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A B S T R A C T   

The paper describes how internal pressure, vertical force, speed and rolling surface temperature may affect the 
mechanical characteristics of a road racing bicycle tyre. The results were obtained from an experimental test 
campaign performed with VeTyT, a test-rig specifically designed for measuring the mechanical characteristics of 
bicycle tyres. 

The static deflection of tyre for different inflation pressures and vertical loads was measured to determine the 
static tyre vertical stiffness. Results for tyre rolling on flat track or on a drum were compared. Dynamic analyses 
were focused on evaluating the effect of inflation pressure and vertical load, for two rims featured by different 
lateral stiffness. Then, the respective effects of speed and of temperature of the rolling surface on the lateral force 
were considered. 

Stiffer rims can ensure higher values of cornering stiffness. In addition, higher inflation pressure is recom-
mended only for heavy vertical loads. For low vertical loads, too inflated tyre results to be less performant, i.e. to 
show lower values of cornering stiffness. The speed can affect the mechanical characteristics of bicycle tyres 
mainly for slip angles less than 1.5◦, while the temperature of the rolling surface is the most affecting parameter 
for slip angles larger than 3◦.   

1. Introduction 

After Covid-19 pandemia, many people rediscovered the pleasure of 
cycling (Brooks et al., 2021). Cycling is a healthy activity, and it is ex-
pected to follow an increasing trend in the upcoming years (Corwin 
et al., 2020), (Deloitte’s, 2020). To manage and facilitate the transitions 
through new ways of mobility, it is essential to ensure ride comfort and 
safety. Some researchers have already dealt with new layouts of road 
intersections “cycling-friendly” (Yang et al., 2019), but very few studies 
are focused on bicycle design (Corno et al., 2021). Mathematical models 
are required to understand bicycle dynamics, but they need to be 
implemented with realistic tyre parameters (Kresie et al., 2017), (Hess 
et al., 2012). Tyres are very important to ensure safer vehicle handling, 
since their mechanical characteristics can strongly affect vehicle dy-
namics (Mastinu and Ploechl, 2014) (Evangelou, 2003), (Pacejka, 2006) 
This statement is even more important for two wheeled vehicles, such as 
motorcycles and bicycles, featured by a relatively small contact patch 
between tyre and road (Doria and Roa Melo, 2018) (Takács et al., 2009). 

As well as motorcycle tyres, bicycle tyres are featured by a toroidal 

cross-section of the carcass (Sharp, 1971), (Sharp, 1993), but they are 
completely different in construction and usage, being designed for much 
smaller loads. In (Doria et al., 2013), bicycle tyres were tested for 
different working conditions. A decrease in lateral force was recorded 
with a decrease in inflation pressure. This phenomenon was explained 
considering a reduced lateral stiffness when the inflation pressure 
decreased. In addition, it was noted that an increase in vertical load 
resulted in a decreased normalized lateral force. Similar tests were 
performed in (Maier et al., 2018), where a set of mountain bike tyres was 
tested for different vertical loads and inflation pressures. It was found an 
increase in cornering stiffness with the pressure. Above a certain pres-
sure, all the tyres showed a constant value of cornering stiffness. The 
latter is useful for modeling, since it may affect vehicle dynamics (Bul-
sink et al., 2015). 

It is important to understand how different parameters may affect 
tyre characteristics. Despite this, very few studies are presented on this 
topic. Bicycle-rider models often lack information on tyres (Moore, 
2012). Shimmy (or “wobble”) is a dynamic instability which may affect 
bicycles (especially road racing bicycles, running at high speed). Some 
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mathematical models have been presented in the past, trying to under-
stand the phenomenon. Nonetheless, the researchers pointed out the 
necessity to have measured tyre characteristics to refine the models 
(Klinger et al., 2014) (Tomiati et al., 2017). This paper tries to close the 
gap, providing measurements of the mechanical characteristics of road 
racing bicycle tyre to some extent. Both static and dynamic analysis are 
carried out on a 26 mm wide road racing bicycle tyre, mounted on 
aluminum commercial rim and on high-stiffness laboratory rim in order 
to investigate the effect of rim stiffness on lateral characteristics. The 
static tests involve tyre not rolling on the contact surface, therefore tyre 
deflection and contact patch measurements varying inflation pressure 
and vertical load (Section 1 and Section 2). Dynamic contact patches are 
still hard to measure on such test-rig, as a proper test bench should be 
implemented to the purpose (Swami et al., 2021). The dynamic tests 
were performed with tyre rolling on the contact surface to measure the 
lateral force Fy and the self-aligning torque Mz (Section 3). Tests were 
performed both on flat track and on a 2.6 m diameter drum (known as 
“RuotaVia” (Mastinu et al., 2002)). The effect of inflation pressure, 
vertical load and rim stiffness was evaluated on lateral force and cor-
nering stiffness. After that, the focus is devoted to the effect of the speed 
on the variation of lateral force. Finally, it is studied how the rolling 
surface temperature can affect the lateral force Fy. 

1.1. Methods 

Tests are performed with VeTyT, a testing machine specifically 
designed for bicycle tyres (Dell’Orto et al., 2022a) (Dell’Orto et al., 
2022b). The measuring procedure has been certified in accordance with 
the standard UNI EN ISO 9001. 

The aluminum frame carries a bicycle tyre on a flat track or on the 
top of a drum. The whole chassis can be tilted to set the camber angle in 
the range ±25◦, while the slip angle α can be adjusted rotating the 
steering shaft. The vertical load acting on the wheel can be varied adding 
masses on the frame. It can measure lateral force, self-aligning torque 
and vertical force. The complete assembly of the test-rig is shown in 
Fig. 1. 

Tests were performed on a road racing bicycle tyre (26 mm wide), for 
different inflation pressures, ranging from 3.5 to 7.5 bar, declared by 
manufacturer as upper limit. The value of 3.5 bar was chosen to simulate 
a wrong inflation pressure or a flat tyre after punching. The tyre was 

mounted with inner tube. 
Three different vertical loads were tested: 340 N, 400 N and 490 N. 

The values were chosen being consistent with the mass of common riders 
and bicycles, as reported in Table 1. 

The load ratio represents the load distribution front/rear wheel of 
the bicycle. The value 50/50 is compatible with road racing bicycles 
(Carahalios, 2015), while the bicycle mass of 10 kg is feasible for a 
carbon frame bicycle equipped with two water bottles and pedals. 

2. Static analysis 

2.1. Static tyre deflection 

Static tyre deflection (also known as tyre drop) corresponds to the 
tyre deflection due to the application of a vertical load (Berto, 2006) 
(SAE International, 2019). It is a quantity of interest since it is related to 
the extension of contact patch and can be assumed as a reference for 
setting the optimal tyre inflation pressure (Heine, 2006). From the 
knowledge of static tyre deflection, the normal stiffness can also be 
derived. 

The static tyre deflection (tyre drop) was measured both on a flat 
track and on the RuotaVia drum (Mastinu et al., 2002). Tyre was 
mounted on aluminum commercial rim and tested for different inflation 
pressures and vertical loads. 

2.1.1. Methods 
VeTyT was used for the measurements of the static tyre deflection. A 

26 mm wide road racing bicycletyre was mounted with inner tube on an 
aluminum commercial rim. A proper gauge was employed to measure 
the height. It was placed on the base of the rolling surface (flat track or 
RuotaVia drum, respectively), so that its probe was in contact with the 
rim (set-up depicted in Fig. 2). After the application of vertical load, the 
difference between the undeformed and deformed height of the tyre was 
recorded. Three different vertical loads were applied (340 N, 400 N and 
490 N), for inflation pressures ranging from 3.5 bar to 7.5 bar. All the 
experiments were led in laboratory at room temperature (23 ± 4 ◦C), 
and tests were repeated three times and averaged. 

2.1.2. Results 
In Fig. 3, the static tyre deflection is depicted as function of vertical 

load for different inflation pressure, for the tests on the flat track. The 
relationship between tyre drop and vertical load results to be almost 
linear for all the tested inflation pressures. The same can be concluded 
for the RuotaVia drum (Fig. 4), since the trend is linearly increasing with 
the vertical load. As expected, the increase of vertical load causes a 
larger deflection of the tyre, independently of the inflation pressure. On 
the RuotaVia drum (Fig. 4), the maximum values achieved are larger 
than those measured on the flat track, for all the tested inflation pressure 
values. This can be explained considering the shape of the contact patch 
tyre/rolling surface. The curvature of RuotaVia drum affects the contact 
patch length, acting on a smaller contact area. 

It can be assumed that the contact patch length decreases at 
increasing curvature of the rolling surface (1

R, where R stands for Ruo-
taVia radius) (Phromjan and Suvanjumrat, 2020). When the radius of 
drum is significantly smaller than the radius of the tyre, the contact 
patch could be schematized as a single point (Fig. 7). The area of the 
contact patch decreases at increasing the curvature of the contact sur-
face. According to this statement, a smaller portion of the tyre should 

Fig. 1. VeTyT test-rig at Politecnico di Milano. In this picture, the frame carries 
a high-stiffness laboratory rim running on flat track (Dell’Orto et al., 2022a). 

Table 1 
Rider/bicycle mass, load distribution front/rear, tyre vertical load.  

Rider mass Bicycle mass Load ratio Vertical load on tyre 

58 kg 10 kg 50/50 ≈340 N 
70 kg 10 kg 50/50 ≈400 N 
88 kg 10 kg 50/50 ≈490 N  
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sustain the vertical load, so that a higher value of tyre drop is expected. 
Therefore, a smaller value of vertical stiffness for the measurements 
performed on RuotaVia drum is expected (see Table 1). 

On average the values of static deflection of tyre measured on Ruo-
taVia are 18% larger than those measured on flat track (see Table 2). 

Concerning the tyre drop as function of inflation pressure, the trend 
is linearly decreasing at increasing the inflation pressure, for tests on the 
flat track (Fig. 5). As expected, larger pressures mean higher load ca-
pacity, so less static deflection at constant vertical load. The behavior is 
slightly different for the RuotaVia drum (Fig. 6). As already mentioned 
for Figs. 3 and 4, the deflection values for the RuotaVia drum are larger 
than those recorded for the flat track. 

The values of static deflection of tyre tested on flat track and on 
RuotaVia drum are summarized in Table 2. The results on RuotaVia 
drum and on flat track are evaluated in the last column. As already 
mentioned, an average variation of 18% can be appreciated, being the 
values on RuotaVia drum always larger than those on flat track. 

Comparing the results, it is clear the difference in magnitude for the 
tests on the RuotaVia drumand on the flat track. All the results on flat 
track are smaller than those on RuotaVia drum, for all the considered 
vertical loads and inflation pressures. 

The evaluation of vertical stiffness was then carried out linearly 
interpolating the experimental data. The results are shown in Figs. 8 and 
9. The vertical stiffness corresponds to the slope of the curves, as re-
ported in the legenda of the figures below. The vertical stiffness in-
creases as inflation pressures increases, both for RuotaVia and flat track. 

The comparison of the results is summarized in Table 3. Vertical 
stiffness measured on the RuotaVia drum is always less than that on the 
flat track. On average, a reduction of 14% was found. A reduction in 
contact area due to the shape of contact patch tyre/drum may be the 
main cause of this difference, as explained above. 

2.2. Tyre contact patch 

An analysis to evaluate the area and the shape of contact patch on 

Fig. 2. Set-up for measuring the static tyre deflection with VeTyT, here depicted for RuotaVia drum.  

Fig. 3. Tyre drop as function of vertical load, for different inflation pressure 
(see legenda), here depicted for flat track. A 26 mm wide tyre was tested. 

Fig. 4. Tyre drop as function of vertical load, for different inflation pressure 
(see legenda), here depicted for RuotaVia. A 26 mm wide tyre was tested. 

Table 2 
Measurement of tyre drop for flat track and RuotaVia drum (2.6 m diameter), 
and the % variation of results. The values were obtained for a 26 mm wide tyre.  

Pressure 
[bar] 

Vertical 
Load [N] 

Tyre drop w 
[mm] – Flat 
track 

Tyre drop w 
[mm] – 
RuotaVia drum 

% Variation 
RuotaVia drum 
VS Flat track 

3.5 340 3.52 3.92 11% 
400 3.75 4.60 22% 
490 4.78 5.72 20% 

5.5 340 2.31 2.64 14% 
400 2.75 2.96 7% 
490 3.43 3.58 4% 

7.5 340 2.00 2.44 22% 
400 2.16 2.74 27% 
490 2.70 3.28 21%  
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RuotaVia drum or on flat track was carried out. Contact patches were 
experimentally determined both using pressure sensitive film and chalk 
dust. 

A sensitive pressure film was placed under the tyre, so as to impress 
on it the shape of the contact patch (Fig. 11). Then, the film was scanned 
and post-processed through an ad hoc MATLAB® script. It was possible 
to measure the total area and the pressure distribution. Tests were 

performed for different inflation pressures and vertical loads. 
For the sake of accuracy, measurements were then repeated covering 

the tyre with chalk powder. A black cardboard was placed under the 
contact surface (Fig. 10). As first approximation, the contact patches 
were assumed to be elliptical. The lengths of major and minor axis (we 
refer as a and b, respectively) were measured through a gauge. The area 

Fig. 5. Tyre drop as function of inflation pressure, for different vertical loads 
(see legenda), here depicted for flat track (26 mm wide tyre). 

Fig. 6. Tyre drop as function of inflation pressure, for different vertical loads 
(see legenda), here depicted for RuotaVia. A 26 mm wide tyre was tested. 

Fig. 7. Contact patch variation at increasing the curvature of the rolling surface. In green, the expected contact patch, in blue the tyre, in black the rolling surface. At 
left, the case of R equal to ∞, i.e. the flat track. At right, the case with R close to zero, so curvature very large. (For interpretation of the references to color in this 
figure legend, the reader is referred to the Web version of this article.) 

Fig. 8. Tyre drop as function of vertical loads, for different inflation pressure. 
Results obtained on flat track. 

Fig. 9. Tyre drop as function of vertical loads, for different inflation pressure. 
Results obtained on RuotaVia drum. 
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was calculated according to (2.1). 

Area= a b π 

Contact patches were then scanned and processed by the software 
IMAGEJ®, usually employed in the field of microbiology (Schneider 
et al., 2012) (Abràmoff et al., 2004). The effectiveness of considering 
contact patch as an ellipse was confirmed, with a difference less than 5% 
on the total area measured with (2.1). Results were also confirmed for 
the pressure sensitive film. 

The contact patches on flat track are on average 12% larger than 
those on RuotaVia drum. The difference is related to the curvature of the 
RuotaVia drum, which affects the shape of the contact. It mainly changes 
the length of contact patch, with a reduction from RuotaVia drum to flat 
track in the order of 10%. Increasing the vertical load, the difference in 
contact patch area decreases. 

3. Dynamic measurements 

3.1. Combined effect of inflation pressure and vertical load on cornering 
stiffness 

The dynamic tests on bicycle tyres were performed on flat track, with 
tyre mounted both on a commercial rim and on a high-stiffness rim. Flat 
track surface was covered by sand of controlled granulometry (1.2 mm), 
to simulate the road surface. 

The cornering stiffness can be evaluated according to (3.1). 

CFy =
δFy

δα |α=0  

Once measured the lateral force Fy as function of slip angle α, CFy can be 
derived. The values of cornering stiffness evaluated according to (3.1) 
are depicted in Figs. 12 and 13 for standard aluminum rim and high- 

stiffness laboratory rim, respectively. The values were then interpo-
lated with high-order polynomial, to understand the relationship be-
tween cornering stiffness and vertical load applied to the tyre. 

The value of CFy largely changes with inflation pressure. As depicted 
in Fig. 12, the values for the inflation pressure of 7.5 bar are higher than 
those for inflation pressure 3.5 bar. The peak of cornering stiffness for 
inflation pressure 7.5 bar corresponds to the maximum tested vertical 
load of 490 N. The trend is not confirmed for lower inflation pressures, 
where the peak of cornering stiffness can be found for lower vertical 
load. Similar trend was also found for tyre mounted on high-stiffness rim 
(Fig. 13), which can strongly affect the tyre performance. The highest 
values of cornering stiffness are obtained with the stiffest rim (Fig. 13). 
The rim used for these tests is approximately five times stiffer than a 
standard aluminum rim. The results of cornering stiffness for the tested 
rims are summarized in Table 4. Independently on the inflation pressure 
or on vertical load, the value of CFy is on average 13% higher for the 
high-stiffness rim. 

The effect of inflation pressure is also crucial for ensuring good 
performance. Both for standard and high-stiffness rim, an increase in 
inflation pressure means an increase in cornering stiffness. This trend 
was found only for vertical loads larger than a certain threshold equal to 
400 N. Below that value, a tyre less inflated seems to perform better. 
This can be understood thinking about the need of adjusting pressure 
according to vertical load (Heine, 2006). A too inflated tyre shows a 
small contact patch if the vertical load is not sufficient to push the tyre 
on the road. Another experimental campaign was carried out on a 
different model of 26 mm wide road racing bicycle tyre, tested on flat 
track and mounted on standard rim to validate the hypothesis. Tests 
were performed with many different inflation pressure and vertical 
loads (Fig. 14). 

Looking at Fig. 14, we can notice that for a vertical load close to 250 
N a lower inflation pressure is required to ensure higher values of cor-
nering stiffness. On the contrary, higher inflation pressures result in high 
cornering stiffness for large vertical loads (clearly visible for vertical 
load larger than 600 N). 

3.2. Effect of the speed 

The effect of the rolling speed on the lateral force of bicycle tyre was 
evaluated. Tests were performed on the flat track by varying the speed of 
the rolling surface between 4 km/h up to 23 km/h. 

A 26 mm wide road racing bicycle tyre was tested for a vertical load 

Table 3 
Vertical stiffness, comparison for results from RuotaVia and flat track, tested for 
different inflation pressures.  

Pressure 
[bar] 

Kz [N/mm] – 
Flat track 

Kz [N/mm] – 
RuotaVia 

% Variation RuotaVia VS 
Flat track 

3.5 103.1 86.1 − 16% 
5.5 143.9 135.7 − 6% 
7.5 181.5 147.6 − 18%  

Fig. 10. Contact patch obtained with chalk powder and a black cardboard, on 
flat track. In red, the ellipse approximation of the contact patch. (For inter-
pretation of the references to color in this figure legend, the reader is referred to 
the Web version of this article.) 

Fig. 11. Contact patch obtained with pressure sensitive film.  

Fig. 12. Cornering stiffness CFy as function of the vertical load Fz. The red 
curve is for inflation pressure of 7.5 bar, the blue one is for 3.5 bar. Tyre was 
tested on flat track, mounted on standard commercial rim. (For interpretation 
of the references to color in this figure legend, the reader is referred to the Web 
version of this article.) 
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equal to 400 N and inflation pressure of 7.5 bar. The results for lateral 
force are depicted in a carpet plot for positive slip angles only (Fig. 15). 
This allows to appreciate the variations of lateral force Fy increasing the 
speed of the rolling surface. 

For slip angles close to zero, the lateral force slightly increases lin-
early with the speed. 

Considering slip angles higher than 2◦, the trend of variation is no 
more linear. Lateral force achieves a maximum for the speed equal to 16 
km/h, then it slightly decreases. This phenomenon may be due to in-
crease of the temperature of the rolling surface. Lateral force is expected 
to linearly increase with the speed, but for high slip angles the heat 
generated by the friction between the flat belt and the supporting sur-
face increases as well. The effect of the temperature generates a decrease 
in the measured lateral force, as discussed in the next section. 

Table 5 summarizes the percentage of variation of the measured 
lateral force with respect to the lowest speed tested (4 km/h), taken as 
reference. It can be noticed that the lateral force increases as the speed of 
the rolling surface increases, almost linearly for slip angles less than 2◦. 
The trend changes for high slip angles, for which the effect of the tem-
perature may affect the measurements (Dell’Orto and Mastinu, 2022). 

The values reported in Table 5 demonstrate that the effect of the 
speed variation is almost negligible for slip angles larger than 2◦. On the 
contrary, the effect of the temperature must be considered as 

detrimental for the measurements for high speeds of the rolling surface 
and high slip angles. VeTyT has been recently updated for compensating 
this effect. A cooling system was designed and implemented to remove 
the heat close to the contact patch tyre/flat track (Dell’Orto et al., 
2022a). 

3.3. Effect of the temperature 

In this Section, the effect of temperature variation on the lateral force 
of bicycle tyre is studied. A 26 mm wide road racing bicycle tyre was 
used for the tests, mounted on high-stiffness laboratory rim. Specifically, 
the main parameter of interest is the temperature of the rolling surface. 
This is simpler and more accurate to be measured if compared to the tyre 
external surface (Farroni et al., 2020) (Farroni et al., 2014). In addition, 
it may be the independent variable of interest for riders and cycling 
professional teams. The vertical load was set to 400 N and the inflation 
pressure to 7.5 bar. 

The lateral force was measured and plotted as function of the tem-
perature of the flat track. The latter was measured with an infrared 
thermometer and a thermocamera in the area close to the contact patch. 
In Fig. 16, the lateral force is reported as function of the recorded 
temperature. The slip angle was set to 3.3◦. 

It is possible to note the remarkable correlation between the decrease 
of the measured values and the increase of temperature. While the 
temperature increases from 32 ◦C to 50 ◦C, the lateral force decreases of 
11%, showing a quadratic decreasing trend. Additional tests were per-
formed setting the slip angle at 5◦. The results are collected in Fig. 17. 
We can note that data follow a quadratic decreasing trend, as well as 
results for slip angle equal to 3.3◦. Increasing the temperature, the 
lateral force decreases 16% for a variation in temperature of 40 ◦C. The 
important role played by the temperature is even more evident for large 
slip angles. 

The decreasing trend with the increase of temperature is confirmed 
for slip angles |α| > 3◦. Repeating the test for slip angle equal to 1◦, the 
results are completely different, as shown in Figure Fig. 18. The vari-
ability is much smaller and limited to less than 1% for lateral force. 

Observing Fig. 18, values are almost constant and can be interpo-
lated by a straight line (angular coefficient equal to 0.01). Repeating 
tests for other slip angles |α| < 3◦ a clear trend cannot be distinguished, 
but variability remains however lower than 2% for lateral force. 

Fig. 13. Cornering stiffness CFy as function of the vertical load Fz. The red 
curve is for inflation pressure of 7.5 bar, the blue one is for 3.5 bar. Tyre was 
tested on flat track, mounted on high-stiffness rim. (For interpretation of the 
references to color in this figure legend, the reader is referred to the Web 
version of this article.) 

Table 4 
Cornering stiffness values for tyre mounted on standard aluminum rim and high- 
stiffness rim, for different inflation pressures and vertical loads. The percentage 
of variation of the cornering stiffness for different rims (standard or high- 
stiffness one) is reported in the last column.  

p [bar] Fz [N] CFy [N /deg] (U 
= 1.5%) 
Standard rim 

CFy [N /deg] (U 
= 1.5%) 
High-stiffness 
rim 

Variation High-stiffness 
rim VS Standard rim 

3.5 340 122.6 136.9 +12% 
400 124.9 140.6 +12% 
490 123.1 140.1 +14% 

5.5 340 131.1 145.3 +11% 
400 137.7 155.2 +13% 
490 141.2 163.2 +16% 

7.5 340 131.0 147.4 +13% 
400 138.6 160.3 +16% 
490 143.7 172.9 +20%  

Fig. 14. Cornering stiffness for a 26 mm road racing bicycle tyre as function of 
vertical load. The curves of different colors correspond to different inflation 
pressures. Tests were carried out on flat track. (For interpretation of the ref-
erences to color in this figure legend, the reader is referred to the Web version 
of this article.) 
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These effects could be relevant considering paved roads during 
summer, when the presence of shaded corners may cause a sudden in-
crease/decrease in road temperature, thus changing the bicycle 
handling. This is strictly connected to bicycle dynamics, and it could be 
relevant for the occurrence of sudden and dangerous dynamic 

instabilities (Tomiati et al., 2017), (Tomiati et al., 2019). 

4. Conclusions 

In the paper, the results of some external parameters on the me-
chanical characteristics of a 26 mm road racing bicycle are presented. 
Both static and dynamic tests were performed. 

Specifically, it was considered the effect of the inflation pressure, 
vertical load, type of rolling surface (flat track or drum), stiffness of the 
rim, speed and temperature. 

Vertical stiffness was statically measured for different vertical loads 
and inflation pressure, both on a flat track and the RuotaVia drum (drum 
of 2.6 m of diameter). Static tyre vertical stiffness is defined as the ratio 
between the applied load and the static deflection of the tyre. Static 
deflection is important since manufacturers provide recommended 
inflation pressure on the basis of the static deflection, also known as 
“tyre drop”. 

Summarizing the results obtained from tests, we have. 

Fig. 15. Influence of the speed of rolling surface on the lateral force. In the upper part of the plot, the values of speed are reported. At right, values of slip angles 
are shown. 

Table 5 
Percentage variation of the lateral force with respect to the values measured at 
speed 4 km/h, up to 23 km/h. A 26 mm wide tyre was tested.  

ΔFy % Speed [km /h]

4 8 12 16 20 23 

Speed [km /h] 0.3 0 12 16 15 17 16 
0.7 0 3 5 6 7 7 
1.2 0 5 8 8 10 11 
1.9 0 2 4 5 6 5 
2.9 0 3 5 7 7 6 
3.8 0 4 5 6 7 5 
4.8 0 2 3 3 3 1  

Fig. 16. Lateral force as function of recorded temperature of flat track, for slip 
angle equal to 3.3◦. In violet the data interpolating line (second order poly-
nomial interpolation). (For interpretation of the references to color in this 
figure legend, the reader is referred to the Web version of this article.) 

Fig. 17. Lateral force as function of recorded temperature of flat track, for slip 
angle of 5◦. In violet the data interpolating line (second order polynomial 
interpolation). (For interpretation of the references to color in this figure 
legend, the reader is referred to the Web version of this article.) 
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- The static deflection on RuotaVia was found to be on average 18% 
higher than one measured on flat track, for all vertical loads and 
inflation pressures tested. The curvature of RuotaVia drum may 
affect the contact patch length, acting as a punch in the middle of 
contact area. As a consequence, the vertical stiffness on the RuotaVia 
drum was found to be higher than that one on the flat track.  

- The curvature of the RuotaVia drum mainly changes the length of 
contact patch, with a reduction from RuotaVia drum to flat track in 
the order of 10%. The area of contact tyre/rolling surface that is on 
average 12% reduced with respect to flat track.  

- A correct inflation pressure is hard to recommend. Nowadays, 
manufacturers consider the static deflection or the feeling of the rider 
to define an optimal inflation pressure. The latter affects many pa-
rameters, so that a deeper study is necessary to define a standardized 
method useful to define the best inflation pressure.  

- The stiffness of the rim largely affects the lateral characteristics of the 
tyre. It was found that the use of high-stiffness rim can ensure up to 
13% higher cornering stiffness for tyres tested under the same 
working conditions.  

- The study of the combined effect of inflation pressure and vertical 
load may be a good approach to suggest the best set-up for tyres; 
nonetheless a synthetic index useful for final user is still hard to find 
since the measurements strongly depend on other variables such as 
speed and temperature of the rolling surface.  

- The effect of the speed on the lateral force does not affect so much the 
measurement of the lateral force Fy, nonetheless the increase of 
speed means higher energy to be dissipated to avoid the detrimental 
effect of the temperature. 

- Temperature of the rolling surface can largely affect the measure-
ments. Specifically, an increase of temperature of 40 ◦C causes a 
decrease of lateral force about 16%. This aspect may change bicycles 
dynamics, especially on paved roads featured by the presence of 
shaded corners during summer days. 

In the future, it will be of great interest to test different type of bi-
cycle tyres such as trekking or mountain bike tyres, featured by the 

presence of knobbles. The focus will be also devoted to the camber ef-
fect. Furthermore, a strong effort is required to provide synthetic indexes 
useful for final users to proper set tyre parameters. 
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