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Introduction

The article is aimed at analyzing electronic devices.
In the intervals between periodic controls, inspection of
serviceability of devices with the help of the built—in test
equipment is carried out. At device design, production and
exploitation stages, actions directed at ensuring their
reliability and efficient operation are projected [1].

The article deals with the method of ensuring
efficiency of devices. Requirements related to device
efficiency index are analyzed.  Efficiency index is
considered to depend on simple reliability indexes: mean
time between failures and mean time of restoration.
Methods of ensuring projected requirements related to the
given simple reliability index are offered.

Electronic device efficiency index requirements

It shall be considered that during an interval between
periodic device control, N serviceability inspections with
periodicity T is projected. The effect of device operation
is possible in case the device is serviceable and used
according to its function. In this case, device operation
efficiency can be calculated in this way [2]:

W= YWP;,
jeE

(1)

where E - set of possible device states; P; — stationary
probability of managing the device in j state; W; -
efficiency of operating a device in j state. W; shall
be defined as follows

Wl,jEEl,
O,jeE\El,

where E;, - the variety of states in which device is

serviceable and used according to its function. Given (2),
the formula is as follows:

W= YWpP; =W, YP;.
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Parameter W depends [2] on simple reliability

indexes: mean time between failures T, and mean time of
restoration T,. Values W are influenced by the
conditions of built — in test equipment, sizes N and

T, durations of control and serviceability inspections. Size
T, depends on design features of the device, characteristics

of system of repairs and provision of spare components. At
device efficiency requirement design stage, Wy can be
set as follows:

Wps =W, @)

where W. — preset value of index W . Out of possible
variants of realization of the device, system of its service
and repair, the one that provides the smallest index of total
expenses shall be chosen.

Let's consider that parameter W. is known and, in
view of (4), requirements to index T, and T, are
established. We shall stop on the development of methods
of fulfilling requirements to indexes T, and T, .

Fulfilling requirements of mean time between failures
of electronic devices

During device operation, industrial failures are
possible. Therefore, while designing, it is necessary to
provide value of time between failures Ty :

Q)

TODS > TO* ,

where T — preset value of time between failures T, .

In case of the Poisson flow of failures of the
electronic device it is possible to calculate:

Aps <(L-7p)Tgs (6)

where Apg — failure rate of the device which should be
identified at design stage; yp — factor including presence
of industrial failures during operation.



When choosing a variant of realization of the device
performing (5) and (6) functions, it is necessary to
establish reliability requirements of its components
(blocks, units and so forth). These actions are performed
by using the block diagram of the device.

The method of analogues can be applied for the
specified purposes. But in this case, conditions on
conformity of the designed device and an analogue being
operated should be met. In case given conditions are not
met or at the absence of an analogue, the following is
recommended. Categories of components which should be
applied for the device are defined. Categories of
components of failure rate are established. Failure rate of
separate components A and failure rate of the device

A, are defined. Value of failure rate of i component that

should be defined during design stage, shall be defined by
the expression

1
Asips = AsiAg, Aps .

()

Value Agpg is found by design decisions, selection

of components, work modes and use of reserve.

It is also necessary to consider an opportunity of
exception of some failures by using certain circuit and
software. This occurs in cases when the output of separate
parameters for the established limits without infringement
of process of device operation according to its functions is
compensated. The failure rate which in this case should be
divided between components equals to:

Apsy = Aps 1+ fr+), ®)
where B - the factor describing a part of failures,

subjected to exception from a flow; z. — probability of

exception of failures from a flow.

Let's consider that elimination of consequences of
given failures is carried out following the results of the
inspection by the built—in test equipment in the intervals of
timeT . DuringT , a flow of considered failure shall be
considered the Poisson flow. Then, considering [3], the
following shall be stated:

7o =P(Ay /) =2 P(Hi/ A )P(Ao/Hi A, (9)

where A, — the event in which duration of work of the

device without considering a kind of failure is less than T ;
A, the event in which elimination of failure

consequences has taken place; H; — hypotheses, one of
which can be accompanied by event A, . Probability 7. at

my independent parameters of a controllable part of the
device shall be calculated as follows:

Mo .
Tox = Z—Ak' (1= Pyi )i (10)
i-1/s.

where A,; — failure rate of a part of the device forming i
parameter of a controllable part of the device; P

ni

probability of undiscovered failure during control of i
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parameter; 7 probability of elimination of

consequences of the failure related to finding i parameter
of the device outside established limits.

We shall consider a case of dependent parameters of a
controllable part of the device. Probability . shall be

calculated as follows:

mp A MlA
TTx = z Akh (l— Pnh )ﬂ*lh + z k13 H(l— Pnj *19 (11)
h=1/s. 9=1 Ns. jeng

where A,; — failure rate of a part of the device forming

one h parameter (h=1,m, ) of a controllable part of the
device; A,;¢ — failure rate of a part of the device forming

some of the parameters of their $ entirety ($=1,M,) of
a controllable part of the device; A, — set of numbers of

9 entirety of parameters of a controllable part of the
device. Moreover, the equation should be calculated:

Mg My
Ag =2 A+ 2 Mg (12)
h=1 91

where A, - failure rate of a controllable part of the
device.

During the analysis of multifunctional devices, it is
necessary to consider an opportunity of switching—off
some components for a certain period of time. Considered
components do not take part in forming the function used
at present to time. The device shall be considered as
operating in kz modes. Operating time in | mode equals

kF
tod;, with Zd, =1. During operation in | mode, the
1=1
failure rate amounts to A, (I=21kg ). Possible states of
the device are as follows: X, — state of serviceability and
the device is operated in | mode (subsetD;), X, -

restoration state. The description of functioning of the
device shall be executed by means of the semi — Markov
stochastic process. Then, the mean time between failures
of the device can define in the following way:

ke kg 1
To= Z”lal[Zm plO] , (13)
I=1 1=1

where p,, — probability of transition of Markov circuits
from state X, to X,; a - average unconditional time of
process in state X,; 7 — stationary probability of

Markov circuits in a state X,. Then, in case of any |
(1 =1,kg ), the following is correct:

ke
7l'|a| = d|27r|8.| .

1=1

(14)

In case, for example, 7; and a, are known values:



F a
2T =%, (15)
1=1 1
d -
ma =7z1a1d—|, (1=1kg ). (16)

1
Let’s move to the case, in which durations of
operation in X, state prior to transition to other states of a
subset D;, are distributed under exponential law by using
parameters, the total value of which is equal to Z,. Then,
it is possible state that:

A
= . 17
Pio A2 (17
Considering  condition (16) and the fact

thata, = (A, +Z, )’1 Py shall be counted in the following
way:

13

=d|A
Pio | |7[|d1

(18)

Then, after transformations for failure rate of the
multifunctional device, the following is received:

k

F
A=Y diA. (19)
1=1
Ensuring electronic device restoration mean time
requirements
General mean of restoration of the device,

considering condition [4], shall define by the following
expression:

Te =Ty + T +Tpr +Top, (20)

where T, — mean time of delivery of the device from
operation site to the repair organization and back; T, -
mean time of staying queue of restoration; T, - mean

time of waiting in queue of a serviceable component; T, —

mean operating time of restoration.

Value T, depends on the system of device
maintenance service: a repair organization can be situated
on the operation site or far from it. Value T, depends on
characteristics of devices. It also depends on features of
gueueing system that features performance of the repair
organization.

Time T, depends on presence or absence of stocks

of components and on their characteristics. Operating time
of restoration T, consists of two parts. The first part is the

time of identification of failure. The second part is the time
of elimination of consequences of failure.

Let’s make a condition that during the design stage,
the following fact must take place:
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where T, — preset value of index T,. The value T, can
be defined by (20), component T, according to the
developed recommendations, component T, according to
[4, 5]. Value T, is considered to be known. Then,

requirements to T, shall be formulated in this way:

Tor <Ter =Tt (22)

T =Ty + T +Top (23)
Further, we shall stop on ensuring requirements for
componentT, . Therefore for the certain way of

restoration find size T, [4]. At performance (22)

necessity for stocks the component is absent. Otherwise, it
is necessary to perform works on designing supply system
of components [6, 8]. Definition of quantitative structure
of stocks is based on application of direct and return task
of optimization [6, 7]. The direct task of optimization
simultaneously provides maintenance (22) and conditions
F. —» min (F. — cost of stocks of components). When

choosing rational structure of supply system of
components, a set of characteristics, including cost indexes
[8], is to be considered.

It should be noted during the device design stage,
calculations of stocks of components are done based upon
value A . The given value is an estimation of mean value
Aq Of failure rate of components of considered type.
Then, at confidential probability e, the bottom limit of
failure rate shall be Ag, the top limit— A .

Further, the question of specifying values of failures
rates of components shall be considered by using results of
operation in structure of the device. Let's consider that
operation of devices can be launched at various times,
unserviceable components are replaced. Supervisions cease
when the total operating time of all supervised components
has reached ty . Mean value of failure rate according to the

results of exploitation shall be defined by the formula:

A =mt5?, (24)

where m - quantity of failures of components for ts.
Equation (24) is correct under exponential law of
distribution of operating time of components. The bottom
and top limits of average value of failure rate of
components at confidential probability «, considering [3],
are equal to:

A
Asg = ﬁ)ﬂz—a (Zm), (25)

ﬂ'ST

2 72 (em+1), (29)

where zZ,(2m) — 100(L- ) percentage point y? of
distribution with 2m degrees of freedom; z2(2(m+1)) -

100cr percentage point x° of distribution with 2(m +1)
degrees of freedom.



To implement considered specification, an Industrial failure, influence of an opportunity of
experiment must be planned. This includes defining its exception of some failures from the general flow is
volume ty which sets the limit of the relative mistake of taken into account. The method is applicable for
multifunctional devices.

. ea _l - - -
definition 4, not exceeding valued. Experiment is 4. The method of ensuring requirements to mean time of

carried on until m. of failures of components of restoration considers estimating separate components
considered type is received. Considering given & and of the given index. The expediency of development of
confidential probability «, taking into account [3], size complete sets of stocks of components is considered.
m.., shall be defined by the following equation: The question of necessity of specifying stocks of
om compon_ents according to the results of exploitation of
2—* =1+6. (27) devices is analyzed.
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Electronic devices which that are inspected by using built-in test equipment are considered. The method of ensuring requirements of efficiency index
of devices is analyzed. It is shown that the index of efficiency depends on simple index of reliability: mean time between failures and mean time of
restoration. The method of ensuring requirements of time between failures provides distribution of serviceability requirements between parts of the
device. The opportunities of exception of some failures from the general flow, multifunctional nature of device are taken into account. The method of
ensuring requirements of mean time of restoration provides an estimation of separate components of the given index. The expediency of development of
complete sets of stocks of components is considered. The question of necessity of specifying stocks of components according to the results of
exploitation of devices is analyzed. Bibl. 8 (in English; summaries in English, Russian and Lithuanian).

B. Ctynak. Obecneyenne 3(p)(peKTHBHOCTH 1eKTPOHHBIX YCTPOHCTB // DJIeKTPOHUKA U dJ1eKTpoTexHuka. — Kaynac: Texnonorus, 2010. — Ne.
1(97). - C. 15-18.

PaccmatprBaroTcs 3IE€KTPOHHBIE YCTPOHCTBA, KOHTPOIUPYEMBIE C TOMOIIBI0 BCTPOCHHBIX CPECTB KOHTPOIA. AHAM3UPYETCS METO 00eCTIeYCHHU
TpeboBanuil Kk nokasaremo 3pdexTuBHOCTH ycTpoiicTs. [Tokasano, yro nokasarens 3GQeKTHBHOCTH 3aBUCUT OT EAMHMYHBIX NOKa3aTeNell HafEKHOCTH:
HapabOTKH Ha OTKA3 U CPEIHEr0 BPEMEHM BOCCTAHOBJIEHHs paboTOCIOCOOHOro coctosHus. Merox obecrieueHus TpeOOBaHMH K HapaOOTKE Ha OTKa3
NpeTyCMaTPHBACT PacIpeaeieHne TPeOOBaH! IO OE30TKA3HOCTH MEKy YaCTAMH YCTPOHCTBA. YUUTHIBAIOTCS BO3MOKHOCT HCKITIOUECHHMS Ps/la OTKA30B
U3 o0mero IOTOKa W MHOTOQYHKIMOHAJIBHOCTh YCTPOWCTB. Metox oOecreyeHnio TpeOOBaHMH K CPEJHEMY BPEMEHH BOCCTAHOBIICHHS
PpaboTOCOCOOHOr0 COCTOSIHMS TIPElyCMAaTPUBAET OLIEHKY OTAENBHBIX COCTABIISIONIMX JAHHOTO MOKa3aTess. AHAJIM3UPYETCs BONPOC 11eIeCO00pa3HOCTH
pa3paboTKM KOMILIEKTOB 3allacoB KOMIIOHEHT. PaccmaTpuBaeTcss HEOOXOJMMOCTh YTOYHEHHMsS 3aIlacoB KOMIIOHEHT ITI0 pE3yNlbTaTaM JKCILTyaTalluH
ycrpoiicTB. bubi. 8 (Ha aHrIMiicKOM s13bIKe; pedepaThl Ha AHTIIMIICKOM, PYCCKOM M JINTOBCKOM 513.).

V. Stupak. Elektroniniy jtaisy efektyvumo uZztikrinimas // Elektronika ir elektrotechnika. — Kaunas: Technologija, 2010. — Nr. 1(97). — P. 15-18.

Nagrinéjami elektroniniai jtaisai, kuriy darbingumo kontrolé atlickama vidiniais kontrolés jrenginiais. Analizuojamas efektyvumo rodikliui keliamus
reikalavimy uZtikrinimo metodas. Parodyta, kad efektyvumo rodiklio vertéms jtakos turi Sie du patikimumo rodikliai: vidutiné darbo trukmé tarp gretimy
gedimy ir vidutiné taisymo trukmeé. Reikalavimy pirmajam rodikliui uztikrinimo metodas numato negendamumo normy paskirstyma sudétinéms itaiso
dalims. [vertinama galimybé paSalinti i$ bendro srauto daugelj gedimy, nagrinéjami daugiafunkciai jtaisai. Reikalavimy antrajam rodikliui uztikrinimo
metodas numato sudétiniy Sio rodiklio daliy vertinima. Analizuojamas komponenty komplekty projektavimo tikslingumo klausimas. Nagrinéjama
biitinybé komponenty atsargas patikslinti pagal itaiso eksploatacijos rezultatus. Bibl. 8 (angly kalba; santraukos angly, rusy ir lietuviy k.).
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