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Abstract.The article presents a comprehensive method for removing
uncertainty when solving multicriteria problems of vehicle maintenance.
The task of the control system for the service life of the car is formed, and
its characteristics are also highlighted. The main provisions of the zoning
method are formulated from the point of view of the hierarchical
correlation of the probabilities of the state of the external environment. The
dynamics of changes in the quality indicators of cars in a multicriteria
setting is estimated.
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1 Introduction

Multi-criteria in assessing the service life of a car is a direct consequence of the
incompleteness of information about the situation, determined by a set of factors that must
be considered when making decisions in the complex of technical operation of vehicles
(TOV). 1t is because of the lack of sufficiently complete and reliable information necessary
for making reliable decisions on maintenance and repair throughout the entire life of the
vehicle, it is impossible to unambiguously determine the nature of the operations carried
out, which gives rise to the need to develop an analytical apparatus that optimizes the
decision made according to several performance indicators, considering possible changes in
the operating conditions of the vehicle[1-3]. Based on various options for decision-making
methods in conditions of uncertainty and methods for solving multi-criteria problems, it is
possible to formulate a comprehensive method for removing uncertainty when solving
multi-criteria problems, which makes it possible to increase the reliability of decisions
made in information situations typical for a vehicle service life management system
(VSLMS).

The multicriteria problem of optimizing the development of solutions for VSLMS can
be formed as follows, in view of its characteristics by means of 3 concepts:

1) many possible solutions in VSLMS;

2) a set of information states (IS) of VSLMS,;

3) the effectiveness of any decision for each information state of the VSLMS.
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When solving the problem of operating cars in conditions of uncertainty in the
environment, it is necessary to develop a method for «on-line analysis of the indicator of
unscheduled maintenance», which will significantly reduce the flow of random failures.

2 Materials and methods

Let us formulate the main provisions of the zoning method according to the principle of
observing the hierarchical ratio of the probabilities of possible states of the external
environment [4-10]. The proposed solution to multicriteria problems, determined by
individual IS's that change during the operation of a vehicle in VSLMS, is based on the
zoning method. The method consists in splitting the set of possible states of «nature» into
subsets of the dominance of individual actions. In a number of cases, the use of this method
does not allow obtaining the desired optimal solution, although it greatly simplifies its
search. This circumstance determined the direction of development of this method in a
number of directions.

1. Zoning is an inverse parametric linear programming problem, therefore, to obtain the
desired solution, it is important to choose a zoning method [11].

2. Matrix game with «nature» is reduced (provided that the function of efficiency
indicators from changes in the vector of the state of nature is continuous) to a linear
problem of vector optimization and vice versa [12]. Therefore, to solve games with nature,
vector optimization methods can be used, and multicriteria problems in many cases can be
solved using the apparatus of the theory of games with «nature».

3. When passing from a multicriteria problem to problems of games with «nature», the
probabilities of states of nature pj are, in their meaning, adequate to the coefficients of the
relative importance of the criteria cj, i.e.p; = ;.

4. The method is aimed at studying the phenomena of the external environment of
vehicle operation, which are caused by individual IS VSLMS [13, 14].

5. It is advisable to make zoning not according to the principle of domination of
individual actions, but according to the principle of preserving a given hierarchical ratio of
possible states of «nature» or IS VSLMS [15].

During the operation of the car, when it reaches the limit state, or if its technical
parameters do not correspond to the normative values of constructive or environmental
safety, determined by the requirements of the external environment at a certain stage of
operation, various strategies for restoring the state of the car are possible (Si, Sz, Sz ... Sy).
The operating company can either write off the car upon reaching the limiting state
according to some criterion, or, by means of technical influences (maintenance or major
overhaul), raise the reduced value of the quality indicator (coefficient of technical
utilization — COU) to the required level, while increasing the cost of its operation. In any
case, an analytical apparatus is needed that allows the management of quality indicators in
the TOV process [16-18]. Let us consider the possible dynamics of the change in the COU
of a car, depending on the mileage from the beginning of its operation, in several variants.
Fig. 1 shows the most general of the possible options for changing the values of the COU
depending on the mileage of the car.
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Fig. 1. The general case of change in the values of COU depending on the car mileage.

It has been proven that the change in the values of the COU, depending on the vehicle
mileage from the beginning of operation, occurs according to a linear law [3]. Let us
introduce the designations: kmm is the minimum possible (limiting) value of the COU; Ly,
Lo, ls,are vehicle mileages, at which the limiting values are reached; k' - realizable
indicator of the quality of the car; 0.95 (close to 1.0) is the COU value, up to which the
parameter is restored under technical influences. In the general case [19], the equation for
the dependence of the COU obeys a linear law:

, k. —1 1
kit (L) = (—m”; )L +1 M
i
where k&, is the minimum allowable value of the COU for a separate criterion.

The first case of a possible operation strategy (S:), when the car is written off when it
reaches the limit state and its further operation is not permissible. At the same time, the car
constantly passed routine maintenance-1 and maintenance-2, at which the necessary
accompanying major overhaul was produced according to the standard (in Fig. 1 —In;, km).

Let’s consider a trapezoid Sascp. In general terms, the area of a trapezoid is defined as:

ki, —1 ki, —1 tna ki, —1\ 12 2
SABCD=f <%-l+1)dl=f (%)du dl=(%>-%+zm @
0 H1 0 H1 0 H1

And as for a linear dependence:
1 . . kL, 3)
SaBep = E(l - krtrlu'n) by + krtr;in by =35 (1 + krtrim) lyp = % ln1s

Then:

min + “4)
SABCD - T ni-

Next, we determine the value of the car's COU being implemented for one arbitrary

criterion:

kﬁrlun . l > (5)
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where ks realizable indicator of the quality of the car;
E _ krtrim (6)
@~ 2

The carried-out study of the first case of the operation strategy allows us to conclude that
the values of the implemented COU are determined by its minimum permissible value. The
second case of the operation strategy (S;) — the car is removed from the line when it is
necessary to restore the operability of a faulty unit, assembly or part. In this case, the value

of the COU should be restored to a value close to the original = (Fig. 2). This
situation arises when an unscheduled major overhaul is carried out in the event of an
emergency with any structural element of the vehicle.
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Fig. 2. Improving the quality indicator to prolong the vehicle's working condition according to one of
the criteria.

Initially, we will set the value of k%at [,,;. Let's determine the area of the figure:
SA1A23231 = SAAZBZB - SAAlBlB. (7

and make a number of transformations:

|AA,| + |BB,]| |AA¢{| + |BB;| ®)
SA1A23281 = % |AB| — % |AB|
|AB| |AB| ©)
Sa,a,8,8, = (1AAz| + |BBy| — |AA;| + |BB; ) T 2-|AA,| T
Then
SA1A23231 = |A4,A,| - |AB]. (10)
Continuing transformations, we obtain
11
[4,A:] = A, — Ay = k“ (kmm - 1) -— 1 t
|AB| = le =l (12)
Then
(13)
SA,A;B1B; = [ku (kmm - 1) 1] (le = ln1)
)? (14)
Sasazmin, = Kitle = (Kinn = 1lny = L = kf;lm (kfin = 1) ’;1 +

Thus,
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c
Let’s define that
! ti ti ti Ly _ (16)
f (t) = (kmm 1)ln1 —ky + 2(kmm - 1)l_+ 1=0
c
Hereof
L = Cemin Kl = 2) L (17)
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Then, when the vehicle is restored to the value k% = ki, for the case of a possible operation
strategy (Si), when the car is removed from the line for decommissioning, the mileage can
be taken equal to:

I (18)

lnl - 2-

Let us determine the value of the quality indicator (k*%), with [ =l,,;:

) ktl ktl -1 k kti —2)-1 k“ kti ) 19
k“(ln) % ln1+1— mt;z ( mzzn ) c+1 mm > n +1 ( )

¢ ¢ (kmln - 1)
ktl(l ) kfrllm + krtll (20)

ni/) — .

. 2
If the value k&= 1, then

ktl (21)

Gy = P22 T
Consequently, the value of the quality indicator in this case, as well as in the first case,
depends on the minimum value of the COU [20]. _
Next, we determine the value of the realized quality indicator k )(the average value of

the quality indicator for a certain period of vehicle operation). For this, we will present one
more graph (Fig. 3).
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Fig. 3. Determination of the realizable quality indicator k*.
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Thus,
>t 3+ kytrlu'n (23)
k@) =7
Let us compare the obtained value of k) with the value k% ).
o 34kE. KR +1 1-—kE 24
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A = L= Konin (25)
Y

The third case of a possible strategy (S3). There comes a limiting state of the car according
to one of the indicators (a number of indicators) during the run ly. A decision is made to
restore all the properties of the car, including technical interventions to maintain the overall
performance of the car to the initial value k*=1, or close to the original k*= k£ (Fig. 4).
As a rule, this is the major overhaul of the basic units and mechanisms of the engine, the
support system, vehicle control systems, etc.

k® )
Kmin l
Inl lnz I('z L' km
Fig. 4. Implemented quality indicator (third strategy)
Let us define in this case the value of the realized indicator of the quality of the car:
KEL . 41 (26)
2 2 2 ¢ ¢
];ti _ _ Skmin +7
G~ 312 - 2 .
2
ti
ru Skl +7 @7
3 2 :

3 Results and discussion

The considered spectrum of the strategy from the possible (S, Sz, S3 ... Sp), when realizing
the quality of the car, considering various cases of the onset of the limiting state and
possible moments of decommissioning the car is presented in Table 1.
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Table 1. The value of the realizable indicator of the quality of the car under various strategies for
restoring its technical condition.

Se k6
S1 is the case when car is removed from the line for Kt 41
decommissioning when the limit state is reached according to the ]Ea') | S —
standard indicator and its further operation is unacceptable 2
S is the case when car is removed from the line if it is necessary —u 3+kE,
to restore the functionality of a faulty car of a unit, unit or part @ T4
S3 is the case when the limiting state of the car occurs according
to one of the indicators (a number of indicators). A decision is Skt 47
made to restore all the properties of the car, including technical ]}(fé) —mn 7
interventions to maintain the overall performance of the car to its 2
original value

In the course of the study, in each case, (kf,‘;in , L, l;f]"-)) and, also Akwere determined. The

results obtained can be used to identify:

1) determination of analytical links between various strategies of vehicle operation (S,
S, S3 ... Sp), when predicting the implementation of the quality of the vehicle over time
(operational properties, including structural and environmental safety), considering various
cases of loss of performance;

2) the dynamics of changes in the values of the realized indicator of the quality of the
car(lz(tji-)) according to separate criteria depending on the mileage since the start of the
vehicle operation. The analysis performed in the second chapter showed that solving the
problem of determining the service life of a car, considering the provision of modern
standards and restrictions formed by the external environment of its operation, requires
optimization of the decisions made in conditions of multi-criteria. This requires the
formation of a multi-criteria structure of quality indicators, reflecting a number of required
operational properties of the vehicle. The use of high-quality engineering materials also has
a significant impact on the operation process, examples of which are given in [21-25].

In this case, the optimal vehicle mileage is determined in a multicriteria dynamic system
with discrete states of maintenance and the corresponding IS's. The results obtained are
entered into the VSLMS statistical database at the operation stage, which in turn is the
initial data for further planning the service life of a car of this brand.

4 Conclusion

In the course of the study, a method was developed for «operational analysis of the
unscheduled current repair indicator» of a car, which allows: to determine the points of
change in the intensity of the increment of the investigated indicator for each car
individually; compare the indicators of maintenance and repair for the same maintenance
intervals of various car models within their class; develop recommendations on the value of
the indicator the effective service life of the vehicle for individual quality criteria. The use
of this method is advisable to determine the value of the vehicle's interval availability
factor, which can be interpreted as the probability that the vehicle will be in working
condition at a specific time during a given maintenance interval.
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