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Abstract

Maintenance has a key impact on the efficiency of the production processes because
the efficiency of the machines determines the ability of the system to produce in
accordance with the assumed schedule. The key element of the system performance
assessment remains the availability of technological equipment, which directly
translates into the efficiency and effectiveness of the performed production tasks.
Taking into account the dynamic nature of manufacturing processes, the proper
selection of machinery and equipment for the implementation of specific production
tasks becomes an issue of particular importance. The purpose of this research was
to determine the impact of technical and non-technical factors on the material selection
of machine tools for production tasks and to develop a method of supporting the
selection of production resources using the AHP and Fuzzy AHP methods. The research
was carried out in a manufacturing company from the automotive industry.
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1. INTRODUCTION

Current market requirements result in an increase in demand for personalized products
with unique features and functionalities tailored to specific customer needs (Zubrzycki et al.,
2021; Relich & Swi¢, 2020). Providing a wide range of products is a huge challenge for
manufacturing companies, which determines the nature of the organization's activities and
functioning, and above all, the type and structure of the manufacturing system (Gola, 2014).
Appropriate preparation of this type of production in terms of construction, technology
or organization is a significant challenge — moreover, it is not easy to control and manage such
type of production (Pizon, Kulisz & Lipski, 2021; Szabelski, Karpinski & Machrowska, 2022).

In general, the implementation of production activities is carried out in two ways:
in steady-state and transient conditions (Burduk et al., 2019). In the first case, it is possible
to determine future production levels with high probability, and thus it is possible to develop
scenarios of remedial actions for potential threats to production (Batdowska-Witos et al.,
2020). In the second case, when working conditions are unstable, it is impossible to develop
action scenarios due to the variety of disruptive factors, e.g. damage to equipment and
machines (Varela et al., 2018). Currently, due to changing market requirements, the second
type of production dominates in enterprises. The reasons for this situation are: (1) a customer
who expects personalized products - requires focusing the company's attention on trends
in society, responding to the customer's wishes, suggestions and comments, and time
pressure - producing the product in the shortest possible time (Swic & Gola, 2013). Meeting
the requirements is an indicator of the existence of the company on the market (VVollman
et al., 2005; Madu, 2000). The lack of repeatability of the series results in the lack
of organizational patterns of the production structure and the accumulation of errors in its
organization and management. Therefore, solutions supporting and eliminating these
disturbances should be sought (Rakyta et al., 2015). Unfortunately, in enterprises, when
considering and trying to prevent faults in unstable production conditions, the aspect
of maintenance is often overlooked (Kosicka, Gola & Pawlak, 2019). The role it plays in the
enterprise is important, because with the proper functioning of maintenance services, it is
possible to both maximize the use of available machine resources and determine their actual
states (technical diagnostics of objects), as well as to obtain new data that can be input data,
supplementing control systems and production management (advisory systems, expert
systems). Supporting production with such systems makes flexible production have the
characteristics of mass production, stable and predictable.

The implementation of modern machinery and equipment in the production system of the
company (implementation of technical solutions, e.g. automation and robotization, flexible
production systems) as well as the introduction of various production philosophies (e.g. Just-
in-Time (JiT) or Lean Manufacturing) improved the use of available resources. Despite these
activities, the area of maintaining the machine park in constant readiness leaves you
unsatisfied, because technical equipment is of key importance for the efficient and effective
functioning of production processes and quick order fulfillment (Crespo Marquez et al.,
2009; Al-Najjar, 2007).

The purpose of this article is to analyze the impact of technical and non-technical
indicators on the material selection of technological equipment for specific production
purposes and to present the method of supporting decisions in the selection of resources for
the needs of production tasks using the AHP and Fuzzy AHP methods.
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2. THE IMPORTANCE OF MAINTENANCE IN A MANUFACTURING
COMPANY

The growing pressure to shorten production cycles means that the readiness to work
of machines and technical devices remains the key factor determining the possibility
of timely execution of orders, which consequently increases the role and importance
of maintenance services (Aspinwall & Elgharib, 2013). Therefore, maintenance has
an increasing impact on the efficiency and profitability of the company. Production lost due
to unplanned machine downtime will never be recovered without additional cost.
Disruptions in production processes caused by a failure of a machine or device not only
reduce productivity and increase the cost of the product, but also cause the loss of the ability
to produce products on time, which in turn translates into the loss of the company's image.

The importance of maintenance is growing due to its role in the maintenance and
availability of the machine park and the efficiency of its operation. Traditionally,
the approach to maintenance is considered to be an area of additional costs for the enterprise,
however, research shows the positive impact of maintenance on the efficiency of the
enterprise, its profitability and productivity (Al-Najjar & Algabroun, 2018; Azizi, 2015;
Maletic et al., 2014).

It is believed that by applying an effective maintenance policy, production deficiencies
and failures can be reduced to a minimum level, the economic indicator of which
is acceptable to the company. In the perspective of long-term goals, this type of action can
bring significant savings to the organization (Al-Najjar, 2007).

Maintenance is a strategy that involves the identification, investigation, and
implementation of many repair, replacement, and inspection decisions. In the initial scope
of its operation, it was based on a reactive approach, where no action is taken to prevent
failures or detect the beginnings of failures, and the device must be repaired when it fails.
It was assumed that the costs related to traffic maintenance are high in relation to its
functioning. When mechanization elements were introduced to the industry, the approach
to maintenance changed to a preventive approach. Inspections of machines and devices were
carried out at specific time intervals (e.g. number of shifts) or other criteria aimed at reducing
the probability of failure or deterioration of efficiency (e.g. number of manufactured
products). In the following years, when the share of automated and robotic processes
increased significantly, the maintenance approach changed to a predictive approach.
A number of IT systems for maintenance management based, for example, on monitoring
the technical condition of the facility with the use of vibroacoustic signals, have been
developed. Currently, due to globalization, dedicated IT systems are not sufficient in the
effective use of maintenance. Supporting solutions were and are still being sought, consisting
in combining the maintenance department and other departments necessary for the proper
functioning of the company (e.g. supply departments, production optimization, organization
and management of the company). This approach is called a process-oriented approach.
Although different approaches have been developed at different times, in practice more than
one approach can be used at the same time, as well as many ‘customized maintenance
strategies'. Therefore, from the point of view of the user of these systems, it is very important
to know which of the available approaches to maintenance is the most cost-effective and
corresponds to the technical system in the company's operational activities. The strategies
discussed can be found in many scientific publications, and various maintenance concepts
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have been developed on their basis, e.g.: Reliability Centered Maintenance (RCM), Total
Productive Maintenance (TPM), Condition-Based Maintenance (CBM) and Integrated
Logistics Support (ILS) (Sagar & Singh, 2012; Ahmad & Kamaruddin, 2012).

Systemically, the maintenance process is currently perceived as supporting the main
processes implemented in the company - mainly production and its cost. However,
the complexity of modern production systems and their dependence on a large number
of internal and external factors forces a change in the approach to maintenance to a process-
oriented approach (Blanchard, 2004). Identification of these factors and determining their
importance is one of the basic activities enabling the construction of a model for assessing
the added value through the maintenance of the system, organization and management
of a production company (Al-Najjar, 2007).

3. ESSENCE AND CHARACTERISTICS OF AHP AND FUZZY AHP METHODS

Analytic Hierarchy Process (AHP) is an effective decision support tool. Using the AHP
method, a problem can be solved in a hierarchical manner, where the decision is based on
criteria (usually multiple criteria) (Saaty, 1980). The AHP method is based on the concept
of a hierarchy of goals and creating binary comparisons between goals of the same level
(determining the ranking of the analyzed solutions). The construction of the hierarchy
diagram strictly depends on the type of problem under study and maps the hierarchy of goals
of this problem. If the problem is complex and contains a number of alternative paths,
the structure is more complex, which makes solving the problem more difficult. Most often,
a simplified structure is sought, which contains, for example, three levels, where the first
level contains only one element, the decision problem. The second level consists of elements
- decision criteria, and the third level contains the characteristics of the tested object.
A typical, hierarchical structure of the AHP method is shown in Fig. 1.

| Goal |

T ey

| Criterion 1 | | Criterion 2 |

| Alternative 1 || Alternative 2 || Alternative 3 II Alternative 4 I

Fig. 1. Typical hierarchy structure of the Analytic Hierarchy Process method

In mathematical terms, the record of a decision problem presents the so-called decision
matrix (1).

X = 1)

X21 X222  Xan

Xm1 Xm2 Xmn

where: X — action, strategy, alternative decision or decision,
Xmn — the measure of the variant Wy, according to the K, criterion,
m — value of m variant,

n — value of n variant.

X11  X12  X1n ]
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Decision matrix is a description of individual variants along with criteria describing those
variants to which weight should be assigned (usually in the form of a numerical value).
The numerical value of the criterion is a measure of the implementation of the assumed tasks
and objectives of individual variants. The scale of the point value is ambiguous and a point
scale from 0 to 5 is adopted in simplified tasks, and from 0 to 10 in exact solutions.
The assumption of the point criterion is that the minimum value is the worst grade, while the
maximum value is the best grade. For example, a comparative rating of 1 might mean
"equal", a value of 3 for "slightly greater”, a value of 9 for "extremely greater". To solve
a decision problem using the AHP method, four steps must be taken. It is necessary to specify
the decision problem with its description (hierarchy of the problem), make a comparison in
pairs in relation to the criteria, and criteria in relation to the goal (evaluation of the criteria).
Then set preferences with regard to the priority of criteria and decision variants and choose
the best variant (analysis of results). As a result of the analysis, we obtain the highest ranking
value, which is considered to be a solution to the decision problem and is a compromise
between different goals or criteria (Bayzit, 2005).

The assessment of the solution made by the decision-maker is ambiguous, depending
on his attitude to the task, personal characteristics, function performed, knowledge, data
and skills. The result of such an approach is a multifaceted approach to the decision-making
problem. The AHP method has a wide and varied application, and the availability
of examples in the literature is considerable (Das & Chattopadhyay, 2003).

The Fuzzy Analytic Hierarchy Process (FAHP) method is similar in terms of methodology.
Unlike the classical AHP method, it enables a more accurate assessment of linguistic criteria
and is similar to human reasoning. It is characterized by the use of fuzzy sets in relation to
linguistic criteria and membership functions. Membership functions can take various forms,
e.g. triangular or trapezoidal, but in practical applications the first one is most often used —
the triangular membership function. The fuzzy values correspond to the start, middle, and
end of the triangle, respectively. The fuzzy triangle (TNF) scores for the FAHP method are
presented in Table 1.

Tab. 1. Values of fuzzy evaluation triangles (Kutlu, 2012)

Linguistic assessment | Fuzzy value TNF | AHP classic equivalent
Absolute preference (2;5/2;3) 9

Very clear preference (3/2; 2; 5/2) 7

Clear preference (1; 3/2; 2) 5

Slight preference (1;1;3/2) 3

Equal preference (1;1;1) 1

Slight inferiority (2/13; 1; 1) 1/3

Clear inferiority (1/2; 2/3; 1) 1/5

Very clear inferiority (2/5; 1/2; 2/3) 17
Indisputable inferiority (1/3; 2/5; 1/2) 1/9

The calculation scheme is similar to the classic AHP method, except that fuzzy
evaluations should be used for pairwise evaluation.
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4. FORMULATION OF THE RESEARCH PROBLEM

The entity in which the research was carried out was a manufacturing company belonging
to the SME sector, dealing in the production of metal and metal-rubber elements used in the
automotive industry. The assortment of manufactured products includes over 300 different
products, on average twice a month a new product is launched. The large number of products
offered resulted in the problem of the appropriate selection of production stations along with
their availability (efficient and ready to work machines and production equipment) so that
the production process ran smoothly and efficiently. For the planner, it involves a number
of actions and decisions that must be made.

The basic information for production planning must be individual data on the availability
of production resources - machines and devices. At a later stage of planning, economic
and technological factors of production should be taken into account. Based on this data,
the planner selects the optimal solution from among many available other solutions,
assessing their impact on the organization and management of the enterprise.

The production system of the enterprise works on the basis of the technological principle.
This means that the production space consists of separated, separate technological cells with
the same type of machines and production devices (high operational interchangeability).
It is possible to distinguish turning, milling, drilling, grinding and manual machining
(locksmith) production units, combined with a product assembly station. In addition, the
cells were divided into rough and fine machining stations. Individual production stations in
a cell show differences in terms of efficiency, cost-intensity and availability. Availability of
machines or devices is limited by readiness for operation, planned repairs and unexpected
breakdowns. These factors cause disruptions that ultimately affect the organization and
proper management of the enterprise.

In order to determine the impact on the enterprise and eliminate disturbances
in the availability of machinery and equipment, and to support the planner (often
inexperienced) in selecting the appropriate resource for a given technological operation,
the state of affairs (resource failure rate) was analyzed and an attempt was made to support
the decision-making process using the AHP method (as the basic approach ), as well as in
its extended variant — FAHP. The goal was to select a resource available immediately and
meeting the criterion of failure-free working time for the assumed time frame of expected
work in unit production. The technological and economic aspects were omitted, as the
available resources are at a similar level of technical advancement in individual production
units (small differences in efficiency). As a result, the financial aspect can also be omitted
in this example, because the lack of availability of the resource (too long waiting time for
the product to be put into production) as well as failures compensate for the potential profit.

In order to check the assumptions of the conducted research, one group of machine tools
was selected. The selection was made from a group of 10 machines for milling processing,
characterized by comparable technical and economic properties and technical wear (data
obtained from the maintenance department). A monthly period of work (twenty working
days) was taken into account, in which the machines were used in three shifts, five days
a week (the working time fund of a single resource was therefore 2,400 hours).

121



5. METHOD AND OBTAINED RESULTS

The analysis of the operation of machines in the analyzed period allowed to conclude that
the availability of individual machine tools was extremely different, as shown in Table 2
and Figure 2. The fourth column of Table 2 presents an indicator that shows the monthly
availability of a given resource. Based on the obtained data, an attempt was made to search
for the causes that were responsible for the downtime of the machine tools.

Tab. 2. Machine availability indicators

(mil:?:sorﬁ;ziine) Yivrr?g?’;g Downtime [%] Availability indicator
M1 90 10 0,9
M2 89 11 0,89
M3 96 4 0,96
M4 76 24 0,76
M5 85 15 0,85
M6 92 8 0,92
M7 97 3 0,97
M8 69 31 0,69
M9 87 13 0,87
M10 88 12 0,88
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Fig. 2. Percentage of machine downtime in the analyzed period

After determining the reasons for the downtime of the machines, the aspects that had an
impact on the organization and management of the company were identified. These reasons
have been grouped into areas that include:

e Technical area:
failure (mechanical, electrical, hydraulic or pneumatic),
change in the quality of the input material of the same production batch,

— quality of tools used during production tasks,

service errors (programming errors or settings),
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— machine degradation,
— quality of products,
— work safety,

e non-technical area:
— the availability of spare parts to remove the failure,
— the availability of a maintenance worker (mechanic or electrician),
— the date of completion of the products,
— the cost of maintaining the machine (e.g. depreciation, inspections, service),
— work safety.

It was decided that the listed factors will constitute the basic criteria that can be identified
with the impact on the enterprise. The planner also has such data and should be guided by
the selection of the appropriate workstation for production tasks. For the available criteria,
weights were assigned on a scale from 1 to 10 (Table 3). The weight values were consulted
with a group of planners and the maintenance department. The individual criteria and the

values assigned to them are presented in Table 4.

Tab. 3. Machine availability indicators

The value of impact

Criterion on organization
and management
Al | failure 10
A2 | change in the quality of the input material of 3
the same production batch
Technical A3 qual?ty of tools used during production tasks 2
A4 | service errors 1
A5 | machine degradation 6
A6 | quality of products 4
A7 | work safety 5
P1 | the availability of spare parts to remove the 8
failure
Non- P2 | the availability of a maintenance worker 5
technical P3 | the date of completion of the products 3
P4 | the cost of maintaining the machine 3
P5 | work safety 5

The last level of the decision tree — level 3, defines the alternatives. The dilemmas were
the available set of machines, defined as M1, M2, ...., M10, forming a decision tree, the
solution of which is the appropriate selection of the workplace with the least impact (the

least downtime) on the enterprise organization and management system.

The solution to the research problem was carried out using the Matlab program. Due to
the large size of the matrix of pairwise comparisons of the AHP and FAHP methods as well
as the m-code calculation functions, partial calculations and results are presented (Fig. 3 —

AHP method, Fig. 4 — FAHP method, Fig. 5 — synthetic TNF values for criterion Al).

123
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27 Occupational safety
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%% Problem formmlation:
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L
%% Step 3:
C) 1 matrix of eigenvectors calculated above for each criteria eigemrect : Bl, AZ, A3, A4, A5, AE, A7, P1, PZ, P3, P%, EG
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%% sub-functicr on calculating sigemectors

function [eigrect ]| = cale_eig(M) [

%% sub_functicn o nommalise a ~metor (0-1)

function [noxmvect | = gale noxm(M) [ |

end

Fig. 3. A part of m-code of the AHP method: a) formulation of the problem, b) matrix of pairwise
comparisons for criterion A1, ¢) computational function
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a) functicon [ weights CompMar fuseyTFH ] = Fuc

alytical hiera P

vee = [mEwtendinaly=i={l,:}]:
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end

Fig. 4. A part of m-code of the FAHP method: a) the sum of I, m, u values for a triangular fuzzy number,
b) calculation of weights
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Fig. 5. Synthetic THF values for criterion Al
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As shown in Figure 5 —for the Al criterion, the M5 machine tool is the preferred machine
resource, because its values are the largest and the span (width of the set) is the largest.

As a result of the calculations carried out in the Matlab package with the use of m-codes
presented in Figures 34, a set of values was obtained (for all criteria) for the one-level
structure of the problem, which are presented collectively in Table 4 and graphically in
Figure 6.

Tab. 3. Comparison of the obtained results with the choice made by the decision
maker, using the AHP and FAHP methods

. Decision
e | mer | AT | PP
Position Weight | Position | Weight | Position
M1 2 0,111 1 0,119 1
M2 10 0,093 9 0,085 10
M3 6 0,104 5 0,092 8
M4 9 0,073 10 0,090 9
M5 3 0,108 3 0,095 7
M6 8 0,098 7 0,099 5
M7 7 0,096 8 0,097 6
M8 5 0,102 6 0,103 4
M9 4 0,106 4 0,109 3
M10 1 0,109 2 0,111 2
Sum 1,000 1,000
Calculation values
e e L e bt
I AHP
L | S e R e e e e bt :-F:AHP
012 _________________________________________________________________________
2

Machine

Fig. 5. Bar graph of the results obtained using the AHP and FAHP methods

As shown in Table 5, in the analyzed case, the machine resource M1 should be assigned
to the production task in the first place (this results from both the use of the AHP and FAHP
methods). The decision maker placed this resource as the second position, preferring the
choice of the M10 resource. Nevertheless, the action of the decision-maker and the methods
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used should be determined at a satisfactory level, as the presented results are largely
convergent. Differences in the obtained results result from the adopted small differences in
the values of the criteria weights. The lowest values occur in the M2 and M4 resources,
which is caused by the strong impact of the A4 criterion, whose impact on organizations and
management is at level 1.

6. CONCLUSIONS

Maintenance is of key importance from the point of view of the efficiency of production
processes, and its proper functioning improves the productivity of the company, increases
production efficiency, stabilizes the quality of products and timeliness. At the same time,
maintenance as a function supporting production reduces downtime and extends the life of
production machines and equipment.

This study shows that the decision maker who has the given criteria has the ability to
identify faults caused by maintenance for the proper functioning of production and determine
the breakdown schedule in the enterprise for individual machines. The correct correlation of
the planner's activities and the AHP and FAHP methods allows us to conclude that less
experienced employees, based on the support methods, will be able to take corrective
actions, preventive actions in the pre-emergency time (before the failure occurs), develop
a scenario of actions and appropriately plan the use of production resources. The reaction of
maintenance services in such a case is planned and better organized and managed, ensuring
minimization of costs for the company and increasing the efficiency of operations. Proper
maintenance practice can therefore keep production assets in reliable condition, thereby
minimizing production inefficiencies, product defects, downtime, etc.

Maintenance activities are costly, but the lack of these activities is more costly for the
company. Companies that will be equipped with a decision support system (e.g. based on
the AHP or FAHP method) will be able to improve their maintenance systems and improve
their performance. It is important to develop a system supporting the decision-making
process, because such a system is the foundation for the efficient and trouble-free operation
of the production system, its organization and management.

The research results have a potential practical application, which is demonstrated by
a practical example, which is why research on a multidimensional model, taking into account
a wider range of criteria and factors, is continued. In the future, the decision support system
will be expanded with other decision support methods.
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