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Abstract: The maintenance is one of the most important territories of practical vehicle engineering. For optimal
management maintenance decisions one of the most important matter to know momentary technical state of given
system. In this paper literature of aging of technical systems is studied briefly. We found 2 major topics. They are
maintenance management and mathematical modelling. These and their connections with other matter was widely
studied in the field of aging. In this review we comparatively discuses all the methods and their theories. It will be
very helpful for other readers to choose any methods to carry out better results.
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Starenje tehnickih sistema - pregled literature. Odrzavanje je jedno od najvaznijih podrucja prakticnog
inZenjerstva vozila. Za optimalne odluke o odrzavanju menadzmenta jedna od najvaznijih stvari je poznavanje
trenutnog tehnickog stanja datog sistema. U ovom radu se ukratko proucava literatura starenja tehnickih sistema.
Pronasli smo 2 glavne teme. Oni su upravijanje odrzavanjem i matematicko modeliranje. Ove i njihove veze sa
drugom materijom Siroko su proucavane na polju starenja. U ovom pregledu uporedno razmatramo sve metode i
njihove teorije. Drugim citaocima ce biti od velike koristi da odaberu bilo koje metode za postizanje boljih rezultata.
Kljuéne reci: Starenje; upravljanje odrzavanjem; matematicko modeliranje.

1. INTRODUCTION technique is useful and with the use of these, Model can
be made. In this paper we will discuss about different
Aging can be defined as different type changes is  kind of methods to calculate aging of technical systems
system that occurs due to fatigue failure, affective  with the help of mathematical model.
reason such as erosion and corrosion of machine parts In the era of maintenance of technical system there are
causes increase in wear and tear rate, thermal lots of studies and research is carried out. In this review
contraction and expansion, effective increasing load we comparatively discuses all the methods and their
over the capacity with respect to running time is also  theories. It will be very helpful for other readers to
responsible for aging of machines [15]. choose any methods to carried out better results.
The aging of technical system is also depending  This review summarizes the following five major topics
upon fatigue limit of machines and hence the fatigue related to aging of technical systems:

limit is also important to consider as per their —aging;

environmental condition. Change in temperature is the —wear & tear;

main reason for increase in corrosion due to that any —erosion & corrosion;

technical structure is being aged. For that — mathematical modelling;

premaintenance methods with proper inspection are to — maintenance management.

be scheduled [23]. ) ) The main aim of this paper is studying connection
In the field of machines, if there are no proper  peqyeen these topics.

maintenance then it will be big loss for the company by This paper is organized as follows: Section 2 the

all means. To improve reliability and quality and 10 aintenance management and its connections with other
reduce the risk, proper maintenance is must. With the  ygpics will be shown. Section 3 shows the mathematical
help of aging model of the investigated system, itcanbe  modelling and its correspondence with other issues.
maintained properly. o ) Section 4 presents the connections between

There are two problems which is to be taken into  mathematical modelling and maintenance management.
consideration: o . Finally, Section 5 concludes the article, summarizes the

1. How to find lifetime reliability of technical 13y conclusions of this literature review and proposes

system? ) _ _ ~ some future research directions.
2. How to do modelling with effective methods in
framed time? _ 2. MAINTENANCE MANAGEMENT
Based on aging data, we can create a mathematical
model with the help of linear or non-linear regression The maintenance impacts the success of industries.

models or any mathematical tools which can coordinate  pjaintenance management is a complex control process

with regression model and can develop theoretical  {he maintenance required to preserve assets at, or repair
measurements which helps to monitor tool condition  inem to an acceptable working order. Maintenance

[18]. Simple linear and multiple linear regression  management share similar objectives no matter the
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industrial production or service activities.

The relation between maintenance management,
mathematical modelling, aging, and wear & tear shows
in figure 1. respectively.
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Fig. 1. Relations of Maintenance Management with
Other Investigated Topics

2.1 Maintenance Management and Aging

Aging is the most important factor in this literature
review, we will review all the classified articles
according to aging and will illustrate their methodology
and results will conclude accordingly. Figure 2. shows
the relationship between maintenance management and

aging.
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Fig. 2. ConnectionS between Maintenance management
and Aging

Bollen studied aging and reliability of power
systems. Time-varying failure rates is discussed based
on weather for aging of components. Weibull
distribution is used to determine failure rate.
Maintenance model is made and validate with 5 years.
Results shows that weather conditions are to be taken
into consideration when reliability analysis is done.
Given model shows an increase in interruption
frequency when less maintenance is performed [5, 20].

Pérez Ramirez et al. presented a model for life
extension of water pumps in oil and gas industry [17].
With the help of virtual age, the model can be applied to
the components. Real maintenance data from oil and gas
industry are used to estimate the model parameter to
obtain virtual age. By changing model parameter,
alternatives for the life extension can be studied which
helps to find better decision-making model. Using beta
factor mode, common cause of failure can be modelled.

Pirc et al. have studied development of cable
insulation using Differential Scanning Calorimeter [18].
Their main aim was to confirm the functionality of
cable for beyond 40 years. Cable ageing management
programming is implemented which wuses visual
inspection and measurement of environmental
parameters. Samples were temperature aged in oven.
Infrared thermography camera and temperature meters
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are used for data collection. Results shows that decrease
in  oxidation stability of inner insulation.
Chlorosulfonated Polyethylene (CSPE) material is used
in the insulation protection which shows no changes.

2.2 Maintenance Management and Wear & Tear

The proposed topic is wear and tear. We will discuss
briefly wear and tear phenomena in the mentioned
articles as shown in figure 3. Based on wear and tear
phenomena articles are classified. The aim of the
proposed articles is to find out the wear/tear on
machines which helps to find out the life of machines,
to reduce the cost and loses and to improve the
efficiency of technical systems.
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Fig. 3. Connection between Maintenance management
and Wear & Tear

Jantunen et al. focuses on development of wear and
failures by managing measurement and their diagnosis.
Chemical wear is considered in this theory. Two
methods are used to monitor the wear i.e., optical and
vibration. Maintenance software sensor (Condition
based maintenance) are used which leads to high cost.
Bathtub curve is used. With the help of sensor which
alarms if any defect found, complicated and hidden
surface can be monitored and easily we can find the
wear data based on time, load, and wear. Preventive
action can be made which results low wear [9].

3. MATHEMATICAL MODELLING

For the modern maintenance management it is
indispensable to apply the mathematical modelling. The
model is a description of the investigated system, or
process. In other words: Model is a simplified copy of
the real system or process which emphasizes its
important characteristics and neglects secondary
characters from the point of view of the given
investigation.
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Fig. 4. Relation between Mathematical Modelling and
Other Investigated Topics



In the maintenance management practice the most
widespread models are the mathematical ones. The
mathematical model is the mathematical equation or
system of equations which describes the internal
principles of the process occurring on the system from
the point of view of the given investigation [19].

The relationship between mathematical modelling
with aging is studied and it has a strong connection with
each other can be seen in figure 4.

3.1 Mathematical Modelling and Aging

Aging is the basic phenomena which is directly
related to material properties and conditions. Whereas
mathematical modelling is related to the determination
of prediction theory to estimate the aging. In this study
five papers presented their theories which connects
mathematical modelling and aging as shown in figure 5.

On the basis of that we can conclude that
mathematical modelling is the best method to predict
the aging with the help of aging data by means of
different methods used by the authors.
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Fig. 5. Relations between Mathematical Modelling and
Aging

Al Jed et al. studied aging of Lithium-ion battery
cells. A black box modelling approach is used to
estimate functional time and their usage condition.
Regression mathematical model was used that helps to
allow estimation of mentioned aging factor which are
residual capacity, internal resistance, peak power, and
Open Circuit Voltage (OCV). Multiple linear regression
and support vector machine are used in both linear and
non-linear models. SVM gave satisfying results for all
four aging factors. MLR gave satisfying results only
with open circuit voltage. Relationship between OCV
and other factors are linear [2].

Lu et al. presented new aging data analysis method.
Arrhenius model and Eyring model are used and then
generalize the lifetime under normal level stress
condition using accelerated model can reduce aging test
time. According to aging data, mathematical model is
determined with the help of least square method. With
the help of this model using aging test fata, 1000 hours
of lifetime index can obtain [12].

Kassi et al. studied aging effect on mineral oil of
cooling capacitors in power transformers. Thermal
aging test were done. Mathematical approach did on test
data which reveals relationship between viscosity and
temperature. Finite element method using COMSOL
Multiphysics software is used to solve the equation. An
axisymmetric thermo fluidic numerical model is
present. Results shows that viscosity increases with

71

aging which affecting its physiochemical properties. Up
to 500 hours, there is no effect on cooling capacity
which increases the risk of degradation of solid
insulation, impacts negative on the life of transformer.
Life of transformer is directly proportional to life of
solid insulation [10].

Arias Velasquez and Jennifer Vanessa Mejia Lara
studied bushing failure in power transformer and
influence of moisture. They investigated the claim of
FDS (Frequency Domain Spectroscopy) method. Using
OIP model, SAT (Site Acceptance Test) condition are
verified with respect of aging rate, temperature and
conductivity for oil and paper. Dielectric tests are done.
Theoretical calculation and simulation with test of
bushing has been performed. With the help of
spectroscopy efficiency are diagnosed. Results shows
that FDS can detect insulation degradation and moisture
presence which leads to find the root cause of bush
failure [4].

Nunes et al. proposed the analyzing method by
modelling the magnetic properties which reduces the
need of measurements. After that it is to predict the
aging, namely properties evolving with time depends
upon thermal, magnetic, or mechanical loadings. It used
the classical magnetic viscosity theory. The
experimental setup is used to measure the hysteresis
loops of permanent magnets. Aged model is used based
on aging factor and irreversible susceptibility. It is
proved that it is the efficient way to estimate the aging
of permanent magnets. Aging factor is proportional to
the irreversible susceptibility [16].

3.2 Mathematical Modelling and Wear & Tear

Wear and tear are the most important factors which
cause aging. Excess pressure leads to wear and tear and
due to that quality of tool and product affect
simultaneously. Modelling is used to predict the wear
and tear rate. With the help of collected data and on the
basis of required condition mathematical model is
evaluated.

In this study, the five most interesting paper
presented their views in connection with modelling and
wear tear. Which shows wear and tear is also an
important factor to create mathematical model. All the
related papers are summarized and presented below in
figure 6.

Xiong et al. presented tool wear measurement
technology. A 2D model with the help of MATLAB is
introduced based on image processing method which
tends to increase the level of accuracy. Level set method
and CCD camera is used for images. Flank and crater
tool wear is taken into consideration. Proposed model is
based on 2D which is not considerable to measure the
depth [8, 21, 22].

Medvedev has presented theoretical mathematical
method. With the help of pin on disc method and
regression equation wear rate is find out. Energy
intensity under friction of machine parts is illustrated.
Due to this he found the relationship between energy
and method of mechanical processing [14].

Eichwald et al. examined production bonding
parameters using the Archard and Fleischer wear law.
Finite element method is used in copper wire bonding



process for wear simulation. Results shows that wear is
increasing over vertical wire deformation [7].

Luo and Wang used 2D finite element model of
sliding wear. Wear of self-lubricant bearing is used as
sample. ANSYS (APDL) Program is developed. Wear
is calculated by Archard wear theory. Adaptive wear
step algorithm is used for better accuracy. Wear in
middle region is more as compared to other area. Quasi
static process is used for non-linear and dynamic wear
problem [13].

Ahmed et al. studied wear behavior of managing
steel using direct metal laser. Wear coefficient
calculated using pin on disc method than mathematical
model is developed to estimate the wear rate. Results
based on static optimization shows that sliding speed,
distance and normal load affects the wear rate of
specimen [1].

Mathematical
Modelling

Fig. 6. Connections between Mathematical Modelling
and Wear & Tear

Mohamad Danish Anis presented optimization of
centrifugal pumps using in Sanitary Wastewater
Treatment Plant (SWTP). Hydraulic model, Operation
model, Deterioration model, Optimization model are
used. Mathematically computed solutions are applied to
models with linear programming. A life cycle cost
analysis s done to make accurate predictions. There is
time consuming and costly. These models illustrate
potential to reduce the life cycle cost and CO2
emissions. Results shows that they can provide optimal
repair schedule for future [3].

3.3 Mathematical Modelling and Erosion &
Corrosion
As we all know erosion and corrosion is mostly
dependent on surrounding condition. To develop the
mathematical model in aspect with erosion and
corrosion, data can be evaluated by FEM method.
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Fig. 7. Connections between Mathematical Modelling
and Erosion & Corrosion

In this study we also found one paper. Figure 7.
shows the relationship between modelling and erosion
and corrosion which is studied below.

Casesnoves et al. studied erosion and corrosion in
power plants. Basic linear, nonlinear optimization

technique and finite element method are used in
mathematical model. Variables are determined with
software, tribology test and made the suitable
mathematical model [6].

4. MAINTENANCE MANAGEMENT AND
MATHEMATICAL MODELLING

There are lots of maintenance management schools.
According to schools keep focus on their investigating,
which are the next: organizational-, condition-, quality-,
reliability-, process and mathematical schools [19]. The
mathematical school provides help with mathematical
descriptions to decision-making. Pokoradi is a
Hungarian representative of this school.

To reduce the failure, maintenance management is
used and to predict the failure, mathematical modelling
are used wisely. Hence it is clearly stated that modelling
in maintenance management is obligatory now a days.
We found the relationship between mathematical
modelling and maintenance management which is
shown in figure 8. Maintenance management involves
many factors from cost to the final product in an
industry. Based on that model is to be made to evaluate
the overall efficiency of an industry.

In this section every failure and its life predicting
method is goes through modelling. We covered related
research studies in terms of mathematical modelling
which are interconnected with all other described
important topics. They are shown in figure 3.

Modelling and
Mathematical
Modelling

Maintenance
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Fig. 8. Connections between Mathematical Modelling
and Maintenance Management

Valis et al. studied oil quality which causes wear
[21]. Antioxidant wear particles are taken into
consideration. Theory of fuzzy logic is used which helps
in regression analysis. Fuzzy interference model has
been. Results shown that oil filling could be left in a
motor at least twice as long.

Khalaf et al. proposed a failure cost mathematical
model for medical equipment maintenance. The model
is simulated in science lab using real data taken from
maintenance history. Regression analysis is done on
yearly basis data. Failure models are presented and then
corrected using preventive maintenance. Anesthesia
machine has no effect on age while doing preventive
and corrective maintenance, but preventive maintenance
has survival issue [11].

Pokoradi presented mathematical models used for
safety management. The paper [18] focuses on the
safety requirements for human and environment in
today’s world of engineering. hence for that
mathematical model and safety tool are studied. Safety
management in maintenance should be done to avoid
any kind of risk and make the system more reliable.



Reliability parameter in systems with complex
interaction are investigated for sensitivity model. Fuzzy
methods in safety management are described and
focused to make a new fuzzy rule consist of
summarized defuzzification based on risk assessment
methods.

5. CONCLUSION FUTURE WORK

The role of maintenance is very important in any
kind of technical system. These maintenance procedures
are scheduled as per the aging of system. The aging of
required system is predicted with the help of modelling
and mathematical modelling.

Aging of technical system is studied briefly. We
found 2 major topics which is widely studied in the field
of aging. One is maintenance management and second
is mathematical modelling. In this study we presented
the relation between maintenance management and
mathematical modelling can be seen in figure 1 and
figure 8. Apart from these 2 topics other factors are also
studied which plays an important role like erosion and
corrosion, wear and tear. Combining all of them in a
manner, short literature review is presented.

In the spirit of these reviewed papers and based on
their survey, the authors suggested key issues in their
future research work are:

—study different (deterministic — stochastic; crisp —
soft) mathematical tools generally;

—using statistical analysis and hypothesis testing, to
collect data for model-based investigation of ageing
of technical systems;

—survey possibilities of use of Markov process theory
to analyze maintenance systems and processes;

—work out methodology of new mathematical model-
based decision making methods to support
maintenance management.

Due to the objectives, generalizable results are expected
to describe the aging processes of technical systems.
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