ELECTRONICS AND ELECTRICAL ENGINEERING

I SSN 1392 — 1215

2009. No. 2(90)

ELEKTRONIKA IR ELEKTROTECHNIKA

ELECTRONICS

T 170

ELEKTRONIKA

Rational Supply System of Componentsfor Electronic Devices

V. Stupak
Department of Public Safety, Mykolas Romeris University

V. Putvinskio str. 70, LT — 44211 Kaunas ACP, Lithuania, phone: +370 37 303645, e-mail: v.stupak@mruni.lt

Introduction

For ensuring the reliability of electronic devices in
exploitation, certain stocks of necessary component are
provided. For this purpose, the supply system of
components of electronic devicesisplanned [1].

Given reliability can be provided by certain structures
of supply systems of components. In turn, there is a task of
defining of the best, in the certain sense, supply systems of
components.

The article offers the method of definition of rational
structure of supply system of components for electronic
devices. The index of expenses describing the cost of
stocks of a component is considered. The definition of
rational structure of supply system of components is
carried out regarding restrictions on values of index of
sufficiency or an index of expenses.

Structures of supply systems of components for
electronic devices

In providing electronic devices with necessary
components, various structures of stocks of a component
are applied [2]. For the formation of possible structures,
three kinds of complete sets of a component shal be
considered.

Complete sets of the first kind are intended for the
concrete electronic device.

Complete sets of the second kind are used for a group
of electronic devices. They are intended for supplementing
complete sets of the first kind. Also, they can be applied in
providing electronic devices with components of the types,
the stocks of which are not present in complete sets of the
first kind.

Complete sets of the third kind are intended for repair
institution and provide its functioning.

Functioning of repair institution is based on the use of
the certain technology of repair of electronic devices. The
technology of repair of electronic devices to a certain
degree depends on levels of technological complexity of
used component. Let's consider, for example, a case of the
following three levels of complexity a component.
Components of the first level are no repairable items.
Components of the second level will consist of
components of the first level. Moreover repair of a
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component of the second level is based on the replacement
of damaged component of the first level. Components of
the third level will consist of components of the second
level, and their repair is based on the replacement of
components of the second level.

Thus, the variety of structures of supply systems of
components put into practice is influenced by kinds of
complete sets of components and levels of technological
complexity of components. Possible structures of supply
systems of components can be subdivided into two
classes- the first and the second. Structures of the first
class contain one of the complete sets of components
considered above. Structures of the second class are more
complex. They provide the use of two and more various
complete sets of components.

Possible variants of structures of supply systems of
components are presented in Fig. 1-5. Structures of the
first class are presented in Fig. 1-3, structures of the
second class—in Fig. 4 and Fig. 5.

Fig. 1 presents the structure of supply systems with
the components, based on the use of complete sets of first
kind CS 1. Here, the following symbols are used: PSU —a
primary source of supplementing of complete sets which is
supposed to be inexhaustible; RO — the repair ingtitution;
ED — the electronic device. Each of electronic devices of
considered type is provided with components from
separate complete set CS_1 during exploitation. Complete
sets CS_1 are supplement from RO. At the expenditure of
stocks of components in repair ingtitution, they are
supplemented from PSU. The opportunity of
supplementing complete sets CS 1 in full or in part from
PSU is also possible.

PsU

Fig. 1. Structure of supply system of components in which
complete sets of thefirst kind CS_1 are used



In Fig. 2, the variant of structure of supply system of
components, using of complete sets of the second kind
CS 2 is presented. At the exploitation of group of
electronic devices of considered type, components from
one complete set CS 2 are used. Complete set CS 2 is
supplemented from RO. At an expenditure of stocks of
components in repair institution, they are supplemented
from PSU. The opportunity of supplementing the complete
set CS_2infull or in part from PSU is also possible.

PsU

cs 2

E

Fig. 2. Structure of supply system of components in which the
complete set of the second kind CS_2 is used

:

In Fig. 3 the variant of structure of provision with the
components, using the complete set of the third kind CS_3
is considered. Stocks of components from complete set
CS 3 for repair institution RO is intended. Complete set
CS 3 is supplemented from PSU. The option of RO being
supplemented in part from source PSU is also possible.

Fig. 3. Structure of supply system of components in which the
complete set of the third kind CS_3 is used

In Fig. 4, the structure of supply system with
components that uses complete sets of the first and the
third kinds is considered. At exploitation of group of the
same electronic devices, each of them uses complete sets
CS 1. At an expenditure of stocks of componentsin CS 1,
they are supplemented from RO. Repair institution RO, in
turn, is supplemented from complete set CS 3. Only
complete set CS 3 is supplemented from PSU. The given
structure can have options at which complete sets CS 1 or
RO in part are supplemented from PSU.

In Fig. 5, the structure of supply system of
components, in which complete sets of the first, second
and third kinds are used, is presented. At exploitation of
group of the same electronic devices, each of them uses
complete sets CS 1. At an expenditure of stocks of
components in CS 1, they are supplemented from CS 2.
Complete set CS 2 is supplemented from RO. Repair
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Fig. 4. Structure of supply system of components in which
complete sets of the first CS_1 and the third CS_3 kinds are used

institution RO, in turn, is supplemented from complete set
CS 3. And complete set CS_3 is supplemented from PSU.
The given structure can also have such options at which

complete sets CS 1, CS2 and RO in pat are
supplemented from PSU.
| |
Ccs_1 cs 1 - cs_1

Fig. 5. Structure of supply system of components from complete
sets of thefirst CS_1, the second CS_2 and the third CS_3 kinds

The structures presented in figures 1+5 do not
completely reflect possible variety of supply systems of
components. As it has been specified above, they can be
added with structures in that, for example, complete sets
CS 1 and/or CS 2 in part are supplemented from PSU.
Also, structures of supply system of components in which
complete sets of the first and second kinds are
simultaneoudly used, and of the second and third kinds are
not presented. Besides, the supply systems containing more
of various kinds of complete sets of components, not three,
can be used.

M ethod of defining rational structure of supply system
of componentsfor electronic devices

It is obvious that there is a certain set of structures of
supply systems of components, allowing reaching preset
values of an index of sufficiency of stocks. Let's stop at the
formulation of conditions for defining rational structure of
supply system of components.



Let's take into account that restrictions on expenses or
on an index of sufficiency can be set. Further, we shall
proceed to the analysis of possible structures of supply
system of components (fig. 1+5). For each of the given
structures, we shall define the generalized index of
sufficiency of stocks Ug and total expenses for

components Cq, (| = LW ).

At restrictions on total expenses, the following
formulation for definition of rational structure is correct:

1

where J — the quantity of structures of supply system of

Usz :maX{USl,Usz,...,Usz,...,Us] },
Csz SCSk,

D

components, for which Cg, <Cg, h =1J; Cs —theset
restriction on aindex Cg.

At restrictions on an index of sufficiency, correct
conditions for definition of rational structure will be the
following:

{

where M — the quantity of structures of supply system of
components, for which Ug 2Ug, (i=1LM );Ug —the
set restriction on aparameter Ug .

As an index of sufficiency of stocks of components,
the following indexes are applied, as arule [3]: probability
of sufficiency of stocks, index of availability of stocks, and
the average time of a delay in realization of the application
of components. The form of recording of expression (1)
and (2) is completely suitable the analysis of probability of
sufficiency of stocks and index of availability of stocks. In
considering the delay in redlization of the application of
components, in (1) operation “max“ must be replaced with
“min“ andin(2), Ug 2Ug mustbereplaced Ug <Ug .

The algorithm of definition of structure from their set
for a condition of rationality (1) will be the following.

Sep 1. The caculation of all complete sets the
component, which is included in certain structure, is
carried out. The given operations are provided for all
analyzed structures ( j =1, W).

Direct and return tasks of calculation of complete sets
of components can be attributed to the tasks of
mathematical programming [4-6]. By analogy with [3,7],
let's stop on the analysis of a case, when stocks of
components are formed for the complete set of second kind
CS 2.

Index of sufficiency of stocks will be considered as
the probability of sufficiency R; determined for the period

of supplementation T,. Calculation of stocks for a direct

Ug; ZUS}(,

2
C& :min{CSl,Csz,...,C$,...,Csv1 }, ( )

task of calculation is done on the basis of the following
conditions:

L
PT)=]]R =P, ©)
1=1
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Z=ZL:z|n, - (4)

1=1
where B, — the probability of sufficiency of stocks of a
component of type | ; R —the required value of an index

P(Tp); Z — the cost of stocks of the components

min ,
n

necessary for exploitation N of electronic devices during
Tp, N — the quantity of electronic devices for which

stocks of a component are calculated; Z, — cost of

components of type |, (I = 1L ); n;—volume of stocks of

components of type | .
Definition of stocks of a component for a return task
of calculation can be carried out on the basis of conditions:

Pﬁp)=ﬁPﬂ - max ,

I=1 n

®)

L
Z=)7n<Z.,
=1

(6)

where Z. — the set restriction on a cost index of stocks of
components.
Probability of sufficiency B, is defined under the
following formulas:
n k

Py =Y " hep-x,), ™
k=0 ™
X; =NTpAym , (8)

where X, —average of applicationsin repair institution for
components of type | ; A, —failure rate of a component of
type |; m — quantity of components of type | in the

electronic device.
Sep 2. The generalized index of sufficiency Ug for

each of structures ( j =1,W ) is calculated. The method of

defining generalized index is not discussed further.
Sep 3. Total expenses Cq on components each of

structures ( =L_W) are calculated. For this purpose, the

group of N  electronic devices for the period of

exploitation T, isanalyzed.
Sep 4. J(J <LW) structures from their set in total

W, for which Cq, < Cg., (h=1J), are defined.

Sep 5. The structure in which
Ug = max{Ug,Ugy,...Ug,...Ug } is selected from the
structures determined in the previous step. The F
structure determined by the given way corresponds the
condition of rationality set (1).

The algorithm of the choice of a mode from their set
for a condition of rationality (2) isthe following.

Sep 1 and Sep 2, in this case, involve the actions
similar to the specified ones in the algorithm discussed
above.



Sep 3. M (M <W) structures from their set in total
W, for which Ug 2Usg., (i =1,M ) are defined.
Step 4. Total expenses for components Cq for each

of the found structures (i = LM ) are calculated.
Sep 5. The structure in

Cg =Min{Cq;,Csp,sCo v Caqy | IS selected

certain M structures. Apparently, the G structure corresponds

the condition of rationality set (2).

which
from

Conclusions

1. Restorable electronic devices are considered. The
method of defining rational structure of supply system of
components of devicesis offered.

2. A number of possible structures of supply system of
components are generated. The case of presence of one,
two and three complete sets of components in each of
structures is considered. The components with three levels
of technological complexity are analyzed.

3. At defining the rational structure, the generalized
parameter of sufficiency of stocks Ug and total expenses

for components Cg, (j=1W) for each of them is
calculated. As an index of sufficiency of stocks of

4. Definition of rational structure at restrictions on total
expenses is carried out on the basis of condition (1). In
turn, definition of rational structure at restrictions on the
generalized parameter of sufficiency is carried on the basis
of condition (2). The developed algorithms of definition of
rational structure are also used for this purpose.
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The restorable electronic devices are investigated. The system of ensuring with components used for realization of repair of devices
is analyzed. The method of defining rationa structure of supply system of components of devices is offered. A number of possible
structures of supply system of components are generated. The case of presence of one, two and three complete sets a component in each
of structures is considered. The components with three levels of technological complexity are analyzed. Definition of rational structure
of supply system of components is carried out in view of restrictions on values of an index of sufficiency of stocks or an index of
expenses. The index of expenses describing cost of stocks of components is considered. As an index of sufficiency of stocks of
components, probability of sufficiency of stocks, index of availability of stocks, and average time of the delay in
realization of the application for components are applied. The method of defining rational structure is carried out according to the
developed algorithms. 111. 5, bibl. 7 (in English; summariesin English, Russian and Lithuanian).

B. Crynak. PanmonanbHas cucreMa o0ecnmedeHHsl JJEKTPOHHBIX YCTPOHCTB KOMHIOHEHTaMu //
sekTpoTexnuka.- Kaynac: Texnosorus, 2009. — Ne 2(90) — C. 51-54.

PaccmatpuBaroTcsi BOCCTaHABIMBAaeMbIe JJIEKTPOHHBIE YCTPOWCTBA. AHAIM3UpyeTCs cuUcTeMa OOeCHedeHHs KOMIOHEHTaMH,
UCTIONB3YEMBIMH IIJIsI TIPOBEJECHHS PEMOHTa ycTpoiicTB. IIpemmaraercst MeToA ONpeAeNneHus] PalMOHAIBHONH CTPYKTYPBI CHCTEMBI
obecrieyeHHs1 yCTpPOHCTB KomioHeHTaMH. CGOpMHPOBaH psAA BO3MOXKHBIX CTPYKTYp CHCTEMbl OOECIEUEHHS KOMIIOHEHTAMH.
PaccmatpuBaercst ciy4aif HamM4HMs OAHOTO, JIBYX M TPEX KOMIUIEKTOB KOMIIOHEHT B KaXIOW M3 CTPYKTYp. AHaIU3HPYIOTCS
KOMITOHEHTHI, IMEIOIIME TPHU YPOBHS TEXHOJIOTHIECKOH clnokHOCTH. OmpesiesieHne panroHaIbHOW CTPYKTYPhI CHCTEMBI 00eCTIeueHUs
KOMITOHEHTaMH OCYIIECTBIIIOT C Y4ETOM OrpaHUYCHUH Ha 3HAUCHHMS [TOKA3aTeNsl JOCTATOYHOCTH 3aIIacoB WIIM JK€ MOKa3aTelsl 3aTpart.
PaccmarpuBaeTcst mokasarenb 3aTpaT, XapaKTepU3YIONIMH CTOMMOCTh 3allacOB KOMIIOHEHT. B kauecTBe mokasarelnsi JOCTaTOYHOCTU
AQHANM3PYIOTCS BEPOSTHOCTh JIOCTATOYHOCTH 3aracoB, KOI(QQUIMEHT TOTOBHOCTH 3allacOB M CpeIHee BpeMs 3aJepXKKH B
yIOBIETBOPEHUH 3asBKM HAa KOMIIOHEHTBHl. METOJ[ ONpeAeNeHUs] PAIlMOHAIBHOW CTPYKTYpPBI OCYIIECTBIAETCS B COOTBETCTBHH C
pa3paboTaHHbIMH aroputMamu. Wit 5, 6u6i. 7 (Ha aHIIIHICKOM s3bIKe; pedepaThl Ha aHTTIMHCKOM, PYCCKOM H JINTOBCKOM 513.).

DJIEKTPOHUKA H

V. Stupak. Racionali elektroniniy jtaisy aprapinimo komponentais sistema // Elektronika ir elektrotechnika. — Kaunas:
Technologija, 2009. — Nr. 2(90) — P. 51-54.

Nagrinéjami elektroniniai jtaisai, kurie eksploatacijos metu yra taisomi. Analizuojama apripinimo komponentais biitiniems remonto
darbams atlikti sistema. Sitlomas elektroniniy jtaisy aprapinimo komponentais sistemos racionalios struktiros nustatymo metodas.
Suformuota keletas galimy apripinimo komponentais sistemos struktary. Nagrinéjamas atvejis, kai struktiirose numatyti vienas, du arba
trys komponenty komplektai. Analizuojami komponentai, turintys trys technologinio sudétingumo lygius. Aprapinimo komponentais
sistemos racionalios strukttiros nustatomos atsizvelgiant i atsargy pakankamumo rodikliui arbaislaidy rodikliui nustatytus reikalavimus.
Nagrinéjamas islaidy rodiklis, apibudinantis suminge komponenty atsargu kaina. Kaip komponenty atsargu pakankamuma apibudinantys
rodiklia analizuojama atsargyu pakankamumo tikimybé, atsargy parengties koeficientas ir viduting paraiskos aptarnavimo
komponentams vélavimo trukmeé. Pateikiami racionalios struktiros nustatymo algoritmai. 1. 5, bibl. 7 (angly kalba; santraukos angly,
rusy ir lietuviy k.).
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