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Abstract

The influence of cost costs on the reliability of products is not in doubt, but the ideas about this influence
are more intuitive than scientifically based. Therefore, a formalized assessment of the impact of cost costs
on the reliability of radio-electronic equipment is of some interest, which was the subject of scientific
research in this article. When evaluating the increase in the cost of production due to raising reliability
requirements, it is necessary to choose a certain initial level, relative to which the assessment is made. The
ratio of this level of reliability to the designed one can be used as a measure to increase the reliability of the
newly developed radio-electronic equipment. In this paper, we derive formulas that demonstrate an
analytical link of the cost and reliability of radio-electronic equipment and, under certain conditions, they
can be implied to set up the optimal values of the indicators of the probability of failure-free operation and

the average time to failure.
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1. Introduction

In 2005, Japan developed and implemented the JIS/TR Q 0005:2005 standard "Quality management
systems. Guide to sustainable development", the conceptual provisions of which are incorporated in the
new edition of ISO 9004 (Emmanouil, 2020; Gumus, 2018).

In accordance with the new concept is developed in a new direction in the solution of quality
problems is the development of sustainable success in today's competitive consumer market due to the
implementation of improvements and innovations, and management of risks, opportunities and knowledge
of the environment on the market. (Kima et al., 2019; Vershinin, 2018).

At the same time, innovation is understood as the result of creative activity aimed at the
development, creation and distribution of new products, technologies, inventions, and management

methods. (Lu & Zhou, 2019; Tang et al., 2020).
2. Problem Statement

Creative work on the development of complex instrument-making products is usually carried out of
the constants the conditions of multi-criteria, uncertainty of practical situations and significant cost costs.
(Davydova & Reutov, 2018; Meguetta et al., 2015).

For restored instrument-making products and, in particular, multiple-use radio-electronic equipment
(REE), the value of operation is determined by the cost of maintenance, repair, power supply and damage

that may be caused by the risk of its unreliable operation.
3. Research Questions

Reliability is one of the properties of the quality of any industrial product. For complex REE
products, obtaining the necessary level of reliability requires significant material and labor costs, which
determines the economic characteristics of REE. (Bowen et al., 2017; Haselgruber et al., 2021).

In general, the influence of cost costs on the reliability of products is not in doubt, but the ideas

about this influence are more intuitive than scientifically based in the form of specific.
4. Purpose of the Study

Therefore, an analytical (formalized) assessment of the impact of cost costs on the reliability of REE
is of some interest, which was the subject of scientific research in this article (Love et al., 2019; Samokhin

et al., 2020).

5. Research Methods

The total cost of reliability-related costs can be represented as the sum of

Cc-C,.C, ()
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where C» - is the cost of operating costs, depending on the reliability;

C., - the cost of production costs, due to the cost of improving reliability in the development and
manufacture of REE (Caia et al., 2020).

Assuming that the failure rate of the REE will be constant during operation, the expected number of

repairs can be found by the formula

t
P(t) =expy—n—
T P
; 2
where 7 - is the number of failures during the total operating time 7);
T, - total operating time of REE for a certain period (resource);
t - the specified operating time of the REE.

From this formula we find

n= —ElnP(t )
t . 3)

If the cost of one failure C;, then the cost of the » failures
Ca = Cln 4)

Substituting in (4) the value n from (3), we get

T
C, = —CIT”lnP(t)

(%)
When evaluating the increase in the cost of production due to raising reliability requirements, it is

necessary to choose a certain initial level, relative to which the assessment is made. As Usually, the existing

level of reliability up to day of the development of the REE is chosen, expressed by the average failure rate

Acp (Podolyakina, 2017; Woo, 2019).

The ratio of this level of reliability to the designed one can be used as a measure to increase the
reliability of the newly developed REE (Shi et al., 2020).

The cost of production costs to improve reliability can be expressed as a dependency.

C, =G| Ler-

CP.I1

; (6)

where Cy - is the cost of additional costs to ensure the reliability of the REE, similar to the newly designed

one;

ﬂfcp. 17 - average failure rate of the designed REE;
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O - a coefficient that depends on experimental data, a value close to one (approximately from 0.5
to 1.5).

From (6) it can be seen that an increase in reliability by a factor of 10 leads to additional costs:

C, =C,10 o

At @ =1 the cost of costs Cn = IOC() , 1.e. additional costs increase in proportion to the increase

in reliability (decrease in the failure rate).

From (6), you can get

C, =C,(T, N4, )

()
where T cp - time to failure;
N - is the number of REE elements.
T - t
Given that ~ ¢p — - 11’1 P( t) , we get:
1 a
¢ = ¥[-—L
n 0 cp 1
n P\t
Using (5) and (9), the total cost of reliability-related costs can be found by the formula
T 1Y
C = C,~Z[-n P(t)]+ C)(NtAcp)'| - ——~
t In P(¢) 10

It can be seen from (10) that operating costs decrease with increasing REE reliability, and production
costs increase.

Obviously, with a certain amount of reliability, the total costs will have a minimum. It is not difficult
to find it from (10). To do this, take the derivative of the C software P (t ) and equate it to zero (Pokorni,
2016; Raghavaiah & Prasad, 2019).

T
Introducing the notation k] = C] TP , kz = C() Ni tﬂcp , making differentiation and

equating the resulting expression to zero, we find:

ek,
[—lnP(t)] :;a

! (11)

or
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k2
[— In P(t)] = a+l ;a

1

(12)
1
Given that [— InP (f )] = In——, we find the optimal reliability
P(t)

kZ
Ponm (t) = epx| —atl ;a (13)

1

After substituting the formulas for kl and k2 , we will have
P, (1) 1 C, (Ntﬂcp)”ta
onr\l) = €xp| — % (14)
CITP

Here /1

cp itis determined based on the experience of operating the REE. The value X s found

as the ratio of the cost gain to the logarithm of the reliability gain:

. (15)
p
When @ =1 (14) takes the form

Popr = exp| —

(16)
From where
T t CT p
CPonm =- (17)
In Py (£) | CoNAg,

6. Findings

Equipment maintenance strategies with respect to down time shown in the Figure 1. It is inferred

that reliability centred maintenance made improved availability of equipment over other maintenance types.
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Figure 1. Equipment maintenance down time

The impact of the cost of operation and production on the total cost is illustrated in the graph below

T P
(at 7 =20) (see Figure 2).
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Figure 2. Graph of the impact of operating and production costs
7. Conclusion
Thus, formulas (16) and (17) demonstrate an analytical link of the cost and reliability of REE and,

under certain conditions, they can be implied to set up the optimal values of the indicators of the probability

of failure-free operation and the average time to failure.
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