. It can be converted by the change of the air
pressure.

4. Measurement

The following conditions for measurement were
observed:

a) The tyre was warmed up to the operating tem-
perature,

b) The measured tyre was in the unload condition
(onerous force = 0) and the current was turned
on. When the equipment reaches the predefined
speed the power measured by MAHA LPS 2000
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is the same as the supplied power by the right
side of the equipment,

¢) The normal onerous force (left side of the equip-

ment) was increased to the required value. At

that time the power was readout,

The difference between the power measured ac-

cording to b) and according to c) is the power

necessary to overcome the rolling resistance,

The stability of the incoming power was con-

trolled by the stability of force F as it was ex-

plained above,

f)  Inthe half-way of the measurement the measured
tyre was released and the power was compared
with the result by point b). The powers must be
equal.

We can calculate rolling resistance F [N] accor-

ding to the formula (2):

_R-P,

F
R \

; 2
where P - the power measured by point b), [W],
P_— the power measured by ¢), [W], v - speed of
rolling [m/s].
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We can calculate the rolling index of resistance
coefficient by the formula:
Fr
I:Z

f = > (3)
where Fj is rolling resistance calculated by the for-
mula (2) [N], F, is normal onerous force on the
measured wheel [N].

5. The measurement results

Tyres manufactured by MATADOR Plchov, Inc.
were used for the measurement, see Table 1.

The measurement results are displayed in Table 2
and for graphs see Fig 3 and 4. The graphs contain
the curves constructed by the results of the testing

Table 1. Tyres used for measurements

Speed index
(S)

T (190 km/h)

H (210 km/h)

Load index
(Ln

79 (437 kg)

91 (615) kg

DOT

0603
4902

Parameter

165/70R 13
195/65 R 15

Design
MP 12
MP 58

Table 2. The value of the index of the rolling resistance f with the air pressure in the tyre and the normal onerous

force is approximately equal
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== NMAHA 250 kPa/3191 N
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Fig 3. Measurement results — index of the rolling resistance (Tyre 165/70 R13 MP12)
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Fig 4. Measurement results — index of the rolling resistance (Tyre 195/65 R15 MP58)

office VIPOTEST and by the results received accord-
ing to the above described methods. Measurement was
done for different air pressure in the tyre and differ-
ent normal onerous forces. The accuracy of MAHA
stand is + 2 % of the measured value.

6. Conclusions

When we compare the index of the rolling resis-
tance of the tyre measured by VIPOTEST by equip-
ment Hasbach to the results measured by equipment
MAHA LPS 2000 we can state:

*  Winter tyres show higher growth of the index of
the rolling resistance than summer tyres (row
index),

e The maximum growth of the index of the rolling
resistance was indicated between speeds 56 km/h
and 70 km/h,

*  The likeness of the curves of the rolling resis-
tance index with the lower air pressure and the
curves with the higher onerous force shows that
lower pressure brings the same effect as higher
load.

References

1. Wong, J. Y. Theory of ground vehicles. Carleton Uni-
versity, Ottawa, Canada, 1991.

2. Cajchan, J.; Poliak, M. Tyre maintenance (Doprava a
cesty, dvojmesacnik pre podnikatel'ov a profesiondlov v
cestnej doprave) Springer media CZ, Praha 5, 2/2004,
p- 32-33 (in Slovak).





