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Abstract. Measurement methods to determine the rolling resistance of tyres dur-
ing different operation conditions are essential in the work towards more energy
efficient vehicles. One of the influential parameters is the tyre temperature distri-
bution, which has a large impact on the rolling resistance. Today, the standardised
test procedure tomeasure rolling resistance is steady-statemeasurement on drums.
However, the steady-state temperature on a drum is not the same as the temper-
ature during ordinary driving conditions. The aim of this work is to develop a
measuring method that enables to set a desired measurement temperature, which
would create the possibility to study the relationship between tyre temperature and
rolling resistance in more detail. The measurement method was developed by the
use of a flat track equipment but should be applicable to other rolling resistance
measurement equipment such as drums. The resulting method gives a repeatable
tyre temperature and rolling resistance and can be used for measurements on tyres
heated to a chosen measurement temperature.

Keywords: Rolling resistance · Tyre temperature · Tyre inflation pressure ·
Measurement method · Flat track · Drum test

1 Introduction

In the development towards more resource efficient road vehicles, the tyre rolling resis-
tance plays a vital role. A 10% reduction of the rolling resistance has shown to result
in 0.5 to 3% lower fuel consumption for passenger cars [1]. The rolling resistance is
defined as “the mechanical energy converted into heat by a tire moving for a unit dis-
tance on the roadway” [2]. The rolling resistance originates mainly from hysteresis, an
energy loss caused by the tyre deformations, and from friction between the tyre and the
road surface. This energy loss per distance can be treated as a longitudinal counteracting
force, which is done in this work. Sometimes the rolling resistance coefficient, RRC (the
rolling resistance divided by the tyre load), is used instead of the rolling resistance.

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
A. Orlova and D. Cole (Eds.): IAVSD 2021, LNME, pp. 1026–1039, 2022.
https://doi.org/10.1007/978-3-031-07305-2_95

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-07305-2_95&domain=pdf
https://doi.org/10.1007/978-3-031-07305-2_95


Development of a Method for Measuring Rolling Resistance 1027

Commonly when measuring and comparing tyre rolling resistance, standardised
steady-state measurements are made on a drum, at certain operating conditions specified
by speed, wheel load, inflation pressure, and ambient temperature, according to ISO and
SAE standards [3–6]. The tyre is rolling on the outside of the drum until the rolling
resistance reaches steady-state, which on a drum usually takes 20–30 min.

These standards also include the measurement of a parasitic loss, which is defined as
the combined energy loss caused by the measurement equipment, through for example,
bearing losses. This parasitic loss is independent of tyre load and can be measured as
a rolling resistance measurement at the lowest load which maintains the rolling of the
tyre without slipping.

The tyre rolling resistance is affected by its operating conditions [7]. Some of these
operating conditions are limited by the measurement method and the equipment used.
Regarding drum measurements, the drum’s curvature affects the measurements in sev-
eral ways. The curvature affects the choice of road surface since it prevents the use of
real road surfaces such as asphalt. Commonly measurements on drums are made on
steel or some replica surface. Another effect is that the influence of wheel angles such
as camber and slip angles is very complex to evaluate on a curved surface. However,
the most important effect is that the curvature increases the magnitude of the tyre defor-
mations. This results in higher rolling resistance and tyre temperature for steady-state
measurements, compared to flat track test equipment or driving on a road.

In a study on truck tyres, LaClair and Zarak [8] have shown that the internal tyre
temperature difference between tests performed on a rolling-belt flat track and a drum
was in the range of 10 to 20 °C, and increased with increased speed. Tyre temperatures
when driving in traffic, are dependent on the weather and other driving conditions [9],
but are generally less than drum test temperatures.

The tyre temperature distribution is affected by the ambient air temperature, the
road temperature and the heating caused by the deformation of the tyre when rolling.
The heating from the rolling resistance causes a tyre with higher rolling resistance to
becomewarmer compared to a tyrewith lower rolling resistance under the sameoperating
conditions. However, it is also true that a heated tyre has a lower rolling resistance
compared to when it is cold. This is mainly due to an increased rubber temperature
resulting in a reduced hysteresis effect, but also because the heating will increase the
inflation pressure which will consequently decrease the rolling resistance. The large
impact of temperature on rolling resistance is illustrated in the results from Yokota
et al. [10]. They simulated the tyre temperature distribution for different combinations
of ambient air and road temperatures and studied the effect on rolling resistance for a
variation of 10 to 30 °C in ambient air temperatures, and 10 to 50 °C in road temperatures.
The different setups resulted in a variation of 23 to 52 °C in internal tyre tread temperature
and a 30% difference in the corresponding estimated rolling resistance coefficient.

The aim of this work is to develop a rolling resistance measurement procedure that
permits the setting of a desired measurement temperature. This would facilitate a more
detailed study of the relationship between tyre temperature and rolling resistance. The
measurement procedure is developed using a flat track where the tyre is fixed and a
beam, representing the road, that moves underneath the tyre. Using this equipment has
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several advantages, as mentioned earlier, but the method could also be used on other
equipment, for example a drum.

The outline of the paper is as follows. First, the tyre test facility used is described.
This is followed by a presentation of rolling resistance measurements on unheated tyres,
including the accuracy for the force sensor and the different measurements needed to
calculate the rolling resistance. Then the proposed measurement procedure for heated
tyres is described, including the characteristics of the chosen temperature sensors and
the heat-up process. Thereafter somemeasurement results for heated tyres are presented.
Finally, some discussion and conclusions along with recommendations for future work
are given.

2 The Flat Track Tyre Test Facility

The test method is developed using the flat track tyre test facility at VTI (the Swedish
National Road and Transport Research Institute), see Fig. 1a. In this test facility, the tyre
is attached to a fixed rig which holds the tyre in place at a specific wheel load while the
ground, represented by a 55 m long metal beam, is moving beneath it at speeds up to
36 km/h. The entire measurement is finished within seconds.

The test facility is originally built for measuring the forces acting on a tyre such as
braking and steering forces. The force sensormeasures the force in the longitudinal (FX ),
lateral (FY ) and vertical direction (FZ ), where FX gives the rolling resistance when the
tyre is free rolling. The tyre can be pre-heated by running the tyre on a rotating cylinder
under a variable load, as can be seen in Fig. 1b. All three cylinders are needed to support
the beam during measurements, but only the middle cylinder is used for heating. The
wheel load is only applied to the tyre during heating and measurements.

Fig. 1. a) The VTI’s tyre test facility and b) the rig’s heating cylinders [11].

3 Rolling Resistance Measurements

To develop a credible rolling resistance measurement procedure in the VTI tyre test
facility some questions must be addressed. Compared to brake and steering forces, the
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rolling resistance force is much smaller, which increases the requirements on measure-
ment accuracy. Since the rolling resistance of a tyre is dependent on the tyre temperature
and inflation pressure, it is important to verify that those conditions are repeatable and
comparable to real driving situations.

The experiments in this development process have mainly been made with a Stan-
dard Reference Test Tyre (SRTT) [12]. This tyre was chosen since it is regularly used for
rolling resistance measurements and test results from different equipment and operating
conditions can be found in literature. To ensure that the parasitic losses were not tyre
dependent, the parasitic loss measurements were repeated on an SUV class A all-season
tyre. Apart from the reduced load in the parasitic measurements, all presented measure-
ments have been made on a steel surface with a load of 3.9 kN, and a capped inflation
pressure, of 2.2 bar at 20 °C. For capped inflation pressure, the pressure is set at a specific
temperature, then the amount of air is kept constant, while the pressure changes with the
tyre temperature.

Section 3.1 focuses on the rolling resistance of the unheated tyre. This gives the
advantage of enabling measurements and analyses of the accuracy of the measurement
procedure and equipment used, without introducing temperature effects. Accuracy is
here the combination of the trueness and repeatability of a measurement.

However, a realistic rolling resistance, requires a realistic measurement temperature,
which includes both measuring and controlling the temperature. Section 3.2 focuses on
the sensors used to measure the tyre temperature and inflation pressure. Then Sect. 3.3
examines how the temperature can be controlled and the accuracy and repeatability of
the corresponding rolling resistance for a heated tyre.

3.1 Accuracy of the Rolling Resistance Measurements on Unheated Tyres

In order to evaluate the accuracy of the measurement procedure andmeasurement equip-
ment, the first step is to perform rolling resistance measurements on an unheated tyre.
The evaluation of an unheated tyre is chosen to remove the issues connected to control-
ling the tyre temperature. The accuracy of themeasured rolling resistance force is limited
by the force transducers accuracy, in our case a piezo-electric sensor. This kind of sen-
sor is very exact in dynamic measurements but tend to drift over time. To get repeatable
results the accuracy and drift of the sensor in the direction of travel are evaluated through
calibration measurements with a scale connected to the sensor instead of a tyre. Static
forces within the range of 8 to 80 Nwere applied in the longitudinal direction, and it was
concluded that the sensor is linear within this range. These calibration measurements
gave a standard deviation forFX of 0.1 N, which is low for a sensor capable of measuring
loads up to 10 kN. The deviation between the measured force and the applied force is
shown in Fig. 2.
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Fig. 2. Difference between the applied and measured force for different levels of applied load.

The drift of the FX -sensor was found to be around -0.2 N/s and is estimated and
compensated for at each measurement. The drift compensation has been done based on
the fact that the applied FX -force is zero before and after the measurement, with the
assumption that the drift is linear in time.

In theVTI tyre test facility,FX is measuredwith the forcemethod. It is a standardised
measurement method for drum measurements where the tyre spindle force is measured
and used to calculate the rolling resistance. This method is sensitive to force misalign-
ments, i.e., small deviations from the intended loading direction by the rig will result in
a noticeable error. Here, this error is called the normal force alignment error (FNFAE).

The measurements presented here, are conducted on an unheated tyre where the
tyre temperature is assumed to be the same as the ambient air temperature. The rolling
resistance is calculated from the average of FX over the specified test distance. The
signal is noisy due to both irregularities of the beam and the tyre, and it is therefore
essential that the test distance is sufficiently long. FX consists of the rolling resistance
(RR), the normal force alignment error (FNFAE), and a parasitic loss (Fpara). The rolling
resistance can thereby be calculated as:

RR = FX − Fpara − FNFAE (1)

FNFAE , can be calculated as FNFAE = FZ · tan(α), where α is the misalignment angle.
The misalignment angle should be temperature independent but may change with load
due to flexibility in the measurement rig. The FNFAE can be estimated as the average
of two slow measurements in forward and backward directions over the section of the
beam which is used for rolling resistance measurements. The average of 30 FNFAE-
measurements, at 3.9 kN wheel load, is found to be 13.1 N with a standard deviation
of 0.17 N. This corresponds to a misalignment angle of 0.2°. In this work, the FNFAE

measurements have only beenmade on one tyre.More tyres must be tested to conclude if
the same misalignment angle can be used for different combinations of tyres and wheel
loads. At loads above 1500 N, the linear relationship between FNFAE and FZ is clearly
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shown in Fig. 3a. The deviations at lower loads may be caused by some flexibility in the
measurement rig, which causes the misalignment to change.
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Fig. 3. a) The normal force alignment error for a tyre when increasing the load. b) Estimation of
the parasitic loss with two measurement rounds with two different tyres.

The parasitic loss should be temperature independent and is assumed to also be
independent of the measurement load. They are evaluated through a measurement series
of FX at low tyre loads. The results are then linearly extrapolated to zero load to find
the parasitic loss, which is the remaining part of FX when the load is removed. For two
measurement rounds with different tyres, the parasitic loss has been found to be 6.06 ±
0.04 N, see Fig. 3b.

Measurements of rolling resistance for an unheated tyre as a function of inside
tyre temperature can be seen in Fig. 4. Ambient air temperature variations between
measurements affected the tyre temperature and therefore also the rolling resistance.
To evaluate the accuracy and repeatability of the RR measurements, a series of repeated
measurements was carried out on an unheated tyre with the aim to suppress the influence
of tyre temperature variations. However, the ambient air temperature variation was large
enough to affect the measurement results and had to be accounted for in the evaluation.

The standard deviation for the rolling resistance is calculated according to:

σRR =
√

σ 2
FX

+ σ 2
NFAE + σ 2

Fpara
≈

√
σ 2
FX

+ σ 2
NFAE (2)

where σRR, σFX , σNFAE and σFPara , are the standard deviations for the rolling resis-
tance, for the measured FX, FNFAE and Fpara, respectively. The resulting FX, for 29
measurements of an SRTT tyre with the same measurement conditions, had a standard
deviation of 1.38 N. The standard deviation for Fpara is unknown but is assumed to
be small and negligible. It is however important to measure Fpara regularly to identify
long-term variations which could be caused by, for example, the bearings being worn.
The resulting standard deviation from Eq. 2, for the conducted rolling resistance mea-
surements, is 1.39 N. Adjusting the RRC for tyre temperature variations according to
the line fit of Fig. 4 would reduce the standard deviation to 0.52 N.

To improve the accuracy, an average value of several measurements can be used
instead of a single measurement. The accuracy of such an average will be improved by
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Fig. 4. Rolling resistance measurement results for an unheated tyre.

increasing the number of individualmeasurements, and can be quantified by a confidence
interval, determined throughRR±z ·σRR/

√
n, whereRR is the average rolling resistance,

n is the number of samples and the standard normal variable z, is set to 1.96. It is
an approximation of the number of standard deviations which corresponds to a 95%
confidence interval. The average rolling resistance of 29 measurements is 38.0 N, which
corresponds to an RRC of 0.0098. Table 1 presents the 95% confidence interval limits
for different number of measurements. A column for temperature adjusted standard
deviation is added for an estimation of the accuracy that could possibly be achieved with
better ambient temperature control.

Table 1. Accuracy in terms of limits for a 95% confidence interval for RRC and RR for an
unheated tyre.

No of samples Accuracy of RRC Accuracy of RR
(N)

Accuracy in
relation to
average value

Accuracy in
relation to average
value for
temperature
adjusted data

2 ±4.83 10–4 ±1.92 ±5.1% ±2.2%

3 ±3.94 10–4 ±1.57 ±4.1% ±1.8%

5 ±3.05 10–4 ±1.21 ±3.2% ±1.4%

8 ±2.41 10–4 ±0.96 ±2.5% ±1.1%

3.2 Temperature and Pressure Sensors

The VTI tyre test facility has been modified for rolling resistance measurements by
adding sensors to measure the inside tyre surface temperature, the outside tyre surface
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temperature as well as the inflation pressure. Since the rolling resistance is temperature
dependent and the measurement with the VTI tyre test facility only takes seconds, the
tyre must be heated to the desired tyre temperature or corresponding inflation pressure
in a controlled manner before the test is started, which requires sensors to measure the
temperature and inflation pressure.

The outside surface temperature of the tyre tread is measured with an infrared (IR)
tyre temperature sensor, see Fig. 5a. This sensor uses 16 channels for measurements.
Channels 1–3 and 14–16 have an accuracy of ± 2 °C, while channels 4–13 have an
accuracy of± 1 °C. An IR-sensormeasures the IR-radiation from an object. The trueness
of the result depends on the accuracy of the emissivity-factor used to calculate the
corresponding temperature. The repeatability is however only affected by the random
error, which is 0.1 °C, for this sensor. Here channels 5–6 and 11–12 have been used
for the inside tyre surface temperature since these channels give the tyre temperature in
the grooves for the measured tyres. An example of tyre temperature measurements for
the different channels using the sensor is given in Fig. 5b, where the channels pointing
down to the grooves in the tyre can be identified as the channels showing the two peak
temperatures.
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Fig. 5. a) The infrared tyre temperature sensor [13]. b) Test temperature results from the sensor,
where the two largest peaks (channels 6 and 12) correspond to the channels pointing down into
the grooves in the tyre.

The inside of the tyre carcass, beneath the tyre tread, here called the tyre tread inside
surface temperature, the sidewall inside surface temperature and the inflation pressure
are measured with a tyre temperature and pressure monitoring system sensor, see Fig. 6.
This sensor uses 16 channels for the temperature measurements, where each channel has
an accuracy of±1 °C, and a random error of 0.1 °C. The pressure measurements have an
accuracy of ±10 mbar, and the random error is 0.126 mbar. The temperature accuracy
can be connected to the inflation pressure accuracy using the ideal gas law. A change in
temperature of 1 °C corresponds to a change in inflation pressure of 11 mbar, which is
comparable to the accuracy of the sensors. However, for the temperature measurements,
the random error is 10% of the tolerance, compared to 1.26% for the inflation pressure
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measurements. Thus, the pressure sensor is expected to give more repeatable data than
the temperature sensor.

Here, the sensor is placed in such a manner that the information from channels 1–5
represents the sidewall inside surface temperature, while channels 7–15 have been used
for the tread inside surface temperature.

Fig. 6. The tyre temperature and pressure monitoring system [13].

3.3 Rolling Resistance Measurements on Heated Tyre

The main questions connected to the heat up procedure are: Can the tyre temperature
distribution be summarised into one relevant temperature measure? Is it possible to heat-
up the tyre in a way that gives a quasi-steady-state temperature and inflation pressure? If
not, how can the tyre be heated so that both the tyre temperature and inflation pressure
are repeatable?

A relevant temperature measure should be a scalar value representing the rubber
temperature of the part of the tyre that is primarily exposed to the hysteretic deformation,
and should therefore exhibit the known negative correlation with respect to the rolling
resistance. In addition, keeping inflation pressure, speed, andwheel load constant, rolling
resistance measurements with the same tyre temperature should produce repeatable
results.

Temperatures from different parts of the tyre along with the inflation pressure dur-
ing a 30-min heat-up and cool-down sequence are shown in Fig. 7a. The tyre is heated
through running it under load on a rotating cylinder, as mentioned in Sect. 2. The rubber
temperatures increase fast initially, and while the rate decreases with time the tempera-
tures never reach steady-state. The samewas noticed also for a longer 2-h heating period,
which is most likely due to an increase of the rig temperature as well as the ambient
air temperature in the rig room during the heat-up phase. The inside and outside tread
temperatures differ by around 10 °C at the end of the heat-up phase, but will quite rapidly
approach a common value during the cool-down phase, where the tyre has been lifted up
from the rotating cylinder. It can be argued that allowing the tyre to cool down for a while
and thus reducing internal temperature gradients would lead to a more stable temper-
ature measure based on the inside and outside temperatures. That would also decrease
the influence from the cylinder temperature, which may be difficult to keep constant
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between measurements, and to a high degree affects the tyre surface temperature during
the heat-up phase.

The inside tyre sidewall temperature is substantially lower than the tread temperatures
which indicates that the hysteresismainly is occurring in the tread, in accordancewith the
literature [14]. This suggests that a suitable tyre temperature could be based on the inner
and outer tread temperatures, which after a cool-down period would be very similar. The
tyre air temperature, calculated from the measured inflation pressure and the ideal gas
law, is very close to the sidewall temperature and is clearly mainly dictated by the rim
and sidewall temperatures.
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Fig. 7. a) Temperature and pressure variations during a long heat-up and cool-down sequence.
The black vertical bar indicates the end of the heat-up when the tyre is lifted from the cylinder
roll. b) Temperature and pressure variations during a measurement procedure, including heat-up,
cooling phase, and conducting themeasurement. The right vertical black line represents the launch
of the test. The inflation pressure curve includes some stepwise changes. These changes are caused
by the tyre being loaded and unloaded, which affects the inflation pressure.

Here, a quasi-steady-state is defined as a repeatable state where the internal tyre
temperature deviates from its value at steady-state rolling resistance measurements,
but the tyre temperature, inflation pressure, load and speed remain constant during the
measurement, with the requirement that the relationship between the tyre temperature
and the inflation pressure is unambiguous. If all conditions except the unambiguity
condition are fulfilled, the tyre state is referred to as repeatable. As evident from Fig. 7b,
the tyre air cools down slower than the tyre tread. This causes the relationship between
tyre tread test temperature and test inflation pressure to depend on the cooling time
required for the tyre to reach the requested test inflation pressure. Thus, the obtained
inflation pressure at a specified tyre tread temperature depends on the specific settings
for the heat-up procedure and is therefore not unambiguous.

For carrying out repeated measurements it is not practical to have long heat-up or
cool-down periods. To examine the usefulness of a procedure with a relatively short
heat-up period, a series of rolling resistance measurements was carried out where the
inflation pressure during the measurement was set to constant value. Since it is difficult
to obtain repeatable conditions with high accuracy of both inflation pressure and tyre
temperature, it was determined to keep the pressure constant and allow a small variation
of the tyre temperature. This was motivated by the relatively higher accuracy as well as
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lower noise of the pressure sensor compared to the temperature sensors. The procedure
is illustrated in Fig. 7b. The heating process begins with the tyre already somewhat warm
from a previous heat-up. The heat-up ends when the inflation pressure reaches a specific
value, predetermined from an earlier measurement. The cool-down period was set to be
long enough for the inner and outer tread temperatures to more or less coincide, and
the average of the two temperatures was used as the tyre tread temperature. A relevant
inflation pressure for the rolling resistance measurement was found by identifying the
inflation pressure which corresponds to the requested temperature in an earlier heat-up
process. In this case, a tyre tread temperature of 44 °C resulted in an inflation pressure
of 2.36 bar, with the chosen the inflation pressure of 2.20 bar for the unheated tyre at
the reference temperature of 20 °C. The rolling resistance measurement is then carried
out with wheel load and speed that are independent of the heating process. In this case
the wheel load was 3.9 kN and the speed 30 km/h.

a)      b)

Fig. 8. a) Rolling resistance coefficient against the tyre tread test temperature for a heated tyre.
b) The relationship between tyre tread temperature and ambient air temperature.

The rolling resistance was calculated from the measured force FX and the previously
estimated values of FNFAE and Fpara according to Eq. 1. The average rolling resistance
of the 29 measurements is 28.3 N, which corresponds to an RRC of 0.0073. Individual
measurement results are plotted against the tyre tread temperature inFig. 8a.Theobtained
tyre tread temperatures range from 43 to 45 °C, and as can be seen the temperature
dependence on the rolling resistance is clear. From a line fit the change of RRC was
found to be around 1.7% per degree Celsius This can be compared to simulation results
by Yokota et al. [10], where the RRC of a passenger car tyre rolling at 80 km/h changed
on average 1% per degree Celsius for a variation of the internal tyre tread temperature
from 23 to 52 °C.

It is clear fromFig. 8b that the tyre tread temperature variations to a large extent can be
attributed to a variation of the ambient temperature in the rig room. Better control of the
ambient temperature should improve the repeatability of themeasurements. The standard
deviation for the 29 conducted rolling resistance measurements is 0.44 N (calculated
using Eq. 2), which corresponds to 1.5% of the average rolling resistance value. To
improve the accuracy, an average value of several measurements can be used instead
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of a single measurement. Table 2 presents the 95% confidence interval for a different
number of measurements, calculated using the standard deviation of the measurements,
assuming that temperature variations are random and not systematic. The values in
the table should be considered as worst case, since ambient temperature variations,
and consequently tyre tread temperature variations, are less for a smaller number of
measurements.

Table 2. Accuracy in terms of limits for a 95% confidence interval for RRC and RR for a heated
tyre.

No of samples Accuracy of RRC
measurements

Accuracy of RR (N)
measurements

Accuracy in relation to
average value

2 ±1.53 10–4 ±0.61 ±2.2%

3 ±1.25 10–4 ±0.50 ±1.8%

5 ±9.7 10–5 ±0.39 ±1.4%

8 ±7.7 10–5 ±0.30 ±1.1%

For the development of this procedure, the inflation pressure has been set as a capped
pressure. The procedure could readily be adapted to regulated pressure measurements,
i.e., that the pressure is kept constant during the entire process, instead the amount of air
within the tyre varies. The measurement procedure would in this case be simpler since
the pressure can be set independent of the tyre temperature.

4 Discussion and Conclusions

In this work, a measurement procedure that can be used to measure rolling resistance
at different temperature and pressure states has been proposed and evaluated. The mea-
surement procedure is repeatable, but the relationship between the tyre temperature and
inflation pressure, at the measurement varies, if the heat-up load is changed.

The accuracy of rolling resistance measurement results is higher for measurements
on heated compared to unheated tyres. This difference could be explained by the larger
variations in tyre test temperature and test inflation pressure, for the measurements
on the unheated tyre compared to the heated tyre. The test inflation pressure for the
unheated tyres depended on the tyre temperature which varied. For the heated tyre, the
inflation pressurewas kept constantwith very small tolerance. If the variations in ambient
air temperature could be reduced, the accuracy would increase for measurements on
both heated and unheated tyres. Still, with the current ambient temperature variations,
the relative accuracy of the RR would be within ± 1.5% by using an average of five
measurements.

To compare measurement results from this proposed measurement procedure on
the VTI flat track tyre test facility with test results from other equipment, not only the
test surface, tyre load and capped inflation pressure must be the same, but also the tyre
temperature and test inflation pressure. In a quasi-steady-state measurement, it would be
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sufficient to control either the tyre temperature or test inflation pressure, but since they
are not connected here, both must be controlled. Otherwise, the comparison will result
in tests at different states which will not be meaningful to compare.

As mentioned earlier, the SRTT-tyre used is often used for rolling resistance tests
at different conditions. Bergiers et al. compared the rolling resistance measured on an
external drum, an internal drum and with a trailer [15]. The RRC varied between 0.005–
0.016 for differentmeasurement conditions and equipment. Using an external drum, only
varying the ambient air temperature and the road surface, the RRC still varied between
0.006–0.015 [16]. The most similar test case had an inflation pressure of 2000 mbar, tyre
load of 4 kN, on an external drum with a steel surface, in a temperature between 14.2
and 18 °C [15]. Their test resulted in an RRC of 0.008 for a heated tyre and 0.011 for
an unheated tyre, which are slightly higher than our values: 0.0073 for the heated tyre
and 0.0098 for the cold tyre. However, RR on a flat surface is typically reduced 10%
compared to drum measurements [7], and adjusting for this makes the results very close
indeed.

Regarding future work, the heating and cooling should be studied further, with the
aim of reducing test variability. Measurement results from this measurement procedure
on the VTI equipment should also be compared withmeasurement results from other test
equipment, for example test drums, which are used for the standardisedmeasurements. It
would also be interesting to evaluate how this measurement procedure could be applied
for studies of the effect of tyre temperatures and wheel angles on rolling resistance.
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