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DEPENDENCE OF PARAMETERS OF REPAIR OF MILITARY COMMUNICATION

MEANS ON THE QUALITY OF METROLOGICAL SUPPORT

The article proposes an approach to the quantitative assessment of the effect of metrological reliability of measuring
equipment on the time of the verification of the parameters of military communications means during its maintenance and
current repairs. In known works, approximate values of the probability of failure-free operation of measuring instruments
are used for this, which reduces the accuracy of the results obtained. In the field conditions, it is necessary to take into ac-
count the metrological reliability of measuring instrument, which depends on temperature, humidity, vibration loads and
other factors. The time for determination of the technical state of military communications means is regulated by guidance
documents, therefore it is necessary to take into account all factors influencing the values of maintainability indicators in
order to plan efficient work of specialists during its technical maintenance and routine maintenance in the process of devel-
oping metrological and diagnostic support. It is suggested to use the functional dependencies of the average recovery time
of military communications equipment on the quality indicators of metrological and diagnostic support. Examples are given
of using the results of the study to quantify the maintainability of real samples of military communications means and show
the gain in the accuracy of calculating the average recovery time. The received results allow to estimate more objectively

time of performance of works and reasonably to choose measuring instruments more objectively.

Keywords: military communications means; measuring instruments; metrological support.

Analysis of recent research
and publications

Military communication means (MCM) is
continuously improving in the direction of raising the
values of quality indicators, which leads to an increase
in the number of elements, but the time required for
maintenance and current repair (CR) remains
unchanged.

Ref [1] discusses the relationship of metrology
and technical diagnostics, but there are no
recommendations on the justification of the choice of
measuring instruments (MI). The solution of this
problem is formulated in [2-5] without taking into
account the influence of metrological reliability. The
question of the metrological reliability of the MI is
separately considered in [6-9], and recommendations for
its inclusion during the maintenance and the CR of the
MCM are given in [10, 11]. In this case, the
approximate values of the probability of non-failure
operation of the MI are used, which significantly
worsens the accuracy of the results of quantitative
evaluation of the time of execution of works.

Problem statement

As a result of the combined consideration of the
current achievements in the field of metrological and
diagnostic support of maintenance and CR MCM, it is
necessary to obtain the functional dependence of the
indicators of maintenance on the metrological reliability
of the MI.

Therefore, the purpose of the article is a
quantitative assessment of the influence of the
metrological reliability of the MI on the time of
measuring the parameters of the MCM during its
maintenance and CR.

Results

During maintenance and CR, the MI is used to
determine the actual technical condition of the MCM.

In this case, the average recovery time (77)
should not exceed the permissible value (7p ) given in

the manual documents [10, 11]

Tr = (K + ty )/[p'( ~ﬁ1’i (T)J <Tp,

i=l1

where ¢ and ¢, are the average time for checking and
troubleshooting, respectively; p is the probability of a

correct assessment of the outcome of the verification
depending on the type of MI; N is the number of MlIs

used during maintenance and CR; F(t) is the

probability of failure-free operation of the MI in the
form i of inter-verification interval t; K 1is the
average number of inspections to determine the
technical condition of the MCM.

In this case, the values 0,85< P (1)<0,99 are

chosen roughly [8-11], which leads to significant errors
in the determination of 77 .

The peculiarity of the operation of the MI is due to
ensurance of its reliability, mainly due to hidden
metrological failures. Negative consequences of the use
of MI with metrological failures can be extremely high
and difficult to predict.

As indicators of the metrological reliability of the
M, the probability F(t) of preserving the values of

metrological characteristics in the set limits within the
checking interval t is used [9, 12].

The required level of metrological reliability
significantly depends on the application of the MI and is
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selected from the condition of ensurance the required
efficiency of serviced technical devices. As a rule, this
level for the working MI is 0,85...0,90, but in the best

cases can be 0,90...0,99 [9, 12].

Quantitatively, the probability of preserving the
values of the metrological characteristics of the MI in
specific operating conditions can be estimated using the
expression [9]

Pl-(‘l:)=1—m~KMKS,

where m is the equivalent number of failures during
operation

m=1:~KU/T,

where K,, is the proportion of metrological
characteristics of the MI, which are not covered by
built-in control; K¢ is the statistical estimation of the
coefficient of latent failures, which characterizes the
portion of metrological failures; Ky, isthe average rate

of the use of the MI; T' — is the working time of the MI
between failures.

Values t are obtained from the manual documents
for the metrological maintenance of the service objects
or from the technical description of the MI.

It is known that the MCM repair operator directly
deals with its restoration 900 hours during the year [13]. In
this case, the rate of use of the MI at the point of
maintenance and repair for the year of operation is equal to

Ky =22 _,103.
8760

According to the results of the analysis of the
technical description and manual of the MI one

determines K, .
Value of coefficient of hidden failures Ky

depending on the purpose of the MI in the absence of
statistical data of the results of the operation of analogic
devices are determined as an average of the values
given in the table 1 [9] for different parameters.

Working time between failures of the MI is also
taken from statistical data, and in the absence of
technical descriptions of devices.

The mean square deviation of the estimation of the
probability of preservation of the values of the
metrological characteristics of the MI is calculated
using the expression [9]:

o =m- Ky [Ks (015K +1/m).

Table 1. Averaged values of the coefficient of hidden
failures depending on the purpose of the MI

Ne Title of the parameter of the MCM K
- and appointment of the MI S
1. Voltage 0,1
2. Parameters of components of electric circuits 021
with lumped constants ’
3. Power 0,23
4. Parameters of elements and paths with 0.22
distributed constant i
5. Frequency and time 0,16
6. Phase difference and group delay time 0,2
7. Signal form and spectrum 0,2
8. Features of radio devices 0,16
9. Pulse signals 0,16
10. | Field voltage and radio interference 0,18
11. | Amplifiers measuring 0,15
12. | Measuring generators 0,2
13. | Attenuation 0,21
14. | Electrical and magnetic properties of materials | 0,16
15. | Parameters of coaxial and waveguide paths 0,21
16. | Parameters of radiolamps and semiconductor 0.24
devices ’

Let's consider an example of the application,
which are used during maintenance and repair of the
short-wave radio station R-1150 [14]. The results of
calculations are given in table 2, for t=8760 Ar.

Table 3 gives the parameters calculated for
different values of the time T for a short-wave radio
station P-1150 operated by one master. The estimated
time of execution of the maintenance increases by 5.5%,
when one accounts for the metrological reliability of the
MI. During the CR of the short-wave radio station P-
1150 in case of a failure of the built-in control system,
the search for a defective typical replacement element is
performed using the conditional diagnostic algorithm
shown in Fig. 1.

The object consists of L =41 elements, the time
necessary to restore its working status is 77 =30 min .

The binary conditional diagnostic algorithm ensures the
localization of the defect after performing K =6
checkings. For # =3 min and 7, =5 min for the analog

voltmeters C-4353 or B3-56 (p=0,845) as a MI

without taking into account their metrological
reliability, we obtain
Tr = 6.3+§ =63 min > 7p,
0,845

which reveals that, this option does not meet the
requirements.

Table 2. Parameters calculated for short-wave radio station R-1150

Ne Measuring instruments T, hr Ky Ky P(t ) c
1. Electrometer-multifunctional device C-4353 1500 1,0 0,21 0,877 0,353
2. Power meter M3-45 2000 1,0 0,23 0,899 0,319
3. Frequency meter Ch3-63 3000 0,5 0,16 0,976 0,217
4, Non-linear distortion analyzer of C6-11 5000 0,1 0,16 0,997 0,054
5. Millivoltmeter B3-56 4000 1,0 0,10 0,978 0,148
6. High frequency signal generator G4-151 5000 0,3 0,20 0,989 0,187
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Table 3. List of parameters measured for the short-wave radio station P-1150

Measurin Time measurement, hours
Ne Parameter . 5 Di According to | Taking into account the
nstruments . . . s
instructions | metrological reliability
e C6-11 0,9993
1 Sensitivity Ga151 0.834 2,33 2,36
2 | Power M3-45 0,95 3,00 3,34
. B3-56 0,85
3 | Range of manual gain control Ga-151 0.834 0,25 0,26
L B3-56 0,85
4 | Automatic gain control range Ga-151 0.834 0,16 0,16
5 | Frequency of reference generator Ch3-63, clock | 0,9985 0,25 0,26
6 Non uniformity of the amplitude-frequency G4-151 0,834 115 1.19
characteristic of the receiving tract B3-56 0,85 ’ ’
. . . . G4-151 0,834 1,15
1 f th 2 2 1,1
7 | Nonlinear distortion of the receiving tract Coll 0.9993 ,17
8 Power supply C-4353 0,845 0,08 0,09
Total execution time, hr 8,37 8,83

Using the digital voltmeter, by which the C6-11 is re-
quired ( p=0,9993) one obtains a positive answer, even

taking into account the metrological reliability of the device

7r=(6-3+5)/(0.997-0.9993 ) = 23 min < Tp.

Let's consider another example of the
calculation with the conditional algorithm for
diagnostics of the control subsystem of the
operation of a high power radio transmitter, which
is shown in Fig. 2 [11].

Power supply
+27V
N Controller
Receiver
4 6 Power
amplifier
r8 Antenna-matching
device
9 10 1314 1516 17
41
1 12 radio
18 19 N7 28 station is
20 21222325 26 working

29 3031 3 3536 37 38

33 34 39 4o

Fig. 1. Conditional algorithm for determination of the technical state
of the short-wave radio station P-1150 with the failure of the built-in control system

Incandescent
Displacement

Signaling

displacement

Signaling
high

Work

K153 H2
R2 K151

Fig. 2. Conditional algorithm for diagnostics of the subsystem
of control of the operation of the radio transmitter
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In this case again ¢t =3 min and f,, =5min. In

case of failure of a known operation mode of one has
K =2 and Tr <30 min.

The use of the electric measuring instrument
C-4353 without taking into account the metrological
reliability leads to the result

2345
0,845°

and for the metrological reliability the device taking into
account we find

Tr =15 min < 7p,

2:-3+5
Tr:—2
0,877-0,845

which is 13% more than in the previous case.

=17 min < Tp,

Conclusions

1. Functional dependences of the influence of the
metrological reliability of the MI on the mean time of
restoration of the MCM are obtained and examples of
their practical use are given.

2. Account for the metrological reliability of the
MI in estimation of the time of maintenance and CR of
the MCM significantly increases the accuracy of the
obtained results.

3. It is recommended to use the obtained results in
the methods [10, 11], which will for more objective
estimation of the time of execution of work and for the
justification of the choice of the MI with the minimum
necessary values of metrological characteristics to
reduce the cost of maintenance and CR of the MCM.
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3aJ1e:KHiCTh MOKA3HUKIB PEMOHTONPHIATHOCTI BiliCbKOBOI TEXHIKH 3B 3Ky Bill AKOCTi METPOJIOTiYHOr0 3a0e3neYeHHs
B. b. Kononog, €. B. Puwxos, JI. M. CakoBuu

V craTTi 3anpONOHOBAHM MiXiM 10 KUIBKICHOI OLIIHKH BIUTMBY METPOJIOTi9HOI HaJIIHHOCTI 3aC00iB BUMIPIOBAIBHOI TEXHi-
K{ Ha 4ac BUKOHAHHS IEPEBiPKU MapaMeTpiB BiiCbKOBOI TEXHIKU 3B’A3Ky NPH ii TeXHIYHOMY 0OCIIyroByBaHHi i IOTOYHOMY pe-
MOHTI. ¥ BiloMHX po0oTax UIsl IbOr0 BUKOPUCTOBYIOTh NPHOJIM3HI 3HAUCHHS IMOBIPHOCTI 0€3B1IMOBHOI poOOTH 3ac001B BUMI-
PIOBAJIBHOI TEXHIKH, 1110 3HWKYE TOYHICTh OTPUMAHHX PE3YbTaTiB. B 11onbp0BUX yMOBaxX HEOOXiZHO BpaXOBYBATH METPOJIOT UHY
HaJilHICTh 32c00iB BUMIPIOBAIbHOI TEXHIKH, 10 3aJICKHUTh BiJl TEMIIEpaTypH, BOJIOrOCTi, BiOpaliiHUX HABaHTAXEHb Ta HIINX
¢baxropiB. Yac BCTAaHOBIICHHS TEXHIYHOTO CTaHy BifiCbKOBOI TEXHIKH 3B’SI3Ky PErjaMEHTOBaHUN KePIBHUMH JOKyMEHTaMH, TOMY
JUTS TUTaHyBaHHS e()eKTHBHOI poOoTH (axiBLIB miJ yac I TEXHIYHOTO 0OCIyrOBYBaHHS Ta IIOTOYHOIO PEMOHTY B IIPOLIEC po3po-
OKM METPOJIOTIYHOro Ta JiarHOCTHYHOro 3a0e3neueHHs HeoOXiJHe BpaxyBaHHs BCiX (akTopiB, sKi BIUIMBAIOTH HA 3HAYEHHS I10-
Ka3HUKIB PEMOHTONPUIATHOCTI. 3aIIPOIIOHOBAHO BUKOPHCTOBYBATU (DYHKIIIOHAJIBHI 3aJIXKHOCTI CEpPEeAHBbOr0 4acy BiJHOBIECHHS
BiICHKOBOi TEXHIKH 3B’SI3KY BiJl IIOKa3HUKIB SKOCTI METPOJIOIiYHOro Ta IiarHOCTHYHOTO 3abe3mnedeHHs. [IpuBeneHo mpukiamm
BUKOPHUCTaHHsI PE3YJIbTaTiB IOCHIPKEHHS JUIS KUIbKICHOI OL[IHKHM MOKa3HHUKIB PEMOHTONPUAATHOCTI pealbHUX 3pa3KiB BiIHCHKOBOT
TEXHIKH 3B’A3Ky Ta [10Ka3aHO BUIPAI B TOYHOCTI PO3PaxyHKY CEPEAHBOro uacy ix BisHOBiIeHHS. OTpUMaHi pe3ynbTaTH J103BO-
JISIOTH OLIBII 00’ €KTHBHO OL[IHUTH 4ac BUKOHAHHS POOIT Ta 00IPyHTOBAaHO OOMpATH 3acO0M BUMIPIOBAIBHOI TEXHIKH.

Kar4dosi caoBa: BilicbkoBa TeXHiKa 3B’A3Ky; 3aCO0M BUMIPIOBaJIbHOI TEXHIKH; METPOJIOriuHe 3a0€3eUeHHS.

3aBuCHMMOCTD NOKa3aTe Ieil PEeMOHTONPUIO/IHOCTH BOCHHOM TEXHHKH CBSI3HM OT Ka4eCTBA METPOJIOTHYECKOro odecredeHust
B. b. Kononos, E. B. Pexos, JI. H. CakoBuu

B cratbe TNPEUIOKEH IMOAXO0A K KOJINYECTBEHHON OLCHKE BJIMAHUWS MeTpOHOFI/I‘IeCKOﬁ HaJIC)KHOCTHU CPEACTB U3MEPUTECIIb-
HOM TEXHHUKH Ha BPEMs BBIINIOJIHECHUS ITPOBEPKU ITapaMETPOB BOCHHOW TEXHUKHU CBS3H npu €€ TEeXHHUYECKOM 06CJ'Iy)KI/IBaHI/II/I u
TEKYIIEM PEMOHTE. B m3BecTHBIX pa60TaX JUISL 3TOI'0 UCIOJIB3YIOT l'IpI/I6J'[I/I)KéHHBIe 3HAYCHUS BEPOATHOCTU 0e30TKa3HOM pa6OTI>I
CpEACTB I/I3MepI/ITeHBHOﬁ TE€XHUKH, YTO CHMIKACT TOYHOCTD ITOJIYUYCHHBIX PE3YJILTATOB. B nonesbix ycioBusx HGO6XOZ[I/IMO yuu-
ThIBaTb METPOJIOTNYCCKYIO HA/ICI)KHOCThL CPEACTB H3MepPITeJ'ILHOﬁ TEXHUKH, KOTOpast 3aBUCUT OT TEMIIEPATYPHI, BIIa’)KHOCTH, BHO-
PallMOHHBIX HArpy3oK U ApYrux @aKTOpOB. BpeM;{ OIIPEACIICHUSI TEXHUYCCKOI'O COCTOSIHUA BOCHHOW TE€XHUKH CBSI3U periiaMeH-
THUPOBAHO PYKOBOISAIIUMHU JOKYMEHTAMHU, IIO3TOMY IS IIJIAaHUPOBAHUS 3¢)¢)eKTHBHOﬁ pa6OTI>I CIIEUAJIUCTOB BO BpEMs €€ TCX-
HHYCCKOIo 06CJ'Iy>KHBaHI/I5{ 1 TEKYLICI0 pEMOHTA B IIpoLecce pa3pa60TI<H METPOJIOrMIECKOro U 1MaraioCTU4eCKoro obecrieueHus
HeO6XOZ[I/IM y4eT BCEX (baKTOpOB, BJIMSIFOIIIMX HAa 3HAYCHUS ITOKa3aTelieh PEMOHTOIIPUTOAHOCTH. Hpe;mon(eHo UCII0JIB30BaTh
(byHK]_II/IOHaJ'[BHBIe 3aBUCUMOCTH CPECAHETO BPEMEHU BOCCTAHOBJICHU BOCHHOM TEXHHKH CBSI3HM OT IIOKA3aTeJIe KayecTBa METPO-
JIOrHYCCKOro u JUarHoCTU4eCKoro obecrieueHusl. HpI/IBe}IeHLI TIpUMEPLI UCIIOJIB30BaAHUS PE3YJILTATOB UCCICAOBAHUA JUIS KOJIHU-
YeCTBCHHOMN OLICHKHU IoKa3aTesei PEMOHTOIIPUTOAHOCTH PEATIbHBIX 06pa3u013 BOCHHON TEXHUKH CBSI3HM M TIOKa3aH BBIMI'PBIIT B
TOYHOCTHU pacye€Ta CpE€AHEro BPEMEHU UX BOCCTAHOBJICHUSL. HOJ'[y‘-IeHHBIe PE3yNbTaThl IO3BOJISIFOT 0ojiee 0OOBEKTHUBHO OLICHUTD
BpPEMs BbITIOJTHEHUSA pa60T 1 000CHOBaHHO BLI6I/IpaTL cpeacrsa H3MepHTeJ’IBHOﬁ TCXHUKH.

Kao4deBble cI0BaA: BOCHHAS TEXHUKA CBA3U; CPpEACTBA H3MepHTeJ'lBHOﬁ TEXHUKHU; METPOJIOTHICCKOEC obecrieueHue.
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