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ENSURING THE EFFICIENCY OF THE
SYSTEM OF TECHNICAL MAINTENANCE
AND REPAIR OF TRANSPORT
AND TECHNOLOGICAL MACHINES
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Abstract

Current situation with the fleet of transport and technological machinery in Ukraine requires
an individual approach to evaluating the effectiveness of its maintenance and repair system.
The article is devoted to the issue of selecting the most effective option for the use of
transport and technological machinery taking into account the specific conditions of its
operation characterized by certain risks and uncertainties, and considering the real volumes
and age structure of the fleet. Solving this problem requires substantiation of management
models of maintenance and repair processes. It is necessary to provide scientifically based
methods of managing the system of technical maintenance (TM] and repair of transport
and technological machinery (RTTM) using specific methods of an individual approach to the
technicaland economic evaluation of the effectiveness of maintenance and RTTM processes
which are adapted to the modern conditions of its operation.

The article presents the results of the research, which was carried out using the basics of
system analysis, the theory of decision-making under the conditions of uncertainty, and the
basics of multi-criteria analysis.

In the course of research, an analytical management model of the maintenance and repair
system operation was formed that reveals the sequence of implementing the management
methodology, which makes it possible to assess its state in successive discrete states, to
promptly take into account the effect of external influencing factors and make corrections,
which, in turn, allow increasing the validity of strategic decisions aimed at increasing the
effectiveness. A numerical calculation was performed, which allowed us to conclude that
the value of maintenance intervals has a significant impact on the indicator of effectiveness.
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Adjusting this value makes it possible to optimize maintenance and repair processes.

Keywords: transport and technological machines; maintenance and repair system; efficiency;
uncertainty; system approach

1. Introduction

Formulation of the problem. Transport and technological machinery (TTM] plays an impor-
tant role in the operation of industrial enterprises and implementation of technological
processes in agriculture. The TTM system performs transportation functions, as well as oper-
ations requiring the use of special machinery, which is equipped with technological equip-
ment for various purposes. It should be noted that the TTM maintenance system has its own
characteristics, i.e. sticking to the requirements of technological processes, for the restora-
tion of which the technological machinery is used. In addition, TTM is often operated apart
from the main bases. In order to increase the performance of TTM, it is necessary to carry out
the measures aimed at maintaining and restoring its performance. Organization of the main-
tenance and repair system of TTM is the subject of research for many scientists [4, 11, 16].
At present, the planned preventive system for carrying out repairs and maintenance is wide-
spread [5]. This system is based on the developed state and industry standards, and is char-
acterized by planned technical repair services carried out with standardized periodicity.

Despite the prevalence of this system, its shortcomings should be mentioned. The meas-
ures aimed at restoring operational efficiency and the periodicity of the implementation are
generalized and do not take into account the peculiarities of operation, climatic conditions
that significantly affect the time of reaching the limit state of TTM.

In [15], it is emphasized that the periodicity of technical maintenance should be adjusted
depending on the operating conditions and the level of TTM concentration in production.

The authors in [1, 14] also prove the need to adjust regulatory recommendations regarding
maintenance periods. It is stated in the work that the structure of the fleet of cars is changing
rapidly, new vehicle makes and models appear. In addition, the operating intensity varies
throughout the year. These features must be taken into account when justifying the cycles
of technical maintenance.

An analysis of the literature on the topic proves that simultaneously with the use of regu-
lated normative documents for technical repair services, it is necessary to apply an individual
approach to the organization of maintenance and repair systems.

This approach to the maintenance system organization will allow increasing the performance
of the TTM fleet, adjust the periodicity of technical repair services, decrease costs and reduce
machinery downtime.
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The most important elements of organizing the maintenance and repair system, which
determine its efficiency, can be singled out:
the site for performing technical repair services;
the time for performing technical repair services (shift, inter-shift, lunch time);
performers of technical repair services;
frequency of services, number of service cycles;
methods of machine repair.

Taking into account the design features of machines, their mobility, distance from produc-
tion bases, road, material and technical conditions (availability of nearby production bases,
mobile means of maintenance and repair), technical maintenance and repair of auto-tractor
machinery can be carried out in stationary conditions, with the delivery of machines on its
own or on a tow truck, to the place of machine operation with the help of mobile means of
maintenance and repair.

The list of elements characterizing the efficiency clearly demonstrates the complexity of the
maintenance and repair organization system ([MROS).

To solve the main task of maintaining the technical condition of TTM, it is necessary to
manage the process of maintaining their working capacity. The effectiveness of this process
is determined by the MROS implementation strategy. This strategy requires the results of
the analysis of the current state of the TTM fleet for the company development, as well
as determining the reasons for the loss of operational efficiency. In addition, the TTM fleet
consists of a wide range of machines.

It should also be noted that the efficiency of the MROS operationis influenced by cross-func-
tional interactions of the enterprise departments providing technical maintenance and the
staff professional level.

Taking into account the above, the analysis of the maintenance and repair system of trans-
port vehicles for substantiating the ways of solving the problem of ensuring its efficiency
requires a system approach.

The use of a system approach to the research allows taking into account the maximum
possible number of factors affecting the functioning of MROS, and achieving the research
purpose: provide the choice of the most effective options of using TTM and ensure carrying
out technical maintenance and repair considering the real operating conditions and the
overall service life of machines.

Reconstruction of the destroyed infrastructure in Ukraine requires the extensive use of TTM.
Unfortunately, a significant amount of equipment has been destroyed. The structure of many
large construction organizations, which own fleet of equipment, also underwent changes and
partial destruction. TTM with not long service life is mainly involved in the operations related
to the defense of the country. Therefore, worn-out machines have to be used to ensure the
restoration activities. This state of affairs led to a decrease in the efficiency of their work.
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This, in turn, creates a need for improved repair and maintenance systems.

The results of research into the effectiveness of the use of technical means and repair
services management are presented in the works of many authors [10, 18, 20]. The authors
use the system analysis and mathematical modeling methaods in their research.

The research is mainly based on the results of experimental indicators of technical operation
of machines.

The situation with TTM fleet that currently exists in Ukraine requires an individual approach
to evaluating the effectiveness of MROS, based on the method of solving multi-criteria
problems under the conditions of uncertainty.

2. Research methods and methodology

The research was carried out using the basics of system analysis [17], the theory of deci-
sion-making under the conditions of uncertainty [2, 13], the basics of multi-criteria analysis
[9.12].

2.1. Fuzzy multi-criteria problem

To solve the problem of evaluating the MROS efficiency, an optimization criterion was chosen:
working hours (Wyours):
specific costs for maintenance and repair (C);
work intensity of operations (Wj,J;
duration of technical maintenance and repair intervals (Dpyg).

It is difficult to get a solution to the problem taking into account all the criteria. MROS will be
optimal if the following condition is fulfilled:

{F(Wl) = extrF(W);

_, 1
atW, c W. )

where W is a vector of optimization parameters to be controlled;
Fis MROS performance indicator;
extr is the procedure for finding the extremum F.

The content of the extremum search procedure is described by the correlation:

min, if we choose C, Wiy, Dryr as Wy;

extr = .
{ max, if we choose Wyqyrs as Wi.

@

Costs C depend on the type of maintenance and on the time of the forced downtime.
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In order to analyze changes in the technical state of TTM, a discrete form of providing the
indicators of MROS operation is used. For this, it is necessary to choose the value of the
research period Tg = one year.

TTM maintenance is carried out regularly at certain time intervals depending on the engine
hours that the machine has worked. To specify the research, a forklift truck, which is used
for construction work, was accepted as a TTM object. The following technical maintenance
requirements have been established for the loader (Figure 1): TM 1 — 100 engine hours;
TM-2 - 1500 engine hours; TM,oneh — €very month — 500 engine hours.

Fig.1. Scheme of discrete states: TM - technical maintenance; t1,; — machine downtime during
maintenance, normal hours; tg - downtime during repair, normal hours

Downtime tjry = Xicq tijry - Kij, hours 3)

where #;7)yis the normative value of downtime during technical maintenance (TM];
Kij is the number of TM services of the same type during the period of research.

IF N number of machines of the same type are used to perform the work, then the formula
for determining the duration of downtime during the i-th TM of all TTM of the same model
for a discrete period will take the following form:

tirm = N - TMj; - tijru, 4

where TM;; is the number of TM services of a certain type for the j-th TTM during the research
period.

Within one discrete period, j-th TTM is characterized by the downtime period DP spent on
repair works, in days:

DPp =2, ©)

where t,-j(p)/EHis an indicator of the work intensity of repair works, days/engine hours.
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Np is the working time of TTM for a discrete period, machine hours. Taking into account the

assumption that tijp) will differ for TTM with different operating periods, for a more accurate

calculation we will use the specific value of the indicator tijp) of work intensity, for example

&M’w. The denominator is taken equal to the largest value according to the TM
engine hours

standard (15,000 engine hours for a loader). Considering the above, equation (5) will take the

following form:

_ L)y Nn days

DPjP 1500 ’ engine hours’ ©)
Specific work intensity of the j-th TTM:
ey =ty js ™)

where j;is a conditional coefficient of transition from the maintenance period to the discrete
period.

P . X
L DP]-P+DPJP+DP]P (8)
]} - T, >

nj

where DP]-‘;, is the time period (days or hours) when TTM performs work during a discrete
period Tpp;

DP;p is the downtime period of j-th TTM during the maintenance period.
Tppj is the number of days (hours) in a discrete period.
The total work intensity of the existing TTM fleet for a discrete period:

tpp = Xj=1tjp)s )

Allocating a specific time period to determine the values that evaluate the effectiveness
of technical maintenance and repair allows for strategic management of TTM operation.

2.2. Methodology For assessing the performance of TTM states

Section 2.1. provides the list of MROS optimization criteria, which are subject to optimiza-
tion, in order to ensure the efficiency of the MROS functioning. Accordingly, the optimization
parameter is the MROS functioning performance for a certain (discrete] period.

The solution to the problem consists in determining such coefficients of relative importance
Cij, which ensure the maximum performance value. Fishburn method is used to determine
the weighting coefficients [6, 8], which assess the n-th number of properties.



The Archives of Automotive Engineering — Archiwum Motoryzacji Vol. 99, No. 1, 2023 11
https://doi.org/ 10.14669/AM/161823

To determine the level of performance, each parameter (optimization criterion) x; (i = 1, n) is
matched with an estimate of its significance. After that, a system of weights is built in accord-
ance with the following condition:

n
i=1 a; = 1
{ai >0,i=1n (10)

where q; is the weight of the i-th optimization criterion;
1is the criterion number;
n is the number of optimization criteria.

The criteria were placed in order of decreasing importance (in our research, it is the perfor-
mance of MROS operation for a discrete period). After ranking, the weight indicators were
determined using the Fishburn scale [6, 8].

2:(n—i+1
a =20, (11)
Fishburn's rule (11) reflects the fact that there is no information about the level of criteria
significance.

Provided that there is information about the limits of the criteria values, for example,
a; € {a; — Bi},, the following correlation is used:

N G L S
(@ = o+ G (@ = o)
i=1,2,..,m (12)
a; > B
Y < LY =1

To recognize the level of membership of the selected indicators, it was necessary to obtain
the membership function Cj, (x), where x is the carrier, which is the domain of the function
definition.

The larger C;;, (x) is, the higher is the estimated degree of membership of the carrier element
in a fuzzy set .

The next step was the formation of nodal points (k;), which determine the maximum of the
membership function for each variable Cj; (x;).

In order to move on from a set of separate indicators to an aggregate operation efficiency
indicator Vj, it is suggested to use a fuzzy multiple approach. This will make it possible to
move on from verbal evaluation to the data in qualitative and quantitative presentation.
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An aggregate indicator in quantitative presentation is defined as follows:

q(V) = X5k iy a;Cij(xq)). (13)

where k] denotes the nodal points (j =1, 2..... 5), a_i is the weight of the i-th factor in convo-
lution (i=1,23, 4),

Cjj (x;) is the value of the membership function of the j-th level relative to the current value
of i-th factor, C;; = {0.1,0.3; 0.5,0.7,0.9} [21].

The results of assessing the MROS functioning performance were carried out using a petal
diagram. The construction of the diagram allows making management decisions, and is also
a tool for adjusting goals.

The study of the MROS operation was conducted on the basis of the data provided by
a private enterprise in Rivne. A team of experts made up of ten people, which included the
enterprise head and its specialists, together with the three specialists of the “Oblavtodor”
enterprise in Rivne, determined the economic performance of the MROS operation. The
experts adopted a set of evaluating criteria in order to assess the level of the aggregate
performance indicator. The value intervals for the fuzzy linguistic variables were chosen: very
high, high, medium, low, and very low; as well a set of nodal points k] = {0.1,03; 0.5;0.7,0.9}
[21]. Ranking of criteria by the degree of their significance was performed. Expert opinion
of the group members was formed by the method of centroid groups. Calculation of the
multiple coefficient of rank correlation was performed under the condition of connected
ranks . The coefficients were tested for significance using the Pearson criterion. The proce-
dure of expert analysis is not considered in this article in detail, which is due to its wide
coverage in literature [3,19].

2.3. Concept of assessment of TTM MROS operation performance

It is possible to ensure the efficient functioning of TTM MROS under the condition that the
maintenance organization system is adapted to the influence of the external environment
and, as a result, changes in internal factors.

Taking into account what is stated in sections 2.1. and 2.2., we will generalize the suggested
approaches to the analysis of the MROS operation performance and form a conceptual
analytical model of a multi-criteria decision-making system in the TTM operation system
with discrete states of technical maintenance and repairs (Table 1).
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Tab. 1. Analytical model of MROS operation management

Stage name Stage content
1 2
1.1. Monitoring of the existing TTM fleet and determining the list
of operations.

1.2. Evaluation of the requirements, restrictions and risks of the
external environment.

1. Preparation

1.3. Formation of the list of criteria for evaluating aggregated
indicators to assess the performance of MRQOS operation (x).

2.1. Formation of analytical method for the extremum search — the
conditions for ensuring the efficiency of MROS operation.

2.2. Calculation of the main indicatars.

2.3. Formation of the term set for the selected criteria.

2. Introduction of analytical

2.4. Determination of the significance (a,) of the selected x, of the
procedures

TTM MROS operation performance using the expert evaluation
method.

2.5. Determination of the eligibility levels of criteria C,  (x)).

2.6. Calculation of the aggregate indicator of the efficiency of MROS
functioning for various options of criteria ranking.

3. Analysis of results and 3.1. Analysis of the obtained results and the level of efficiency of TTM

justification MROS functioning.
3. Research results
The parameters of the membership functions are defined according to [7] for the following
linguistic variables: “Very low, Low, Medium, High, Very high". To describe a subset of the term

set, a system of five appropriate membership functions is used:

Membership function of the “Very low" term:

1, 0<x<0.15
Cin(x) =10 (0.25 — x),10.15 < x < 0.25 (14)
0, 025<x<1

Membership function of the “Low” term:

0, 0<x<0.15
Cin(x) =10 (x —0.15), | 0.15 < x < 0.25
1, 0.25 < x < 0.35 (15)
10 - (0.45 — x), 0.35 < x < 0.45

0, 045<x<1
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Membership function of the “Medium” term:

0, 0<x<0.35
Cin(x) =10+ (x—0.13), | 0.35 < x < 0.45
1, 0.45 < x < 0.55 (16)
10 - (0.65 — x), 0.55 < x < 0.65
0, 065<x<1

Membership function of the “High" term:

0, 0<x<0.55
Cin(x) =10 (x —0.55), | 0.55 < x < 0.65
1, 0.65 < x < 0.75 (17)
10-(0.85 —x), 0.75 < x < 0.85
0, 085<x<1

Membership function of the “Very high” term:

1, 0<x<0.75
Cin(x) =10 (0.75 — x),10.75 < x < 0.85 (18)
0, 085<x<1

The results of ranking of the selected criteria and their membership according to Fish-
burn are shown in Table 2. As an example, there is given only the table that corresponds
to the following solution search option R4 > Ry > R, > R|, where R; is the criteria ranking.
The entire research considered various options for ranking the criteria, for example:
Ry>R3>Ry >Ry, Ry>Ry>R3>Ry; Ry>R3> Ry > Ry, etc.

Tab. 2. Results of the performance criteria assessment

Criteria Objective  Rank, R, Significance according

to Fishburn
Working hours (x;) Max 4 01
Specific maintenance and repair costs (x,) Min 3 0.2
Work intensity (x3) Min 2 0.3
Duration of maintenance and repair intervals (x,) Max 1 0.4

The membership level matrix g(¥;) is presented in Table 3.

Tab. 3. Matrix of membership levels g(V)) in a fuzzy set

Membership Functions for the levels of economic performance

Criterion
High ¢, Very high ¢, Medium ¢, Low g, Very low ¢,
X 1 0 0 0 0
Xy 0 1 0 0 0
X3 0 1 0 0 0
X4 0 1 0 0 0
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The matrix columns are quality levels: high, very high, medium, low, and very low; terms are
the performance assessment criteria; intersection — membership levels of qualitative levels.

An aggregate indicator for assessing the performance of MROS was determined according to
(13). The results are shown in Table 4.

Tab. 4. Results of an aggregate indicator of MROS operation performance assessment

Internal convolution

Nodal points K Z?=1 a; Cij (xij) Aggregate indicator ¢(V)
0.8 0.8 0.88
0.7 0.1
0.5 0
03 0
0.1 0

Similarly, the calculations were made for other cases of criteria ranking. The diagram
(Figure 2) shows only some options.

Ra>R=>R2>Ry
1 088
0.8
Ofo
0.4
0.7 0.2 0.84
Ri*Rs>Rs>Rz ¢ = 0 ~7 Ra>Ra>R2>Ry
~ 074
Rz2>Ra>Rs>Ra

Fig. 2. Results of assessing the performance of MROS discrete states

4. Conclusions

Currently, the TTM fleet in Ukraine has significantly decreased against the background of
a significant increase in the volume of works that require its use. In connection with this,
the following problems arise: reduction of the resources and service life of TTM; increase in

maintenance and repair costs. Solving these problems requires finding the ways to increase
the MROS operation performance.
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In the course of research, an analytical management model of the MROS operation was
formed, which reveals the sequence of implementation of the management methodology.
The introduction of the methodology ensures the implementation of a multi-level assess-
ment of the efficiency of MROS operation. The advantage of the suggested methods is the
possibility of evaluating the state of MROS in successive discrete states, which will allow to
quickly consider the effect of external influencing factors and make necessary corrections.

A numerical calculation was performed, which made it possible to obtain a performance indi-
cator in the form of an average value weighted by all the criteria and their qualitative levels.
The diagrams constructed on the basis of the calculation data prove the correctness of the
selected criteria for assessing the performance of MROS operation and allow us to conclude
that the duration of the MROS maintenance intervals has a significant impact on the perfor-
mance indicator.
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