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Reducing the rolling resistance for future vehicle designs creates a possibility to reduce the fuel 

consumption and make the future vehicles more economical and ecological. For electric vehicles 

it is also an enabler to increase their driving range per charge. When optimising for reduced rolling 

resistance, contradictory requirements such as force generation for maintaining safety and 

performance need to be considered. Furthermore, it is important to include both the effects of road 

surface and vehicle, to avoid sub-optimisation regarding only the tyres. A cross-functional 

conflict on the component level is well known, in form of energy consumption versus wet grip 

(traffic safety). On the system level, different wheel settings to optimise energy consumption 

conflicts with vehicle dynamical properties related to traffic safety, such as stability or steer 

response. The long term vision of the work presented is to create tools for more energy efficient 

vehicles by reducing the rolling resistance during driving. The first part is to establish a credible 

measurement method for rolling resistance on road under controlled conditions (lab environment). 

Today’s existing measurement methods on rolling resistance under laboratory conditions 

commonly utilise a rotating drum, whose curved surface affects the results. Therefore, rolling 

resistance influence of vehicle settings such as camber or toe angles is difficult to assess using 

standard methods, and there is a need for measurements using a more realistic contact patch, 

which would need a flat surface. The existing unique tyre testing facility at the Swedish National 

Road and Transport Research Institute, VTI, is used as a base for developing the new rolling 

resistance set-up. The tyre test facility is today used to determine tyre characteristics such as brake 

and steering forces. The method to measure rolling resistance with this equipment under highly 

controlled conditions is under development, and some preliminary results are presented.  
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1. Introduction 

As the number of vehicles on the roads increases, the need to make the vehicles more resource 

efficient in order to reduce their environmental impact increases. One way to influence the energy 

consumption of the vehicles is to reduce the resistive forces during travelling. The main resistive 

forces for road vehicles to overcome are aerodynamics, inertia, internal friction and rolling resistance.  

Reducing vehicles rolling resistance has been in focus during many years for both economic and 

environmental reasons. It started with economic considerations of fuel to conventional combustion 

vehicles and has intensified with the introduction of electric vehicles. Electric vehicles have been 

promoted as one part of the solution in reducing greenhouse gases and energy use. To accelerate the 

increase of electric vehicles, several countries have today a set date to begin phasing out combustion 

driven vehicles. Vehicle manufacturers are also adapting to this, offering hybrid and electric vehicles 

in their product portfolio. Some vehicle manufacturers even goes further, one example being Volvo 

Cars that announced during 2021 that from 2030 the company will only sell electric cars [1]. 

However, for the complete success of all-electric vehicles there is a need of increasing their driving 

range per charge without adding more battery weight, thereby lower rolling resistance is highly 

beneficial. 

When optimising for reduced rolling resistance contradictory requirement such as force 

generation for maintaining safety and performance, as well as the road surface need to be taken into 

account. For example, a cross-functional conflict on the component level (the tyre) is well known, in 

form of rolling resistance (energy consumption) versus wet grip (traffic safety). Tyre manufacturers 

commonly talk about the Magic tyre triangle which illustrates the conflicting requirements between 

fuel efficiency (i.e., low rolling resistance), wear and grip, see Figure 1. On the higher system level, 

different wheel settings in order to optimise energy consumption conflicts with vehicle dynamic 

properties related to traffic safety, such as stability or steer response.  

 

 
Figure 1. The Magic tyre triangle. 

 

The overall vision of this work is creating tools for more energy efficient vehicles by reducing the 

rolling resistance during driving. More specifically, this work focuses on development of good 

measurement methods and verified simulation models for rolling resistance, in order to enable 

optimisation of vehicles to reduce rolling resistance while maintaining safety and performance. The 

work is divided in four parts, as can be seen in Figure 2. The first part is to establish a credible 

measurement method for rolling resistance on road under controlled conditions (lab environment). 

Secondly, to investigate the influential parameters on rolling resistance. Thirdly, to create a 

simulation model of tyre rolling resistance and friction forces for vehicle dynamics simulations which 

will be validated by measurements. Finally, the combined knowledge and tools from the previous 

steps will be used to perform rolling resistance optimisation studies with maintained safety and 
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performance. New possibilities for control strategies open up by assuming that the vehicle to be 

optimised has wheel corner modules, i.e., electric motors at each wheel with integrated suspensions 

which implies that for each wheel, traction, braking and wheel angles can be controlled.  

Currently, the focus is on part one of Figure 2 and the progress so far will be presented in this 

article. The emphasis of the work is on car tyres and the effect of different driving conditions. The 

influence of changes in the tyre construction is not included. The outline of the article is as follows. 

In Section 2 an introduction to rolling resistance is given followed by a short general overview of 

rolling resistance measurement equipment in Section 3. The equipment and measurement method 

used in this work, together with some measurements are presented in Section 4. Finally, Section 5 

presents the conclusions. 

 

 
Figure 2. An overview of the work to be performed to full fill the overall vision. 

2. Rolling resistance 

Rolling resistance (RR) can be defined as “the mechanical energy converted into heat by a tire moving 

for a unit distance on the roadway” [2], or the part of the energy transferred to the tyres, which will 

not contribute to the forward motion of the vehicle. The main source of this energy loss is the 

hysteresis in the tyre rubber which means that the energy lost in the deformation of the tyres is greater 

than the energy regained at its relaxation. The magnitude of the rolling resistance varies between 

different tyres and different driving conditions. For passenger cars, the rolling resistance stands for 

about 5-20% of the fuel consumption, which can be compared to 15-40% for trucks [3], [4]. A 10% 

reduction of the rolling resistance has shown to generate 0.5-3% lower fuel consumption for cars [5]. 

The rolling resistance of a tyre is determined by its construction and operating conditions. 

Operating conditions are for example the inflation pressure, the tyre temperature, the vehicle speed, 

the tyre load, the road surface, the driving torque and wheel angles, such as the slip and camber angles. 

In general, the rolling resistance increase with increased vehicle speed, tyre load, driving torque, road 

surface roughness or tyre angles, and decrease with increased inflation pressure or tyre temperature 

[6], [7]. The tyre temperature is an important driving condition which have a large effect on the tyre 

rolling resistance.  

3. Equipment for rolling resistance measurements 

There are several different sorts of measurement equipment that can be used to measure rolling 

resistance in laboratories and in the field. The laboratory measurements have the advantage of a higher 

precision and repeatability compared to field measurements, since the measurement conditions are 

easier to control.  
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The most common laboratory measurement method is external drum measurements. This is the 

only rolling resistance method which is standardised. There are four different standards to measure 

rolling resistance on an external drum; ISO 28580 [8], ISO 18164 [9], SAE J1269 [10] and SAE 

J2452 [11]. The main idea is to run the tyre on the drum until it has reached a steady-state level and 

then measure the rolling resistance. Reaching steady-state implies that the tyre and the equipment 

have reached a heat balance, which causes the rolling resistance to remain at the same level 

independent of further running of the tyre at the same conditions. The main advantages of this method 

are the relatively low cost, and the good repeatability. The main drawbacks are the curvature of the 

drum and the limitation in possible road materials for the tyre to run on. Both the road material and 

the curvature have a large effect on the rolling resistance. The curvature of the drum increases the 

tyre deformations which will result in a higher rolling resistance and tyre temperature compared to 

running the tyre on a flat surface. An external drum is very useful for comparing the rolling resistance 

of different tyres at the same conditions, but the tyre is tested at very limited conditions. Besides 

external drums, internal drums also exist. Figure 3 illustrates how the tyre runs against the different 

drums. In contrast to the external drum which deforms the tyre more than a corresponding flat surface, 

the internal drum deforms it less. Moreover, real asphalt can be used in an internal drum, due to its 

much larger curvature. However, both types of equipment have a curvature which will affect the 

relationship between rolling resistance and wheel angles. 

 

 
Figure 3. Difference between internal and external drum. 

 

Another group of testing equipment for rolling resistance measurements are flat tracks. The most 

common flat track equipment is a rolling belt run around two big drums, where the belt becomes a 

flat surface for the tyre to run on. While this method is more expensive than the drum method, it 

maintains the drum’s advantage of steady-state measurements but without the drawback of the 

curvature effects. The flat surface thereby enables studies of the effect of slip and camber angles on 

rolling resistance without any curvature effects. However, the equipment is limited regarding road 

surface types that can be used on it, since the belt must be flexible enough to bend around the drums. 

For further details about rolling resistance measurement equipment’s see for example [12].  

4. Development of VTI tyre test facility for rolling resistance 
measurements 

The existing tyre testing facility at the Swedish National Road and Transport Research Institute, VTI, 

is used as a base for developing the new rolling resistance set-up, see Figure 4. The tyre test facility 

is today used to determine tyre characteristics such as brake and steering forces. This type of flat track 

tyre test facility is rather rare. The tyre is placed in a measurement rig and pressed against the ground 

with a specified load, while the ground, in the shape of a large metal beam, moves beneath the tyre at 

a speed up to 30 km/h. The advantage with this kind of equipment is that real asphalt can be used, 

and that the road surface can be covered by water to simulate wet conditions or covered by ice to 

simulate winter conditions. Another advantage is that the flat surface removes the curvature effects 

inherent in the drum measurements, which makes it easier to measure the effect of camber and slip 

angles. A drawback is however that it cannot be used for steady-state measurements due to the limited 
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length of the metal beam simulating the road. The beam is 55 m long and if running the equipment 

with the maximum speed 30 km/h the measurements are over in less than 13 seconds. 

 

 
Figure 4. An overview of the VTI Tyre test facility. 

 

This equipment has been used for almost 40 years, mainly to measure brake forces. To be able to use 

it for measuring rolling resistance, the sensor accuracy needs to be examined since rolling resistance 

forces are much smaller than brake forces. The equipment measures the force in the direction of 

travel, which gives the rolling resistance. The measured value includes internal equipment losses 

which needs to be measured and subtracted. In addition, any misalignment between the applied 

vertical force and the beam will produce a force in the direction of travel which needs to be 

compensated for.  

As mentioned earlier the measurement only takes seconds, thereby the tyre will not be 

significantly heated. This can be compared to drum tests which are made at steady-state temperature, 

or running the tyre in traffic which generally will result in a heat up of the tyre. Therefore, to be able 

to compare the measurement results from the VTI tyre test facility, with test results from field tests 

or drum tests, the tyre must be heated. The heating will affect both the tyre temperature and inflation 

pressure, which both affect the rolling resistance. To better control the measurements and to be able 

to study the relationship between these properties and the rolling resistance, the inflation pressure as 

well as the inside and outside tyre surface temperatures are also measured. The internal tyre rubber 

temperature distribution of the tread will vary between the measured inside and outside tyre surface 

temperatures. Figure 5 gives an example of measurement results where the rolling resistance 

coefficient (RRC) is plotted versus the temperature. The RRC, which is a commonly used measure 

for rolling resistance, is the rolling resistance divided by the load on the tyre. As can be seen, the 

rolling resistance decreases with temperature, which is expected [6]. The strong temperature 

dependence of the RRC, emphasise the importance of maintaining a stable and repeatable tyre 

temperature. The tests accounted for in Figure 5, are measured on unheated tyres, which results in 

much lower tyre temperatures than measurements on the road or a drum. This emphasises the need to 

heat the tyres to get comparable rolling resistance levels. The tested tyre is a Standard Reference Test 

Tyre (SRTT). Tests on an internal drum performed at the Federal Highway Research Institute (BASt) 

in Germany, at steady state temperature and 50 km/h, but otherwise similar conditions, gave an RRC 



Resource Efficient Vehicles Conference – rev2021 

  

  

  

that varied between 0.008-0.015 [13]. This difference in RRC could be attributed to the difference in 

tyre temperatures between the two measurements. 

 

  
Figure 5. The relationship between the rolling resistance coefficient (RRC) and the tyre inside 

surface temperature, as measured in the VTI tyre test facility. Each square corresponds to a single 

RRC-measurement and the line is a linearisation of the results to emphasise the trend. 

5. Conclusions 

In the paper, the needs behind a new rolling resistance measurement method are described along with 

the methodology for using the VTI tyre test facility to measure rolling resistance. The results 

presented are shown to be promising. When the rolling resistance measurement method is completed 

the work to develop and validate a tyre model for simulation of rolling resistance and force generation 

will be initiated. The development of a rolling resistance model will facilitate complete vehicle 

dynamic simulations to find control strategies for different driving conditions, considering energy 

consumption, performance and safety, to handle the mentioned conflict of interest. 
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