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Abstract

A new method of justification of the requirements for measuring equipment (ME) is proposed. For the first time,
the method accounts for the potential variability of the product structure during its intended use, and thus, allows minimizing
the requirements concerning the probability of estimating the values of diagnostic parameters of the product during its
current repair (CR), thereby reducing the cost of ME. In addition, partial (in particular, time between failures and average
recovery time) and multi-component (in particular, the readiness/non-readiness factors) values of the reliability indices are
quantitatively estimated and which meet the requirements. The task is solved algorithmically using the approaches of technical
diagnostics and metrology. Based on the prescribed requirements for the reliability indices of the product, the justified ME
for CR is selected. To achieve the goal, recent advances in modelling the reliability of large-scale facilities and systems
with variable structure, as well as metrology methods for assessing the impact of the reliability of the ME on the value
of the average recovery time of multimode facilities during their CR are involved. To our best knowledge, the application
of these possibilities has not been reported yet. The paper formalizes the procedure for applying the obtained results in the
form of an algorithm, which allows increasing the efficiency of the method, benefiting from its advantages. The application
of the proposed method is illustrated for a piece of real communication equipment, namely a subsystem controlling the
functioning of a high-power radio transmitter. It is demonstrated that, based on the requirements stated in the guidance
documents regarding the value of the average recovery time of an object with variable structure, the selection of metrological
characteristics and type of ME can be justified. Alternatively, the problem can be solved based on the given value of
the reliability index of a multicomponent product, the so-called readiness factor. An example of assessing the efficiency by
the proposed method is presented. The proposed method is recommended for the development of metrological support for
CR of prospective radio-electronic tools with variable structure.
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1. Introduction The values of diagnostic parameters of measuring

In the process of designing new samples of tech-
nical facilities, quantitative values of their reliability
indices should be necessarily estimated, namely,
partial (in particular, time between failures, average
recovery time) and multi-component (the readiness/
non-readiness factors) values [1, 2]. In addition, to
improve the accuracy of calculations, the specifica-
tions of schematic and construction organization of the
product should be accounted for [3—5]. Traditionally,
in the current repair (CR) process, to reduce the average
recovery time, methods of discrete search theory are
applied, which is a domain of technical diagnostics
that deals with algorithmic methods of assessing
the technical condition of installations consisting of
individual elements, the failure of each of which leads
to the failure of the installation as a whole [6].
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equipment (ME) needed for metrological assessment
are determined in accordance with the prescribed
recommendations [7]. Specifications of developing
diagnostic support for multimode technical facilities
have been considered in [8]. However, it should be
noted that these works do not account for the property
of technical facilities to change their structures in
the course of their functioning, which consequently
underestimates the value of their reliability indices.
For the first time, the impact of the variable structure
of objects during their operation on their reliability
was quantitatively estimated in [9], which significantly
improved the accuracy of calculations. Since then,
an application model increasing the efficiency of
diagnostic support of objects with variable structure
was elaborated [10].
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Our analysis shows that metrological support of
CR accounting for the specifications of multimode
facilities is not considered in the literature [11—17].
Therefore, the purpose of this paper is to assess the
influence of the quality of metrological support on
the reliability indices of metrological objects with
variable structure and to scientifically justify the
method of selection of ME to support their CR. The
requirements for the values of the reliability indices
with a minimal probability of correct assessment of
diagnostic parameters during the measurement of their
values in the CR process should be importantly met
in the proposed procedures.

2. Description of the method

The proposed method accounts for recent
achievements in the field of the reliability theory [1—
5, 9], technical diagnostics [6, 8, 10], and metrology
[7-9]. The structure of the method, including initial
data, mathematical apparatus, purpose, and essence,
as well as limitations, assumptions, and the result of
the application of the method are presented in Fig. 1.

The mathematical apparatus of the method is
based on the following previous results of ours [7—10]:

* the average number of checks needed at the
failure of a subset of L, elements is

K, =log, L;

* the average number of checks needed in the
CR process of an object with variable structure is

1<
K:;;K,.;

* the failure flow parameter of a subset of i/
elements is

Tpi
u, = Fp ;
+ failure flow paramneter of the product as a whole
Z=>»nZ;

i=1

« runtime of the product between failures

1
T=—;
Z . .
« average recovery time for CR without

accounting for the metrological reliability of ME and
correct estimation of the parameter values
t n
T, =t +EZu[ ZK,;
i=1
» probability of failure-free operation of the ME
in the period between verifications

P<r>:1f[z<r>;

» average recovery time of the product in the
case of CR, accounting for the metrological reliability
of ME and the probability of correct assessment of the

check result
Typ

p* P(x)
» the factor of non-readiness of the product
_ TB .
T, +T
+ the factor of readiness of the product
A=1-U.

The flowchart of the implementation of the
method is shown in Fig. 2, where the value of p
gradually increases with a step Ap to satisfy inequalities
T,<T,, and A>A,. Otherwise, the source data should
be changed. After determining the minimum requi-

T

Z,=1/T; red value p according to the data in Table 1, the ME
* relative runtime of a subset of i elements instrument is selected [7—9].
Table 1
General information about failure-free performance of measuring operations
No Measuring operations p
Perception to the assessment of the readings of a single arrow device:
- multiscale; 0.840...0.852
- simple; 0.944...0.960
s with a vertical linear scale; 0.645
- with a horizontal linear scale; 0.725
- with a circular scale; 0.891
- with a semicircular scale; 0.834
- with a scale in the form of a window 0.995
2 | Determination of the “Norm” value by the sector of the scale 0.971
Search, perception, and evaluation of indices:
3 A . 0.995
- from one to seven; 0.990
- from five to fifteen )
Perception and evaluation of the readings of a digital device with the following number of digits:
4 |- from one to three; 0.9997
- from four to six; 0.9993
- from seven or more 0.9985
Decision-making under several logical conditions: 0.995
5 - one, two; 0'950
- three, four; )
6 0.900
- five or more
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Fig. 2. Flowchart of the algorithm for determining the minimum required value of the probability of correct assessment
of the diagnostic parameter
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Incandescent
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Signalling high

4 A
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Fig. 3. Algorithm for technical condition of a control subsystem of the operation of a radio transmitter

Table 2
Output data for the device
! L[ Ki ui 7: Z[
1 3 1.7 1.00 200 0.0050
2 7 2.9 0.95 150 0.0067
3 4 2.0 0.95 175 0.0057
4 8 3.1 0.05 125 0.0080
5 2 1.0 0.05 300 0.0333
3. Application of the method Further, according to the algorithm shown in

Let us consider an example of the application Fig.2, for Trp520min; A=0.994; t=1min; £,=5min;
of the method for the selection of ME for CR of M=1; P(1)=0.95 we obtain the following: K=2.14;
a control subsystem of the operation of a high-power Z=0.0188hours~!; 7=53.2 hours; T,,=7.2 min;
radio transmitter which has n = 5 subsets of elements. T 71.54
The conditional diagnosis algorithm [8] is shown in # 214"

Fig. 3. The radio transmitter is controlled remotely. Calculation results for 7, with the step Ap=0.1
The initial data are presented in Table 2. are shown in Fig. 4.

25

T8, min

™~

20

15

10

P

0
0,50 0,60 0,70 0,80 0,90 1,00

Fig. 4. Calculation results for the average recovery time depending on the probability of correct estimation of the value
of the diagnostic parameter

20 Ukrainian Metrological Journal, 2023, No 3, 16-23



Ye. Ryzhov, L. Sakovych, Ya. Kuriata, O. Sliusarchuk, O. Volkov, Yu. Nastishin

A 0,997
0,9965
0,996
0,9955
0,995
0,9945
0,994
0,9935

0,993
p

0,9925

0,50 0,60 0,70 0,80 0,90

Fig. 5. Dependence of the readiness factor on the probability
of correct assessment of the diagnostic parameter

These results suggest that a built-in voltmeter with
a vertical linear scale, for which p=0.645 (Tablel),
is preferable at the given conditions. Probability
dependencies of multi-component reliability indices
A(p) and U(p) are shown in Fig. 5 and Fig. 6,
respectively.

Fig. 5 shows that for p =0.645 we obtain A=
=9.994 = 4,, which in turn confirms that the ME
instrument is selected correctly.

4. Conclusions

A method for selecting measuring equipment
for current repair of objects with variable structure is
developed and scientifically justified with accounting
for the first time the limitations on the value of
the average recovery time and the readiness factor
based on the assessment of the impact of the qua-

y 0,008
0,007
0,006
0,005
0,004
0,003
0,002

0,001

0

0,50 0,60 0,70 0,80 0,90

Fig. 6. Dependence of the factor of non-readiness on the
probability of correct assessment of the diagnostic parameter

lity of metrological support on the reliability indices
of such complex objects, according to the criteria
of the minimum probability of correct assessment
of the result of the evaluation of diagnostic para-
meters.

A specific example of the application of the
developed method is presented. It is demonstrated
that increasing the value of the probability of correct
assessment of the diagnostic parameter from 0.6 to 0.9
reduces the average recovery time of the product at the
current repair by 44% (Fig. 4) and the non-readiness
factor by 2.3 times (Fig. 6).

In our opinion, it is highly desirable to direct
further research to the improvement of metrological
support of objects with variable structure in the events
of accidental and combat damage, with the aim to
recover their operability in the field conditions.
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AHoTamis

3anpornoHOBaHO HOBUI METON OOIPYHTYBaHHSI BUMOT O 3acO0iB BHUMipIOBaJIbHOI TEXHIKM, SIKWI BIIEpIIe BPaxOBYE
MOXJIMBICTb 3MiHM CTPYKTYpU BUPOOY MiJ yac MOro BUKOPMCTAHHSI 3a Ipu3HaueHHsM. lle mo3Bosisie MiHiMizyBaTu
BUMOTHU 1110JI0 MIMOBIPHOCTi OLIIHKMU 3HAY€Hb JiarHOCTUYHUX MapameTpiB BUPOOy Mil yac MOro moTOYHOrO PEeMOHTY, TOOTO
3MEHIIUTHU BapTiCTh 3aC00iB BUMipIOBajibHOI TeXHiKU. [1pu LIbOMY KiJIbKiCHO OLIIHIOIOTHCSI YAaCTKOBI (HApOOITOK Ha BiIMOBY
i cepe/iHill yac BiTHOBJIEHHS) i KOMITIEKCHi (KOoedillieHT TOTOBHOCTI Ta HETOTOBHOCTI) 3HAYE€HHSI MOKA3HUKIB HAAiHOCTI, 110
3aJI0BOJIbHSIIOTh BUMOTM. 3aja4ya BUPILIYEThCS aITOPUTMIUHO 3 BUKOPUCTAHHSIM MAaTEMaTUYHOIO arapary MeTO/iB TeXHIUHOI
NiarHOCTUKU W MeTposorii. [1py 1boMy, 3Baxkaioun Ha MOTPiOHI BUMOTM O MOKA3HUKIB HAMilHOCTI BUPOOY, OOTPYHTOBAHO
BUOMPAIOTh MOTPiOHI A/ MMOTOYHOTO PEMOHTY 3aCO0M BUMIipIOBAJIbHOI TEXHiKH.

Jlna po3B’s3aHHS TOCTaBJIICHOI 3aJadi BUKOPUCTOBYIOTh CYyYacHi MOCSATHEHHS Teopii HamilfHOCTI BEJIMKUX O0’€KTIB
i cucTteM 3i 3MiHHOIO CTPYKTYPOIO, a TaKOX METOIM METPOJIOTii 3 OLIHKM BIUIMBY HaTiliHOCTI 3ac00iB BMMipIOBaJbHOI
TEeXHIKM Ha 3HAYCHHSI CEPEeIHBOTO Yacy BiTHOBJIEHHS 0OaraTOpeXXMMHUX O0’€KTIB Tl 4ac iXHBOTO ITOTOYHOTO PEMOHTY
3 BUKOPUCTAHHSM Pe3yJbTaTiB OCTaHHIX JOCHIIXEHb y rajy3i TeXHIYHOI MiarHOCTMKU. Y BilOMUX HayKOBMX MyOJIiKallisiX
repepaxoBaHi METOOW KOMIUIEKCHO HE BUKOPHCTOBYBAJNCS.

VY crarTi hopmaii3oBaHO MOPSIOK BUKOPUCTAHHSI 3alIPONOHOBAHUX PE3YyJIbTaTiB y BUIJISIAI QJITOPUTMY, IO TO3BOJISIE
MABUIIUTH e(EeKTUBHICTh 3aCTOCYBaHHsI MeTomy 3a JornomMororo EOM.

HaBeneHo KOHKpeTHMIT MPUKIIAal BUKOPUCTAHHS METONY Ha peayibHili TexHilli 3B’SI3Ky — IIACHUCTEMi KepyBaHHS
(YHKIIIOHYBaHHSIM paliornepenaBaya BeJMKOi MOTyxKHOCTi. [loka3aHo, 1110 BiIMOBIIHO 10 BMMOT HACTaHOBYMX JOKYMEHTIB
LIOJI0 3HAYEHHS CEPETHbOTO Yacy BiIHOBJIEHHS 00’€KTa 3i 3MiHHOIO CTPYKTYPOIO MOXKJIMBO OOIPYHTOBAHO OOPAaTH METPOJIOTIUHI
XapaKTepPUCTUKU ¥ TUM 3acO0iB BUMIPIOBAJIbHOI TeXHiKM. ADO, 3BaXKalouu Ha 3aaHe 3HAYEHHsI KOMIUIEKCHOIO IMOKa3HUKa
HaAilHOCTI BUpOOY — KoedillieHTa ToToBHOCTI. HaBeneHo oliHKY e(heKTUBHOCTI BUKOPUCTAHHS 3alIPOINIOHOBAHOTO METOY.

Meton J0LIJIBHO BUKOPUCTOBYBATH TIPU PO3POOLII METPOJIOTIYHOTO 3a0e3MeuyeHHs] TOTOUHOTO PEMOHTY MepCHeKTUBHUX
panioeaeKTPOHHUX 3aC00iB 3i 3MiHHOIO CTPYKTYpPOIO.

Kirowosi cioBa: meTpojioriuHe oOCTYyroBYBaHHS; TeXHiYHa [iaTHOCTHKA; 3acO0M BHMMIipIOBAJIBHOI TEXHiKU; 00’€KT

3i 3MiHHOIO CTPYKTYpPOIO.
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