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CALCULATION OF SPARE ELEMENTS IN COMPLETE SETS OF THE ZIP ON THE
BASIS OF DN-DISTRIBUTION

Abstract: Design procedures of sufficiency of the ZIP, quantities of nonrestorable spare elements on the basis of use
as theoretical model of refusals of elements and a product of two-parametrical DN-distribution are presented.
Key words: probability of non-failure operation, spare elements, the period of updating the ZIP, sufficiency of the ZIP.

AHomauis: MpedcmasneHo Memoduku pospaxyHkKy 0ocmamHocmi 3Il1, kinbkocmi HeeidHO8M8aHUX 3anacHux
efieMeHmie Ha OCHO8i 8UKOpUCMaHHSI IK meopemuy4Hoi modeni eidmos enemeHmie i supoby deonapamempuyHO20
DN-po3smnodiny.

Knrouyoei cnoea: imosipHicmb 6e38i0MoeHOi pobomu, 3anacHi eniemeHmu, rnepiod nornosHeHHs1 311, docmamHicmb
3irl.

AHHOmauyus: lpedcmaesneHbl Memoduku pacdema OocmamoyHocmu 3UI, konuyecmea HegoccmaHaenueaeMbIX
3anacHbIX 3/1IeMEHMO8 Ha OCHOBE UCIOb308aHUSI 8 Kadyecmee meopemuyeckol MoOenu omka3os 3/1eMeHmos U
usdenus dsyxnapamempudeckoeo DN-pacripedeneHus.

Knroueebie cnoea: seposmHocmb b6e3omka3Hol pabomebl, 3anacHble 371eMeHmbl, nepuod mnononaHeHus 3UIT,
docmamoy4yHocmb 3UI.

1. Introduction

The complete set of spare parts, tools and accessories (ZIP) should include the spare parts necessary for
repair and maintenance of an efficient condition of products during certain time (the period of updating the
ZIP) and maintenance of a demanded level of reliability of the last. One of the major aprioristic information
defining finally volume of spare parts, the theoretical model of refusals accepted at calculations of number
of refusals is represented. In the present work it is accepted, that distribution of an operating time to
refusal (on refusal) elements is described by DN-distribution which is represented the most universal and
adequate model of refusals of electro technical products.

By development of a design procedure of spare elements in single complete sets the it ZIP
following assumptions are accepted: the equipment consists of nonrestorable elements consistently
connected reliability; reliability of working and spare elements of each standard rating is identical; at
storage spare elements do not refuse; all working (reserve, spare) elements refuse independently.

Depending on purpose of the equipment, system of its maintenance service and repair,
requirements to the equipment on reliability in coordination with the customer the period of updating (Tm)

is accepted to equal one, two or three years. The present technique allows to count volume the ZIP and

on more long periods (10—-20 and more years).

2. Estimation of reliability of a product and parameters of sufficiency the ZIP
Define a total operating time of products ty at the moment of the beginning of the period of updatings in

view of factor of intensity of operation during this period. Establish a demanded level of a parameter of

reliability of a product at the moment of the ending of the period of updating: probability of non-failure

operation R™.
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Parameters of sufficiency define the ZIP 77, on the basis of the analysis of expected and

demanded parameters of reliability (77,2 R™ /R _,(T,,;) , approximating up to the nearest values of
some: 0,9; 0,95; 0,99; 0,995; 0,999; 0,9995; 0,9999.
The note. The parameter of sufficiency of the ZIP 77, can be set by the customer irrespective of

expected parameters of reliability of a product.
Nitial data for calculation of the nomenclature of the complete set the ZIP, quantities of spare parts

are: structure and composition of a system; the nomenclature of making elements M (standard nominals )
and number of elements of each type N (i =1, m); parameters of reliability of each standard nominal

T

oi !

Voi

The task of requirements to parameters of sufficiency of the ZIP for products with nonrestorable spare
elements

The ZIP of products with nonrestorable spare elements applies 77, to an estimation of sufficiency of
complete sets probability of that during T,, work of a product there it will be no refusal the ZIP. The

probability 77, is applied to an estimation of sufficiency of complete sets the ZIP provided that all stocks in
this complete set replenish periodically with the identical periods and a parameter of reliability of a product

the probability of non-failure operation serves. Initial data for calculation of parameters of sufficiency 77, of
the ZIP are expected probability of non-failure operation of a product RO(TIB) at the moment of the
ending of the period of updating the ZIP and requirements to parameters of reliability of a product R .

If itis not known R,(T,;;), calculate

_al X 21X
{3435

Where X=T,,/T,; T, — an average operating time to refusal of a product; CD([)] — function of normal

distribution.

The note. In last formula value of an operating time t =T, that corresponds to the beginning of
operation of a product is accepted. Generally, when count RO(TIB), consider an operating time t; prior

to the beginning of the next period of updating the ZIP, t =t; +T,,.

Estimation of demanded probability of non-failure operation of elements

Accept the value R™ | satisfying to a parity R < R,(7',;;) and according to values of the aforesaid of

some. Define a parameter of sufficiency of the complete set the ZIP from a ratio 77, 2 R™ /R (T ;) . If

Ry(T ;) less than the smallest value of number from recommended of some probabilities accept value

140 ISSN 1028-9763. MaTeMaTunyHi MalwmHu i cuctemu, 2009, Ne 2



=R™ from these of some from reasons of importance of carried out functions and economic
feasibility.

Calculate a demanded level of probability of non-failure operation R™ for set of elements of i -th

standard rating [R’”” = (R;7 )m j , approximating up to the nearest value from recommended.

Estimation of probability of non-failure operation of elements

Settle an invoice R (probabilities of non-failure operation of set N, of elements of i -th type for an interval

1
(0, t; +7;)). On values F =———— and v =V, from corresponding tables of DN -distribution
n +05

= oom) el

Further determine an operating time to first failure elements of i-th type under the formula

define or deciding the equation:

t, = x T, . Calculate X~ = (tz +T173)/tli . On values X~ again from the same tables already a return
entrance define (probability of occurrence of refusal for an interval (t; +T,,;) i -th type of elements) or
deciding the above-stated equation for X = X rather F . Calculate the required value R =1—F,.

On values R also R™ define a parameter of sufficiency 77)” of maintenance of nonrestorable
spare making elements of i-th type (approximating up to the nearest greater value from some

recommended) under the formula (under condition of R < R™):

_(1=-R") £
o= Ry R <(m)~;
()", npu R 2 ()"

The note. If R = R™, elements of the given type are not included into the nomenclature of the
ZIP (accept z =0 for i=1, 2, ..., Q).
Calculation of factor of recalculation
Values of factor of the recalculation &, providing the set level of sufficiency 77,” of nonrestorable

elements of | -th type, is calculated under the formula:

g -1 2 8 +1
TP =0 —4— |+exp — O] ——2 .
' (we—J p( o?)zj { vowzj
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V,
Where V, = \/0_'; a, :INT[a1 +1]; a, - the average expected value of number of refusals for
ai

considered{examined} time.

At use of corresponding tables value &) is defined on values F = 77" and V=VOiD, i.e.
tabulared value X is equal to factor of recalculation 8, = (ﬂ;’f”; VOiD). For example, for 77" = 0,95 and

X
V,'=0,7 is defined from tables of DN -distribution: 8, = X( 7 Vo'i]) = X(O,95; 0,7) =2,3634.

3. Calculation of quantity of spare elements

Calculation of quantity of spare nonrestorable elements z,, making out in the form of tabl. 1, make in the
following order:

1. Define average operating time to refusal of making elements T :

— if average operating time to refusal of elements accept Ty, =T, is presented;

—if Ay given, calculate Ty, as follows:

. - 1
—if A,;>10 >, TOi:Tm;

~if10®° 2 1,>10°, T, = exp|2,20568 +1,0971(In A;}) - 0,02443(In A;})?;

0,002

—-if10° 2 A, T, =
I Oi Oi AOi

2. Using the known information, establish values of factors of a variation of an operating time of elements
V,; . For products of electronic techniques (semi-conductor devices, integrated microcircuits, resistors,
condensers, etc.) accept V,; =1 if there is no the information specifying this value.

Initial data (the type of an element |, number of elements of i -th type N, an average operating

time to refusal of i-th type of elements T

o » factor of a variation of an operating time of elements V,;)

writes down in first four columns. Calculate values R and write down in 5 column of tabl. 1. Calculate
values R™ and write down in 6 column of Tabl.1. On values R also R™ define a parameter of

sufficiency for corresponding elements 7z,” and write down results in 7 column, approximating (if

necessary) result up to tabulated values according to some accepted.

Calculation of the expected number of refusals of nonrestorable elements

t,+T
= B <05, calculate the average

If the expected number of refusals is not enough, at X, = T
0i

expected number of refusals @, as follows. Calculate probability of refusal of elements of i -th type at the

moment of the beginning of the period of updating F, :
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Calculate probability of refusal of elements of i -th type at the moment of the ending of the period

ool it e el

Calculate the average expected value of refusals under the formula:

f t;=0, F,=0.

of updating F,,:

a=n (Fi2 _Fil)

The calculated values of the expected average of refusals @ bring in 8 column of tabl. 1.
If a relative operating time X, > 0,5, repeated refusals a population mean of number of refusals

elements of i-th type of the beginning for a moment of the period of updating Qil(xil) calculate are

probable, using corresponding{meeting} tables, or under the formula:

Q.06 =Y @ ‘fk} (ijq{ ‘”kJ
0 =2, (vw— v e vy

If t=0, €;,(x,,) =0.
Calculate a population mean of number of refusals of elements of i -th type at the moment of the

ending of the period of updating Q,,(X,) :

2K )| _ Xtk
Qi,(%,) = Z [VOi\/EJ+exp(V0?jCD[ v Xin.

Calculate average expected value of refusals under the formula:
a=n [Qiz(XiZ) - Qil(xil)]'
The calculated values of an expected average of refusals @, , write down in a column 8 tabl. 1. On

the basis of the received values 77, , & and a; define factor £,; and result write down in 9 column of
tabl. 1.

Define number of spare parts under the formula z =6, @ (in case of presence of not loaded

number reserve (I; — elements of i -th type) and & > I, calculate number of spare parts under the
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formula z =8, (a —1;)). A rounding of settlement value z make up to an integer in greater side, for
z <0,05 accept z =0.

The received values Z bring in 10 column of tabl. 1.

Table 1
Type of an n, T, .
element, i ! * Vi R R™ o a 6, Z
pieces h.
1 2 3 4 5 6 7 8 9 10

4. The conclusion

Design procedures of parameters of sufficiency, calculation of number of nonrestorable elements are
presented to the ZIP on the basis of the most adequate two-parametrical function of distribution of an
operating time to refusal (on refusal) of Diffusion nonmonotonic distribution ( DN -distribution). More

precise definition of volume of the ZIP has the important practical value for maintenance of reliability at
operation of technical systems.
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