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Introduction

The complexity of the equipment is constantly growing. In parallel, the scope of the
maintenance is now not only concerned with the preservation and restoration of the state
of the equipment, but also with the equipment units. The economic constraints and
reliability requirements encourage companies to increase the reliability of their production
equipment. At the same time, they need to rationalize their maintenance and repair costs
and errors due to failures in maintenance. Larger maintenance tasks can be organized into
a so-called maintenance project. These maintenance projects (time, cost, and resource) limit
the experts in the field. As much as possible, the reliability of the system should be

improved as quickly as possible so that the costs we use are minimal.

The task (which I undertook during my doctoral course) is complex. It is necessary to solve
at the same time a project screening and a time-quality-cost trade-off problem between the
time-cost-quality parameters of the activities. While one or more corrective preventive
actions can be used to improve the reliability of all equipment/units, even in the event of a
so-called "turnaround", all possible preventive preventative activities will not be performed.
The first question is when compiling a maintenance project, which should then be answered
in terms of what activities can be implemented in a given cost and time frame?

Activities can usually be implemented in a variety of ways, with different cost, time and
quality parameters available. The project manager needs to find the balance between these
parameters so that he can implement/enforce all corrective-preventive activities beyond
the limitations.

The specialty of the job is that here the so-called quality parameter will be calculated from
the improvement of reliability values, which is not a trivial task. The reliability block diagram
describing the system can even follow a completely different structure than the structure
tollowed by the maintenance project itself. I usually order more repair-preventive activities
for an item of equipment, which can increase the reliability of the device element and thus
the reliability of the system. Or in another calculation, the availability of the system may
increase.

In my dissertation, I have introduced the Multi-domain Maintenance Management Method
= M* developed during my research, which can be used to plan equipment maintenance.
My goal is to make maintenance planning more transparent and simpler using this method.
I do all that, in order to achieve maximum system reliability, I strive for the reliability of the
higher unit units, in addition to maintaining the resultant maintenance project
scenario/structure within the cost and time frame of the company.




1 Research objectives and assumptions

Nowadays it is undeniable that maintenance is an essential tool/method to bring our
equipment into the right state. However, among the methods known so far, there is such a
way as to indicate which equipment or equipment components need to be
maintained to achieve overall system reliability gains? We want to avoid both over-
maintenance and under-maintenance.

We want to use our resources in the right place. However, we need a new plan process that
solves this problem and simplifies our work. So far, maintenance strategies have not given
me a satisfactory answer after my research and to my knowledge. Furthermore, we do not
yet have a planning method that would help to set up a maintenance order of priority
between equipment and components. That is the first one to be kept last. The goal of
maintenance is to doubt that the reliability of our system will increase in addition to our
equipment. For companies, one of the most painful points is when a project exceeds the
planned budget during execution or takes longer than planned. They ask themselves the
planning was inappropriate? Or did the planning process used be inaccurate? Are
the planning methods known and applied in their area at all suitable?

I got acquainted with the latest planning methods and project planning approaches. The
latest planning procedures are already in the agile aspect, as within the available framework,
only those activities that fit within the frames are considered. However, in the field of
maintenance, the question arises, is it sure that we have chosen the right one? Can
the known matrix project planning methods be used to plan maintenance projects?
Can it create a project planning method that helps to build a maintenance plan that
takes into consideration the maintenance constraints set by your company during
the planning?

2 Maintenance project planning

2.1 Difficulties in managing maintenance tasks as projects

After knowing the maintenance theory (Chapter 2.1.) and the project planning (Chapter
2.2.) methods, I came to the point when I looked at what planning strategies for which
maintenance strategies have been applied so far. However, I had to come to the conclusion
that these two areas did not even touch each other in practice.

I cannot declare that companies based on RCM and/or RBM strategy planning their
activities using MPM and/or CPM or even matrix methods because the search results
showed nothing useful. If I replace the words network planning methods with matrix
planning, I find publications published with my colleagues. So I approach the topic on the
other hand.



Let's go ahead in time again when there was no other feature in the maintenance area than
reactive maintenance. This kind of attitude towards the technical state of technical devices
is more of a failure than the use of any strategy, but it is undoubtedly the most effective
solution for some of the devices. Use this device until it meets the features you expect from
it, and in case of a malfunction, we will take the necessary action. Here, the (project)
planning could be realized after the failure occurred, when the damage was measured and
the activities needed for restoration. Time, cost, and human resources have been associated
with the activities. However, the point is that failure does not happen. However, other
maintenance strategies have been used to reduce this probability. First round the PPM itself.

PPM (planned preventive maintenance) is common in both industry and service. The steady
state of the machines and equipment they achieve by systematic repetitive planning and
repairs. PPM is a cycle-based maintenance strategy that does not require the use of project
planning methods. Suffice it to capture the actual and necessary tasks to be performed and
the required checks, which are taken in the best way possible, taking into consideration the
message of the strategy. However, in the case of companies in excess of the size of small
and medium-sized companies, it is expedient and advisable to bring maintenance activities
into line with each other. In many cases, they could work with cyclograms. The method is
simple and transparent. Their use is advisable if the pace of predetermined activities is
unchanged for each subsequent period.

Among the maintenance strategies, the following is Condition Based Maintenance - CBM
which starts with the wear and tear of the components, and the conclusions drawn from
them. Here, it is possible to use a project planning methodology much better. Maintenance
planning starts with the data entry and management of operational data. Maintenance
planning depends on maintenance management. Governance sets the direction of
maintenance, oversees the process, and provides the tools (financial, financial) and human
resources. You can use a bar graph (Gantt diagram) for a visualization of the recovery plan,
but it can be used for a limited number of activities. You can also use CPM and/or MPM
charts for planning.

CPM and MPM work with deterministic time data. One of the main benefits of CPM is
that it can be used for analysis and control too. It is also possible to logical linking between
different time data and activities. Independently of the MPM activity, it can also detect
logical relationships and many of them. In both cases, it can be said that they are not
lucrative and used for a limited number of activities. With CPM, you cannot give a look at
expectations, overlaps, and strict end-to-end relationships.

It can be exploited that CPM helps you easily identify critical activities during recovery, and
MPM is used to calculate backup times. However, it is felt that this type of pairing still has
savings potential. During maintenance, it is not uncommon to return to repeating an activity
that needs to be taken into consideration during the planning. If this is true, then activity-
arrow or activity-node planning procedures cannot be used. It has to resort to a somewhat
more complicated planning method that can handle circles.




This is how we can get GERT, which is a PERT-like technique and capable of managing
several possible project scenarios or circles. Compared to the above, these two methods
can handle not only deterministic data but also stochastic ones.

PERT also works with stochastic time data, as it provides an optimistic, pessimistic, and
most likely estimate of time data for activities. Handles activity times as probability
variables. In the decision-making context, the GERT method already considers
relationships between activities as a probability variable, capable of handling decision
situations. In both methods, the duration of the activities is assumed to be independent,
which is not always true when compiling a maintenance plan, since checks and unexpected
errors can be expected during recovery and we are unable to complete our activity within
the planned time.

However, I am still saying that planning is easy to implement in case of a single installation
(despite the disadvantages). However, how can we easily perform a maintenance plan for a
complete machine fleet? How do I see the completed maintenance plan? How can I keep
track of my costs per area? At this point, traditional planning methods become ineffective
and need to think of complex systems that are capable of representing the interdependence
of system elements. Now we have to think about matrix planning and presentation. When
compiling a maintenance plan, you may be responsible for which maintenance work to be
performed. This deterministic logic planning technique does not provide an adequate
answer as the technological process of repairing a device is bound. Here, the individual
steps cannot be exchanged, but which ones need us to repair, it can already be a function
of a priority order, as well as the available time, cost and resource requirements.

Some projects require a specific approach as well as maintenance projects. In the field of
project management, two main approaches were introduced, namely traditional and agile.
In the case of traditional project approaches, the desired goal is achieved, which must be
achieved within our 'time' and 'budget' within our capabilities. In the case of agile
"philosophy", however, time and cost are limited. To be within the constraints set within
the set of activities that I set for the target, it is no longer the most important factor. For
traditional projects, the question is always how much the project budget will be. By the
traditional approach, we treat a goal as a rigid barrier, what we want to achieve, but the time
and cost will vary according to the requirements. In the case of an agile approach, the
following question arises: how many projects activity can be carried out in addition to a
given cost and time limit, how long do I get in project implementation? These constraints
are given by the owners and company executives, which are best defined in cooperation
with the maintainers. However, this practice always refutes.

Their purpose is not to overcome the constraints to change the result or target In the case
of maintenance projects, the use of the latter approach is beginning to widen. For here,
besides the time and cost constraints, the result is not known, they only have a plan and a
vision, that is, have better equipment. The principles of the agile method emphasize the
tfollowing. The shorter period should be preferred. The requirements change is accepted,
even at the late stage of the project. The highest priority is to preserve the state, functions,




and lifecycle of valuable equipment that meets your needs. The most effective way of
communicating information within the maintenance team is personal communication.

The disadvantages of being immature. An agile approach does not yet have a really good
methodology. It is too much to change the maintenance culture to work agile approaches,
but a maintenance planning approach can provide a good starting point.

Based on these parallels, there is still a further question as to what happens if the parameters
describing the status are changed in the meantime and/or the budgets are narrowed and/or
the time available has been reduced and my planned project plan has to be updated (this is
an agile approach accepted). Parameters used during planning can be specified by RCM or
even RBM analysis that will define a more accurate state. The analyzes can be incorporated
into the maintenance project plan, so you can shift the focus to the restorative actions that
are really important. Because the resulting RCM or RBM results provide a ranking for the
planners, and it may be that these values show that it is not necessary to perform any
maintenance or restoration of each device at that time.

Based on the Reliability-Centered Maintenance (RCM), reliability-centered maintenance
strategy, maintenance activities are ranked based on the likelithood of failure of individual
equipment within the maintenance planning period. Maintenance activities are given a
higher priority and are carried out sooner, where the equipment has a higher failure
probability and thus have lower expected failure time. The consequence of the failure is
weighted with the likelihood of occurrence. In the case of major stops, if the prioritization
is based on RBM or RCM strategy, we can produce a more accurate plan.

It requires a planning process that meets the challenges described above and is easy to apply
to users as well. Another challenge for maintenance planning is to planning a project plan
that considers the cost plan and time plan provided by the company as a starting point.

Expectations from the maintenance companies to achieve the goals (reliability, low risk) as
little as possible and at the least possible cost.

The maintenance planning problem can be modeled using a matrix planning
method.

2.2 Time-Cost trade-off problems

The importance of the time-cost trade-off problem (TCTO) was recognized over five
decades ago, almost simultaneously with the development of project planning techniques
[1]. In the 1960-80s, variations of the problem where the time-cost relationships are
assumed to be continuous have been addressed rather extensively in the literature ( [2], [3],
[4], [5], [6]- This problem called a continuous time-cost trade-off problem (CTCTP).
The discrete time-cost trade-off problem (DTCTP), which can be treated as a specific
resource allocation problem is also a well-known problem from the project management
literature.




However, while CTCTP can be solved within a polynomial computation time [7], [8], [9] in
general case of DTCTP the resulting conditional time and cost minimization problems
except for several special network structure [10], [11]. These models mainly focus on
deterministic situations. However, during project implementation, many uncertain variables
dynamically affect activity duration, and the costs could also change accordingly. The
stochastic nature of time and cost adds an additional dimension of complexity to the already
hard to solve the combinatorial problems [12].

Constant Discrete Stochastic

1. Figure: Time-cost trade-off problems (based on [1], [10], [11], [12] own editing)

Since in a cyclic maintenance strategy in order to characterize a maintenance project, the
deterministic and discrete version of TCTP is the adequate model, however, at the planning
process, besides time and cost, the desired system reliability level is also regarded.

Therefore we need a third parameter besides time and cost demands, which is a kind of
quality parameter, namely (in this study), the increase of system component reliability due
to the maintenance task.

Considering the intertwined effects of time, cost and quality in project management, it
seems reasonable to develop a mathematical model for discrete time-cost-quality trade-off
problem (DTCQTP), which considers project duration, cost and quality simultaneously. In
DTCQTP, the task of a project is performed in one of several alternatives. For each activity
a set of time, cost and quality triplet, referred to as mode, are given. The recent two decades
lots of considerable papers of literature dealing with DTCQTP [13] are published. Since
DTCTP is an NP-hard problem, the DTCQTP is also an NP-hard problem, therefore
usually solved approximately by some kind of heuristic or meta-heuristic method [14], [15].

Rastegari and Mobin [16] did a trade-off analysis among the failure of the machines
(reliability), time of maintenance, and the cost; and proposed an optimum maintenance
strategy for a manufacturing facility. Li [17] proposed a trade-off analysis among the cost,
time, and reliability improvement of a system and provided the optimum reliability growth
plan for the system in the early stages of developing the new product. However, every
TCTP and TCQTP/TCRTP method assumes fix logic plans, however, the tasks of
maintenance project can vary, even within a (monetary) year of the planned period/ time-
span the priorities can change according to the current state of the system component.
Especially for the continuous preventive maintenance, one of the most important decision
question is: which (preventive) maintenance tasks should be completed within the project
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deadline project budget in order to increase the system reliability to the required level. This
paper shows how to combine a (maintenance) task selection and scheduling problem. The
proposed flexible approach helps the decision makers to specify the set of maintenance
tasks and the optimal project schedule at the same time.

While the characterization of preventive maintenance projects as a DTCQTP is obvious,
that the preventive maintenance project cannot be specified by classical DTCQTP problem
directly. The first reason is that the quality parameter cannot be assigned directly to the
maintenance task. The reliability model of the system is separated from the project network.
Calculation of system reliability based on the system model. Therefore this problem should
be called a discrete time-cost-reliability problem (DTCRTP) instead of DTCQTP. The
other problem is that preventive maintenance project does not contain all possible
maintenance task. The task should be prioritized by the reliability or the criticality value of
the system component. Maintaining different kinds of system components can be
completed in a serial, but also in a parallel way. Therefore we have to consider a flexible
project plan. The specified problem is a combination of DTCRTP and a project selection
problem, therefore we call this problem as Hybrid Discrete Time-Cost-Reliability Trade-
Off problem (HDTCRTP). The set of activity can be specified, when a project selection
method specified a project structure.

I limited my research to preventive maintenance planning (cost-cutting, time-saving, and
reliability-enhancing). Within this, I have also developed a planning process that uses the
analytical information that was previously done. Thus, not only do I assume that
maintenance plans can be modeled using a matrix planning process, but also that the

Preventive maintenance projects can be described as a time-quality-cost
trade-off problem.

2.3 The major role of project planning in maintenance

Most of the maintenance tasks should now be realized through projects where engineering
and technical parameters are at the core of management methods and techniques that
support the efficient and effective execution of tasks [18], [19]. Project-based maintenance
activities focus on areas such as project planning, project participant selection, management
and motivation, detailed project planning and tracking, etc. We can conclude that in case
of maintenance projects a system-oriented project view is essential [20], [21].

When compiling a maintenance plan, you may be responsible for which maintenance work
to be performed. For this, deterministic logic design techniques do not provide an adequate
response, since the process of repairing single equipment generally is bound. There is no
way to interchange the technological sequence of operations. Mostly, there is no way to
duplicate operations. However, it is a matter of deciding which equipment and in what
order to keep in mind in the forthcoming period. Maintenance of individual equipment is
often an independent process, so if we take into account the time and resource constraints
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available, we can greatly assist in designing a method, a process that, apart from the
expected failure of equipment, takes these constraints into account when designing the
maintenance plan. It is important for companies to maintain maintenance and achieve the
required levels of reliability in the shortest possible time and at the lowest possible cost.
This requires reverse thinking from the designers of the plans.

For traditional projects, the question is always how much the project budget will be. By the
traditional approach, we treat a goal as a rigid barrier, what we want to achieve, but the time
and cost will vary according to the requirements. In the case of a reverse approach, the
following question arises: how many project activities can be carried out in addition to a
given cost and time limit, how long do I get in project implementation?

These constraints are the owner (s), company manager (s), which are best defined in
cooperation with the maintenance staff, but this practice always refutes. Their purpose is
to limit the constraints (time and cost) to the result or target change. In the case of
maintenance projects, the use of the latter approach is beginning to widen, as here the
output outcomes are not known in terms of time and cost constraints, they only have a
design and have a vision, that is, have better and more reliable equipment, so the reliability
needs to reach the required level following the repair.

I will summarize the theory of maintenance, within the reliability theory of complex
systems, and then formulate the following project hypotheses:

The optimal solution of the preventive maintenance planning problem can be
determined for a given target function (shortest possible lead time, minimum
cost).

Companies do not have enough time or cost to allow maintenance. If we have been
doing/petformed analytical work, why not think about it and prioritize the equipment units.
If we have the financial resources and the time required, it is necessary to improve each
unit for the reliability of the equipment? Would it not be enough to only restore the selected
units and thus increase the reliability of the equipment? To solve this problem, we must
first decide which activities are to be performed and finally choose the implementation
alternatives. Throughout the maintenance and project management, I searched for the
modeling method that simply illustrates the results of long-time analyzes and which could
provide a good basis for counting overall system reliability. In addition, as a series of simple
steps, show us what equipment maintenance can be carried out between a limited budget
and time frame so that the overall level of reliability of my equipment reaches the required
level of reliability upon completion of maintenance.

To summarize, I have formulated the following hypotheses:

H1 Preventive maintenance projects can be described as a time-quality-cost trade-off
problem.

H2 The maintenance planning problem can be modeled using a matrix planning method.
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H3 The optimal solution of the preventive maintenance planning problem can be
determined for a given target function (shortest possible lead time, minimum cost).

3 Matrix project planning of maintenance projects

Before I introduce the matrix-based method, I give fist a mathematical description of them.
I modeled the problem by using a matrix model [22], [23]. The algorithm proposed to solve
the problem consists of three phases [24], whose first two phases lead to a preventive
maintenance task in a polynomial order for a discrete time-cost-cost trade-off problem that
can already be solved by tools previously developed and the solution I proposed.

The most important difference is that here the worst case scenario will be that all corrective
and preventive activities will take place. This is no exception to either the overhaul or the
so-called periodic check no major examinations.

Possible returns, such as circuit processes, would not necessarily require matrix planning
since Pritsker [25] had already addressed this problem very eatly in the late sixties, but the
eligibility of certain repair-preventing activities already exacerbates mesh design procedures.
Kosztyan published in 2015 about the PDM matrix [26] which contains four sub-matrices
(domain) The first n by n domain desctibes the logical connections (Logic Domain, LD)
of the tasks [27].

PDM Deterministic Not deterministic
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2. Figure: Project Domain Matrix (based on [28] own editing)

It is not necessary to use the method to logical relationships and to quantify the activities.
It is sufficient to only determine whether activity occurrences or relationships are certain
("X") or uncertain ("?"). Blank cells are responsible for not interpreting relationships
between two activities.
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Different quantified data can be associated with activity occurrences or contact potencies.
These may be, for example, the likelihood of activity/relationship occurrence eg. based on
similar projects. They can also have priority or priority values. Now, in the proposed model,
I deny that I quantify these values, so I use a non-quantified version of PDM.

The next domain (Time Domain, TD) shows the duration of the activities. If the duration
of each activity is characterized by a single number, time data is considered deterministic.
It is also possible to provide time data for different implementation alternatives. In the last
column of Figure 2, only the minimum and maximum duration are indicated.

The third domain (Cost Domain, CD) characterizes the direct cost of the activities. Costs
may also be deterministic, so we only assign one cost alternative to an activity. Similarly to
activities, there may be even more cost-related costs for a single activity, modeling that
activities can be carried out in different ways and consequently with different cost
requirements. Cost claims can be interpreted here as wider, non-renewable resources. The
last partial matrix of the PDM model is the Resource Domain (RD) containing renewable
resources. If we have r resources, then this sub-matrix is a deterministic case of r columns.
Here, however, it is possible to assign different resource requirements to each alternative.

Kosztyan [26] beyond the proposed matrix model, a polynomial, a fast algorithm is
proposed to evaluate quantified deterministic PDM matrices. The method utilized the
option of choosing between two possible alternatives in case of an uncertain occurrence,
namely: either implementing or leaving the project activity. At each step, it is possible to
calculate what is the least cost project plan (the omission of all uncertain activities other
than those obliged), what is the shortest possible project plan [28]. If either of the two
possible alternatives is met to exceed the minimum cost requirement as a limit, even if the
project scenario with the least costly need is exceeded, it is not worth revaluation of the
decision branch because the project cannot be implemented within the constraints set. The
method is described in detail at Kosztyan’s [29] study.

In this case, score scores, cost, and resource requirements for project scenarios and project
structures could be determined by point scores assigned to activity occurrences and link
strengths. In polynomial order, the first N most likely, most important, shortest, or least
cost project plans could be determined without the need to define all project plans.

In the present work, however, I deal with project plans in which. I may not be able to assign
a score value to the activity occurrences in the project plan. Based on these, I cannot
determine the points of the project scenarios. The compilation of the maintenance project
plan is carried out with corrective preventive activities that can be different technologies,
with different cost and time requirements, so the PDM matrices shown in Figure 2., must
be applied to the non-quantified non-deterministic scenario or a confidence block
diagram for the equipment elements we can further develop an orderly preventive
action and increase the estimated reliability increase.
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3.1 Define the maintenance problem

The problem can be considered as a discrete version of a so-called Hybrid Time-Cost-
Quality Trade-off Problem, HTCQTP. I formalize in this work a Preventive Maintenance
Project Scheduling Problem - PMPSP, which, as we will see, can be considered as a
generalized of a discrete time-quality-cost trade-off problem (DTCQTP).

I considered the preventive maintenance planning task as a generalization of a discrete time-
quality-cost trade-off problem, which I took into consideration when built up my model.

The reliability block diagram is assumed to be characterized by a simple graph, therefore
the diagonal of the neighborhood matrix contains 0 values, which I will later use to indicate
the criticality, reliability or availability data (see the relevant section of my thesis paper for
more detail).

In this case, the reliability function shows the reliability of the element R; = R(k;) at the
fixed timet > 0. In case if the reliability value falls below a critical criterion of crj, then it
will be necessary to maintain the equipment.

If the number of uncertain connections is |A| then the number of possible project scenatios

is214l. The activities and their relationships can be represented by an n by n PEM matrix.
A selected project scenario contains no longer uncertain activity-occurrences.

A matrix representation of § = (S, <, ~, ™) is described by an SNPM matrix Since neither
uncertain activity occurrences nor uncertain relationships are quantified, so in the matrix
representations, secure relationships can be labeled "X" or "1", uncertain relationships or
uncertain occurrences are "?" or 0.5. In matrix representations, the relations/ activities that
are left out of the project are labeled by empty cells, "0" or 0.

A project structure contains no longer uncertain relations. The matrix representation of
project structures logical plan is an adjacent or DSM matrix. In scheduling and especially in
trade-off problems, it is very common to assume that the activity graph, which is
characterized by the project structure here, does not contain a circle.

This can be described here as < a relation is partially sorted on . At the same time, initial
matrix planning methods [30] were also modeled and detected [31], and they have been
solved on feedbacks less than one. For this reason, for the sake of simplicity, I assume that
a project structure no longer contains circles.

In the proposed algorithm, we decide whether or not to take any uncertain activity
occurrences. Then, we decide on any uncertain connection to be required (serial
implementation) or not (parallel implementation). We will continue the method until the
uncertain relationships would not be included in the model. As a result we will get a project
matrix plan which has no "?" symbol in it.

After determining what activities are being performed (Phase 1) and determining the order
in which they are being executed (Phase 2), you have to choose how the activities are
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performed (Phase 3). As a result, we get a so-called project plan, which includes the
activities to be performed and how it is implemented.

You can calculate the Total Project Time (TPT), which is designated t (S x ), and the Total
System Reliability (TSR) increment for the K systems equipment’s, to be labeled
ATSR(K, S x ). Also, denote Ty (S X ) the r element vector containing the maximum
resources.

With the introductory markings (detailed in Section 4.1 of my doctoral thesis), the
preventive maintenance project planning problem can already be formulated.

The problem (a). Preventive Maintenance Project Scheduling Problem, PMPSP,
search for the shortest project timing plan: 1.et K := {kq, ko, ..., k,} be a finite set of
equipment elements. Let A = {aq, Qy, ..., An} be a set of finite activities. et S €= (A) denote a
selected project scenario S S A, and designate a project structure X = (S; <; ~). Indicate a possible
project plan for the project structure S x. Let Co 2 0 be the cost Co = 0 a and time C, = 0 is the
resonrce limit vector. Also, indicate 1 = Cprsp = O the miininum system reliability increment that can
be considered as a requirement.

argmin t(s x) s.t.
c(x) < C,
Tmax(§X) < G,
1> ATSR(K, § %) = Carsp

In the above task, we must define the § x project plan, which takes into consideration the
cost and resource constraints, achieving a minimum system reliability increase and
corrective-preventing activities as soon as possible. Since this task is practically occurring
mostly in practice, I will continue to deal with this task. For the continuous operation, the
most important thing is to get the maintenance project done as soon as possible. At the
same time, the presented method is suitable for defining the project plan that has the lowest
cost that meets the given constraints or which is the largest system reliability increment.

Then the tasks can be described as follows.

The problem (b). Preventive Maintenance Project Scheduling Problem, PMPSP, search for the
lowest cost project plan:

argminc(S x) s.t
t(Sx) < C,
Tmax(g x) < CT
1 > ATSR(K, S x) = Carsg

The problem (c). Preventive Maintenance Project Scheduling Problem, PMPSP, search for a
project plan with maximum system reliability increment:
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arg max ATSR(K, S x) s.t.
t(Sx) < Cy
c(§x) < C.

rmax(g x) < G

The proposed model generalizes the traditional time-cost-cost conversion problem,
expanding it with the possibility of handling uncertain occurrences of activity and uncertain
relations. An O(u+v) algorithm (where # is for uncertain activities and » is the number of
unstable connections) returns the proposed maintenance design problem to a traditional
trade-off problem.

When constructing and testing my model, the formulas in the first hypothesis proved to be
applicable, so it can be stated that

T1 Preventive maintenance projects can be described as a hybrid time-
quality-cost trade-off problem.

3.2 Multi-domain Maintenance Management Matrix

My suggestion is to use M* (Multi-domain Maintenance Management Matrix) matrix model
for compiling maintenance plans, which contains 7 different kinds of domains =see Fig.1).

1. Block domain (BD): is a z by z matrix, where Z is the number of system
components. Block Domain is a matrix representation of the reliability block
diagram (RBD). The diagonal cells represent the reliability of system components.

2. Equipment-task mapping domain (ED): is a z by n -es matrix, where n is the
number of maintenance activities and Z is the number of system components.

3. An increase of reliability domain (ID): is an m by n matrix, where n is the
number of maintenance activities and m is the number of nodes of activities. After
deciding which tasks will be completed and if we decide which mode of activity will
be selected the increase of reliability for given system component 4; can be
calculated.

4. Logic domain (LD): is an n by n matrix, where n is the number of maintenance
activities. Diagonal cells represent the score value of task completion, and off-
diagonal cells represent the score values of task dependencies. Cell value 1 represents
strict dependencies in off-diagonal and the mandatory tasks in the diagonal, while
between 0 to 1, e.g. 0.5 represents the flexible dependencies in off-diagonal and
supplementary tasks in diagonal cells. If the reliability of a system component is low
then the assigns maintenance task will be a mandatory task (see Fig. 1.)

5. Time domain (TD): is an n by m matrix, where n is the number of maintenance
activities and m is the number of modes. The cell represents the duration of activity
a; completed in mode w.

15




6. Cost domain (CD): is also an n by m matrix, where n is the number of
maintenance activities and m is the number of modes. The cell represents the costs
of activity a; completed in mode w

7. Resource domain (RD): is an n by rm matrix, where n is the number of
maintenance activities, 7 is the (renewable) resource needs, m is the number of

modes.
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3. Figure: The proposed matrix-based maintenance management model; (edited by his own research work)

Just look at the example below. It is assumed that the critical intervention value for all
equipment elements is cr = 0,5. As Figure 3 (n) for k, equipment element R(k,) =
0,4 < cr, therefore, the reliability of k, must be improved in any case. As a result, activity
as must, in any case, be accomplished to achieve a minimum confidence value 0,5. From
the point of view of reliability k3 and k, are coupled in parallel with each other, with all
these other components in series. The indicated operating two paths can be specified.
Therefore, the reliability of the system is: TSR = R(k;)R(k,)(1 — (1 —R(k3))(1 —
(R(k4))R(ks)R (ko).
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In block to block presented model and also the Figure 3 illustrates itself, that the
particularity of the model is that I can represent in one place the reliability and technological
structure of the system, which we have been able to accomplish so far.

T2 With the proposed M* matrix modeling process, the preventive
maintenance planning problem can be modeled.

3.3 Determination the possible solutions

To model maintenance plans is not enough. It is necessary to be able to determine which
equipment is needed to maintain.

To do this, I developed an algorithm (called the PMPSA — Preventive Maintenance Project
Scheduling Algorithm), by which I can calculate the available time, cost, resource, and
maximum reliability values without deciding on all possible project scenarios.

Most of the costs arise when all repair and preventive activities are performed by
maintenance workers and they choose the most cost-effective alternative (Cyqy). The least
cost project scenario is provided by the project plan where only compulsory activities are
included. and here is also the least costly alternative (Cpip)-

Much like the cost, if the expected impact of the activities can be determined, the maximum
reliability improvement (ATSR,,4,) can be estimated. This value is reached when all of the
corrective-preventive activities are performed. If we restrict ourselves to the obligatory
only, the minimum reliability improvement will be (ATSR ,in).

In order to calculate the time requirement, the relations between the activities should also
be taken into consideration. We will get the shortest project plan if we plan all uncertain
activities into a later project. That is, leaving the project and releasing all non-technologically
binding links and executing the actions parallel (Ty,;,). By contrast, the longest lead time
(Tnax)will result in the execution of all activities and compliance with all business relations.

When scheduling activities for the earliest time, we get the maximum resource (Ty,4,) When
we perform all the uncertain activities, but we resolve all insecure relationships (parallel
execution) and select the implementation paths where the resource requirement is
maximized. Likewise, the least resource (Ty,,) is generated if we leave all the uncertain
activities out of this project (we will reschedule it to a later project), but the relations of
obligatory occurrences will be left (serial execution) and resource requirements the
minimum is calculated.

In the first (Figure 4) and in the second phase (Figure 5), we always choose from two
possible alternatives, namely in the first phase: realization or rescheduling the activity and
in the second phase: prescribe or dissolve the connection between two activities.
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As a result, the decision tree, which we must walk, will be a special binary tree. For each
decision branch, we can calculate the possible minimum and maximum time, cost, resource
requirements, and the minimum, maximum system reliability increase, provides that
activities are implemented or abandoned. Then the decision tree will be a binary heap. At
the top of the tree, we can tell what s the shortest time, cost, and resource that you definitely
need for any project scenario. By deciding about implementing or not implementing an
activity, we can always calculate the minimum time, cost or resource requirements or the
maximum system reliability increase.

It is very important that after each decision we get an M* matrix representation, but in the
first phase, one step in each step is to reduce uncertain activities, and in the second phase
the number of unstable connections. They will either be omitted or ordered according to
our decision.

The proposed method gives preference to alternatives whose target function value is more
favorable. After each decision, we will tell you the maximum system reliability that is
available and the minimum time and cost requirements. For the first two phases, the
following cutting rules can be defined.

1. Rule (TSR CUT).
If the maximum system reliability increase is less than the required reliability
increment, neither the project scenarios that can be derived nor the derived versions

of the project nor the project structures derived from the project scenario are
allowed.

2. Rule (TPC CUT).

If the minimum cost requirement for a project scenario is higher than the cost limit,

neither project scenarios, nor project versions derived from it, nor project structures
derived from the project scenario are allowed.
3. Rule (TPT CUT).

If the minimum time requirement of a project scenario or project structure is higher

than the time limit, neither the project scenario/project structure nor the project
plans that can be derived from it are allowed.

I did not make a cutting rule for resources, because here I'm going to perform a resource
smoothing process in phase three. For activities scheduled for the earliest time, the
maximum resource requirement can be reduced. However, its calculation requirement is
much higher than, for example, the schedule. To illustrate the first phase of the method,
see the following example.

1. Example. A matrix schedule for the preventive maintenance plan was given (see Figure
4). The task is to carry out the maintenance project at the earliest time so that the reliability
of the system is at least 10% (CTSR=0,1), but we will not exceed the cost of € 40000
(Cc=40). The task must be performed with 3 maintenance and 2 machine adjusters (Cr =
[3; 2]T ). It is assumed that, regardless of the reliability chart, each device element must
have a confidence level of at least 0.5 (cr = 0; 5).
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Since the goal is to find the shortest possible run time, so in the first phase we prefer those
project scenarios that contain less activity. So in every step, if the activity is on the critical
path, we will try to leave the project because we get shorter lead times. At the same time, if
the implementation of a project scenario with the highest system reliability increased for
this matrix cannot guarantee a 10% reliability-increase then this branch and all its subsectors
should be removed from the decision tree.

In the example of Figure 5, we decide to implement the ag activity. Although we strive to
find the best solution, we may need to find the second or third best solution. The shortest
possible lead times are stored in an ordered BUFFER set. In the second phase, we decide
which order of activities will be carried out. It is important to note that since we have
decided whether or not to perform an activity, the minimal and maximum cost of the
system and the minimum and maximum incremental reliability of the system will not be
affected by the sequence of execution of the actions. Therefore, it is only sufficient to
calculate the minimum and maximum possible times of action. To do this, it is enough to
give a logical plan and a sub-matrix with time requirements.

Only the TPT_CUT cutting rule can be used to determine the most appropriate project
structure for the target function. By the end of the second phase, we get a project structure
where the goal is to define the project plan that best suits the target function and does not
exceed the constraints. If we do not have too many alternatives, then we can go forward
with the first two phases. In each step, we decide which one of the possible ways to
implement a given activity. Each vertex has a child in the decision tree since we can solve
all activities in many ways. At each point, we calculate project plans that have the lowest /
highest lead time, cost-intensive, and the lowest / largest system reliability increments.

Using the cutting rules 1, 2, 3, we get a project plan that best suits a given target function.
The resultant timeline is a resource simulation task. If we get a solution that does not go
beyond limitations (in this case it is r = [3; 1] T, which does not exceed Cr = [3; 2] T limit),
we can recommend this project plan to the maintenance team. If resource planning does
not succeed, we will need to go back to the next best solution and reset the resource
tinishing.
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4. Figure: Finding best project scenarios (1. stage); (edited by his own research work)

20



TSR==08409°1-(1.09)°0-0407°07=0331632 | | G=0a || =40

m l;- w | | miﬂ)l'l’ﬂlﬂﬂm‘
|
1| TSRy =(0.8+ 17004419003 |
(0941004 {1.(1.0.9)*
[1-(0.44 1*0.18)]} (0.7 + 140.03)*
iE (0.7+1°0.03+0.9°0.04)= 0438091
N I 1| AR TS Rour TSR=820.106459
m l 1|09
Al mommobzaumamomn \'%
m oo WBN 'aumlm ﬂmn
A Q04005004 | 0,08 | 018 | 000 | 003|004 | w0 ™ ;
aX|x|0|d|0|o]|oa|2]3|4]7]6|s] [T
n |0 |[X odololel2]4]als 4 2L =
nloo|X]X|x|o[o]o 2]3]4][s]e]s
—— @ 0+ © [O] 910 X6 0= + 5 r AT > —
w0 ololo|x|x|olo/ 4]|s5]6|6|4]s
wlololo|d|o|x|x|o|2]s]d]s]3]2
wlololo|d|ojo|x|? 68|96 4|3
w0 ololololololx|s|e|fe]s]|a
mmxmnqclmaomnnnzqnnn
l EIREL
EHE-EEHEHEE .
doy=X n|x|oloo|o|o|a]2]3]4
v w lolx|o|o|olo/o|2]|a]s
Tm:“>[7__=3qmcaogxoooz 34
Towi=18 [Tw=14 | | % | 0|0 |0 |X|X |0 04|56
m 0|oo|o|x|(x/o|2]s5]s
Aw=X rlolololololxdels|s]|o
% 000 000 x|5/6 1
rm_l-mwmmm‘mawmhnm
Lo bletlat-{e}F{a] RINE]
Am=0[ 5.
v o|x|o|o]o/o]e[o]2]3]4
=1 |T_.:zs|”°x-‘°;°9°¢2"‘
Tort | T ] @2 |@|X|x 000|234
w|o|o|o|X|x|0 04| 5|6
"10004’01""&2 5|6
m|0|lo|olo o(X 0| 8|9
w @ 0|0lo olo|X|5 61
n D || || s me || aa|wx| |
[ o N o I . 41 L4
buffer:={14,18,19) [«]
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3.4 An optimal solution for specific target functions

In the first two phases, we take advantage of the fact that we always have to choose only
two possible alternatives, namely to implement or leave uncertain activities. In the second
phase, we provide or relieve insecure relations.

In all branches of the tree, we can say what the longest and shortest lead time is. We can
tell what the smallest and largest project cost is or what the smallest and greatest increase
in reliability is. We can do this without defining all project variants and the resulting project
structure. With the help of the cutting rules, project scenarios and their project structures
derived from them should not be evaluated either, which does not meet a minimum (time,
cost, reliability increment) constraints. In the first two phases, we can get to a project
structure without having to go back to the decision tree. If the number of uncertainties #,
and the number of unstable connections is #, then a project structure can be obtained in
O(u + p). The third phase is a discrete trade-off problem where, in addition to the proposed
methods [10], [11], several heuristic methods can be used [13], [32].
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The model presented by block to block and Figure 3 itself illustrates also that the proposed
M#* matrix modeling procedure can be used to model the preventive maintenance design
problem.

T3 The optimal solution for a preventive maintenance planning problem can
be determined for a given target function (shortest possible lead time,
minimum cost).

4 Summary

The presented method is a result of long, continuous research work. During the creation
of the Multi - domain Maintenance Management Method - M4 was played a great deal of
role to establish a priority order between the equipment to be maintained and the number
of occasionally emerging circuits in the quantified form during the planning.

Specifies the priority of repairs the risk classification of maintenance activities. If you have
a cost, resource or time limit, you can use the matrix logic planning methods that I created
to plan a project that allows you to plan and schedule the most needed tasks/repairs.

Using the presented method, we get an output as a maintenance plan that includes which
equipment or equipment components need to be maintained. In the maintenance plan, an
integrated M* is used, which includes the risk or reliability values for the equipment, and
includes the access sequence. Expenditure on the activities, competent human resources
and the maintenance period for the activities are also presented.

Although the technologic order of maintenance operations is usually concluded with the
repair of single equipment, the repair of each equipment can be done in different order,
even interrupted, and can be restarted for inspection or work for the unit. If you have a
cost, resource or time frame, you can use this method to create a project plan that allows
you to plan and schedule the most needed fixes.

Within the available budget for companies, we strive to integrate as many of the equipment
as possible into the plan, and by restoring them, we achieve the expected overall system-
level reliability value. In compiling the plan, we will keep in mind the available time frame
and monitor the number of competent maintenance staff on the given equipment. The
maintenance plan is then assembled using M* to achieve our goal, that is, within the
constraints set by the company, the expected overall system reliability.
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