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RATIONAL RECOVERY MODEL OF DEPOT PROCESSING
EQUIPMENT AT THE INDUSTRIAL ENTERPRISE

Purpose. The problem of the maximum resources recovery of rolling stock repair depot of industrial enterprise
with limited resources consumption, which are used in the system is today’s topical question.The main factors that
affect the repair depot operation of industrial enterprise are reviewed. The most significant factors, affecting the
quality of the repair depot, are emphasized for further study, specifically - the state of the major repair equipment of
a sector. There is a need to minimize the impact of the unsatisfactory state of this factor. Methodology. The formed
task of major equipment rational repairing in the mathematical sense is based on the solution of a vector
optimization problem. In this case the target functions are the monetary funds spending and time expenditure for
repairing. Findings. The mathematical model of optimal equipment maintainability of the repair department at the
industrial enterprise was developed by the authors. On the example the choice model of optimal path for equipment
repairing of enterprise repair department is described. Originality. As a result of the conducted research the repair-
ing system of major equipment of industrial enterprise sectors was improved. As the mathematical model of rational
system recovery of industrial enterprise repair depot we recommend apparatus of class problems of vector
optimization. Practical value. Using the proposed model of major equipment repair system of the repair depot at the
industrial enterprise will improve the quality of the department by increasing the efficiency of primary resources -
time and monetary funds - which are spent by the sector in order to repair its techniques.

Keywords: industrial transport; repair system; mathematical modeling; system analysis; vector optimization

Introduction Many different types of locomotives and cars that
are operated, outdated methods of repairs planning and
regulation, transparent accounting of materials lead to
unproductive work of a repair sector. This is, in turn,
affects the effectiveness of an enterprise performance
as a whole [9]. And one of the most important factors
determining the performance quality of a repair sector
is its workability of major repair equipment.

The major task of the industrial enterprise repair
depot is ensuring maximum resource recovery of
rolling stock with limited resources consumption
that are used in the system [3, 6].

The following factors affect essentially the
work of industrial enterprise repair section:

— Existing park units state of rolling stock [4];

— State of repair equipment sector [10];

) . . Pur
— Planning and regulation system of repairs [7]; urpose
— Accounting procedure of materials and spares The aim of this work is search and investigation
use [11]. of new methods and ways in order to improve
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workability of major repair equipment of a repair
sector in the industrial enterprise.

Operable technical state depends on the quality
and speed of its failures removal that occur during
operation of the equipment [13].

Let us consider the case when a repair shop
does not perform repair at a prescribed time due to
equipment failure [1]. There is a problem of
finding a rational way of restoring its workability.
That is, the repair shop equipment of a depot at the
industrial enterprises needs to be recovered as
quickly as possible and with minimal expenditure
of money [2]. This statement leads us to the follo-
wing problem of vector optimization:

j—)min, (D

where y — is a method of (trajectory, plan) the
equipment repairing; 7(y) — is time expenditure
for the equipment repairing; C(y) — is funds ex-
penditure.

Methodology

We will discuss in more detail the problem (1)
in the case of failure of a stand for armature shaft
inspection of the traction motor (TM) (see Fig. 1).
Function of the stand is to control the armature
shaft of TM for transversal and longitudinal cracks.

Fig. 1. Stand for armature shaft inspection of TM

Stand functionality:

— setting two TM armatures on a stand;

— identification of transversal and longitudinal
cracks of the TM armature shaft;

—mechanical shaft rotation of TM armature on
track roller.

In case of the stand failure the plan concerning
its repair will include several stages (phases):

Y=V Vy5e0V, 1,

where v, — is the set of activities on the i stage;

n — total number of repair stages.
That is, for the stand of armature shaft inspec-
tion of TM sequence y may have the following

form: v, — failure identification and preparation of
equipment for the repair; v, — dismantling; v, —
repair; v, —mounting; vs — testing and launch.

At the each stage there is a plurality of actions
that can be performed:

Vi =AW Wy Wi}

Each of these actions is characterized as
follows: #(w;) — time expenditure under the
implementation w,; c(w;) — funds expenditure
under the implementation w; .

Total time and overhaul cost are determined
depending on the choice of action at each stage of
repair:

=33 t(w,),

i=l w;ey,

=33 cw,).

i=1 w;ey;

The number of options N for repairing
depends on the number of stages and activities at
each stage:

N=]]k.
i=1

where k; — the number of operations on the i stage.

So a problem of the vector optimization (1) as-
sumes the following form:

Y how)

i=1 w; €V

Y em))

i=l w;ey,

—min .
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Solving problem (1) we mean finding such sets
of repair options that each of its elements (a repair
plan y) will be effective so each pair y, and vy,

from this set are not comparable among themselves
[5].

A repair plan vy is called effective, when any
variation of it leads to increase one of the
parameters (e.g. cost) and decrease the other (in
this case, the runtime of repair).

Two sets y, and y, are not comparable, if

there are at least two indexes from (1) such that
one index is better (bigger) in terms of repair vy, ,

and the other is better under v, .

A necessary and sufficient condition for the
repairing plan effectiveness y is described in [1]

and is as follows. If there is any additional value of
the coefficient A at each stage of repair one should
choose measures accordingly to conditions:

Sew)+r Yy, t(w;) = min i=Ln. (2)

e, Wy,

Coefficient A can be interpreted as a kind of
«scales» that determine the importance of this or
that index.

For example, if A =0 condition has the follow-
ing veiw:

2 c(wj)=1<n111? .
<j<k(i)
WJ»EVI-

This means that the company strives to
minimize funds that are spent for repair. Time ex-
penditure is not taken into account.

When A — o condition has the following
form:

t(w;)= min .
w;i I <<k

That is, in this case a priority during the repair-
ing is time of its conducting.

Thus, going over meanings A€[0,0), we

obtain parametric identification of effective repair-
ing plans.
Findings

On the base on the proposed mathematical
apparatus we will consider the following example.

62

Let the stand for armature shaft inspection of
TM is in non-working state. We will divide its
repair plan for five consecutive stages or phases.

(Fig. 2).

(@)-(29(23(09~(e5

Fig. 2. Schematic representation of the phases

The first stage is fault identification and
preparation of the stand for repair. We select three
options for preparing. The second stage is the
dismantling. The next stage is directly repair. It can
be conducted with five different modes, each of
them differ by runtime and expences. The phase of
mounting and debugging are the next. The last stage
is testing and launch. Schematic representation of
the repair trajectory is shown on Fig. 3.

Y
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3
Fig. 3. Schematic representation of trajectory

Time and funds expenditures for each option at
each stage are determined with an expert manner.
Obtained data are represented as follows. Matrix
spending funds:

1 5 3 0 O]
7 0 0 O
Cl=| 8 10 4 20 50
17 0 0 0 O
2 5 9 15 0]
Matrix time expenditure:
7 5 3 0 0]
4 2 0 0 0
TI=| 6 4 35 3 25
1.7. 0 0 0 0
|5 3 21 15 0
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In this case the total number of options for the
stand repair is:

S
N=]]k=120.
i=1

View of all options for repairing in space of
functionals is presented in Fig. 4.
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Fig. 4. Dependence of time expenditure for the repair-
ing. Axis OX - time expenditure in hours. Axis SO -
funds expenditure in UAH.

Graphical interpretation of the obtained results
is shown in Fig. 5.

Butpatu

Fig. 5. Best options for repairing

Using the mathematical model described above,
we will find the best options for repairing:

(W, Wy p Wy oW, o Ws 1,30,24.7

L1217 73,17 40

w,

[W 2,1)

Lo Ws s Wy Ws 1,32,20.7

w

[W 2, 2°

Lo W3,1,W4’1,W5,1],35, 18.7

[W1,3’ Wy 5o Wy 5 Wy 1 Wy 1,41, 15.7
[W1,3’ Wy o Wy 5 Wy s WS,Z]’ 44,15.2

[W1,3’ w, w4’1,w5’4], 64,13.2

,2° W3,4’

[W1,3’ Wy s Wy 5 W, s w5’4], 94,12.7
Calculations are performed in the Maple
mathematical package of symbolic computation.

Originality and practical value

The system of major equipment repair of a re-
pair sector has been improved by solving the
problem of vector optimization for rational repair-
ing. In this case, the target functions are the
monetary funds and time for repairing that a sector
spends for repairing of their equipment.

Using the proposed model of rational repairing
will improve the quality of a sector by increasing
the efficiency of primary resources - time and
funds - which a sector spends for repairing of their
technical means.

Conclusions

The proposed model will provide the repair
depot of industrial enterprises to higher levels of its
functioning efficiency and reduce the resource in-
tensity of its operation. Using the proposed method
of the equipment efficient recovery, a repair depot
of the industrial enterprise is able to distribute time
and funds efficiently to carry out restoration works.
This in turn will reallocate the enterprises savings.
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MOJEJIb PAIHIOHAJIBHOI'O BITHOBJIEHHSA TEXHOJIOI'TYHHOI'O
OBJIATHAHHA JEITO ITPOMUCJIOBOI'O IIIAITPUEMCTBA

Meta. OcoOnMBO aKkTyaJbHHM Ha CHOTOJHI € MHUTAaHHS 3a0€3NeYeHHS MaKCHMAJIbHOIO BiJHOBJICHHS pPEcypciB
PYXOMOTO CKJIagy PEMOHTHOTO JIer0 IPOMHMCIOBOTO IANIPUEMCTBA TPH OOMEXKEHOMY pO3XOIi pecypciB, fKi
BUKOPHCTOBYIOTECS B CHUCTEMI. PO3IIISIIalOTECS OCHOBHI YMHHUKH, SIKI BIUIMBAIOTh Ha POOOTY PEMOHTHOTO MiAPO3ITY
MIPOMHUCIIOBOTO TrianmpueMcTBa. Cepell HUX ISl TOJATBIIOTO JTOCTIPKEHHST BUIUISIOTHCS HAOUTBIT BaroMi (hakTopH, sKi
BIUIMBAIOTh Ha SIKICTh POOOTH PEMOHTHOTO JIENIO — CTAH OCHOBHOTO PEMOHTHOTO OOJaaHaHHS IiApo3/iry. Buankae
HEeoOXiZHICTh MiHIMI3yBaTH BIDIMB HE3a[IOBUIFHOTO CTaHy OAHOTO YHHHWKA. MeToamka. 3amponoHOBaHA 3ajada
palliOHATIBHOTO TIPOBENIEHHST PEMOHTY OCHOBHOIO O0JIa/IHAHHS PEMOHTHOIO TiAPO3JUIy B MareMaTUYHOMY IUIAHI
0aszyeTbcsl Ha PO3B’S3aHHI 3amavi BEKTOpHOI onrumizamii. L{imboBrME (QYHKISIME B TaHOMY BHITQAKU TPHAMAIOTHCS
BUTpPATH KOIITIB HA NPOBEAEHHS] PEMOHTHHX POOIT Ta 4ac MPOBE/ICHHS peMOHTY oOyiagHanHs. Pe3yiabTaTH. ABTOpamMn
PO3po0IICHO MaTeMaTHYHy MOJENb ONTUMATFHOTO BiHOBJICHHS IParie3aTHOCTI OCHOBHOTO OOJAIHAHHS PEMOHTHOTO
T pO3/1ily IPOMHUCIIOBOTO MiiNpreMcTBa. Ha npukiiaji onucyeTbesi MoJeNns BUOOPY ONTHMAIBHUX IIUISIXIB POBEJCHHS
pEeMOHTY OONagHaHHA PEMOHTHOTO TMimpo3ainy miampueMcTBa. HaykoBa HOBH3HA. Y pe3yibTaTi MPOBEICHOTO
JIOCTI/DKEHHSI YJIOCKOHAJICHO CHUCTEMY IIPOBEJICHHS PEMOHTY OCHOBHOTO OOJIAHAHHS [MiPO3AUIIB MPOMHCIOBOTO
mignpremMcTBa. B SIKOCTI MaTeMaTHYHOI MOZENi PaIlioHAIBHOTO BiJHOBJIEHHS CHCTEMH PEMOHTY JETO IPOMHUCIIOBOTO
T IPUEMCTBA 3aIPOIIOHOBAHO arapar 3aj1ad Kiacy BeKTopHoi onrtuMizawii. [IpakTuyna 3HaunMicTh. Bukopucranus
3aIPOTIOHOBAHOI MOJIENI CHCTEMH PEMOHTY OCHOBHOIO OOJAIHAHHS PEMOHTHOTO JIETIO MPOMHKCIIOBOTO HiANPHEMCTBA
JIO3BOJIMTD TIABUILMTH SKICTh POOOTH MiAPO3ALTY LIISIXOM 30LIbIIEHHS €(peKTUBHOCTI BUKOPHCTAaHHS OCHOBHHX PECYPCIB
— 9acy Ta KOIITIB, — SIKi TMiPO3iI BUTPAda€e Ha IPOBEICHHSI PEMOHTY CBOTX TEXHIYHHX 3aC00iB.

Kniouosi cnosa: mpoMUCIOBUI TPaHCIIOPT; CUCTEMA PEMOHTY; MaTeMaTHYHE MOJICIIOBAHHS; CHCTEMHHI aHaJi3;
BEKTOpHA ONTHMIi3allis
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MOJEJIb PAIITMOHAJIBHOI'O BOCCTAHOBJIEHUA
TEXHOJIOI'MYECKOI'O OBOPYJ1OBAHMUS JAEITO
ITPOMBIIIVIEHHOTI'O ITPEAITPUATUSA

Heab. OcoOeHHO aKTyaJIbHBIM CETOTHS SABJSETCS BOMPOC OOECHEeUeHHs] MaKCHMaJbHOTO BOCCTAHOBIICHUS
PECYPCOB HOABIDKHOTO COCTaBa PEMOHTHOTO JETO IMPOMBIIUIEHHOTO MPEANPUSATHS TPH OTPAaHHYCHHOM pacxojie
pecypcoB, KOTOpBIE HCIIOJIB3YIOTCSI B CHCTeMe. PaccMOTpeHBI OCHOBHBIE (DAaKTOpBI, BIMSIOIIME Ha pPadoOTy
PEMOHTHOTO OTAENa MPOMBIIIICHHOTo npeanpuarus. Cpead HUX AN JalbHEHIIEro MCCIeOBaHUS BBIICNAIOTCS
HauOosiee 3HauMMble (DaKkTOpbI, BIMSIOLIME Ha KayecTBO pabOThl PEMOHTHOrO JENO — COCTOSHHE OCHOBHOTO
PEMOHTHOTO 000pYAOBaHUS IMojpaszeieHus. Bo3HukaeT He0OXOANMOCTh B MUHUMHU3AIMN BIIMSIHASL HEYIOBJIETBO-
PHUTEJIBHOTO cOCTOSIHMA aaHHOro (akrtopa. Meroauka. ChopMupoBaHHas 33ja4a pPalMOHAILHOTO IPOBEICHUS
PEMOHTa OCHOBHOTO 00OPY/IOBaHUs OT/AENa B MaTeMaTHYECKOM IUIaHe 0a3upyeTcsi Ha PElIeHUH 3aJlauil BEKTOPHOU
ontumu3anyd. LleneBbiMu QYHKIUSME B JAaHHOM CITydae SIBJSIFOTCS 3aTpaThl JCHEKHBIX CPEICTB Ha MPOBEICHUE
PEMOHTHEIX padoT U 3aTpaThl BpeMeHHU. Pe3yibTaThl. ABTOpaMu pa3padoTaHa MaTeMaTHIECKask MOJIENb ONITUMAITb-
HOTO BOCCTAaHOBJICHHSI Pab0TOCIIOCOOHOCTH 000PYIOBaHHMSI PEMOHTHOTO OT/ela TIPOMBIIUIEHHOTO TipeanpusaTui. Ha
MIpUMepe OIMMCAaHa MOJETHh BEIOOpa ONTUMANIBHBIX MyTel MPOBEACHUS PEMOHTa 00OPYIOBaHUS PEMOHTHOTO OTAEa
npennpustui. HayyHas HoBM3HA. B pesynprare MpOBEICHHOTO HCCIIEJOBAHUS YCOBEPIIEHCTBOBAHBI CHCTEMA
MPOBEACHUSI PEMOHTAa OCHOBHOTO OOOPYIOBAaHHUS MOApAa3[eNeHHH NPOMBIIUIEHHOTO Mpeanpustui. B kadecTre
MaTeMaTH4eCKOW MOJIENIN PAllHOHAIIEHOTO BOCCTAHOBJIEHUS CHCTEMBI PEMOHTA JIENIO MIPOMBIIIJIEHHOTO MPEIIPUATHS
Mpe/UIoKEH ammapaT 3ajad Kijacca BeKTOpHOH ontumuszanuu. IIpakTHyeckas 3HaumMocTh. lcmonb3oBaHue
NPEAJIOKEHHOM MOJIENIM CUCTEMbl PEMOHTa OCHOBHOTO OOOpYJOBaHMS PEMOHTHOIO JENO HPOMBIIIJICHHOTO
NPEATIPUSTHSL TIO3BOJIUT MTOBBICUTH Ka4eCTBO palbOTHI OTHElNa IMyTeM yBeIHYeHUs! d(PEKTUBHOCTH HCIOIb30BaHUS
OCHOBHBIX PECYPCOB — BPEMEHH U JACHEKHBIX CPEJCTB, — KOTOPBIE NOApa3eIeHHe TPATUT Ha IPOBEAECHHE PEMOHTA
CBOMX TEXHUYECKHUX CPEJNCTB.

Kniouesvie cnosa: TPOMBINUICHHBI TPaHCIOPT; CHCTEMa pPEMOHTA; MaTEeMAaTHYECKOE MOJIEINPOBAHICE;
CHCTEMHBIN aHaJIH3; BEKTOPHAS ONTHMHU3ALINSL
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