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The Power Transmission Stability and
Efficiency of V-belts

KATAI LASZ1LO!, SZENDRO PETER!, GARDONYI PETERY *

Abstract. The V-belt drive is a rather popular, widely used form of power transmission
in agricultural and food industry engineering. At the same time, its stability, the lifetime
of V-belt is influenced by several environmental factors, namely in the food industry by
the contamination affecting the belt sides, the ambient temperature, humidity and the
occasionally aggressive (acidic, alkaline air, air saturated with gases, etc.) medium. In the
case of agricultural machinery, the vibration caused by uncertainly oriented pulleys with
bearing in different plate structures (often being shaken in the fields) as well as align-
ment adjustment inaccuracies jeopardize the reliability of the parameters of the drive.
Furthermore, the efficiency is determined by several factors together: the slippage occur-
ring during drive transmission, the hysteresis loss resulting from the external and inter-
nal friction occurring with the belt entering and exiting the pulley. Experimental equip-
ment and calculation methods were developed to determine the dynamics of tempera-
ture increase generated by the belt and pulley relationship. The temperature generated
in the V-belt was measured as a function of pretension, pulley diameter and bending
frequency. The so-called damping factor characterizing the contact with the pulley (the
external friction when entering and exiting the groove) and the hysteresis loss (inner fric-
tion) are also determined. On the basis of the damping factor (£~ 400 Ns/m?2) of the V-
belt involved in the experiments the other losses (Pos) occurring from the pulley-V-belt
contact and internal friction may be estimated. The drive parameters may be optimized
with the mathematical model describing the effect of the pulley diameter and belt fre-
quency on the increase in temperature.

A standardized calculation method as well as design factors valid for the properly
adjusted drive and normal operating conditions determined through empirical and la-
boratory experiments are used for the sizing of V-belt drives. The lifetime of V-belt
drives designed in this way, used in extreme conditions typical of agricultural machin-
ery will not be appropriate and will not provide clear, predictable information for
maintenance planning. In such cases the results of our own many lifetime tests conduct-
ed in the given circumstances can be safely relied on.

The agricultural harvesting machines are large plate-body self-propelled structures
on which most of the power supply of the (threshing, cleaning, moving, etc.) machine
units handling the crop is realized via belt drives. The distance and angular displace-
ment of the axes involved in the drive can vary within wide limits. The misalignment
and angular displacement of the pulleys can be the result of installation instability - due
to the plate structure - and the deformation of the plate structure occurring during the
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operation as well. V-belt drives operate satisfactorily under such conditions as well,
however these faults are unfavourable in terms of belt lifetime and result in the reduc-
tion of drive efficiency.

A further aim of our research is to examine through experiments the lifetime and
efficiency of V-belts used in agricultural machines as a function of drive adjustment er-
rors. According to the results of the measurements of the geometrical adjustment errors
of V-belt drives performed in the field, the pulleys of agricultural equipment are not al-
ways positioned in the medium plane of the drive. In our experiments these data served
as independent variables. Figure 1 shows the arrangement of a V-belt drive in a grain
harvester with the laser pulley alignment measuring instrument installed as an accesso-
ry. In the case of many machine types in 80% of the tested drives three times the permis-
sible error was measured, and because of off-road use, due to dynamic load these errors
further increased as a result of the frame deformation.

The results of both the belt bending testing and the geometrical adjustment testing
of the drive offer great help in the design of belt drives. At the same time they can be the
source of lifetime and efficiency forecasts.

Keywords: V-belt, viscoelastic model, belt efficiency, internal friction, external friction,
hysteresis loss, infrared thermal analysis, belt misalignment, temperature conditions

1. Introduction

V-belt drives are widely used in various industrial and agricultural equip-
ment for power transmission. Power transmission is based on friction which
has some advantages and disadvantages. Since the drive element is made
from flexible materials, the drive will be flexible and minor load peaks
might occur. In case of overload the driven side is protected by slipping.
However, friction also means that due to the slip the transmission (i.e. the
revolution of the driven equipment) may vary between certain limits, and
therefore it can only be used in such areas where this is not a disadvantage.

Laser pulley alignment instrument

Fig. 1. The arrangement of a V-belt drive in a grain harvester
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One of the significant factors affecting the lifetime of V-belts is the tem-
perature generated within the belt, which is determined by the temperature
of the operating environment and by the operating characteristics of the
drive.

If the steady operating temperature of the V-belt is tested as loss inten-
sity, the efficiency of the belt drive can be deducted from it [8]. High belt
temperature leads to the degradation of polymer molecule chains and as a
result to aging of rubber material, which highly influences the V-belt life-
time. V-belt temperature above 70 °C causes significant decline of expected
belt lifetime. In Fig. 2 it can be seen that in case of 10 °C increase in tempera-
ture the lifetime falls to half of its original value. [14].
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Fig. 2. Correlation between temperature and service life

According to Gerbert [10] the power loss occurring with V-belt drive
can be basically divided into two groups, the loss caused by external friction
(slip between the belt and the pulley) as well as the loss caused by internal
friction (slip among the molecules, hysteresis).

These losses may be further categorized and divided taking into ac-
count the operating characteristics of the drive. Another source of loss is the
gradual slip that occurs during the operation of the drive. This may be clas-
sified as external friction, which is caused by belt creep resulting in the ac-
tual slip. The secondary source of loss - which may be classified as external
friction - is the slip between the belt and the pulley surface when the belt
enters and exits the pulley [1, 2, 4, 5, 21]. The phenomenon of slip and the
effect of drive characteristics on slip are analysed by Gerbert [11] in detail.

Several researchers lay special emphasis on studying slip caused by
belt creep. The friction and elasticity of the belt along the angle of wrap is a
distinction that can be made between the angular domains of adhesion and
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slippage. This relative displacement occurs between the pulley and the belt,
which also leads to heat generation [6, 9, 17, 19]. The loss occurring during
the entry and exit phase was also studied by Gerbert [10], which shows a
larger margin of loss.

The loss resulting from inner friction (hysteresis loss) occurs when the
belt is bent on the pulley (bending loss), which undergoes elongation due to
the force of the power transmission (loading loss) and is then compressed in
the pulley groove (compression loss). The terms in brackets are used by
Gervas and Pronin [12]. According to both Gerbert [10] and Gervas [13] the
load loss is extremely small. On the basis of the studies by Gerbert, the pa-
rameters typical of the tests which were run showed that the loss resulting
from compression was smaller by more than one order of magnitude than
the bending loss, so its effects were ignored during our study.

Considering the above listed loss components the efficiency of V-belt
drive can be expressed in the following way:

Pout — Pin — Ploss =1- Ploss
P. P. P

in in in

n= (1.1)
where,

n - drive efficiency,

Pout - useful (output) power on the driven shaft [kW],

Py - input power on the driver shaft [kW],

Pioss - power loss in the drive [kW].

Losses can be divided into two categories on the basis of the previously
mentioned operating characteristics. Differentiation can be made between
slip losses (Ps) and other losses (P,#), the latter meaning the loss category re-
sulting from the contact of the V-belt and the pulley, which is the loss of the
internal friction due to bending (P1), as well as the loss due to the external
friction of the V-belt entering and exiting the pulley groove (Pr). The loss
deriving from the friction between both the belt and the pulley as separate
measurements are interpreted by Gervas. The slip resulting from power
transmission and the friction occurring when the V-belt enters and exits the
pulley groove. Based on all of these observations, the efficiency of the drive
can be interpreted as follows

in

Ploss=Ps+Poth; Pth=PE+PI; 77=1_

0

(1.2)
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Taking into consideration that the power of the drive can be deter-
mined by multiplying the peripheral force (F;= F1-F>) and the belt speed (v):

77=Pout=Ftdn‘vdn =M‘(1—S)=K'(1—S) (13)
Pin Ftdr Vir Ftdr

g = YarVin (1.4)
Vir

where,
s - belt slip during power transmission (slip),
dr - driving pulley (subscript),
dn - driven pulley (subscript),
k - loss factor.

The «factor included in equation (1.3) can be interpreted as the factor
determining the other loss (Po), and the term (1 - s) in brackets gives the
slip loss.

The engagement of the V-belt and the pulley, the elemental slips (rela-
tive motions) are affected by several factors in addition to drive parameters,
such as operating conditions, the polluted environment, temperature and
relative humidity as well as drive alignment errors, etc. These macroscopic
slips cause belt wear and the heat generated by friction affects the steady
transfer of power and its efficiency. The friction has an important role as it
was studied by Safranyik et. al. [18]. Moon and Wickert [16] studied the ra-
dial belt motions in the case of aligning parallel misaligned pulleys and
their effect on the stage of belt engagement. Figure 3 presents enlarged im-
ages of the bucking, frictional motion of the V-belt in the groove due to mis-
alignment errors.

The maximum tolerances regarding V-belt drive alignment are given
by the producers as a function of the pulley diameter. The nature of the oc-
curring error is disregarded. The maximum tolerance may be due to the
parallel misalignment of the pulleys (Fig. 4/1) or the angular misalignment
(Fig. 4/b) as well. In both cases the straight belt sections undergo extra bend-
ing and the sidewalls experience larger friction where running onto and off
the pulley. In case of parallel misalignment, the friction increases on both
sides, in the case of angular misalignment it is strained more on one side on-
ly. Here is the interpretation of a strained and an unstrained side. [7]



30

Kitai LdszI6 - Szendrd Péter — Gidrdonyi Péter

0-15
(a)

il
gy H

Displacement (mm)

=015 :
0-00 0-05 0-10
Time (s)
| l ]
| | |
00 05 1-0
Rotation angle (deg)
Fig. 3. Stick-slip behaviour of V-belt in the groove
a) X
_I i R
Hlg
1 H d,
b) . .
strained side X
-~ —1
T T
"o, rd

unstrained side

Fig. 4. Explanation the adjustment errors of pulleys
a) parallel misalignment; b) angular misalignment

In this article on the one hand the loss in connection with factor k, on

the other hand the losses due to the drive installation misalignment are ana-
lysed. The increase in temperature occurring as a result of bending com-
bined with the belt entering and exiting the groove is investigated by devel-
oping an experimental method of calculation.
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2. Materials and Methods
2.1. Defining the viscoelasticity of V belts

Knowing the rheological properties of the V-belt is highly essential for life-
time analysis. One of the factors causing heat generation in the V-belt is the
loss occurring during repeated bending, which is created by inner friction.
The heat generated during the deformation cycle is subject to the inner fric-
tion of the material, the magnitude of the deformation and the speed of the
deformation. In case of V-belt drives this means the material of the belt (vis-
coelastic properties), the diameter of the pulley and the belt frequency.

The V-belt can be treated as a viscoelastic linear model [3, 15, 17].

The model can be characterized according to Fig. 5.

E
5,8
n
= L
= .
Fig. 5. The material model of the V-belt
The equation of the model in Fig. 5:
0=E-s+n£. (2.1)

dt

The damping factor marked as n is derived from the inner friction of the V-
belt, and as well as the external friction of the V-belt entering and exiting
the pulley.

Introducing the operator d/dt = s to write the equation more simply

o=E-(1+sn')-e =E(s)-¢, (2.2)
where,

E(s)=E(1+s-n") — operator elastic modulus, and 7' = %
One of our aims was to determine the heat produced by the bending pro-
cess, by observing how the given viscoelastic model behaves during bend-

ing strain.
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The bending of a V-belt of Ax length can be interpreted according to

Fig. 6:
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Fig. 6. The interpretation of the bending strain of the V-belt section

It can be assumed that tension and elongation change linearly and accord-
ingly tension is:

e(o
cr(y)=a(5)~%; s(y)= (5)y (2.3)
The angle of rotation according to Fig. 6 is:
A = 3(5).%. (2.4)

The bending moment according to equations (2.3) is the following

M=J.U(y)'ydA=®Iy2dA=®'K, (2.5)
A 5 4 J
where:
— A - the cross-sectional surface of the V-belt [mm?];

— K- the modulus of section of the V-belt [mm3].
The bending moment from the above equations can be written in the follow-
ing way:
M= |:E(S)~£}‘A(p. (2.6)
Ax

So the V-belt can be interpreted as mechanical resistance, where torque M

generates a “flow” equivalent to angular displacement A¢ according to
Fig. 7:

Z(s)=E(s)-—. (2.7)
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Fig. 7. Interpretation of the V-belt as mechanical resistance

2.2. Experiment of V-belt bending

The increase in temperature as a result of bending the V-belt on a test bench
designed and built by our research group was tested. The structure of the
test bench is shown in Figs 8§ and 9.

The tested piece of V-belt was designed for continuous motion by using
a steel wire to connect both ends. In order to eliminate the effects of slip-
page, the V-belt was affixed to the pulley by creating a hole in the belt and
securing it to the pulley with a screw. Because of the alternating motion as a
result of the angular acceleration/deceleration occurring near the dead
points (&max~ 24 1/5?), and the studied belt section is affected by inertia force.
Considering given data for the drive, at its weakest the inertia force hardly
reaches 5 N, which does not cause the belt to slip in the pulley. It was possi-
ble to pretension the drive made endless as described above by fixing the
Bowden pulley around the tilting point with a screw spindle mechanism.
With the crank-and-rocker (four-bar) mechanism built in the drive the ap-
paratus generates alternating motion on the driven shaft, thus it bends the
pretensioned V-belt on the pulley in the first period of the motion, and then
during the opposite motion the V-belt is straightened again. With this mo-
tion it is possible to model the deformation of the V-belt occurring during
actual drive and to measure the increase in temperature generated by the
bending.

The test bench makes it possible to modify several parameters. The
revolution of the drive motor can be controlled via a frequency controller,
which can be used to alter the bending frequency of the V-belt. The V-belt
pulley situated at the end of the drive shaft can be easily modified to alter
the pulley diameter used in the test. It is also possible to modify the preten-
sion (the tensioning force affecting the V-belt with the screw spindle men-
tioned above).
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Fig. 8. V-belt displacement on the test bench

The test equipment is shown in Fig. 9.

/5 6 L

Fig. 9. The drawing of the equipment testing V-belt bending

Note: According to the drawing the test equipment has the following components:
1. drive motor; 2. drive pulley of four-bar mechanism; 3. driven pulley of four-bar mech-
anism; 4. V-belt pulley; 5. drive rod; 6. tested V-belt; 7. tensioning screw;
8. load cell; 9. Bowden pulley; 10. driven shaft with bearings; 11. temperature sensor.
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An infrared non-contact temperature sensor was used to measure the
temperature. The Impac IN 3000 temperature sensor can be used within the
measurement range of 0 - 120 °C, to an accuracy of 0.1 °C. The temperature
sensor was set at 20 mm from the tested V-belt, which meant that an area of
9 mm in diameter was sensed, i.e. only the surface of the V-belt.

The measurement results were recorded and processed by an Apple
Macintosh computer and the linked measuring amplifier DMC9012A. The
measuring software BEAM 3.1 was used with the mentioned configuration,
which made it possible to record the data, track the data in real time, and
list the required values.

As mentioned above, a three-factor experimental set-up was designed
to find out - according to the aims defined in the introduction - how the
temperature generated in the V-belt is affected by the frequency of bending,
pretension and the diameter of the pulley. On the basis of the measurement
results the damping coefficient of the V-belt has been determined, treating it
as viscoelastic model. This parameter has influenced the power loss defined
in Chapter 1 (Introduction). These parameters are already available in the
design phase of the drive so their effect must be taken into consideration.
The testing equipment and method are also suitable to evaluate different
product developments. With the mentioned equipment, the behaviour of
different V-belt cross-section constructions can be determined.

2.3. Drive installation tests

The tests were performed on a universal test bench designed by PhD stu-
dents doing research in the Department of Machine Construction. For the
test procedure the drive unit was equipped with a tensioning unit guided
by a linear bearing. The pretension of the belt can be adjusted with a screw
spindle, whose line of action coincides with that of the shaft pulling force
(Fn). This arrangement is used to measure the shaft pulling force directly.
The universal test equipment structure can be seen in Fig. 10. During the
measurements all the driving parameters can be recorded through a meas-
uring-data collecting unit furthermore to define these parameters with the
help of a PLC device.

The temperature of the V-belt is determined by the equilibrium of the
generated heat and heat loss. This is affected by several not easily controlla-
ble factors, such as air temperature, humidity, the temperature and heat ca-
pacity of the contacting parts, etc. During the experiments the mentioned
not easily controllable factors were considered constant as the measure-
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ments were taken under the same circumstances. The temperature rise of
the V-belt was chosen as the test parameter, which means the power loss be-
tween the two equilibrium - between the steady state of the workshop tem-
perature and operating temperature.

V-belt pulley

i1 tensioning unit :

drive | i driven
unit il umt

load cell torquer}l\eter cell

linear
bearing 1 45‘1%
\ -

revolution|
gncoder

Fig. 10. The structure of the test equipment

During our experiments the sidewalls of the belt coming in contact
with the groove were tested, which contained more information about the
operation of the drive. Data regarding the temperature were obtained from
the thermal images taken of the active surface of the V-belt after the images
were processed. We cannot examine the temperature distribution inside the
belt section, however, the measurements were done in equilibrium state of
temperature (steady surface temperature). There can be a minor tempera-
ture difference between the inner and the surface temperature which was
neglected.
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Fig. 11. Thermal camera image and the sampling area

The average temperature of the marked area (1) (Fig. 11) in the tight
side was used for the evaluation, which shows the temperature increase of
the belt. The warming of the V-belt is described by the Baule-Mitscherlich
saturation function (Fig. 12), in which the measured parameters change
along a decreasing gradient going toward the saturation maximum [20].
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Fig. 12. Measurement data and the saturation function
(profil: SPA; di = 112 mm; i=1; Ly =1207; fo=5.6 -23.1s1, M1 =0 Nm)
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With the mathematical model it was possible to calculate the steady-
state operating temperature, so it did not have to be reached during the ex-
periments. The duration of the measurement was uniformly determined
with each experimental setting regardless of whether the belt temperature
was steady under the given circumstances or not.

The general equation of the saturation function

Y = A-(1+e*%). (2.8)
The simplified form:
Y =A-(1+m), (2.9)

where A is the upper limit of the saturation function. The m = ez*cXis the
relative unsaturation.

The fitting of the test data on the saturation function was confirmed by
the linear regression of log m. Out of the function parameters A gives the
steady-state temperature of the V-belt, c gives the speed of warming and z
gives the temperature of the belt at the beginning of the measurement.

3. Results and Discussion

3.1. Modelling of the viscoelasticity of V-belts

The tests were conducted on the test bench as described in paragraph 2.2
above.

The temperature generated in the V-belt exposed to repeated bending
on the test bench is determined by the emerging nominal tension and the
frequency of the bending;:

AT[°C]= f(o, f). (3.1)

The nominal tension can be set on the equipment by combining the preten-
sion (Fu) and the pulley diameter (d,), i.e.:

o= f(Fy;d,). (3.2)

The effects of these three factors were investigated. The smallest pulley
diameter included in the investigation was selected for the given belt cross-
section according to the minimum applicable pulley diameter prescribed by
the standard. In the case of the tested section “A” this meant dpmin = 80 mm.
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The largest pulley tested had a diameter that was 150% larger than the min-
imum diameter, i.e. dy max = 200 mm. This size interval includes the smallest
diameters applied in the drives with the given cross-section. The frequency
values were selected in the usual range occurring with drives realized in
practice (fmin = 160 1/min, fmax = 320 1/min). The relatively low frequency
values are justified by the low revolutions and large belt lengths applied on
harvesting machines. Pretension was determined at the medium value of
the output range that can be transmitted by the given belt cross-section, and
a bottom and top level was determined according to this formula: Fy min =
220 N, Fr max = 380 N.

When evaluating the results, the increase in temperature was consid-
ered the standard since the measurements confirmed that different ambient
temperatures (different starting temperature values) the same increase in
temperature can be experienced at the given temperature setting. Taking
these results into account, the value of the increase in temperature was de-
termined as the difference between the averages of values measured during
the first and last 30s:

D
0 To- (3.3)
The parameters set up and measured during the testing are shown in
Table 1. The measurements were performed on four different frequency lev-
els and four different pulley diameters, repeated three times. This means
4 x 4 x 3 = 48 measurements for each pretension value. Since the testing was
performed with three different types of pretension, the total number of full

experiments including the repetitions was 136.

AT =

Table 1. Test parameters

Input parameters Measured parameters
Motor speed Pulley shaft RPM

Belt pretension Belt pretension

Pulley diameter Belt temperature

The bending of the V-belt section marked as length Ax was tested on
the test equipment (Fig. §) described in Section 2.2. The length of the tested
section can be calculated with the angular displacement between the dead
points defined by the equipment - as a four-bar mechanism, in the
knowledge of the diameter of the V-belt pulley. (In its bent state the tested
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section rests on the pulley in its full length, and if it is not bent, the whole
tested section is straight). The angular displacement between the dead
points on the driven shaft was measured by construction (Fig. 13).

Fig. 13. Measuring the angular displacement between the dead points on the
driven shaft by construction

The motion of the V-belt section marked as length Ax consists of the fol-
lowing sections: 1. running onto the pulley (the process of bending), and 2.
running off the pulley.

As described above, the repeated bending of the belt section changed
the angle Ao (Fig. 6) according to Fig. 14.

A(PA o~
A

max

(]

T/2

N
>

T i

Fig. 14. The change of angle A¢ as a function of time

If the coordinate axis A is selected in the middle, an even function is ob-
tained. Therefore when the function is expanded as a Fourier series, cosine
terms can be calculated using the formula:

Ap(t) =Agy + Y Ag, cosizTﬂt =Apy+ Y Ag-cosi-of (3.4
i i

where,
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- Ag; - Fourier coefficients.
The complex amplitude of the torque belonging to each angle amplitude
can be calculated in the following way:

M, = Ap-E(1+ jipn )~ (3.5)
Ax
where,

— j-imaginary unit.

From equation (3.5):

=|M| = ag, E~§ 1+i20n?. (3.6)

The angle of the complex radius vector:

tga, = len — o; = arctgion'. (3.7)

With this the torque can be determined with the following formula:

M;(t)= M, -cos(i- ot + ;). (3.8)

At the dissipation power:

T

P = [M,(t) = %[A@. cosi - wt]dt. (3.9)

!

K 2 2 2. ion
P =—M,io- Ay, sma——(Agol) -E—\1+i"0™ " (i) ——==
Ax .2 212
1+i°0'n (3.10)

N)—\

%(A@) EAX( 20\’

Calculating the sum for all the coefficients yields the resulting dissipation
power:

P= Z E—a)zn'ZzQA(p, co 212A¢, (3.11)

The warming process can be interpreted by writing the balance of the inner
energy in the following way:
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? = p + P, (312)

where,
— @, - surface heat transfer [J/s];
— P -inner power loss [W].

In stationary state when the temperature of the belt stabilizes:

au daT
i c-p-V 5 0, (3.13)
where,
— ¢ - specific heat [J/kgK];
— p - density of the V-belt [kg/m?3];
— V- volume of the belt section [m3].

It follows from equations (3.11) and (3.12) that:

~@,=P. (3.14)

Assuming that the surface heat transfer can be given as follows:

@, =a-K,, (T-T,,)Ax, (3.15)

per (
where,
— a -surface heat transfer coefficient [J/ m2K];
—  Kyer - perimeter of the V-belt [m];
— T - temperature of the V-belt [K];
—  Tum - ambient temperature [K].

With the dissipation power (3.10) and equation (3.14) the damping coeffi-
cient characterizing the inner dissipation of the V-belt can be defined if the
heat transfer is considered constant.

Thanks to the measurement results of the bending tests and using the
theoretical equations discussed in Section 3, the damping coefficient of the
tested V-belt can be defined. This means that it becomes possible to deter-
mine the dissipation power for the given V-belt cross section construction,
already operating in conditions which differ from the test conditions.

The coefficients of the Fourier series [20] written for the driving func-
tion typical of the investigation were defined. The coefficient can be given in
the following general form:
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4 c
Ap = —.— = -1 3.16
®; T(zﬁvz(comﬂ ) (3.16)
T
where,
2-A
— ¢ - gradient of the impulsive function, ¢ = #,‘

— T - periodic time [s];
— 1 - numbers of Fourier coefficients.

3.2. Results of bending experiments

The value of the damping coefficient was defined with data from the series
of measurements conducted with d, = 80 mm pulley diameter. The frequen-
cy values set up in the series of measurement were the following:
fi =160 min-1; fo = 200 min-1; f5 = 240 min-1; fy = 290 min-1.

With the given pulley diameter the length of the tested belt section:

d
Ax =L A (3.17)

The value AQmax is illustrated by the construction in Fig. 13.
From equations (3.11), (3.15) and (3.16) the damping coefficient can be
expressed in the following form:

2:a0-K_(T-T, .)A
n= a per( amb) X . (318)

K 7 |4 c .
wa22i=ll2 T'(27['2(C081'7T—1)
T

The x loss factor written in equation (1.3) according to (3.10) is proportional
with the damping factor, k= Cn, where C constant depends on the driving
parameters.

According to the test settings (Table 2), calculations made on the basis
of the measured results are shown in Table 3.
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Table 2. Test settings data

Test parameters Values
V-belt pulley diameter (d,) [mm] 80
Section modulus of the V-belt (K) [m3 96.56-10-
Perimeter of the cross-section (Kper) [m] 37.2.103
Maximum angle of rotation (AQmax) [rad] 1,07
Bended belt section length (Ax) [m] 42.8-103
Surface heat transfer coefficient (o) [W/m?2K] 10
Ambient temperature (Tuum) [°C] 18.2
Table 3. Results of experiments (d, = 80 mm)
Puameirs | e | Feaueny | Freaueny | Foueno
Cyclical frequency: w [1/s] 16.75 20.94 25.13 30.37
Cycle time: Tt [s] 0.375 0.3 0.25 0.207
Tl;iéiﬁp;r[igre of the 20 20.9 2.1 24
Damping coefficient [Ns/m?] 411.98 394.86 395.64 402.73

It can be concluded that the damping coefficient does not depend on
the value of the frequency in the tested frequency range, but it can be inter-
preted as the property of the V-belt cross section and that of the material.
The determination of the damping factor for different V-belt types makes it
possible to compare other forms of power loss (Po) of the certain types, i.e.
to compare efficiency in the case of identical drive parameters.

3.3. Experiment results of drive adjustment

First the experiments were conducted with SPA profile V-belts without
load. Figure 15 shows that the relationship of the belt frequency and tem-
perature increase is linear in the studied range, i.e. the frequency of the
bending strain of the belt is directly proportional to warming. In lower fre-
quency there were no experiments performed, therefore the linear function
cannot be extended for wider range of belt frequency. No differences in
temperature were experienced between the belt sides and temperature dis-
tribution is also uniform along the belt length.
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Fig. 15. Temperature increase of the belt sides as a function of the bending frequency
(profil: SPA; dy = 112 mm; i =1; Ly = 1207; fo =5.6 - 23.1 s71; My = 0 Nm)
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Fig. 16. The heat generated as a consequence of the parallel misalignment of V-belt pul-
leys as a function of bending frequency
(profil: SPA; dy = 112 mm; i =1; Ly = 1207; fo =5.6 - 23.1 s71; My = 0 Nm)

In the case of the parallel misalignment of pulleys, due to the adjust-
ment error the V-belts reached the steady state at a higher temperature
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(Fig. 16), i.e. they worked with higher loss. The parallel misalignment errors
of the V-belt pulleys increased the temperature of the belt with a constant
value independent of belt frequency, i.e. this excess heat does not come
from the inner friction of the material of the V-belt. The heat load generated
by the adjustment errors of the pulleys is caused by the changed friction
conditions. The largest error set up during the experiments resulted in 10%
temperature increase at each belt bending frequency.

In the other experiments SPZ V-belts were used, where the pulleys
were set in the plane of the drive, at the recommended error limit, at a value
one order of magnitude larger, and at double that value. The position of the
pulleys relative to each other was created with parallel alignment and the
angular alignment of the shafts.

Due to the adjustment errors of the pulleys the V-belt drives operate at
a higher temperature, thereby the efficiency of the drive becomes worse and
the service life of the V-belt decreases. Figure 17 shows that in addition to
the extent of the adjustment error the temperature increase of the V-belt is
also affected by the nature of the error. The angular misalignment of the
pulleys results in different warming on the sidewalls of the belt, which is
caused by the previously mentioned different friction influence on the ac-
tive sidewalls of the V-belt. Heat generation is more intensive on the
strained sidewalls, however, the temperature of the unstrained side could
be lower than the values within the error limits.

13.0 -
M parallel misalignment 12,2

B angular misalignment on strained side 111
11.0

angular misalignment on unstrained side

9,0

91 9,2
8,7
7,7
7,3 71 73
7.0 I “ 6,5
5,0
0.1 0.7 7 14

Value of error X [mm]

Temperature increase AT [°C]

Fig. 17. The temperature increase of the V-belt drive due to geometrical adjustment
errors as a function of the extent of the error
(profil: SPZ; d1 =150 mm; i = 1; Ly = 1207; fo =15 s-1; My = 8 Nm; Fg =119 N)
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Within the error limits given by the manufacturers no significant dif-
ference can be experienced between the temperature increase of the V-belts.
Exceeding the permissible error value the V-belts converge to different
temperatures.

4, Conclusions

In this article a test apparatus was presented as well as a measurement and
calculation method to investigate the heating generated inside V-belts due
to repeated bending and engagement/disengagement and to define the
damping coefficient during idle running, causing the increase in tempera-
ture. Furthermore the drive misalignment effects for the drive efficiency
were analysed. The following conclusions can be drawn:

1. It was confirmed by our experiments that the temperature generated
in the V-belt cross-section depends on the frequency of the bending,
the extent of pretension, as well as the pulley diameter affecting the
extent of bending.

2. By treating the V-belt as a viscoelastic linear model an equation was
made to define the damping coefficient.

3. The relationship of belt frequency and temperature increase is linear
in the studied range.

4. Within the error required by the manufacturers no significant dif-
ferences can be experienced in temperature increase.

5. The increased frictional conditions play a role in the temperature in-
crease of the V-belt originating from the adjustment errors of the
pulleys.

6. In the case of the angular misalignment of shafts the sidewalls of the
V-belt - a so called loaded and unloaded sidewall can be defined -
converge to different temperatures, which are caused by the differ-
ent frictional conditions of the active sidewalls of the V-belt.

The dominant companies manufacturing industrial and agricultural ma-
chines have specific requirements regarding the production of drive com-
ponents used on their own machines. They would like to increase the relia-
bility of the machines through the unique design of the drive component
used for the specific tasks and the unique production of the drive compo-
nent (V-belt) - even though it is standardized.



48 Kitai LdszI6 - Szendrd Péter — Gidrdonyi Péter

The V-belt bending procedure and the equipment which we have de-
veloped as well as the results derived from these could supplement the pro-
cess of drive development: already in the design phase the temperature ex-
pected in the V-belt can be approximated by calculation, which is significant
from the point of view of lifetime. In addition, the test results may be used
during product development since the bending testing of new cross-section
constructions yields important information.
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