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ABSTRACT

Elastic elements utilised in the support systems of machines are subjects to deterioration processes dependent on
the character of their operational loads, work environment and construction. The extent of this change and work
time after which it occurs is important information in the maintenance process, necessary for its planning. This
paper presents the developed concept of durability prediction method of a four-joint metal-elastomer machine
support based on the variation of working temperature of its elastomer elements. Therefore, the solution enables
the estimation of significant indexes determining the life cycle of the mount. The developed simulation model is a
useful tool for designers, allowing them to estimate the time of the machine mount’s correct work. It also helps the
operator to schedule the inspections of technical condition (degree of wear) of the machine mount and prepare its
replacement operations accordingly. This problem is significant because any failure to an element usually gener-
ates higher costs than carrying out a scheduled preventive replacement.

Keywords: durability estimation, elastic mount, random process, designing, maintenance.

between force transmitted to the foundation and
excitation force applied to the machine is called
transmissibility [2] and is described by the fol-
lowing Eq. (1):

INTRODUCTION

Mechanical vibrations are in most cases a
side effect of the operation of machines such as
e.g. diesel generators, refrigeration units, pumps
and fans etc. There are also instances where vi- 14 (2( wex)z
brations are intentionally excited and used to Tr = 2“’ - (1)
realise specific technological (like bulk material [1 _ (%)2] n (2( wex)
sieving [1]) or transport tasks (vibrating convey- w w
ors). Regardless of their character an inevitable

phenomenon is the transmission of machine vi-
brations to its foundation through its supports.
These vibrations can have a negative influence
on other objects situated nearby, e.g. steel con-
structions, other machines or technical person-
nel working in the area. Therefore, a vibration
isolation should always be employed to the di-
minish undesirable effects of these vibrations.
In practice, the realisation of vibration isolation
requires the selection of proper elastic supports
upon which the machine is situated. The relation
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In general, transmissibility depends on the
natural angular frequency ® of the system and
damping within it. Using an analogy with a sim-
ple mass on spring system, the following Eq. (2)
for  can be written:

w= |— @)

Therefore, change in the stiffness of the ma-
chine mount will affect vibrations transmissibility.
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Fig. 1. Transmissibility for different damping ratio { values

In Figure 1, where relation (1) is plotted for
selected values of the damping ratio {, all the
curves intersect at the point where the ratio o, /@
is equal to V2. For greater values, the transmissi-
bility 7r decreases below 1 and vibration isolation
takes place. In the case of machines working with
a frequency over their natural frequency, a rapid
increase in vibration amplitude in the course of
both start-up and run-out [3] must be taken into
the account when selecting the machine support.
Displacement amplitude limitation is achieved
through increasing damping in the system.

Any change in the stiffness of the machine
support can have a significant impact on the ef-
fectiveness of vibration isolation. In rubber ele-
ments stiffness increases with total operation
time, which leads decreases in the ratio o, /o.

ay [-]

0.0 0.5 1.0 1.5
initial wex/w [-]

As can be seen in Fig. 1, the transmissibility fac-
tor 7 will rise which is undesirable. The results
of a numerical simulation aimed at showing the
effect of the increasing frequency ® on the trans-
missibility 7r are presented in Figure 2, where the
transmissibility is expressed as a relative value,
through a reference to its initial value 77,. An addi-
tional variable @ was introduced using Eq. (3) and
describes how many times the angular frequency
o increased relatively to its initial value o

-k
C Wy = %k " Ko 3)

where: a, =a ’.
[0}

This simulation shows that if the machine op-
erates within an isolation range (i.e. ®, /o > \2), a

Tr/Tro [-]

0.24
2.0 2.5 3.0

Fig. 2. Relative transmissibility as a function of the initial ®_/® and a  for {= 0.1
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rise in @ causes the same increase in 77 and, there-
fore, worsening of the vibration isolation effect.
With a two-fold increase in natural angular fre-
quency, the increase in transmissibility can be even
13-fold which could prevent the further operation
of such a machine. For the needs of the analysis
performed in this paper it was assumed that the
initial o, /o ratio for the analysed technical object
would be equal to 2. Therefore an initial transmis-
sibility 7r, (Eq. (1)) value will be 0.36 (Fig. 1). Val-
ue o, /o =2 is arbitrary and in practical application
should be based on specific technical requirements
for a given system. Thus, from the contour plot in
Figure 2 a single curve for o, /o = 2 was separated
and presented in Figure 3 as a 2D plot.

It was assumed that for a given technical ob-
ject the maximum increase in transmissibility
cannot be more than 100%, thus the ratio must
satisfy the condition 77/Tr, < 2. The limit value
was marked in Figure 3 and the following values
were read: a, = 1.28 and a, = a > = 1.64. This
means that a two-fold increase in 77 corresponds
with increasing the system stiffness by 64%.

However, it should be noted that at the same
time, depending on the assumed initial absolute
values, it is possible for 77 to exceed 1 while the
condition 7r/Tr, < 2 would still be satisfied.

This would be equal to leaving the effective
vibration isolation range. This fact necessitates the
checking of not one but two conditions when an al-
lowable value of stiffness change is being selected:
e relative change in transmissibility,

e maximum, absolute value of transmissibility.

The first condition was assumed, as signalled
earlier, as 7r/Tr, < 2 which relates to a, = 1.64.
The second was selected as 7 = 0.5 and marked
in Figure 1. The change in transmissibility from
the initial value 7r, = 0.36 to 7r = 0.5 results in the
ratio 7r/Tr, = 1.39, which further corresponds, ac-
cording to Figure 3, with @, = 1.29. Among these
two a, values, the second one is more restrictive,
therefore its value, 29%, will be taken as the al-
lowable increase limit in the following calcula-
tions. In practical applications, the value of the
maximum increase in transmissibility, be it abso-
lute or relative, has to be selected with respect to
maintenance requirements for the four-joint elas-
tic mount in a specific application.

Design of a metal-elastomer machine mount
and its operation and maintenance processes

There are many different machine supports
available on the market. The most popular are he-
lical steel springs, which are versatile and reliable.
However, they lack distinct energy dissipating prop-
erties, which are important during the run up and
coast-down phases of machine operation. Tempo-
rary crossing resonance frequency causes undamped
system vibration with, theoretically, almost infinite
displacement amplitude, which could cause serious
damage to the machine itself and its surroundings.

An alternative to helical springs is a metal-
elastomer oscillating mount, which consists of
four connected Neidhart [4] springs (Fig. 4a and
Fig. 4b), making a simple mechanism (Fig. 4c).
It allows for greater displacements than simple
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Fig. 3. Slice of the contour plot from Fig. 2 for _/o =2
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Fig. 4. Design of the Neidhart spring; a) disassembled
spring, 1 —square shaft, 2 — cylindrical elastomer inserts,
3 — main body; b) assembled spring; ¢) four-joint elastic
mount

rubber springs and has satisfactory damping prop-
erties. Each spring consists of two metal square
hollow sections between which four elastomer cyl-
inders are squeezed during its assembly. Springs
are in fact torsional, but thanks to connecting them
using metal bars (Fig. 4c), the whole mount be-
comes a mechanism which can deform vertically
similarly to helical spring. Additionally, it can also
work effectively in the horizontal direction.

The general technical condition of machine
supports deteriorates with time during their op-
eration. In the case of a steel helical spring, it may
be material fatigue that leads to its abrupt failure.
For metal-elastomer mounts however, a change in
its mechanical properties due to elastomer ageing
is more significant. Consequently, the stiffness of
a mount changes which further involves modifi-
cation of the whole system dynamics, including
vibration transmissibility. For this reason, in or-
der to prevent such adverse changes, it is neces-
sary to conduct proper technical maintenance in
the process of mount operation.

Designing a technical object is not just about
determining its structure. It is also necessary to
formulate guidelines for its future operation and
maintenance which constitute important parts of
its life cycle. They should include not only the
purpose (scope of application), permissible loads,
recommended duty cycle or safety requirements,
but also the principles of periodic inspections
(their time and scope) and replacement of parts
[5, 6]. Thanks to this, maintenance staff have the
ability to plan maintenance activities, machine
downtime and spare parts inventory. Maintenance
guidelines will be subject to verification and pos-
sible modifications during the facility operation
and maintenance process. To safely start the op-
eration process, however, one needs to have some
initial (basic) operating recommendations that re-
late to changes in the technical condition of the
machine forecast by the designer. The designers
therefore need forecasting tools that allow them
to estimate the future durability and reliability of
the designed object.

The aim of this work is to present a procedure
which can be utilised for the assessment of reli-
ability and durability of a metal-elastomer mount
(Fig. 4c) at its design stage, which is of great
practical importance [7]. Reliability in this case
will be interpreted as the probability of ensuring
the acceptable level of stiffness for exemplary
mechanical systems within the set time horizon
and operation conditions.

Elastomer ageing

Elastomer ageing is actually modification of
its chemical structure over time, which appears as
a noticeable change in its mechanical properties.
This process occurs from the moment the elasto-
mer is cured and the final product is obtained. If
elastomer elements are stored properly, the age-
ing process is not a serious problem, however, ex-
tended periods of storage should also be avoided
too [8]. Ageing becomes significant when the
elastomer element goes into service and operates
e.g. as an o-ring seal or elastic spring in a me-
chanical system. Then, ageing is influenced by
environmental conditions (i.e. humidity, contact
with industrial fluids, ambient temperature, radia-
tion [9, 10]) and variable mechanical loading (i.e.
force, pressure, deformations).

It is difficult to clearly describe mechanisms
responsible for elastomer ageing. In the litera-
ture [11, 12], the following are mentioned: loss
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of plasticisers, oxidation, crosslink creation and
chain scissions. Which of them actually plays a
role and to what extent depends on many factors.
The most important is the chemical composition
of the elastomer compound. It can cause interest-
ing situations, like one described in [12]. Two
different chemical degradation processes were
counterbalancing each other during the experi-
ment. Therefore, one of the significant elastomer
properties changed only slightly after ageing.
However, identifying actual relations between
chemical components and the degradation pro-
cess of elastomers is a difficult task requiring the
use of more sophisticated methods, e.g. FTIR
spectroscopy [13].

The prediction of changes in properties dur-
ing the operation of products made from elas-
tomers is a topic often covered in publications
[14-16]. Knowledge about the variability of a
material’s properties is essential for predicting its
durability and making decisions on its replace-
ment [17]. It can be utilised both at the product
design stage and later during operation. Natural
ageing processes usually take several, up to even
dozens of years [18]. Monitoring the elastomer
condition for such a long time is troublesome.
Therefore, instances where data from a long time
span observation is available are rare. An answer
to this issue are accelerated-ageing tests. The gen-
eral idea behind tests is to place elastomer speci-
mens inside an oven, where constant a tempera-
ture is maintained. The details are given in the
standard [19]. Long-term exposure to elevated
temperatures (i.e. higher than room temperature)
intensifies elastomer ageing, thus it is often used
as a way to predict material condition after ex-
tended periods of operation. Depending on the
aim of accelerated-ageing tests, specific material
properties are measured after each test. Usually,
the mechanical properties are of the main inter-
est, thus e.g. uniaxial tensile testing is performed
with recording of the stress and strain relation. In
many cases the Arrhenius model is used to de-
scribe changes in material properties due to time
and temperature influence. Works can be found
in the literature [20] where authors successfully
employed the said model to describe the ageing
of various elastomer materials. It should be men-
tioned that the Arrhenius relation is based on the
assumption that elevated temperature influences
only the intensity of ageing processes, while the
character and type of deterioration mechanisms
remain the same as at room temperature [21].
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Research results regarding the variability of
elastomer mechanical parameters during acceler-
ated ageing can be found in [22]. In the mentioned
work a rubber mixture based on chloroprene (CR)
was described as Mooney-Rivlin material [23],
therefore the investigated parameters were C,
and C | utilised in constitutive equations for this
material type. The Arrhenius equations, Eq. (4)
and Eq. (5), determined in the cited paper for both
parameters were the following:

Alo't'

C10(t,T) = x10 " €xp ( Ea,lo)
. eXp — —
RT

4)

where: x = 0.192 MPa,
A,,=6.01-107 hr',
E =749 kJ/mol,
R=18.314J-K"mol'.

AOl-t.

(5] o

Co1(t, T) = xo1 - €Xp

where: x, = 0.399 MPa,
Ay, =2.26-10" hr',
Ea’m =71.8 kJ/mol.

Equation (4) and (5) with their coefficients
were further used to estimate ageing processes
(cf. [9, 24]) in rubber cylinders responsible for the
elastic properties of four-joint metal-elastomer
mounts which is the subject of the next section.

Estimating durability of a metal-
elastomer machine mount

Elastic elements that undergo cycles of load-
ing due to internal damping dissipate a part of the
energy used to deform them. In the case of rubber
elements, the amount of energy lost due to this
phenomenon can be from a few to several dozen
percent, depending on the application and their
purpose. Temperature is an important factor that
decides on the intensification of ageing processes.
In the works [25-27], one can find results show-
ing that the temperature of rubber elements in
stable working conditions can reach up to 90 °C.
Therefore, in this analysis it was assumed that the
temperature of the rubber element and time of the
exposure to the specific temperature will be used
to describe the operation process of a four-joint
metal-elastomer machine support. The model
consists of the consecutive stages described in the
following subsections:
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e designation of elastomer temperature varia-
tion history in a given time range,

e determination of changes in material param-
eter values over time,

e calculation of the mount stiffness for given
material parameters after ageing,

e basing on the partial cumulative distribution
function (CDF), determining the time range
during which the mount will operate properly.

Figure 5 shows a diagram of the procedure
for estimating the design durability of a machine
mount and its possible verification in operational
tests. Operational durability is determined on the
basis of observed changes in diagnostic signals
of physical objects during their actual operation.

Design durability can be estimated using method
presented in this study.

The obtained results and their comparison
give the opportunity to evaluate the adopted de-
sign method as well as the developed method of
estimating design durability. They also provide
information on the directions of improvement for
the designed shock absorber construction solution.
The study presents a method for estimating (a priori)
the design durability of a selected shock absorber.

Simulation of temperature variation over time

In the developed model the temperature of
the rubber element within the metal-elastomer
mount is the primary signal describing the actual

DESIGNING

Machine mount
construction analysis

= Data on material \
> Summary of input data
Adopted /
limit values
Temperature Randomization of the
— - .
changes model operation temperature history

Determining the course of
material parameters changes

Calculating the stiffness of
machine mount

Estimating
design durability
of machine mount

RESEARCH/TESTING

Machine mount
construction analysis

Assessment of the initial
technical condition
of machine mount

Research method f=—

Determining the limit values
(correct work criteria
of machine mount)

Machine mount operation
and operational tests

Decision on withdrawing
machine mount from use

Determining and recording
operational durability

of machine mount
1

Comparison

Possible improvement of
design method and/or
construction solution

Fig. 5. Diagram of the procedure for estimating the design and operational durability of a machine mount
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working conditions of the mount and is dependent
directly on the mechanical loads it is subject to.
As an external excitation changes, causing a varia-
tion in load amplitude, the same will happen with
rubber cylinder deformations. It will influence the
amount of dispersed energy due to damping and
also the temperature value itself. Actual machine
loads are variable over time. The described vari-
ability is the main source of randomness that in-
fluences the probability distribution of a four-joint
metal-elastomer mount’s reliability. Therefore, the
temperature history over time is a random process.
In the beginning, a time range for the simula-
tion 7 has to be defined. It is expressed in hours
and concerns only working periods of the machine
mount. Periods when the machine does not oper-
ate are omitted, because then the temperature of
rubber elements falls to environment temperature,
which is assumed to be ca. 22 °C. For such a tem-
perature level, ageing processes estimated through
the Arrhenius model (Eq. (4) and Eq. (5)) would
cause a negligible change in material properties.
Next, the time range 7, has to be discretised
into identical periods of length Az, which is also
one of the model input parameters. For each of the
n=t, /Atperiods a value of the rubber cylinder is
drawn according to selected random distribution.
It was assumed that these periods are indepen-
dent of each other and temperature remains con-
stant for their duration. The distribution used in
this simulation is a normal distribution described
by the parameters p and o that are constant for

each period within the time range 7, . Normal
distribution best describes the random character
of temperature variations, which can take place
in practice. It is possible to modify the model by
choosing different kinds of distribution.

Figure 6 is presents an example of how tem-
perature variation, obtained according to the earlier
described method, can look for z_ =20 000 hr and
At = 8 hr. The parameters of normal distribution
were the following: p =40 °C and 6 = 10 °C.

In summary, steps required to obtain tempera-
ture variation in time are following:

e designation of the total time range 7, ,
e discretization of the time range into periods of At,
e generation of random temperatures T using in-

verse CDF method for each of periods.

Single realisation of the temperature variation
process is insufficient for investigating the ran-
domness of the whole process.

Therefore, it is necessary to generate a larger
number of such curves, which, as with the general
idea, is similar to the Monte-Carlo method [28,
29]. The number of realisations of the tempera-
ture random variation process is marked in the
model as N.

Translation of temperature variation
to material parameters

In the second stage of the model the tem-
perature history is translated to the variation of
the material parameters C, ) and C . Based on
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Fig. 6. Example of a single realisation of the temperature random variation process for a given time range
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Fig. 8. Translated parameter variation over time for N =20

Eq. (4) and Eq. (5) values of both parameters are
estimated for each of the time periods numbered
by i=1, 2,3, ..., n. The obtained values corre-
spond with the state of material at the end of each
period, after the time Af has passed. At the start,
when time ¢ = 0, initial values of C, and C are
equal to, respectively, x, and x,,. After time Az,
when the rubber element is exposed to the tem-
perature T, the material properties change. New
values of C, and C are calculated based on the
Arrhenius model. Because of the nonlinearity of
relationships (Eq. (4) and Eq. (5)) it is necessary

to track the values of C, and C at the end of each
consecutive period, which will become boundary
conditions in the next period. The method for cal-
culating the Mooney-Rivlin material parameters
is presented in Figure 7 for three consecutive ex-
ample periods At where temperature changed to,
respectively, 65 °C, 60 °C and 70 °C.

Translation of each of the N curves 7(¢) (like
in Fig. 6) results in a single pair of curves C,(7)
and C (7). The example set of N = 20 such pairs
is shown in Figure 8. The data set obtained in that
manner is a base to carry out further analysis.

35



Advances in Science and Technology Research Journal 2023, 17(5), 28-40

Method of determining CDF based
on partial distributions

The data set containing N realisations of elas-
tomer temperature random variation, translated
to a variation of material parameters C, and C,
allows determination of the partial probability
distribution for each time period i =1, 2, 3, ..., n.
In this way, the occurrence probability for each
pair of C| and C;, can be estimated for a given
At. However, it is necessary to maintain the con-
nection within each pair and not lose it during
analysis, as for each obtained value of C from
Eq. (4) one value of C| from Eq. (5) is also calcu-
lated. To achieve this, for each period i a similar
3D histogram is made, like the one presented in
Figure 9. Values of C, and C,, are divided into
10 bins, which gives a total of 100 bins within
which occurrences of specific values are counted.
For example, in Figure 9, the probability that C
and C;, would have values from the range with
a middle value equal to C,, = 0.41029 MPa and
C,, = 0.9629 MPa is 0.256. In the given example
from among 100 bins only 23 are described by a
nonzero probability, which is directly related to
the standard deviation ¢ in the assumed normal
distribution. The bigger the deviation, the more
bins in the histogram are described by a non-zero
probability.

After obtaining the distribution of the mate-
rial parameters (Fig. 9) the next step is determin-
ing how they influence the stiffness of the four-
joint metal-elastomer mount. The mount response

during vertical compression is acquired through
the finite element method (FEM) calculation in
the ANSYS environment, while the middle val-
ues from bins in a given histogram (similar to
the one in Figure 9) were adopted as the values
of parameters C, and C . Mechanical boundary
conditions were following: bottom joint was fixed
to the ground (Fig. 4c) and both top and bottom
joint remained aligned during vertical deflection.
More information about FEM modelling of Nei-
dhart springs can be found in [30]. By referencing
single joint calculation results to the whole four-
joint mount kinematics it is possible to obtain its
compression curve and further determine its local
stiffness at the working point. For the histogram
from Figure 9, a total of 23 FEM calculations
have to be performed and the probability for each
obtained mount stiffness would be equal to prop-
er values from Figure 9. An example of a partial
CDF of mount stiffness for a single time period is
presented in Figure 10.

Single dots represent results from bins with
nonzero probability in a histogram. Based on
these discrete points it is possible to calculate the
partial empirical CDF for a given period Az. Usu-
ally, because of the assumed number of bins and
number N of temperature random variation pro-
cess realisations, the course of the curve resem-
bles a broken line. This makes it difficult to prop-
erly read the value of CDF for a given stiffness.
It is a typical outcome for simulations of random
processes that can be limited by increasing the
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number of repetitions N and bins in histograms.
This, however, increases the computational time
of the whole simulation. Despite the unfavour-
able shape, the received empirical CDF reflects
well the general trend of probability change and
therefore it was proposed to approximate it with a
logistic function — see Eq. (6) [31-34]:

1
F O = T epob, = by

(6)

where: b, b, — coefficients determined during
approximation.

Having a continuous empirical partial CDF,
it is possible to find the probability P(k > k__)
where k__ is the maximum allowable value of the
mount stiffness. In this case it was assumed, cor-
responding with Fig. 3,as k= 1.29k. The prob-
ability values read for consecutive time periods At
would allow the final CDF P(k(t) > k) = g(?) to
be obtained, which is a function of time and de-
livers information about the maximum allowable
total operation time of the four-joint mount. Be-
cause of the fact that, for preparing a single par-
tial CDF, it is necessary to perform from a few to
several dozen FEM simulations (it depends on the
normal distribution deviation which influences
the number of non-zero bins in 3D histograms),
assembling the final CDF is carried out iteratively
and for only a selected number of time periods.
For example, Fig. 11a shows the first iteration
of the simulation, with the aim to find the time
for which the CDF value changes instantly. The
second iteration in Fig. 11b allows verification of
the earlier result and the final form of CDF to be
obtained. The first iteration was conducted for 10
partial CDFs and the second one for 20, which al-
lowed a more accurate result to be obtained.

DISCUSSION

The results obtained and illustrated in Fig. 11
allow determination of the probability of the event
that after a specified time of operation the analysed
machine mount exceeds the adopted stiffness limit
value. It should be remembered that the obtained
results are conditioned by the adopted ageing
model of the elastomer, its mechanical parameters
and the probability distribution of changes in the
mount operating temperature. Changing such data
will lead to other results. This provides the option
to estimate the durability for various distributions

38

of elastomer operating temperature changes using
the developed computational model, and thus to
forecast the durability of machine mounts operat-
ing in different temperature conditions and vari-
ous adopted stiffness limits.

It should also be noted that the logistic dis-
tribution adopted for the description of machine
mount stiffness can be replaced by classic prob-
ability distributions often used in reliability en-
gineering (normal, Weibull, Gamma), with ap-
propriate parameters matched in goodness-of-fit
tests (cf. [35]). In some cases, they will probably
more accurately reflect the nature of the changes
shown by the obtained histogram. However, the
main purpose of this paper is to present the de-
veloped calculation method and model, and not
to discuss matching the probability distribution to
the partial calculation results, which was not the
most important element here.

The use of the developed model for estimat-
ing the durability of a machine mount in practical
applications also requires the determination of the
®, /o ratio at the beginning. It determines the nom-
inal level of transmissibility and, at the acceptable
level of deterioration, determines the extent of the
allowable increase in elastomer stiffness occurring
as a result of its ageing over time. Therefore, as-
suming the value of the w,/w ratio will affect the
estimated durability of the machine mount.

CONCLUSIONS

In the process of operation and maintenance
of technical objects, there is currently a goal
maximise their use (i.e. to replace their parts just
before reaching the limit state or before their
failure) while minimising the probability of un-
foreseen failure (which may cause a safety risk,
losses due to damage to other elements and ad-
ditional costs because of longer machine down-
time) — cf. [36]. To achieve this goal, it is neces-
sary to carry out inspections and, if possible, to
check the technical condition on a continuous ba-
sis. This problem is much simpler if the designer
and the operator already know before the start of
the operation process about the estimated time of
durability and the time of correct work of the ele-
ment under given conditions.

The developed simulation model for estimat-
ing the durability of a metal-elastomer machine
mount is a useful tool for designers. When us-
ing it, it is possible to estimate the time in which
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the machine mount will work correctly under
specified conditions with a given probability. This
knowledge also allows the future operator to plan
the time to check the technical condition (degree
of wear) of the machine mount and plan and pre-
pare its replacement operations accordingly. This
problem is significant because any failure to an ele-
ment usually generates higher costs (resulting from
unplanned downtime or possible damage to other
elements) than carrying out a scheduled preventive
replacement at a pre-determined time. Therefore,
knowing how long the machine mount can work
under given conditions is desirable and also al-
lows replacements to be scheduled shortly before
it reaches its estimated limit state, thus maximising
the utilisation of its durability resource.

With the help of the developed method, it is also
possible to make an attempt to construct the ma-
chine mount so that in the given (adopted) operating
conditions it will work for the required time. This
reduces the need to conduct laboratory or operation-
al tests of manufactured objects, allowing an initial
picture of the relationship between the decisions of
the designer and the expected future course of the
operation process to be obtained at a low cost.
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Nomenclatures

Tr — transmissibility [—],

Tr,, — initial transmissibility [—],

® —undamped angular natural frequency of the
system [s],

o, —initial angular frequency of the system (sup-

port) [s],
o — angular frequency of an external excitation

s,
{ - damping ratio [],
k —local stiffness of the system [N/mm],
k, — initial stiffness of the system (support) [N/
mm],
., — a maximum allowable value of the mount
stiffness [N/mm)],
m — supported mass [kg],
a_ —change coefficient of an angular frequency [—],

a, — change coefficient of a stiffness [—],

C,, C,, — material constants [MPa],

T [K] — temperature,

t —time [hr],

X,y X, — Initial values of C,) C, [MPa],

A, A, — pre-exponential factor in Arrhenius
equation [hr'],

E, o E, o —activation energy [kJ/mol],

R — gas constant [J-K-!'mol!],

t...— &time range for the simulation [hr],

At — atime period duration [hr],

[ —mean of a normal probability distribution [°C],

o — standard deviation of a normal probability
distribution [°C],

N — number of realisations of the temperature
random variation process [—].
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