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Abstract. As is well known, the mining industry serves as a raw material base for the
development of major industrial sectors such as metallurgy, mechanical engineering, energy,
chemical production, and construction materials. The repair of mining transport equipment is a
key factor under harsh operating conditions such as impact loads, vibration, high humidity, dust,
and temperature fluctuations, all of which reduce the efficiency of maintenance and repair
operations.

Maintaining the operable condition of machinery requires strict adherence to the system of
maintenance and repair (hereinafter - M&R). An important role in this process is played by the
production and rational use of spare parts, which ensures the reliability of machines and the stable
operation of enterprises. The regulation of spare parts consumption is a crucial factor in sustaining
equipment performance under strict norms of spare parts use.

The aim of the study is to develop a method for optimizing spare parts requirements for
dump trucks, taking into account the risk factor of shortage or surplus. The main research direction
is the construction of a mathematical model that considers the cost structure of repairs and
identifies the optimal risk value that minimizes financial losses.

Key words: mining industry, dump truck, spare parts, repair, risk factor, cost optimization,
equipment downtime.

Introduction

The main indicator for spare parts consumption has always been the average service life until
replacement of a component, assembly, unit, or aggregate. The system of scheduled preventive
repairs (SPR), introduced in the 1930s, was based on the average service lives of machine
elements, the replacement distribution of which determines the repair cycle structure. Maintaining
machine operability is directly associated with the growth of repair work volumes, while
simultaneously reducing the consumption of spare parts for operational needs. Moreover, due to
the increasing deployment of heavy equipment in the mining industry, accelerated depreciation
standards are widely applied, and worn-out machines are written off, which leads to a reduction in
spare parts demand. Nevertheless, expenditures for spare parts continue to grow annually, while
shortages of fast-wearing and basic components persist [2]. Downtime of mining equipment due
to the lack of spare parts reaches 16 % of all unplanned downtime.
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Methodology

The research methodology is based on the analysis of the scheduled preventive repair system
and the application of probabilistic distribution tools (Newton binomial, Poisson formula, local
Laplace theorem). The model accounts for fixed and variable costs, additional expenses for
delivery and storage of parts, as well as lost profits caused by downtime. The results demonstrated
that the proposed method makes it possible to determine the optimal level of risk at which total
repair costs for dump trucks are minimized. It was concluded that the model contributes to more
rational allocation of financial resources and reduces losses from spare part shortages or surpluses.

The contribution of the study is the development of an integrated approach to assessing and
planning the spare parts requirements for dump trucks, which has high practical value for mining
enterprises

Results and Discussion

The process of planning spare parts and their use must be carried out with particular care,
since irrational allocation of financial resources and the accumulation of excessive inventory
contribute to the inefficient use of materials in the production process. This also leads to a shortage
of repair resources and, consequently, to company losses caused by dump truck downtime due to
the absence of spare parts.

Based on the principle of minimizing costs, the availability of spare parts can be calculated
under given conditions by determining the minimum repair expenses at the optimal risk value.

The introduced parameter kp shows that the lower the expenditures on maintenance,
procurement, and delivery of spare parts, the lower the costs from surplus spare parts will be. At
the same time, the company’s costs associated with additional downtime of dump trucks during
repair will increase.

By introducing the parameter kp, it is possible to trace the dynamics of company costs
resulting from dump truck downtime due to the absence of spare parts in stock. To determine the
minimum repair costs of a dump truck related to the replacement of a specific unit, it is necessary
to define the optimal risk value.

The total costs Cp of a mining enterprise associated with dump truck repair for unit
replacement are determined as follows:

Cp = Sconst + Svar + Sadd + Pn, (1)

where Sconst — conditionally fixed costs in repair;

Svar — conditionally variable costs in repair;

Sadd — additional expenses for spare parts related to ordering, delivery, and storage of missing
components;

Pn — lost profit due to additional downtime of the dump truck during repair caused by the
absence of spare parts.

When replacing a dump truck unit, the conditionally fixed expenses of the mining enterprise
are determined as follows:

Sconst = mup.T N Pvir hp, (2)
where myn.r — the share of conditionally fixed costs in the cost of transporting 1 ton of ore;
N — the cost of 1 ton of ore; Pout — the output of the dump truck, t/h; hp — the downtime of the

dump truck during the replacement of a unit (assembly), h.

Hp = hn+(h3+hd.3ch) mp, 3)
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where hn — the standard time for unit replacement, h; h3 — the time required to place an order
for a missing spare part, h; hst.del— the storage and delivery time of spare parts, h.
When replacing a unit, the conditionally variable expenses are determined as follows:

Cper = (1-mup.p) Fnp, (4)

where (1 — mup.p) — the share of conditionally variable costs in the normative (estimated)
cost of repair; Fnp — the normative (estimated) cost of major repair and replacement of a dump
truck unit.

For the use of repair equipment and shop expenses, the total amount of labor costs for repair
workers, normative expenditures for spare parts for current and major repairs of the unit are
determined by the sum of labor costs of repair workers.

According to formula (5), we determine the additional expenses for spare parts arising from
delivery, ordering, and storage of missing components at the time of repair.

Cdop = (Tzch+Td.zch) lu lp, (5)

where Tzch — the price of spare parts for unit repair at the beginning of the planned period;
Td.zch — customs duties and expenses for storage and delivery of parts for unit repair at the
beginning of the planned period.

Lost profit is the profit from product sales that the enterprise expected to receive in the
planned period but did not due to additional downtime of dump trucks.

Lost profit is determined by the following formula:

Pn= Py Qwyr, (6)

where PH — the lost profit of the enterprise due to dump truck downtime during repair; Pu —
the specific planned profit of the enterprise.

As we can see, depending on the number of tested units and the corresponding risk
coefficient value np, the annual number of major overhauls of a unit dkp.a is determined at the risk
coefficient of spare parts shortage np, based on the resource distribution law of the unit using the
Newton binomial expansion, the local Laplace theorem, or the Poisson formula.

dkp.a = h(np), (7

It should be noted that the execution of a major overhaul of a unit in the planned period
depends on the quality of the previously performed repair.

A significant role is played by the provision of genuine spare parts, the conditions under
which the repair is carried out, and the limitations of the repair facility in terms of selecting friction
pairs.

According to the resource distribution law, the actual number of major overhauls of a unit
during the planned period may fluctuate within certain limits, which may result in a surplus of
units stored in the enterprise warehouse.

Cdin = S1 (1+np™) (8)

where Cdin — the dynamic turnover effect of costs lost due to a surplus of units resulting
from a low risk of their shortage;

U — the cost evaluation period, years, assumed to be 1.5-2 times longer than the average
service life of standard objects;

m — the year within the evaluation period p (m=1,2, 3, ..., 1);

s1 — the costs of purchasing unused units stored in the enterprise warehouse during the
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planned period, thousand rubles;
n — the accumulation rate (the share of profit allocated for the reproduction of fixed assets);
(t) — the year within the evaluation period pu (t=1, 2, 3, ..., 1);

p,(l”)— the coefficient for additional turnover costs arising from investment in secondary

(standard) objects, determined with sufficient accuracy by the following expression.

P+ )" = 14 Nty + nU2 T %k + —— Tk, (9)

My

where Cdyn — the dynamic turnover effect of costs lost due to a surplus of units resulting from
a low risk of their shortage; p — the cost evaluation period, years, assumed to be 1.5-2 times longer
than the average service life of standard objects; m — the year within the evaluation period p (m =
1,2,3, ..., 1); sl —the costs of purchasing unused units stored in the enterprise warehouse during
the planned period, thousand rubles; n — the accumulation rate (the share of profit allocated for the

reproduction of fixed assets); (t) — the year within the evaluation period p (t=1,2,3, ..., 1);

p,(qu) — the coefficient for additional turnover costs arising from investment in secondary

(standard) objects, determined with sufficient accuracy by the following expression.

where N — the coefficient of capital investment efficiency; for second-stage facilities it is
taken as approximately 0.08;

m_s=min{mi; mz} > 0 — the smaller of the two positive values m: and m2, where

M = [ — Mgy — My — Mgyt ], and e = Mg — Mgy

Here:

» mosv — the period for achieving the design capacity (productivity) of first-stage
equipment, years;

« mc — the construction (manufacturing) period of standard (subsequent-stage) facilities,
years;

« mosvV — the period for achieving the design capacity (productivity) of standard facilities
(equipment of subsequent stages), years;

« msl — the service life of standard facilities, years; k=1, 2, 3, ... — natural numbers.

At the same time, the turnover of costs is carried out in the following sequence. Further,
depreciation charges allocated from profits for the replacement of equipment that has exhausted
its service life, invested in the purchase of first-stage facilities, generate during their operation the
first-stage costs for acquiring third-stage facilities. Preliminary calculations show that by the fourth
or fifth turnover cycle, the amount of additional costs from the operation of second and subsequent-
stage facilities becomes so small that it does not significantly affect the final result. Moreover, due
to the cost assessment period, it is advisable to assume it to be no less than twice the maximum
service life of a haul truck unit.

Formula (6), taking into account expression (8), shows:

Cdyn=S1 , (10

1+ Nifi, +nU2 X memoe g
1+y LN gmieme

My k=1

In the planned period, the costs P1 for the acquisition of spare parts for the major overhaul
of units that remain unused during the planned period can be determined as:

S1 = [hkp.a(fp) - hkp.a (fp=0,5)] Snp,
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where hyp o (fp) — the number of major overhauls of the unit per year at a risk coefficient
fp; hyp.o (Kp = 0,5) — the number of major overhauls of the unit per year at a risk coefficient Kp =
0,5 ie., determined based on its average service life;
Cnp — the standard cost of spare parts for the major overhaul of the unit.

The total annual costs associated with haul truck downtime for unit replacement during
repair can be expressed by substituting formulas (2)...(8) into expression (1) as follows:

Zsum = Zpost + Zper + Zdop+ Pn+ Az  or
( fup.tCvar X )
mp+
X SR L.
[[(mz+md.zch)kp]] +

+(1 - fup.p)cnp + 32 +
+(cmh + Fd.zch)pnpp +

\+Xvayr [mn +(mz+md.zch)pp:|J

Zsum = < " Lkpa (11)

Next, we obtain expression (12). Consequently, the model for estimating the total annual
costs of the enterprise associated with the repair of a haul truck through the replacement of a
specific unit, and depending on the risk coefficient, takes the following form:

I((fup.tCvar'l'Xvayr) X\I

Zsum Z{ % [mn +(m2+md'ZCh)Pp] " &tkp.a (12)
| +(1 - fup.p)cnp + A, +|
+(Fyen + Fazen)PiPp

Thus, this method can be applied to optimize the financial resources required for the
acquisition of spare parts, which makes it possible to optimize the process and costs both from
shortages and from surpluses of spare parts.

Results and Discussion

The conducted analysis showed that the share of downtime of dump trucks due to the lack
of spare parts reaches 16 % of all unplanned downtime, which indicates the high importance of
proper planning of maintenance and operational resources.

Calculations based on the proposed formulas (1) — (12) made it possible to highlight the
following key patterns:

1. The total costs of the enterprise for dump truck repairs depend not only on conditionally
fixed and variable expenses, but are also largely determined by additional costs for ordering,
delivering, and storing spare parts, as well as by lost profits from downtime.

2. Optimization of the risk coefficient (kp) makes it possible to balance expenses: at too low
a risk, surpluses of spare parts are formed, increasing storage costs; at too high a risk, downtime
increases due to shortages.

3. The developed model has shown that the use of probabilistic methods (Newton’s binomial
theorem, Laplace’s theorem, Poisson’s formula) provides more accurate forecasting of the number
of major overhauls of components and makes it possible to minimize the total costs of the
enterprise.
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4. As a result of modeling, it was established that applying this approach reduces annual
costs associated with dump truck repairs by optimizing the stock structure and preventing both
shortages and surpluses of spare parts.

Thus, the obtained results confirm that the proposed methodology is an effective tool for
managing maintenance and operational processes in the mining industry.
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2

AnHoranusi. Kak u3BeCTHO, rOpHONOOBIBAIOLIAS MPOMBILIUIEHHOCTh CIIY>KUT ChIPbEBOM
0a30i U1 pa3BUTHI TAKUX KPYITHBIX OTpaciiel, Kak METaJLTy prusi, MAIIMHOCTPOCHHE, SHEPreTHKA,
XUMHUYECKass TMPOMBIIUIEHHOCTh U HPOU3BOIACTBO CTPOMUTENBHBIX MarepuanoB. PemMoHT
TOPHOTPAHCIOPTHOTO OOOPYNOBAaHHUS SIBJISETCS KIIFOUEBHIM (DAaKTOPOM B YCIOBUSAX >KECTKOM
JKCILTyaTalluy, TAKUX KaK yAapHble Harpy3Ku, BUOpaIusi, BbICOKAs BJIaKHOCTb, 3allbIIEHHOCTD U
KoJIeOaHUsl TEMIEPaTyphl, KOTOPbIe CHUKAIOT 3(PHEKTUBHOCTh TEXHUYECKOTO OOCITYyKMBAHUS U
PEMOHTHBIX OIEPALAM.

[Tonnepxanue pabOTOCIIOCOOHOTO COCTOSIHMS TEXHUKU TpeOyeT CTPOroro COOHOIEHHS
CHCTEMbl TEXHHYECKOro oOCTykuBaHHs M pemoHTa (manee — TOwuP). Baxuyro ponb B 3TOM
IIPOLIECCe WIpaeT MPOM3BOACTBO M PALMOHAIBHOE HCIOJIb30BAHUE 3allaCHBIX YacTeH, YTO
obecrneynBaeT HaAEKHOCTh MAIlIMH U CTa0MIbHYIO paboty npennpusatuil. HopmupoBanue pacxona
3aMacHbIX YacTel SBIISETCS BAKHEHIIUM (akTOPOM MoJAepx aHUs pab0oTOCIOCOOHOCTH TEXHUKH
B YCIIOBUSIX CTPOTMX HOPM HUX HCIOJIb30BAHMS.

KiroueBble ciioBa: ropHonoObIBarolasi MPOMBIIUIEHHOCTb, aBTOCAaMOCBaJl, 3allacHbIe
4acTu, PEMOHT, (PaKTOp pHcKa, ONTUMHU3ALUS 3aTpaT, IPOCTON 000pYIOBaHUS.

ABTOCAMOCBAJIJAPT A KOCAJIKBI BOJIIMEKTEPT'E KAJKETTIIIKTI PETTEY

AKM. Kyansimioaes', A.A. Hopaesa?, /I.B. Kanckuii®
! rexuuka FBUIBIMIAPBIHBIH TOKTOPBI, J.LH. I'ymuiieB ateinnarbl Eypasust yATTBIK YHUBEPCUTETI,
npodeccop
2 «Kazxont3U» AK FruibiM jxoHe HHHOBAIUSIIAPBI JAMBITY J€apTAMEHTIHIH MaMaHBbI,

Actana, Kazakcran

TEXHUKA FBUTBIMAAPBIHBIH TOKTOPHI, Ipodeccop, benapych YATTHIK TEXHUKAIBIK YHUBEPCUTETI,
MuHck K., benapyce.
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Annarma. benrini OonraHnai, Tay-KeH 6HEpKaciOi MeTajuTyprusi, MalldHa jKacay,
SHEPreTHKa, XUMHs OHEepKaciOl KoHe KYPBIJIBIC MaTepHuasapbl OHJIIpiCi CHUSAKTHI ipi ©HEpKacim
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calalapblHBIH MIKKi3aT 06a3acel Oombin TaObIaAbl. KaTThl maiiganany »xaraaimapeiHaa (COKKBI
KYKTEMeENepl, AipiI, ®KOFapbl bUIFAIIBUIBIK, MAHIAHY KOHE TEMIIeparypa aybITKylIaphl) Tay-KeH
KOJIIKTEPIH JKOHJIEy TEXHUKAJIBIK KbI3MET KOPCETY MEH JKOHJIEYy >KYMBICTapbIHbIH THIMJIUIITIH
TOMEH/IETETIH Heri3ri (pakTop OOJbIN caHalaabl.

TexHUKaHBIH KYMBICKA KAOUICTTUIINH CaKTay YIIIH TEXHUKAJBIK KBI3MET KOPCETY JKOHE
x)eHjey xkyiecin (0ynan opi — TKx)K) katan caktay KaxkeT. by yepicre Kocaakbl OemeKkTepai
OHJIIPY ’KOHE YTHIM/IbI Al AalaHy MaHBI3IbI POJI ATKAPAIbl, O] MAIIMHATAPABIH CEHIMIIIITIH )KoHE
KOCITTOPBIHAAPIBIH TYPaKThl KYMBICBIH KaMTamachi3 ereni. Kocaikpl OemeKTep HIBIFBIHBIH
HOpMajay — OJapabl KaTaH HOpMaliapa NaijanaHy >KaFgaiblHIa TEXHUKAHBIH JKYMBICKA
KaOLIEeTTIIIH KOJIay/IbIH HET13r1 (hakTopbl OOJIBIN TaObIIabI.

Tyiiin ce3nep: Tay-keH ©HEPKIC1O1, aBTOCAMOCBaJl, KOCAJIKbI OOJIIEKTEp, XKOHELY, TOYEKE
(axTOPBI, MIBIFBIHIAPIB OHTAHIAHABIPY, )KAOIBIKTHIH 00C TYPYHI.
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