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THE OPTIMAL PLAN FOR THE PURCHASE OF SPARE PARTS
FOR PRODUCTION LINES

Production lines producing consumer goods consist of a large number of parts,
some of which are used in several machines. Stopping due to failure of any spare part
of any of the machine’s line means the termimation of production.

The termination of the production line is a lack of income for the product sold.
Therefiore, it 15 necessary o make spare parts, in order 1o replace them immediately in
case of faillure. The larger such stocks, the worse the situation with the turnover of
capital, and therefore, with profits. Spare parts stocks need to be optimized.

In most cases, inventory optimizatson 15 done using either the Wilson model or
the statistical model. In [1] #t was shown that the use of both modeks for one object
gives a difference several times, therefore, the use of these modeks 15 problematic.

Faor the solution of this problem, the position on the theory of reliability was
used. Assume that there are n devices that must work simultaneowsiy over time & The
probability that any of them will fail 1o do this term is p (the same for all devices, and
devices are denied independently of each other). How will the hikelibood of a system
fail-safe work, if in i, in addition to the main devices, there are still m a reserve, located
n a loaded state {that 15, m the same mode, m wiich the main one ). The retusal 15 sioill
considered the transition of the system to such a state, when in it the number of capable
devices 15 less o The sought probability = [ 2]

.P':m} Z{-rnﬂ m+d _p}m-r
dsil . i1

To obtain a smooth function, the expeniment planning method was used [3].
For a tnfactonal experiment, a plan was presented, presented m Table. 1, where both
relative and absolute values of factors are presented.
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Relative and absolute walues of the factors of the experiment

Relative values Absolute valhses
fl m n i m fi
-1 -1 -1 i 2 0, 146389
1 -1 -1 19 4 0, 146389
-1 l -1 g 2 0, 146389
1 l -1 19 - 0, 146389
-1 -1 1 9 2 0213611
1 -1 1 19 4 0213611
-1 1 1 9 2 0213611
1 1 1| 19 4 0213611
-1.44 ] 1] | i 18
1.44 ] 0| 29 3 18
| -1,44 o 14 I 18
i 144 0 14 5 1K
1] ] -144] 14 3 0,07
] 1] 144 14 E) 0,29

Table 1

The formula (1) calculated the probability of failure-free operaton of spare

parts, and then, apphving the method of keast squares, there was a dependence of the

fiorm

Pin,m, p)=a, + Z (a.x, +a,.x )+xax, +dx,)+

2}

where, %.-%2.%3— m accordance n, m, 2, dy. . .app — coctheients of the model,

The calculation of the cocificient was made wsmg the appbicaton Regression of

Microsoft Excel spreadsheets and the following exact dependence (R

obtained.

1} was



andciy =n - 2009 P Wolume 5

Pin,m, p) =86 7681605124964 - 2, 8483342443693 Tn — 29, 1080F0005352m —
-263,66135923769 1p +0,502980497238123mm — 11,83024153527%9np +

+3, 184745572600 24nmp + 0077691 2809148127n" + 2, 2831002972621 Tm™ +
+899 BER428544503p

(3)

Dependence (3) can be used for the specified i the table. 1 number of main
n =1, 2%] and spare paris m = |1, 5], which have probability of failure-free operation
p = [0.07; 0.29]. The probability data was taken from the mformabon m the real
enterprise by calenlating how often parts of the product line fail during the month.

Let the number of types of defective parts make . Then the probability of

farlure-free operation of the production line can be found as a product of the fairlure-
free operation of cach of the parts, provided that the company has their addinonal stock

n
B =[1P(n.m.p)

o . (4)
where Pn ,m _, p )is based on formula (3).

We denote how RET earnings per month from the unintermapted work of the
production line, and as PROF — respectively, the profit from the uninterrupted
opcration of the line. From there, taking into account {4), it can be written that the total
revenue from the work of the line will be

REV,,,,, = F,REV — PROF(1-F,)

(5]

Obviously, the total profit should be reduced by the cost of spare pants, which
should be kept in case of failure of operating parts, multiplied by the probability that »,
of identical pants will work smoothly during the month

o l
CcsP=>%cm|1-T](1-p))
=l =]

(&)
where ¢, — the cost of the j-th spare part
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By combining {5) and (6) we get a target function that should stnve for a

MaXImLm
REV,,,, = PREV — PROF(1-P.)-

i i,
_E"—"J""; I—H{l—pj] —» max

_||-|, ]
(7}

The limitation for this task will be a requirement 0=m, =5, (1= j= I}

These same parameters will be variable factors in the optimization problem,
which makes 1t a lincar problem of mathematical programming, which can be solved
by a simplex method.
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