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Summary. The technique of definition of sufficiency of spaparts is considered at service of diesel
locomotives. Situations are classified and thedsiiuctures of maintenance of service are offeésedpare
parts which most often are used in practice. Methafdjuantitative definition of spare parts on esithcture
which include the nomenclature, intensity of aatneof applications, average time of restoratiord also
separate price factors are offered. Sufficiencyspére parts for service maintenance service ofebies
locomotives 23116 is calculated.
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INTRODUCTION

During deep system transformations to a locomofaailities of railways of
Ukraine structural and functional interdependenwenptly develop and go deep. It, on
the one hand complicates, and with another stremgtteconomic relations without
which modern locomotive depots which carry out Eenand repair of a traction rolling
stock, cannot function and develop. In particulaoincerns to material support when in
conditions of transition to market attitudes{retais} development of modern methods
of increase of efficiency of communications{conneas} between suppliers and
consumers is necessary at the organization ofcgeofilocomotives.

ANALYSISOF LAST RESEARCHESAND PUBLICATIONS

Formation of the theory of storekeeping as scientifscipline has begun in the
middle of 1950th years. Detailed development of thiage it is resulted in works
[5,10,16]. There is a number of manuals [1,4,612,9,3,14,15,19] where from the
mathematical point of view the essence of formatibwolume of stocks reveals, and
also the basic laws apply to various industrieora of last works [16], on the basis of
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generalization as the main parameter the condafomaintenance of set reliability of
supply is used. Algorithms offered in given worle ateveloped by means of the device
of the classical theory of management: modern nusthaf the theory of adaptation,
mathematical programming, stochastic optimizatemmyrinciple of a maximum. At the
same time it is necessary to note, that the mgjaitthese development have the
limited applicability because of impossibility irefihition of costs as a result of loss of
preference, strong-willed purpose of norms of s$oeld also absence of the complex
approach to components of cumulative stocks owayl of their movement and to their
distribution between parts of investigated systeRreceeding from it, in given clause
the complex technique of formation and an estinmatibsufficiency of stocks of spare
parts in view of the basic industrial parts is offit at the organization of service in a
locomotive facilities.

MATERIALSAND RESULTS OF RESEARCHES

As is known updating of any stockZ & always happens to some delay

concerning the moment of delivery on it requirerseftt6]. These updating can be
subdivided on:

- instant (delay in delivery is very small);

- with a delay for the fixed term;

- with a delay on a casual interval of time witholam or unknown likelihood
distribution;

- emergency updating.

Accepting, on features of a design, a diesel lodva@s the big difficult object,
it is possible to allocate in him three basic dutel subsystems of the organization of
supply with spare elements:

- the single complete seitfprepresenting amount of spare elements which are

given to directly given locomotive for maintenarafehis working capacity;

- the complete set of spare elements of the réymaly ZSR;’ representing amount

of spare elements which are given only to him, wlith purpose of maintenance of his
working capacity. Functioning of repair body@ consists in elimination of refusals in
faulty sites or details of the locomotive whichhion act for their restoration. Thus, the
repair body is intended for restoration of the otgewhich have acted to them and

should be provided by the sto&®;

- the exchange collection of repair bod[; “°representing amount of finer

spare elements which are given to repair body wbahserve both the single complete

set pr, and sites acting in repair body.

These structural subsystems can be combined antmgselves in various
variants. Proceeding from this 7 variants of stites of maintenance of service by
spare elementsSMSSIE which most often are used in practice are offefigtky are
presented on fig. 1.
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The first variant reflects the most widespré&dSSEn which has reserveé[gp

replenishes directly from an external source. Enxternal source will be understood
hereinafter as an external warehouse, base, ayaetw. which limitation at updating
elements in calculation is accepted will not bedéfault at the locomotive what or an

element in the complete séﬁp the application which is immediately satisfiedsaift

the corresponding spare element there is avail#il@bsence of a spare element the
application becomes in "turn" and waits to not appeet an opportunity her to satisfy.

The length of turn of unsatisfied applications das various and depends on main
principles and conditions functioning of systematgjistics.

1 variant | 2 variant | 3 variant | 4 variant | 5 variant | 6 variant | 7 variant

External source of deliveries and updating of spare parts |

RO R
| Z.\.,n | I zs.p

(o] |[xe]

I z-‘}

p

| ZO

1T

Service maintenance service of locomotives |

Fig. 1. Variants of service maintenance with sgdeenents

Thus, in the first variant the application for aasp element which has arrived
from object in the complete set’ , can be satisfied or immediately, or with some

s.p?
delay.
In the second variant the complete s@s‘ftp replenishes from repair bodyO
which in turn has the complete séjg and filled up of an external source.

The third variant provides, that the complete zgg is given to each type of the
locomotive. These complete sets replenish also fiemair bodyRO which in turn has
the complete sezfg and filled up of an external source (as well aghe second
variant).

In the fourth variant for service the exchange cletepset of element&_; "°
which directly replenishes from repair boR®is given.
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For the fifth variant it is installed, that eachnuaete setzgp for service

replenishes from the exchange complete set of efsm&’;™ " which too directly
replenishes from repair bodRQO.
In the sixth variant updating of the complete ﬂﬁp for service is provided

directly from several repair bodi&3-1 andRO-2 in various combinations.
The seventh variant provides updating elementséovice from the exchange

complete set of element; " which too directly replenishes from repair bodR&-
1 andRO-2 in various combinations.

For an estimation of sufficiency of the concretenptete setZ
are necessary.

1. Quantity of types of replaceable elemeN{s in a product;

2. On each type of replaceable constructive elemnth@ data card with initial
data is made

i /\iO -riO niO ;)iO (1)

o

s p» Tollowing data

o .
s.p?

N\, - intensity of a stream of applications for elemseof i-th type from a product in

where:i - number of type of elements under the nomendatfithe complete set

the complete sezgp; T, - average time of restoration of one elemenit-tf type in

ng (i.e. average time which passes between withdrafval spare element from the
complete setZSp and receipt in this complete set of a similar meable element
instead of withdrawn);n, - initial amount of spare elements bth type in the
complete setzfp; Po - the maximal possible length of turn of unsagidfapplications
for elements of-th type of centuryZSp (the whole positive valugz,, corresponds to

cases of the limited turn of unsatisfied applicasioAt p, = O it is accepted, that the

length of turn is unlimited).
Intensity A\, is defined by a stream of replacements of elemefitgh type in

products (not necessarily conterminous with a streérefusals), and also a stream of

refusals of elements oth type at storage in the complete Zé’g
Aio:kiE(m/]i+M)+(1_I|{E)(m+i|)/13t+Msr* ()

where: m - quantity of basic elements ith type in a product}, - quantity of reserve

elements of-th type in a productk. - factor of intensity of operation of a produdt;

- failure rate of one basic elementidgh type; A, - failure rate of one basic element of

i-th type at storage.
To calculate a parameter of sufficiendC-RO following initial data is
necessary.
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1. Ng. - quantity of types of elements on which applimas in EC-RO can
come;
2. On each ofN_. types of elements to set the data card of initsh:

i Nige och Mec 3

where: A, - intensity of a stream of applications for spal@ments oi-th type, acting
in EC-RO from served samples of object or the completezégt i.e. average quantity
of applications for elements oth type in unit of time;Q.. - average time of repair of
one element afth type inRO; n.. - initial quantity of elements afth type inEC-RO.

To calculate value\ . it is necessary to summarizes on all samples jgicoin

the group, intensity of streams of replacementslements oi-th type served to data
RO in object [19]

s
/\iEC = Z/\iKEC ) 4)
K=1

where: S - quantity of samples of objects in groufi;s. - intensity of a stream of

replacements of an elementieh type in To-th the sample of object.
Intensity of a stream of replacements of an elenwdntth type in K-th the

sample of object\f.. is defined as
Nic =kg(MA +|A)+(A-k ) (m+ DA, + nd, (5)
where: m - quantity of basic elements ith type in a productl;, - quantity of reserve
elements of-th type in a productk, - factor of intensity of operation of a produc;
- failure rate of one basic elementigh type; 4,, - failure rate of one basic element of
i-th type at storage.
To calculate value of a parameter of sufficienzgfp following initial data are

required.

1. Ny , - quantity of types of completing elements whazm be demanded for
job RO;

2. On each type of completing elements to set #te dard of initial data:

] N e O Tit Nigi (6)

where:j - number of type of elements under the nomencekaﬂﬁI ; N - intensity of

a stream of applications for elements-tti type, acting inZ_, , i.e. average quantity of
applications for elements gith type in unit of time;a; - the type of strategy of
updating of a stock of elements jeth type of centurnyL. Value a; can accept
values 1, 2, 3. Ala; =1 stock of elements gfth type replenishes periodically. At

Q= 2 updating of a stock of elements jeth type is made with emergency

deliveries, i.e., besides scheduled periodic rastor of a stock, it is supposed also his
off-schedule restoration up to an initial leveltlie element of-th type is required for
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job RO, and the stock of elements jeth type in ZSR'p is empty. Ata = 3 stock of
elements of-th type in ZSR'p replenishes due to repair of the given up elements
specialROs. (distinct from thaRO to which it is given datzisf*ip ); ij - key parameter
of strategy of updating of a stock of elementg-ibf type. At(‘)jRT =1 or(‘)jRT = 2 value
Qs is the period of updating of a stock of elemerftg-th type. At OjRT = 3 value
a is average time of repair of one element-tf type; 7,; - additional parameter
of strategy of updating of a stock of elements.74f = 1 or r; = 3 valuea is
equal to zero. Atr,; = 2 value a; represents average duration of emergency
delivery of elements from an external source ofatpd); ng; - initial quantity of
elements of-th type of centur;Zfip .

For the decision of a problem of calcul:’;\tlczfp following initial data are
required.

1. Ny - quantity of types of completing elements whiem de demanded for

Ri

zZ;,.

2. On each type of spare elements the data canitiaf data is made

i /\jRT 24 O Tiri N (7)

jRI jRI jRI

where: parameter§, A, O s Og , Ty have the same sense, as in the data card
(6), and ij - expenses for 1 element ¢f-th type ZSR'p .
Calculation of a parameter of sufficien@f, is made under the formula

NRO

Z/\jRO Atheo
Ay = (8)
RO /\RO
where: Aty - a parameter of sufficiency of a stock of elersenf j-th type of
centuryZ’, .

Depending on strategy of updating of a stock ofnelets ofj-th type in ZSR'p (i.e.

depending on a preset valag,; =1, 2, 3) the parameter of sufficiency of elemerits
th type in ZSR'p can be certain under following formulas.

1. In case ofa; =1 (when updating of a stock of elementg-tf type in ZSR'p
occurs periodically) the parameter of sufficiensyléefined from expression

1 a o0 o0 a'_
Npobtpo=—€"3 K > - (9)
aj k=1 i:niRO+K+1 I

where:
8, =N o Tiro - (20)
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Calculations under the given formula it is maddal®ws. The size originally
pays off
£ = angO/\RO

, , 11
! 2Ngo (1)
where: £, - the set accuracy of calculation of a parameftsutiiciency.
Under tables of distribution Puasson [18]
e al
F(nay=e®* ) — , 12
(n,a) 27 (12)

Values F(Njgo +2,8;), F(Ngo*+3,3).... until the inequality for the first time
will not be executed are found

. £
F(ngo + K +LaﬂsF%. (13)

In conformity with the found values=(n., +K +1,a), K=1,2, ...K' the
size is defined

1K
Npobtipo =—> KF(npotK,a) . (14)

q; k=

2. In case ofa,; =2 (when updating of a stock of elementsg-tf type in ZSR'p
occurs periodically to emergency deliveries) theap®eter of sufficiency is defined

from expression

T 1+A T,
/\jROAt jRO = (TJRO ) w(n jRO? aj) (%) ' (15)
jRO
where:
a 00 00 a|J
W(Nigo, ;) = € Z TR (16)
K=Li=K (nmo+1) 1*
and

T

aj =A iRO- (17)
To calculate values of the functiom(n,, @;) set by the sum infinite of some

(16), we act as follows. Under tables of distribatiPuasson we define values
F(Nro ¥1,8;), F(2nge+ 2,3 ) ... until first time the inequality will not be exeted

iRO

(18)

RO

F(K' h+ K, a)<-2ro A
NRO
where: &5, - the set accuracy of calculation of a parameftsutiiciency.

On the found value& (K'n+ K’ a) it is defined

w(n, @) =i F(Kh+ K, @) . (19)
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3. In case ofa,; = 3 (when elements g¢fth type in ZSR'p can be repaired) the

parameter of sufficiency of a stock of elementdafned as
K

_a = aj
Apoblo=€" Y (K—anO)E, (20)
E="1R0+1 .
and
a = /\jROT. (22)

JRO "

On the basis of calculations by the given technigqufficiency of quantity of
spare parts by each variant of their formationdi@sel locomotives PE116 has been
certain. These data are resulted in table.

Table 1.Thelist of sparepartsfor service TO-2 of diesel locomotives

The nam Unit of measur Quantity
1 2 3

1. Atomizer of a diesel engine un. 4
2. Cover of the viewing hatch - 2
3. The fuel pump of a high pressure - 4
4. Pneumatic screen wiper - 5
5. Regulator of a voltageHT-6 - 2
6. The block of managemebA-520V3 - 1
7. The block of slippin@b-320A - 1
8. The panel of rectifiers -"- 1
9. The force relay - 2
10. The gat®B-1 - 2
11. The gat®B-1111 -"- 2
12. Section of the storage battery - 1
13. The crane of machinist - 1
14. The crane of an auxiliary brake - 2
15. The valve of the compres6r7 - 2
16. The trailer crane -"- 2
17. Trailer sleeve - 4
18. Reducer of a measuring instrument of speed - 1
19. Match for the bearing - 4
20. The platen of brake transfer -"- 12

CONCLUSIONS

Seven basic variants of formation of stocks in viefvtheir updating from
external sources, and also the corresponding relpgsions which are carrying out
restoration of units and details of locomotives @gain. The technique of definition of
sufficiency of the generated variant of a stock chhiconsiders quantitative and
qualitative characteristics of applications fronplace of replacement, intensity of a
stream of replacements of details, the nomenclaitigetails for concrete type of the
locomotive, and also technical equipment of repagenerative bodies is offered. On
the basis of the given technique sufficiency ofregaarts for service of locomotives is
certain.
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ONPEJEJEHUE JOCTATOYHOCTH 3AITACHBIX YACTEM
P CEPBUCHOM OBCJIY KUBAHUH TEINTIJIOBO30OB

Aunexcanap badanun, Cepreit CMeTaHuH

AHHOTanusi. PaccMOTpeHa MeTO[MKA OMpEIENICHHs AOCTATOYHOCTH 3allaCHBIX 4YacTell NpPH CEPBHCHOM
00CTy)KHBaHUH TeIIOBO30B. KitaccuuImpoBaHbl CHUTYallMH W PEIIOKCHBl OCHOBHBIE CTPYKTYPbI
obecredeH s CEPBHCHOTO OOCITY)KMBAHHS 3aIIaCHBIMU YaCTSIMH, KOTOPbIC HAaHOOJICE YacTO HCIONB3YIOTCS Ha
npakTrke. [TpeIoxKeHbl METOBI KOJIMYECTBEHHOTO ONPE/IENCHHUs 3alaCHBIX YacTel MO0 KaXIOH CTPYKType,
KOTOpBIE BKJIIOYAIOT HOMEHKIJIATYPY, WHTCHCHBHOCTb IOTOKA 3asBOK, CPEIHEC BPEMs BOCCTAHOBICHHS, a
TaKXKe OT/C/IbHBIC LECHOBBIC (DaKTOPBI. PaccuMTaHa DOCTATOYHOCTH 3alaCHBIX YacTEH UL CEPBHUCHOTO
TEXHUYECKOTO 00CITyKUBaHHS TeI10Bo30B 2120116.

KurodeBhle c/10Ba: 10CTaTOYHOCTb, 3aIIaCHBIC YaCTH, KOMIUICKT, OOMEHHBII (DOH, MONOITHEHNE, PEMOHTHBIH
OpraH, CepBHUC, CHaOXKEHHUE, CTPYKTYPa, TEILIOBO3..



