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ROZKEAD TEMPERATURY POWIERZCHNI ZEWNETRZNEJ
ELEMENTU ELASTYCZNEGO PRZY ROZNYCH REZIMACH
EKSPLOATACJI

Streszczenie: W artykule zbadano, jak zmienia si¢ temperatura zewngtrznej powierzchni
elementu sprezystego w réznych trybach pracy sprzggta. W tym celu zaprojektowano obiekt
badan, ktdry zostanie szczegdtowo opisany w niniejszym artykule. Ci$nienie w elemencie
sprezystym dla por6éwnania bylo nadal stale. Na podstawie zmierzonych warto$ci
przedstawiono, jak znaczaco wzrosta temperatura na powierzchni elementu sprezystego.

Stowa kluczowe: procesy termodynamiczne, temperatura otoczenia, element pneumatyczny,
ci$nienie, sprzggto.

INFLUENCE OF EXTERNAL SURFACE TEMPERATURE IN
FLEXIBLE ELEMENT DURING VARIOUS OPERATIONAL
REGIMES

Summary: The paper examines how the temperature of the outer surface of the resilient
element changes in different operating modes. For this purpose, we have designed a test facility
that will be described in detail in this article. On this instrument, we can vary the amplitude of
the oscillation and also make measurements at different speeds. The pressure in the elastic
member for comparison was still constant. From the measured values we show how
significantly the temperature on the surface of the elastic element increased. We find out if this
temperature is more influenced by the amplitude or the rate at which this amplitude arises.

Keywords: thermodynamic processes, couplings, measurements, flexible elements, pressure.

1. Introduction

Our scientific works have been dedicated to the transmission of torque for a long time.
Vibration, torsional vibration and noise are generated when transmitting torque.
Therefore, it is important to prevent such mechanisms in some way so as not to
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damage some members or eventually break down the whole device. When designing
torsionally oscillating mechanical systems, it is necessary to proceed in such a way
that the adverse effects of torsional oscillations are eliminated as much as possible.
To reduce the adverse effects of torsional vibration, it is advantageous to use flexible
shaft couplings. These make it possible to tune the torsionally oscillating system, i. e.
adapt its stiffness, damping or mass parameters so that it does not cause a dangerous
resonant state during the operating mode of the system [1], [2], [3], [5]. In the field of
tuning of torsionally oscillating mechanical systems, our workplace currently uses
high-elastic shaft couplings.

It is important to note that these resilient pneumatic couplings use resilient elements.
These resilient elements are subjected to dynamic stress and heat is also produced as
a result of this stress. Since these elements are made of rubber materials, and rubber
as a material, it is quite important to determine what temperatures occur during
operation in these elements.

In order to ensure the long-term service life of flexible shaft couplings, the maximum
permissible temperature for flexible couplings with rubber members should not
exceed 70 °C. The temperature of the elastic members affects the elastic modulus of
the rubber in compression, damping, relaxation, ageing and fatigue of the rubber.
The aim of the paper is to find out how the temperature of the elastic element changes
at different speeds and amplitudes under dynamic stress. For each research we have
a device that we describe in the article.

2. Influence of temperature on basic rubber properties

Rubber as a technical material is very often used for its specific properties. Rubber
isolator is widely used in the field of vibration and noise reduction of piston pump due
to its simple structure, high bearing capacity and good damping effect [9]. However,
the rubber isolator has stiffness nonlinearity and damping nonlinearity, and its
dynamic characteristics are not only influenced by static preload, but also influenced
by excitation amplitude and excitation frequency [10], [11]. If we load the rubber part
in any way, we supply it with energy. After the end of the load, we do not get this
energy all the way back - some of it is converted into heat. Under dynamic stress, part
of the energy supplied is converted to heat for each cycle. This means that the
temperature of the rubber part rises until a thermal equilibrium occurs. The amount of
heat supplied from the internal energy losses equals the amount of heat dissipated by
conduction or radiation from the surface of the rubber element [4], [6]. Temperature
rise at high alternating stress amplitudes in conjunction with high frequencies leads
very rapidly to thermal cracks inside the rubber which can result in various
breakdowns or damage to different devices [12].

At high temperatures, relaxation usually takes place so fast that the deformation
development reaches the limit values practically immediately, with negative effects.
On the contrary, at low temperatures the relaxation is so slow that it is not necessary
to consider the elastic deformation.

In practice, rubber parts are most often stressed by varying stress, usually periodic.
Each periodic event can be considered as the sum of sinusoids of different amplitudes
and frequencies.
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As the temperature rises, the rate of chemical reactions increases and this also causes
faster aging of the rubber. Adverse changes prevail, which may result in partial
or complete destruction of the product. Due to the aging of the rubber, the rubber
irreversibly changes due to chemical reactions. These reactions take place inside the
mass or on the surface.

Thus, we can state that the temperature of the rubber elements is very important.
It is important to monitor this temperature and ensure that it does not exceed the
critical values that may adversely affect the properties of the rubber in operation and,
in the worst case, also damage these rubber elements and thereby damage the device
in which they are used [7, 8].

3. Description of the test equipment and definition of basic movements

To investigate the properties of elastic elements, we designed and constructed a test
device. All measurements were carried out on a test facility located in the laboratory
of our department.

Figure 1. The scheme of the test apparatus for measuring the temperature

The diagram of the test device for measuring the temperature of the separate
pneumatic-elastic element PE-130/2 is shown in Fig. 1. This device allows us to stress
the elastic elements by dynamic stress at different speeds, and we can also vary
the stress amplitude to a certain extent. The test device consists of dismantling the
frame (1) in which the pneumatic-elastic element PE-130/2 (3) is mounted. This
element is double-corrugated and we use it in flexible pneumatic shaft couplings
developed at our department. These elements are made of rubber-cord material and
can operate at a working pressure of 100-700kPa. The rotary to linear reciprocating
transducer (2) has also been developed at our department and we can change the
amplitude of dynamic stress by simply changing the arm attachment. We use the SM
160L DC motor (4) with an output of 16 kW with an additional thyristor speed
controller of the IRO type with the possibility of a continuous speed change from 0 —
2000 min"'.
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Figure 2. Description of the basic movements of the test equipment

The basic movements of the whole test device and the principle of the whole
mechanism are described in Fig. 2. The electric motor can be rotated in the range of
0 - 2000 min'. We are taking our measurements at three different speeds of
n=400min~', n=600min"' and n=800min™'.

The test rig consists of several basic parts of the frame assembly. The frame (1)
in which the pneumatic-elastic element PE-130/2 (3) is mounted. This element is
double-corrugated and we use it in flexible pneumatic shaft couplings developed
at our department. These elements are made of rubber-cord material and can operate
at a working pressure of 100-700kPa. The rotary to linear reciprocating transducer (2)
has also been developed at our department and we can change the amplitude of
dynamic stress by simply changing the arm attachment. We use the SM 160L DC
motor (4) with an output of 16 kW with an additional thyristor speed controller of the
IRO type with the possibility of a continuous speed change from 0 — 2000 min!.

The basic movements of the whole test device and the principle of the whole
mechanism are described in Fig. 2. The electric motor can be rotated in the range of
0 - 2000 min’!. We are taking our measurements at three different speeds of
n=400min"', n=600min"' and n=800min’!. Due to the rotation of the electric motor,
the proposed mechanism consisting of the arm (3) and the arm (4) performs a rocking
motion 1. The speed of this oscillating motion depends on the speed and the amplitude
of the oscillation depends on the arm mounting (3). For this measurement, we used
2 arm mounts (3) to change dimension B. At the first mount, we performed
measurements at amplitude A = 4mm. Changing the arm attachment (3) to the second
position changed the amplitude A = 5.6mm. Touch digital multimeters were used to
investigate the temperature M-3870D METEX with heat probe ETP-003:
-50 — +250 °C. Monitor 3 different temperatures on the device. The temperature of
the air inside the flexible element Tair, the temperature of its inner surface Tin and
the temperature of its outer surface Tout. In these measurements, only the outer
surface temperature was examined. The temperature monitoring point is shown
in Fig. 2 indicated by position 2. The ambient temperature at the beginning of the
measurement was To = 22 °C. Said temperatures were recorded at
t=1,2,3, ... 30 min at set speeds, air pressure and strain amplitude.
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4. Results of experimental measurements

All measurements were carried out on a testing device Fig.1 and Fig 2. The course
of measured values can be seen in Fig. 3.
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Figure 3. Comparison of measured external temperature values Ty at pressure
p = 300kPa amplitude A = 4mm and A = 5,6mm at three different revolutions
n=400min™!, n=600min' and n=800min™’

The measurements were performed at a constant pressure of p = 300 kPa over a period
of 0 to 30 minutes. The values were recorded every minute. After several
measurements, we found that after 25 minutes the tempe-rature mostly stabilized.
After 30 minutes the temperature did not change anymore and the courses were
constant.

The temperature of the outer surface of the elastic element at a set amplitude
of A =4mm and a speed of n = 400min! varied in the range of 22 °C to 22.5 °C. At
10 minutes, the value rose to 22.5 °C and remained constant. The temperature of the
outer surface of the elastic element at a set amplitude of A = 4mm and a speed
of n = 600min™! varied in the range of 22 °C to 23.5 °C. The value at this amplitude
increased gradually until it reached a final value of 23.5 °C within 17 minutes. The
temperature of the outer surface of the elastic element at a set amplitude of A = 4mm
and a speed of n = 800min™! varied in the range of 22 °C to 24 °C. The value at this
amplitude was gradually increased, similarly to the speed n = 600min’!, until it
reached a final value of 24 °C at 19 minutes. The temperature of the outer surface of
the elastic element at a set amplitude of A = 5.6mm and a speed of n = 400min™! varied
in the range of 22 °C to 25.5 °C. The temperature rose linearly for 30 minutes
and remained constant. The temperature of the outer surface of the elastic element at
a set amplitude of A = 5.6 mm and a speed of n = 600 min™! varied in the range
of 22 °C to 26 °C. The value at this amplitude was gradually increased until it reached
a final value of 26 °C. At maximum speed, the temperature of the outer surface
of the resilient element at the set amplitude A = 5.6mm and speed n = 800min™! varied
in the range of 22 °C to 28 °C. The value at this amplitude gradually increased
similarly to the speed n = 600min’'. At t = 25 minutes it reached a final value
of 28 °C. This temperature has not changed with time.



210

Jozef KRAINAK, Robert GREGA

Rodh

265 |

25 |

235
225 | []l | |
s ! i

Figure 4. Comparison of measured
external temperature temperature
values T, for amplitudes A = 4mm and
A =5.6mm at speed n = 400 min™’
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Figure 5. Comparison of measured
external temperature temperature

values T,ufor amplitudes A = 4mm and

A =5.6mm at speed n = 600 min’!

As can be seen from Fig. 3, that with increasing time, the temperature of the elastic
element increases, while at 30 minutes all values stabilize to a constant value which
then does not change. Measurements at amplitude A = 4mm were lower than those at
higher amplitude A = 5.6mm. For both
amplitudes, the temperature of the outer
surface varied in the range of 22 °C,
which was ambient temperature up to
a maximum value of 28 °C. We reached
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Figure 6. Comparison of measured external and 800 min"' can be compared in the

temperature temperature values Tou for . . . .
amplitudes A = 4mm and A = 5.6mm at following Fig. 4, Fig. 5 and Fig. 6.
speed n = 800 min! In Fig. 4, we can compare

the temperature change of the outer
surface of the elastic element at two different amplitudes A = 4mm and A = 5.6mm
for a pressure of 300kPa and a speed of 400 min’!. We can see that at a smaller
amplitude A = 4mm the temperatures are significantly lower than at a higher
amplitude. At an amplitude of A = 4mm, the temperature rose only by 0.5 °C and
settled to constant value immediately after 10 minutes. At a higher amplitude, the
temperature increased linearly and was higher by 4 °C. It stabilized only after
30 minutes at 26°C.
At higher speeds of n = 600min-', the temperature of the outer surface of the resilient
element increased very much as at speeds of n = 400min™! (Fig. 5). At an amplitude
of A = 4mm, the temperature rose by up to 1.5 ° C and stabilized at 23.5 °C after
19 minutes. At an amplitude of A = 5.6 mm, the values increased in the same way as
at the speed of n = 400 min’!. It increased by 4 °C and reached a final value of 26 °C
in 30 minutes. Waveforms at 400 min! and 600 min! are very similar and do not
record any significant temperature increase.
At the speed n = 800min! we can observe the temperature increase of the outer surface
of the elastic element in Fig. 6. At an amplitude of A = 4mm, the temperature was
increased by 2.5 °C, reaching a final value in 19 minutes and its value was 24.5 °C.
At a higher amplitude A = 5.6mm the temperature increase is more pronounced. The
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temperature was increased from 6 °C to 28 °C from an initial ambient temperature of
22 ° C. The temperature increase is faster and the temperature has stabilized to the
final temperature in 25 minutes.

4. Conclusion

Throughout the research, we can say that we found interesting temperature changes
in the outer surface of the elastic element. The paper examines how the temperature
of the outer surface of the resilient element varies under different operating modes.
These flexible elements are used in flexible pneumatic couplings developed in our
workplace. Flexible pneumatic shaft couplings transmit torque and therefore the
elastic elements used therein are dynamically stressed. Because, due to this dynamic
stress, the elastic elements heat up, and since they are made of rubber, it is very
important to find out what temperatures we are in and whether this temperature will
have a negative effect on the properties of the elastic elements. A change in the
properties of the elastic element, or possibly damage due to heat, may have a negative
effect on the elastic shaft coupling and this may cause damage to the device in which
the coupling is located.

Therefore, we designed and constructed a test device, which we described in detail
in this article. We have described the basic movements that the test equipment can
perform. In this device we can change the amplitude of the oscillation and we can also
make measurements at different speeds and different pressures in the elastic element.
We measured at different amplitudes. The pressure in the spring element was still
constant for comparison. The measurements were performed at three different speeds.
The main goal was to find out what has a greater effect on the change in temperature
of the outer surface of the elastic element. It was important to find out what
temperature values were reached and whether these values could cause a change or
damage to the elastic element. From the measured values it can be stated that the
temperature rose very similarly. At the lowest speeds n = 400 min! and 600 min™'. At
higher speeds of 800 min’!, the values were higher by 2 °C for amplitude A = 4 mm
and 6 °C for amplitude A = 5.6 mm. In all measurements, the temperature stabilized
after 30 minutes. The temperature stabilized after 9 minutes. In any case, the
temperatures did not exceed 28 °C, so it can be stated that the elastic elements can
operate under such conditions without any change in performance and trouble-free
operation. The change in amplitude had a greater effect on the change in outer surface
temperature than the change in speed. In conclusion, I can say that the elastic elements
can work without problems under the given conditions, because the influence of
temperature does not significantly affect their properties.

Acknowledgement

The article was written in the framework of Grant Projects: VEGA 1/0528/20,
VEGA 1/0473/17, KEGA 006TUKE.



212 Jozef KRAINAK, Robert GREGA

REFERENCES

1. KRAJNAK, J., GREGA, R.: Analysis of external temperature in flexible element
at various speed levels. Projektowanie, badania i eksploatacja Tom 1. - Bielsko-
Biata: Akademia Techniczno-Humanistyczna w Bielsku-Bialej s. 191-198 - ISBN
978-83-65182-93-7, 2018.

2. HOMISIN, J., URBANSKY, M.: Partial results of extremal control of mobile
mechanical system. Diagnostyka 16(1), 2015, 35-39. ISSN: 1641-6414.

3. CZECH, P.: Conception of use vibroacoustic signals and neural networks for
diagnosing of chosen elements of internal combustion engines in car vehicles.
Scientific Journal of Silesian University of Technology, Series Transport 2014,
82, 51-58.

4. JAKUBOVICOVA L., SAGA M., KOPAS P., HANDRIK M., Vagko M.: Some
Notes on Analysis of Bending and Torsion Combined Loading, Machine
Dynamics Research 34 (3): 97-105. ISSN 2080-9948, 2010.

5. MALAKOVA S., HARACHOVA D.: Konstruk&na optimalizicia prevodovky pre
odstranenie prevadzkovej poruchovosti, Technolég. Zilina (Slovensko): Zilinska
univerzita v Ziline, 2009 Ro¢. 11, &. 3, s. 43-48. - ISSN 1337-8996, 2019.

6. WOJNAR G., KRAINAK J.: Analysis of defect causes in selected car gearbox,
In: 26 Sympozjon Podstaw Konstrukcji Maszyn: Szczyrk, 09.09.-13.09.2013. -
Katowice: Politechnika Slagska Wydziat Transportu, P. 118. - ISBN 978-83-
935232-2-1, 2013.

7. CZECH P., WOJNAR G., WARCZEK J.: Diagnosing of car engine fuel injectors
damage using bispectral analysis and radial basis function, Logistyka 3(2014),
1181-1187.

8. JAKUBOVICOVA L., ZAVADINKA P., JAKUBOVIC J.: Transport duty cycle
measurement of hybrid drive unit for mixing drum, Advances in Intelligent
Systems and Computing 393(2015), 219-224.

9. CHEN X., SHEN Z., HE Q., DU. Q., LIU X.: Influence of uncertainty and
excitation amplitude on the vibration characteristics of rubber isolators. Journal of
Sound and Vibration 377(2016), 216-225.

10. KARI L.: On the dynamic stiffness of preloaded vibration isolators in the audible
frequency range: modeling and experiments, Journal of the Acoustical Society of
America. 113(2003)4, 1909-1921.

11.SJOBERG M., KARI L.: Nonlinear Isolator Dynamics at Finite Deformations: An
Effective Hyperelastic, Fractional Derivative, Generalized Friction Model.
Nonlinear Dynam. 33(2003), 323-336.

12.FLEGNER P., KACUR I, DURDAN M., LACIAK M.: Processing a measured
vibroacoustic signal for rock type recognition in rotary drilling technology,
Measurement: journal of the International Measurement Confederation. - London:
Institute of Measurement and Control 134(2019), 451-467, ISSN 0263-2241.

13.KOSTUR K., LACIAK M., DURDAN M.: Some influences of underground coal
gasification on the environment, Sustainability 10(2018)5, ISSN 2071-1050.



