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 Abstract  The article describes the results of the research carried out on the evaluation of the influence of friction 
pairs (rubber belt – belt pulley in belt drive) on the ability to transmit power. In order to determine the 
characteristics of the belt drive operation, measurements were made on a real belt drive from the drive train 
of a light two-wheeled vehicle. The measurement was carried out in conditions of changes in the dynamic 
load. The measurements of the belt slip on the belt pulley within the whole range of the changes of gear 
ratios and angular speed of the engine were made. During the tests, belts made from various rubber mixtures 
were compared. The values of the friction coefficients between the surface of belts and the belt pulley 
were measured. Model analyses of the impact of belt slip on the wheel related to the temperature of belt 
drive elements were also made. Generally, one can ascertain that, in belt drive systems, power losses are a 
combination of speed losses and torque losses. The increase in the efficiency of belt drives is possible by 
decreasing power losses. It is possible to obtain the high performance of continuously variable transmission 
belt drives with a V- belt solely with the proper choice of the design parameters, which is possible only after 
the exact recognition of the operational characteristics unique to this class of belt drive systems.

 Słowa kluczowe:  przekładnie bezstopniowe, pasy gumowe, poślizg pasa.

 Streszczenie  W artykule omówiono wyniki przeprowadzonych badań, których celem była ocena wpływu pary ciernej: gu-
mowy pas napędowy–koło pasowe w bezstopniowej przekładni pasowej na zdolność przenoszenia mocy. Dla 
określenia charakterystyki pracy przekładni wykonano pomiary na rzeczywistej przekładni z układu napędo-
wego lekkiego pojazdu jednośladowego. Pomiary te przeprowadzono w warunkach dynamicznych zmian ob-
ciążenia. Wykonano pomiary poślizgu pasa na kołach pasowych w całym zakresie wymaganych zmian przeło-
żenia i prędkości obrotowej silnika napędowego. Podczas prób porównano pasy napędowe wykonane z różnych 
mieszanek gumowych. Dla zastosowanych pasów wyznaczono wartości współczynnika tarcia przy współpracy 
z kołami pasowymi. Wykonano również analizy modelowe wpływu poślizgu pasa na kole na temperaturę pracy 
elementów przekładni. W bezstopniowych przekładniach pasowych straty mocy wynikają ze strat prędkości 
i strat momentu obrotowego. Dlatego też podniesienie sprawności przekładni możliwe jest do osiągnięcia po-
przez obniżenie tych start. To z kolei możliwe jest tylko dzięki odpowiedniemu doborowi parametrów konstruk-
cyjnych. Służy temu gruntowne poznanie charakterystyk roboczych tego typu przekładni. 

INTRODUCTION 

Contemporarily, small continuously variable transmission 
belt drives (CVT) are considered to be an ideal solution for 
small vehicles like scooters. In this kind of small drives, 
rubber dry belts are applied. The use of such a solution is 
the reason why two factors are significant for the drive 
operation. The first one is the power losses resulting from 
the belt slip on the belt pulley. The second is the lack 
of the possibility of heat venting, which is the reason 
for belt drive preheating. Generally, one can ascertain 

that in CVT, power losses appear as a combination of 
speed losses and torque losses [L. 1]. The increase in the 
efficiency of belt drives is possible by decreasing power 
losses. 

The difficulties in the recognition of the regularity of 
the operation of belt drives result from their complexity. 
The following are significant for the operation of belt 
drives: belt material properties like rubber hysteresis, 
and belt transverse and longitudinal flexibility. In 
addition, the construction of the rubber V-belt itself is 
complex. The V-shape cross section of the belt allows 
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transmitting a significant torque thanks to the friction 
force on the contact surface of the belt and belt pulley. 
The cooperation of the rubber V-belt and the belt pulley 
is a very complex issue. In belt drives, other kinds of 
belts are used apart from the rubber V-belts. However, 
V-belts offer the highest power transmission capacity. 

The high performance of continuously variable 
transmission belt drives with V-belts is possible to obtain 
solely with the proper choice of the design parameters, 
which is possible only after the exact recognition of the 
operational characteristics unique to this class of CVT 
belt drive systems. 

Due to the fact that friction force depends on 
a number of factors, such as, operating condition, 
material, surface topography, the mechanical property 
of sliding material pair, and other environmental 
conditions, it is difficult to predict frictional behaviour 
[L. 2]. 

BELT  DRIVE  CHARAKTERISTIC 

Many publications describe the phenomena occurring 
in CVT. Many authors also undertook attempts to make 
model descriptions of the mechanisms. The model 
described by K. Kim is used in practical applications 
[L. 3, 4]. The model is a modification of earlier suggested 
models, among others, by Dittrich and Worley. In these 
descriptions, the stages of the belt coming into contact 
with the wheel were taken into account among others. 
The zones in this contact were distinguished, where 
various friction conditions occurred. Namely, the 
undeveloped friction area occurs in the zone where the 
belt and wheel come into contact. However, a developed 
friction area appears where the contact is full. The 
radial component of the friction force was also taken 
into account in the conducted analysis. The distinction 
between the radial and longitudinal friction coefficient 
was suggested. This distinction was abandoned by 
K. Kim. These conceptions assume the constant angle 
between the friction vector and the radial direction, 
which is called “slip angle.” The slip angle changes in 
real variable speed transmissions. Such an approach was 
considered, among others, by M. Cammalleri [L. 5]. 

G. Julió and J. Plante [L. 6] applied a discretized 
belt model in their research. This allowed them to predict 
the behaviour of the belt drives in the steady-state and 
transient conditions. They took into consideration the 
load of the transmission in this. The accuracy of these 
models in regard to the measurement conducted on the 
real gear train was analysed in the article [L. 7]. 

The slip behaviour in belt drives was considered in 
a theoretical way, among others, by such authors like T.C. 
Firbank, G. Gerbert [L. 8–11]. T.C. Firbank explained the 
phenomena occurring in belt drives with the shear strain 
in the belt along the contact region between the belt and 
the pulley. In his research, he assumed that belt speed 

differences in the entry and exit regions result exactly 
from the change of the radius on which contact between 
the belt and the belt pulley occurs. F. Sorge assumed that 
tension variation does not occur in the area of the contact 
of the belt and belt pulley [L. 12]. In the papers [L. 13, 
14] in the studies on power loss, a different diameter of 
belt pulley was taken into account. Both in theoretical 
and experimental studies, research on power loss were 
also conducted by L. Bertini [L. 15]. He divided the belt 
drive power losses on hysteresis losses and frictional 
losses. However, neither the influence of belt wheel 
diameter nor the kind of belt material was taken into 
account in the studies. 

Work [L. 16] describes the CVT efficiency due 
to the speed losses. The V- ribbed rubber belt was 
analysed. The speed losses are determined by the 
application of the one-factor-at-a-time testing method. 
The belt drive parameters relation is validated with the 
response surface method. The relation between the slip 
and the belt length, elastic modulus, and its pre-tension 
was estimated. These parameters were optimized due to 
the slip decrease. The conducted analysis indicated that 
considered parameters have the relations between them. 

Frictional properties of the rubber materials were 
considered by many authors. Several papers concerned 
flat belt transmissions. The paper [L. 17] considers 
the influence of friction- induced torque on the sliding 
friction generation. According to the experiments, 
the slider shape has a great influence on the friction 
force and the contact area. The influence of the slider 
deformation (under the friction- induced torque) on the 
friction coefficient was described. In the paper [L. 18], 
the tribological properties of the nitrile butadiene rubber 
were examined. The results included the coefficient of 
friction as the function of long-to-short rubber chains 
ratios. The tests allowed for the formulation of general 
conclusions. The variation in the rubber chain network 
structure allows for the adjustment of the rubber 
mechanical properties, for example, tensile strength, and 
elongation at break and thermal stability.

EXPERIMENTAL DETAILS 

The experimental studies comprised several stages of 
work. All measurements during the research were made 
for two different rubber belts. The belts used during the 
research are shown in Figure 1. They were indicated as 
A and B. Rubber material parameters are described in 
a further part of the text. 

The measurement of belt slip on the belt pulley was 
done on a real belt drive transmitting the torque from the 
combustion engine to the engine dynamometer. This part 
of the experiment was realized by a test bench including 
the complete drive train assembly from the TGB 101S 
scooter with a centrifugal regulator. In order to enable 
the CVT load within the whole range of the engine 
revolutions, the centrifugal clutch was eliminated. The 
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Fig. 1.  V-belts used in the tests
Rys. 1. Badane pasy napędowe

output bevel gear assembly was joined to the water-
supplied engine dynamometer. The following quantities 
were measured: the angular speed on both the driving 
and the driven pulleys, and the winding radius on both 
pulleys. The winding radiuses were measured by optical 
sensors. The signals from the sensors were recorded 
by an analogue-to-digital transducer connected to the 
computer. The registration resolution was 100 Hz.

In the next part of the research, the friction 
force between the surface of belt and belt pulley was 
measured. This allowed us to evaluate the friction 
coefficient between the surfaces. In order to do it more 
easily, it was measured on the wheels disassembled 
from the belt drive. This enabled the easy control of 
the pressure of lateral belt surface to the surface of belt 
pulley. The scheme of the measurement method of the 
friction coefficient of belt and belt pulley is shown in 
Fig. 2. It was also possible to evaluate the surface of the 
belt pulley in the area of contact with the belt. 

The belt pulley surface interacting with the belt was 
characterised by the following roughness parameters: 
Roughness Average, Average Maximum Height of 
the Profile, and Root Mean Square Roughness. These 
parameters for the driving belt pulley were as follows: 
Ra = 0.1, Rz = 0.68, and Rq = 0.13. The roughness profile 
of this surface is presented in Fig. 3. The roughness 
profile of the interacting surface of the driven belt pulley 
is presented in Fig. 4. However, this belt pulley was 
characterised by the following roughness parameters: 
Ra = 0.4, Rz =2.78, and Rq = 0.51.
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Fig. 2.  The scheme of the friction coefficient measurement 
method: 1 – force actuator, 2 – sample holder, 3 
– tested sample, 4 – drive of the pulley, 5 – disc,  
6 – tested belt pulley, 7 – amplifier, 8 – computer 
set, 9 – force transducer

Rys. 2. Schemat sposobu pomiaru współczynnika tarcia: 
1 – siłownik, 2 – uchwyt próbki, 3 – badana prób-
ka, 4 – napęd koła pasowego, 5 – dysk mocujący, 
6 – badane koło pasowe, 7 – wzmacniacz pomiarowy,  
8 – zestaw komputerowy, 9 – przetwornik siły

Fig. 3.  The roughness profile of the driving belt pulley (Ra = 0.1, Rz = 0.68, and Rq = 0.13)  
Rys. 3.  Profil chropowatości powierzchni napędowego koła pasowego

Fig. 4.  The roughness profile of the driven belt pulley (Ra = 0.4, Rz = 2.78, and Rq = 0.51)
Rys. 4.  Profil chropowatości powierzchni napędzanego koła pasowego
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RESULTS  AND  DISCUSSION 

Before conducting the measurements on the test stand 
with the belt drive, the characteristics of the applied belt 
drives was estimated. The characteristic of belt stiffness 
is presented in Figure 5. The measurement was done 
on both rubber belts. The differences in stiffness, seen 
on the figure, result from the arrangement and the initial 
tension of the ropes of the cord in particular belts. From 
the point of view of the interaction of the belt and belt 
pulley on the surface of their contact, the area of joining 
the cover of the fabric in the belt plays a large role. 
Magnified pictures of the lateral surface of the belts are 
shown in Fig. 6 for Belt A and in Fig. 7 for Belt B. On 
the pictures taken, the place of vulcanized ropes of the 
cord under the cover of the fabric of the belt was marked 
with arrows. On both pictures, the cover of the fabric is 
seen on the right side of the picture. In the case of Belt 
B, one could observe comparatively long fragments of 
loose cord ropes protruding from the belt lateral surface. 
Due to the fact that this area of the belt interacts with the 
surface of the belt pulley, fragments of the cord will also 
slide on the surface of belt pulley. The sliding friction 
during the slip of the cord ropes is different than during 
the slip of the rubber surface. In addition, on the lateral 
surface of Belt A, below the layer of the cord (i.e. on 

Fig. 5.  The characteristics of belt longitudinal stiffness
Rys. 5.  Charakterystyka wzdłużnej sztywności pasa

Fig. 6.  Belt A; lateral belt surface; visible belt base and 
cover fabric (marked with the arrow)

Rys. 6. Pas A, boczna powierzchnia pasa, widoczna część 
osnowy pasa i grzbiet (zaznaczone strzałką)

Fig. 7.  Belt B; lateral belt surface; visible fibres of tension 
cord (marked with the arrow)

Rys. 7. Pas B, boczna powierzchnia pasa, widoczne włókna 
kordu (zaznaczone strzałką) 

the left side of the figure), the area where the wear of 
the lower part of the belt occurred is clearly visible. It 
indicates that significant pressure occurs in this part. 
Moreover, this part of the belt transmits power during the 
belt drive operation. This effect was visible particularly 
for Belt A; however, in case of Belt B it occurred only 
slightly. The cover of the fabric of Belt B was 0.1 mm 
wider than of Belt A. The difference of the width can 
explain the observed differences of the area of contact 
on the lateral belt surface. 

Figure 8 indicates the results of the friction 
coefficient measurements between the surface of the 
belt and the belt pulley. Mean values are shown in 
the figure. To quantify the amount of variation in data 
values, the standard deviation of the sample was applied. 
The standard deviation of the sample is also shown in 
the figure. Mean values of the friction coefficient are 
marked on the basis a sample size of five elements. 

As can be observed, the range of the changes of 
friction coefficient is broad. The difference in the courses

Fig. 8. The characteristic of the friction coefficient 
Rys. 8. Charakterystyka zmian współczynnika tarcia
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of friction coefficient changes for particular belts is also 
visible. Generally, Belt A was characterized by a higher 
friction coefficient than Belt B. The differences reached 
25%.

During the operation of the belt drive, the interaction 
between the belt and belt pulley occurs on the lateral 
belt surface. Therefore, the base rubber compound and 
the edges of the cover of the fabric and the area with 
the fragments of cord ropes slide on the belt pulley. 
The measured friction coefficient characterises all these 
areas. Based on the results presented in the figure, one 
can notice that the friction resistance with the same 
pressure on the contact surface of the belt and belt pulley 
are changing with the speed of the slip. 

The belt velocity measurement is essential for actual 
slip determination. However, the continuous CVT gear 
ratio change makes it very difficult. On the other hand, 
the difference in the transmission of ratios specified by 
the angular velocity and the winding radiuses can also 
be assumed as the slip quantity. The transmission ratio 
can be specified by the angular velocity ratios or the 
winding radius ratios as follows: 

in
n
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ω
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where ωg and ωn are angular velocities, and rg  and rn are 
winding radiuses for driving (g) and driven pulley (n).
Using the expressions (1) and (2) the belt slip coefficient 
was defined as follows: 
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Non-contact measurement of the winding radius 
does not give information about the location of the 
neutral axis of the belt. Due to the relatively small 
winding radii, the consideration of this correction is 
essential to determine the actual slip coefficient. The 
value of the distance between the back of the belt and 
the neutral axis was assumed as 3 mm [L. 19]. 

The experiment was realized for two belts marked 
A and B. A similar research scenario was conducted 
in each case. Figures 9 to 11 show the changes of the 
transmission ratio, load torque, engine speed, and belt 
slip coefficient against time for the A belt. The same 
quantities for the B belt are shown in Figures 12 to 14. 

The change of the gear ratio in belt drive versus 
time during its operation and the belt slip coefficient 
estimated according to the equation (3) were shown 
respectively for belts A and B in Figures 9 and 12. The 
course shown on the chart constitutes a fragment of the 
cycle of belt drive operation. It includes the change in 
the transmission ratio, the maintenance of the constant 
transmission ratio, and subsequently the return to the 
original transmission ratio value. In the figures, one can 

Fig. 9. The changes in the Belt A slip coefficient (S), 
transmission ratio specified by the angular velocities 
(i_n) and transmission ratio specified by the winding 
radiuses (i_r) versus time; for the Belt A

Rys. 9. Zmiany w funkcji czasu: współczynnika poślizgu (S), 
przełożenia przekładni wynikającego ze zmiany pręd-
kości kątowej kół (i_n) oraz promieni opasania dla 
pasa A

Fig. 10. The changes in the belt slip coefficient (S) and driven 
pulley torque (Mn) versus time; for the Belt A

Rys. 10. Zmiany w funkcji czasu: współczynnika poślizgu (S) 
i momentu obrotowego na kole napędzanym (Mn) dla 
pasa A

Fig. 11. The changes in the belt slip coefficient (S) and the 
engine angular velocity (n) versus time; for the 
Belt A

Rys. 11. Zmiany w funkcji czasu: współczynnika poślizgu (S) 
i prędkości obrotowej silnika (n) dla pasa A

Fig. 12. The changes in the belt slip coefficient (S), 
transmission ratio specified by the angular velocities 
(i_n) and transmission ratio specified by the winding 
radiuses (i_r) versus time; for the Belt B

Rys. 12. Zmiany w funkcji czasu: współczynnika poślizgu (S), 
przełożenia przekładni wynikającego ze zmiany pręd-
kości kątowej kół (i_n) oraz promieni opasania dla 
pasa B
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see that, during the operation in a constant transmission 
ratio with the value close to one and the constant angular 
speed of the transmission shaft, the belt slip coefficient 
oscillates around the values close to zero. The highest 
values of the belt slip coefficient can be observed for the 
highest values of the transmission ratio. As can be seen, 
the belt slip coefficient for Belt A is in the range of 0 to 
20%. In turn, for belt B, it is in the range of 2% to 16%. 

Figures 10 and 13 present the changes in the belt 
slip coefficient with reference to the changes in the 
braking torque. In the case of both belts at constant 
angular speed on the driving belt pulley, the belt slip 
coefficient increases with the increase of the braking 
torque. Since the presented figures picture the operation 
of a real belt transmission transmitting the torque from 
the combustion engine, significant oscillation of the 
torque is visible on the presented courses. However, 
the oscillation of the angular speed of the engine results 
from the character of its operation, and the oscillations 
are also visible on the course of belt slip coefficient. 
However, the reference of belt slip coefficient directly to 
the braking torque confirms that the maximum values of 
belt slip coefficient are generally observed at the highest 
values of the braking torque. In Figures 11 and 14, 
changes in the belt slip coefficient are shown in relation 
to the changes of the angular speed of the engine. 

Fig. 13. The changes in the belt slip coefficient (S) and driven 
pulley torque (Mn) versus time; for the Belt B 

Rys. 13. Zmiany w funkcji czasu: współczynnika poślizgu (S) 
i momentu obrotowego na kole napędzanym (Mn) dla 
pasa B

Fig. 14. The changes in the belt slip coefficient (S) and the 
engine angular velocity (n) versus time; for the 
Belt B

Rys. 14. Zmiany w funkcji czasu: współczynnika poślizgu (S) 
i prędkości obrotowej silnika (n) dla pasa B

Figure 15 shows the changes of the slip coefficient 
(for both belts) against the transmission ratio in the 
range when the load torque and engine speed are 
maintained at almost a constant value. This dependence 

is approximated by a third-order polynomial with 
the coefficient of determination of about 0.98. The 
experiment results clearly show a substantial influence 
of the transmission ratio on the power loss caused by the 
belt slip. The slip growth associated with reduction of 
the driving pulley wrap angle (increasing ratio) follows 
from the additional reduction of the wrap angle on 
account of the belt flexural rigidity. 

Fig. 15. Belt slip coefficient versus transmission ratio for 
A and B belts (approximated by a third-order 
polynomial)

Rys. 15. Zmiany współczynnika poślizgu pasa w funkcji prze-
łożenia dla pasów A i B (aproksymowane wielomia-
nem trzeciego stopnia)

SIMULATION  ANALYSIS 

In the conditions of the real operation of the belt drive, 
the heat generated during the friction of the belt is not 
the only source of the increase of the belt drive elements 
temperature. On the test stand with the real belt drive 
and combustion engine, the temperature of the belt 
pulley also increases due to thermal conduction energy 
from the operating combustion engine. However, it is 
possible to evaluate the value of temperature increase 
resulting from the energy converted to heat from friction 
of the belt and belt pulley. With the aim of conducting 
such an evaluation, simulation analysis was conducted. 

The simulation analysis includes the determination 
of the predicted rubber sliding element temperature 
increase due to the frictional behaviour. The method 
included in the paper [L. 20] was used. This concept 
allows for the temperature limiting during the pin-on-
disc test stand cycle. The average transient-state sliding 
surface temperature is given in the following form [L. 20]: 

T
W U U

a U
A B

a

=
− 







0 308

1
2

,
µ χ

Κ
                 (4)

where: T  – average surface temperature [°C],
 W  –  the specimen normal load [N],
 µ  –  the friction coefficient,
 a  –  the tester contact circle radius [m],
 UA– UB –  solid surface relative velocity [m/s],
	 χ  –  the rubber material thermal diffusivity 

[m2/s].
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The thermal diffusivity χ is defined by the following: 

χ
σ

=
Κ
Cp

                                   (5)

where:  Κ – the  rubber material thermal conductivity,
 Cp – the material specific heat [J/kgK],
 σ  – the rubber material density [kg/m3]. 

The described approach is used for the determination 
of the temperature increase of the CVT belt material. 
The provided velocity (U) range corresponds to the 
slip velocity obtained from the experimental analysis 
performed on the CVT drive train assembly. The 
numerical data of rubber materials was typical. The 
simulation scenarios were conducted for two values of the 
specimen normal load W (W1= 200 N and W2 = 600 N), 
which corresponds to the range of the CVT pulley axial 
force occurring during the transmission operation. The 
numerical data is shown in the Table 1. 

Table 1.  Rubber materials and test stand parameters
Tabela 1. Właściwości materiałowe pasów i warunki pomiarów

Material A Material B

slip velocity  
Vs = 0.001–3 [m/s]

slip velocity  
Vs = 0.001–3 [m/s]

 µ = 0.3–0.6  µ = 0.3–0.6

W1 = 200 [N]; W2 = 600 [N] W1 = 200 [N]; W2 = 600 [N]

a = 0.08 [m] a = 0.08 [m]

 σ = 1345 [kg/m3]  σ = 920 [kg/m3]

 Cp = 1330 [J/kgK]  
(‘A’ material)

 Cp = 1550 [J/kgK]  
(‘B’ material)

 Κ = 0.25 [W/mK] (‘A’ 
material)

 Κ = 0.14 [W/mK]  
(‘B’ material)

As an attempt to compare the CVT transmission 
operation, the ‘slip velocity’ parameter was provided. 
The parameter was defined by the following:

V r rs dg dg dn dn= −ω ω                      (6)

where: Vs – slip velocity,
	 ωdg – driving wheel angular speed,
 rdg – driving wheel belt operation radius,
	 ωdn – driving wheel angular speed,
 rdn – driving wheel belt operation radius.

The amount of the slip velocity was calculated 
on the basis of the experimental data from the CVT 
assembly tests described in the previous section. Then, 
the relative disk speed was assumed as equal to the 
calculated slip velocity. The results of the simulation 
analyses are shown in Fig. 16. The simulation analysis 
confirmed that the slip velocity and friction coefficient 

change has a significant influence on the rubber material 
temperature increase. This influence is nonlinear. In 
the first range of the slip velocity (from 0 to 1 m/s), the 
specimen temperature increase is more prominent than 
the temperature rise occurring in the range of slip velocity 
over the 1 [m/s]. Excluding only the friction coefficient 
change influence, it can be noticed that the increase of 
this parameter provokes linear increase of the specimen 
temperature. This phenomenon can be observed in the 
plotted points, when the temperature surface meets the 
vertical plane corresponding to the constant value of 
slip velocity equal to 3 m/s. Applying the vertical load 
200 N can cause the rubber (‘A’) specimen temperature 
to change by about 4oC in the most severe conditions. 

In the second simulation scenario, the applied 
vertical load was equal to 600 N. The achievable ambient 
temperatures range of the rubber ‘A’ specimen was extended 
in the comparison with first scenario. The maximal 
achievable temperature was about 14oC. The surface shape 
is similar to the first simulation scenario, which confirms 
the model nonlinearity. Comparing the first and second 
simulation scenario, it can be noticed that in case of the ‘A’ 
material, the increase of the vertical load by about 400 N 
can cause the rise of ambient temperature by 10oC. 

The third and fourth simulation scenarios refer to 
the different material specimen properties. This material 
has a smaller density and heat conductivity coefficient 
than the previous material but its specific heat is greater. 
The results confirm that ‘B’ material is characterized by 
lower thermal resistance than the ‘A’ material. The ‘B’ 
material specimen achieves about 20% higher ambient 
temperature in the same testing conditions. 

The characteristics obtained from simulation 
calculations for various values of material properties 
have an analogous course. The exemplary characteristics 
obtained for the normal load on the contact surface 600 
[N] is presented in Fig. 16. 

Fig. 16. The rubber specimen temperature in relation with 
friction coefficient and slip velocity; load W= 600 
[N], K =0.14 [W/m K], Cp= 1550 [J/kg K] 

Rys. 16. Zmiany temperatury w funkcji współczynnika tarcia 
i prędkości poślizgu; W= 600 [N], K =0,14 [W/m K], 
Cp= 1550 [J/kg K]
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SUMMARY  AND  CONCLUSIONS 

In belt drives, friction force on the contact surface of the 
belt and belt pulley allows transmitting the torque. The 
cooperation of the rubber V-belt and the belt pulley is 
a very complex issue. The proper choice of the design 
parameters of belt drives is possible only after the exact 
recognition of the operational characteristics of belt 
drive system. The efficiency of belt drives depends on the 
power losses which occur in the belt drive. Power losses 
are influenced by the characteristics of the cooperation 
of the surface of belt and belt pulley. 

Theoretical and experimental research presented in 
this paper allows the following conclusions: 
• Belt slip on the belt pulley changes with the change 

of gear ratio. The diameter on which belt comes into 
contact with belt pulley also changes. The belt slip 
estimated in the examined range of parameters of 
the belt drive reaches values up to 20%.

• The friction coefficient between the belt and belt 
pulley can change within the broad range. In the 
research carried out, it ranged from 0.32 to 0.48. 

Due to the fact that the belt surface that interacts 
with the surface of the belt pulley incorporates the 
part of the belt with the cord, fragments of the cord 
will also slide on the surface of belt pulley. The 
sliding friction during the slip of the cord ropes is 
different than during the slip of the rubber surface.

• In conditions of the real operation of the belt drive, 
the heat generated during the friction of the belt 
causes the increase of the temperature of the belt 
drive elements. The increase of belt drive surface 
temperature can reach more than 20 degrees. 
The pulleys winding radiuses are not constant in the 

whole wrap angle. The examination of the influence of 
radii changes on the transmission efficiency is needful. 
Measuring the winding radii along all wrap angles is 
a key factor for the accurate determination of an average 
winding diameter and a belt slip.

In the next research step, it is essential to verify the 
influence of a pulley diameter and belt flexural rigidity 
on belt slip. The experiment on a special transmission 
with a typical ratio range but greater pulley diameters is 
also reasonable. The research on the belts with different 
flexural rigidity is also needed.
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