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Abstract: Recently, reliability has become a key parameter of quality and decision support, covering many
aspects, such as failure analysis systems. A reliability analysis is essential for the study of operating safety in
industrial systems. In this paper, we summarised evaluation methods and real-time reliability analyses. This
work proposes solutions to real-time reliability modelling, as applied to an industrial pump. The model will be
used to increase the lifespan of the equipment, to help develop suitable maintenance plans and to assign a
probability to good operating system examined to choose the best dedicated industrial pump technology
solutions.

Keywords: reliability estimation, reliability analysis, reliabilty modelling, real-time system, availability,
maintenance, failure, maintenance costs.

1. INTRODUCTION

To address the needs of the market and increasingly severe economic competition,
manufacturers have expanded their facilities and made them more complex, which has increased
both safety risks and the risk of breakdowns [1-6]. In an industrial plant, to ensure safe practices and
minimise unnecessary risks, techniques such as diagnoses, monitoring, regular maintenance, and
supervision are common in high-risk environments like oil facilities. Additionally, equipment reliability
is a major concern of many types of installations because data reliability is required for many
important activities and affects the quality and shelf life of products and the quality of services. To
maintain equipment reliability, failure risks must be minimised through various activities, including
assessing the availability and monitoring the performance of the equipment, performing regular
maintenance, and making necessary modifications [9-10].

At installations, a proper reliability model identifies the main functions of the plant and the
required equipment and raw materials to meet the production demands at any given time. The
availability of the equipment can be improved by following an organised maintenance schedule
based on real data. In this study, we identify the most critical elements a piece of equipment and
determine the reliability parameters based on a real-time system to reduce production costs and to
avoid malfunctions. Our tests on actual data pump identified the reliability indicators that allowed us
to verify the equipment performance and to confirm the appropriate operating parameters specified
by the manufacturer.

With the increasing complexity of mechanical components, it is increasingly difficult to estimate
equipment reliability based only on failure predictions. Many components degrade before reaching
total failure. The ability to measure the level of degradation will help in providing valuable information
on the reliability of the equipment. In this work, to increase its lifespan and to develop suitable plans
for maintenance, we proposed solutions to the real-time reliability modelling of an industrial pump.
Additionally, we assessed various industrial pump technology solutions to select the best dedicated
operating system.

2. REAL-TIME SYSTEMS

A real-time system processes information to design an effective industrial process, within the
constraints of the operating conditions. It differs from conventional information processing systems
in that the value of a given product depends on the calculation of a correction and on the date the
data are available [24, 26-27]. The respect time constraints are a predominant factor in assessing
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the operating quality of a system. To address the “real-time” aspect of a system, we chose a
definition based on the problem being treated. Thus, we incorporated as appropriate, a robust, rapid
response, real-time system to directly interact with a physical process and a reagent system. For the
considered system, the response time is related to the dynamics of an industrial control pump. In
this application, the time constraints on real-time reliability calculations revealed the predictable
behaviour and fault tolerance of cavitations in the examined pump.

A minimum performance is required for the real-time reliability calculations; however, the time
constraints of the model must also be satisfied which can be achieved through the use of
appropriate scheduling algorithms. A common practice is to oversize the system to ensure the time
constraints are met. Moreover, the system environment directly impacts the real-time applications of
shared industrial facilities. Most industries rely on a strategy based on performance, security, and
competitiveness [7, 15, 18 and 22].

In this present study, we proposed solutions based on actual measurements to the real-time
reliability calculations of an industrial pump (shown in Figure 1), to increase its lifespan and to help
develop suitable maintenance schedules. Using our solutions, we also determined the parameters
and characteristics of a good operating system to choose an optimal industrial pump.

Pump control
system
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Centrifugal pump:
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Fig.1 Reliability evaluation based on real-time system

This approach to real-time-calculated reliability enables the management of pump controls and
all units that interface with the user. This is done by evaluating the input-output data, which depend
on the anomalies detected by the real-time system, for the development of reliability parameters of
different maintenance plans. Indeed, a real-time system interacts with a number of different types of
hardware in an increasingly complex external environment to meet time constraints and ongoing
reliability factors. The set of activities and tasks that meet the specific real-time calculations for
reliability systems, in this case, a pump system, are shown in Figure 2.
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Fig. 2. Real-time system tasks

In this work, the problems related to real-time systems for modelling the reliability of an industrial
pump in real-time will be discussed so that a high-confidence solution that satisfies the external time
constraints can be found to determine the lifetime of the examined pump.

Reliability modelling based on real-time systems

Reliability models found in the literature can be divided into two main groups: functional models,
which describe the system from a definite time perspective, and dynamic models, which describe
the behaviour of operating time in a definite time system [8, 11, 17, 19, 23 and 25]. Functional
models are generally based on another stochastic process, which is only used to describe the
behaviour of the system while ignoring the execution order of events. These models allow for the
calculation of the failure probability for a particular structure but not for the calculation of the
synchronisation properties of a system. While the synchronisation properties are undoubtedly
valuable, their usefulness in the analysis of real-time systems is questionable because these
systems require functionally and temporally correct behaviours [14, 16 and 20].

The synchronisation properties of a real-time system are as important as the functional
properties and ensure the development of an accurate model [26]. However, this type of model is
not rigorous enough to sufficiently describe the properties. In contrast, time-dependent models are
much less developed. A few studies have been done in developing algorithms to calculate the
average execution time of a set of processes in the presence of distrust, i.e., operating in a
degraded mode.

In fact the first task in the analysis of reliability is to find the value and reliability of the study. The
procedure for each component was separately tested. Then, we determined the reliability of the
system [12, 21 and 25]. This task allows us to identify the properties and dependencies of system
reliability study. Reliability is defined in terms of probability, the failure rate, the mean time between
failures and probabilistic parameters, such as cumulative distribution functions. A cumulative
distribution function F(t) is defined as the probability that over a random interval, a random variable

is not large at time t:

t

FO)= [ fa (1)

—0

where f(t) is the probability density function of the random variable. The reliability function R(t)
is given by:

R(t) =1- F(t) =Tf(t)dt )
t

By differentiating equations (1) and (2), the failure probability is obtained:
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~dR(t)

m 3)

f(t) =

The failure probability in a given time interval between T1 and T2 can be expressed by the
following reliability function:

R(t)—R(tz) = [ f(®)dt—[ f (t)ct @)
f t
The failure rate is given by A(t), which is defined as the ratio between the probability of failure in
a time interval [tl,tz] and the product of the probability of failure at t1 and the length of this interval:

_R(t)-R(t;) _ R()-R(t+AY)

= (5)
(t —1;)R(t) AtR(t)

A()

For most industrial systems, the failure rate follows a bathtub-shaped curve as shown in figure 3.
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Fig. 3. Failure rate in versus time

In this curve, the first period shows a characteristically high failure rate, which rapidly decreases
due to training and intense usage [13-14]. The second period, or "useful life", is characterised by a
low, but constant failure rate. The individual components have proven their robustness in solving
common problems, and the equipment is in its mature phase. And finally, the last period, or “old life”,
is characterised by rapidly increasing wear and failure rates.

In practice, the instantaneous rate of failure is defined as the failure rate limit when the time
interval is infinitesimally small, as given by equation (6):

h(t) = lim R(t) - R(t + At)
A0 AR() ©)
-1 {dR(t)} 1 {—dR(t)}
CR@)| dt | R(t)| dt
Substituting in Equation (3), the instantaneous rate of failure is obtained:
h(t) = ﬂ = h(t) = __1{@}
R(t) R(t)[ dt )
= dR(® =—h(t)dt

dt

Then, after integrating both sides of equation (7), the instantaneous failure rate becomes:
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CAR() .
—Z —_[ f(t)dt
o =]

t ®)
= In(R(V) - In(R(0)) =~ [ h(t)d
0

where R(0)=0 and R(}) =0 and R(t)=exp{—jh(t)dt].
0

Equation (8) is the general expression for the reliability function. If h(t) can be considered
constant (i.e., A(t) =Cst), the reliability function becomes:

Rt)=e™ 9)

where the average failure MTTF is simply the expected value of the time of failure:
MTTF = j tf (t)dt = j t{—w}dt (10)
dt
0 0
Then, following an integration by parts, we arrive at the expression of the average failure:
MTTE = j R(t)dt (11)
0

The mean time between failures (MTBF) applies to repairable systems in which components are
immediately replaced after failure and is expressed as:

MTBF = @ (12)

where T(® is the total operating time, and T is the number of failures in the exploited system.

The mean time between failures can be calculated in a different way:
_t —t
R() —e " —e Yo _ o Murer (13)
n

2.t

where 0 =-=L_ is the average life duration, t; is the time of failure of the ith component in the
n

population, and " is the total number of components in the system. In this case, 1 = VTBE

To improve the reliability of industrial systems is to find the best way to increase reliability. The
most commonly used methods to achieve this include minimising the complexity of the system and
increasing the reliability of individual components in the system. These methods are practiced, for
example, in regular maintenance of faulty components or preventative maintenance of at risk
components that have not yet failed. In this case, the total reliability of a system of components in a
series is given by:

R0 = TTR() (14

where ie{l,n} and R;(t) is the reliability of the component 1 .

The total reliability of a system of components in parallel is given by:
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R.(0)= (1—_11:(1— R (t))} (15

where i {l,n} and R (t) is the reliability of the component i .

The improvement of the reliability of an industrial system is based on this approach. The
development of system reliability is approached by predicting and evaluation experimental data and
conducting an operational reliability assessment.

3. VALIDATION OF REAL-TIME RELIABILITY MODELLING

During the processing of reliability data in the presence of external events, specific operating
environments, and subject to time constraints, it is imperative to determine the order in which the
activities of the pump system were examined. The approach proposed in this paper seeks to control
the changes in the operating time of each pump component. We built a reliability model that allows
us to predict the evolution of the process when the components are subjected to various events and
external actions. In this part of the work, several validation tests were carried out. Figures 4, 5, 6 and
7 show the results of the validation tests for the tool that used exponential distributions with A = 0.5
and t = 10 h to calculate the reliability function, the probability density, the MTBF and the
instantaneous failure rates of the pump.
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Other tests were performing using the Weibull distribution, which characterised the behaviour of
the pump system as one of three stages according to the value of B. The Weibull distribution is
defined by two parameters, parameter 8 and the shape parameter of life (i.e., the amount of time for
63.2% of the components to fail). Figures 8, 9, 10 and 11 present the reliability and instantaneous
failure rates for a Weibull distribution using A =10 and t = 10 h.
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Fig. 8. Probability density using Weibull distribution Fig. 9. Reliability function using Weibull distribution
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Fig. 10. Failure rate using Weibull distribution Fig. 11. MTBF means uptime using Weibull
distribution

In this work, the normal distribution was also examined because this pattern is commonly
observed in many phenomena. The normal distribution is defined by the mean value p and the
standard deviation 9 . Figures 12, 13, 14 and 15 show the results obtained for a normal distribution

with the failure rate in the form of a normal function, with @ =0.3  #=05 anq =10 h.
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Fig. 14. Failure rate using the normal distribution Fig. 15. MTBF means uptime using the normal
distribution

4. CONCLUSIONS

Understanding the reliability of a system is an important economic issue for any business. The
measurement of this quantity is a necessary first step. Many companies have found that reliability is
an important factor that determines their competitiveness. Designers and users of complex systems
show great interest in the reliability assessments of these overall systems, the individual hardware
and software components and the interactions between different parts of the systems. Reliability
covers multiple aspects: the failure analysis of systems, predictive capabilities, banking data
reliability, testing, operational functions, predictive methods for safety, and quality assurance. In this
work, we proposed solutions to real-time reliability modelling as applied to an industrial pump. The
results of the study could be used to increase the lifespan of the pump and to help develop plans for
suitable maintenance care. Additionally, the reliability model could be used to evaluate operating
systems to choose an optimal industrial pump solution.

Given the obtained results, it can be argued that the following items are considered essential to
improve the reliability and quality of pumps. The real-time approach allows for fault analysis by
providing the means to better understand the costs and causes of failures. This will help in
increasing the profitability of pumping stations. Additionally, the use of a real-time approach for
modelling the reliability of the pump system can provide guidelines for maintenance and availability.
We can conclude that real-time systems are good tools to help improve the reliability of the pump
system industry.
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