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The method of calculation and selection of methods of tractor
maintenance, taking into account the working conditions of the
operator

M.V. Chubareva* and\.V. Chubareva

Irkutsk State Agricultural University named afterdA Ezhevsky, Molodezhniy settlement, Irkutsk regi664038, Russia

Abstract. The method involves calculation and selection ofhmés of tractor maintenance, taking into
account the working conditions of the operatothia field. It is intended for agricultural enterggswith an
average annual number of tractors not exceedingirits. Calculation for the choice of maintenance
methods is carried out on a personal computer icrddpft Office Excel or a calculator for the minimu
value of the unit cost of tractor maintenariResearch objective is to determine the most rational method of
maintenance by the specific cost of tractor maimtere. The method allows determining the unit cést o
maintenance, either taking into account the addifi@osts of tractor maintenance when servicingtdra

in the field conditions, or without taking themanaccount. The article presents the selection pioreefor
maintenance methods, taking into account the wgrkionditions. The annual economic effect from the
application of this method, calculated on the eXengd agricultural enterprises of the Irkutsk ragids
27.8 thousand rubles per tractor. The method wstedeas exemplified by farms in the Tulunsky and
Cheremkhovsky districts of the Irkutsk region and ba useful to engineers maintaining farming tnacto
The results of the study can be used in agricultemerprises, both the Irkutsk region and the Sioe
region as a whole.

1 Introduction experience, which is estimated according to their
performance in judging uncertainty, to assesspéitod.

Nowadays, many types of research projects areA bridge-based experiment shows that the proposed

conducted in the field of tractor maintenance -thieaks method has the potential to provide means to éffelgt

and teaching aids, dissertations and scientifiontsp  plan maintenance.

abstract collections, monographs, articles, thesés, Authors Kubeev E.I., Panova S.V. Geyvandov D.B.,
This indicates that this area of knowledge is alvay Shishkin M.A., Khakimov R.T. considered issues teda
relevant and in demand [1]. to reducing labor costs for maintenance of vehicles

In the article, R Khodabakhshian [2] gives thiebr  They argue that reducing labor intensity and ingiren
introduction to various preventive maintenanceayst reliability has a significant impact on the perfamee of
specially condition-based maintenance (CBM) tractors, as well as on the cost of tractor worke T
techniques, selection of condition monitoring tegbes methods that contribute to reducing the complexity
and understanding of condition monitoring (CM) during the maintenance of cars (tractors) are densd,
intervals, advancement in CBM, standardization BMC which, ultimately, leads to an increase in their
system, CBM approach on agricultural machinery, performance [5].
advantages and disadvantages of CBM. The search for publications on the topic of chogsin

Authors A Rokhani, S Abdolahpur [3] make a tractor maintenance methods has not yielded results
forecast on the cost of repair and maintenancedbase therefore, the development of a methodology for
the artificial neural network (ANN) method, whicaa choosing tractor maintenance methods has been deeme
significant impact on making the right economic relevant.
decisions by controlling mechanisms, such as ecgippm The method is intended for agricultural enterprises
replacement. with an average annual number of tractors not elinge

The article by CJ A Ter Berg, G Leontaris, M van 20 units. It provides for the calculation and cleoiaf
den Boomen et al. [4] covers the method for the tractor maintenance methods, taking into accoust th
determination of the optimal moment at which working conditions of the operator in the field. i#
maintenance work should be performed with a quality based on the determination of the unit cost of
guarantee. The proposed method utilizes Cooke'smaintenance on the maintenance methods, which
classical model, which uses knowledge and expertinclude: centralized, decentralized and combinede T
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choice of method is carried out according to a mimn = LmiCHw | Lm2Chw | IM1Sqmu | IM2Sqmp | 2RoSa
of the weighted average unit cost of service bgttna Lo T I Vatmi
0°T M1YHE M2YHE OYHE
brands. L + +ACHL
TTM2 ™1 ™2 VTTm2

To calculate the unit cost of tractor maintenanbe, oy after simple transformations
following initial data are needed: data on agriotat _Lm1iCHWHM1SqMu+IM1UHE | Lm2CHw+ M2 SquT+IM2UnE |
enterprises, labor and maintenance costs of tractorC3' M1 ' M2 '

i i iti S N U
maintenance, production conditions for the use of +2R, (V TA - TT + :E )+AC£§1C, (3)
tractors and mobile maintenance units for the pggpas L 0 LA M1 OA 1242 AOMZZ 0 C 0
well as the working conditions of the operator. at Lyy >0, Lz >0, by >0, lyz >0, Cyw >0,
Calculation of the choice of maintenance methods isSqmu >0, Squr >0, 7, >0,7y, >0, Uyg >0,Ry >0,
carried out on a personal computer in Microsofti€@ff v, >0,5, >0,V; >0, S, >0, AC}iL >0, AC}Z >0,
Excel or a calculator. whereCM2, cM2, cML, cM? are the specific labor inputs

Research objective is to determine the most rational on maintenance-1 and maintenance-2 at their
method of maintenance by the specific cost of éract performance at the point of maintenance and withafs
maintenance. the maintenance unitt}l,, cM2,, cMi,, CMz, — the
costs of the same types of service, connected with
functioning point of maintenance and the mainteranc
unit. CML,, ¢z, cMl, CcM2, are the specific costs of
Mathematical models for selecting maintenance nustho transportation of tractors up to the point of mairsnce
are presented in three stages [6]. for performance of the same types of maintenanck an

The first stage is the mathematical descriptions of @&lso on transportation of the maintenance unithie t
maintenance methods in expanded form in the fotigwi ~ Place of operation of machines respectively foryiag
order: out maintenance-1 and maintenancecy,, CHZ .,

1. Centralized: maintenance-1 and maintenance-2 aréituu. Cituy are the specific expenses linked to idle
carried out at the point of maintenance where Vehic times when carrying out maintenance-1 and

2 Materials and research methods

arrive under the own steam maintenance-2 at point of technical service andh wie
C,=CML+CM2 +CML, 4+ CM2, + CML 4 CM2, + cML use of the maintenance uni€}y,,, CM4,» are the
+CM2 L+ CML L+ CM2p = specific expenses linked to the idle times due to
— LMiChw | LmaChw  iSqmp  lmaSqmp | 2RoST transportation of tractors for maintenance-1 and
™1 TM2 ™1 ™2 UHETM1 maintenance-2 to the place of service (to the pofnt
2RoSr | IM1UHE | IM2UHE | 2RoUHE | ZRoUnE maintenance) and backCML, ACML are the additional

UHETM2 ™1 ™2 VrTtm Vrtm2
or after simple transformations
C _LviCaw+IM1Sqmp+iM1UHE +LM2CHw+lM25qMP+leUHE +
=

specific costs of maintenance-1 and maintenance-2,
considering increase in labor input and also thmeazes

. . connected with losses from idle times of tractotg,,
4+2Ro (Sy + Unp) (L—i- L) o) LMl_ are standard Iak_Jor input of mal_ntenance-l and
vr ™M1 TM2 maintenance-2 according to tractor of given bramdn-
at Lyy >0, Lz > 0, Ly > 0,li2 > 0,Chw >0, Sqmp >0, nour.1,,,, 1y, are the standard duration of maintenance-
Tm1 > 0,Tyz > 0,Ry > 0,Vy > 0,57 > 0,Upg > 0. 1 and maintenance-2 depending on the tractor'sdpran

2. Decentralized: maintenance-1 and maintenance-2hour. C,,, in the hourly compensation to adjuster
are performed at the place of tractor operatiomgua  (operator) taking into account all types of payrsent
maintenance unit rubles/hourS,up, Squy are specific cost for use of point

Cz = Cig + Catiy + Ceagu+ Crau + Criqy* Cridy + Citmy maintenance and maintenance Unify,, Ty, iS the
LariCo tﬁilzgx +1AM€%%W: A%%zngu 2ReSA periodicit_y of main_tenance-l_and mgint_e_nance-Zir@wg
il + — + — + — +VATM1 + hour. R, is the radius of service availability, kmr,_ V4
+2RoSa | aUHE | w2UHE | o ~M1 4 A (M2 are average transport speed of tractors and mainden
Vatumz ™1 M2 ASC ASC unit, km/h; S; is operating costs on transportation of
or, after simple transformations tractors, rubles/hourlUyy is the hourly expenses (losses
¢, = 2wl SqmuttuiUns | Lz Crw +iveSqumu*tuzOns from idle times of tractors) linked to idle time on
2RoS4 o . " T[yzz maintenance and with moving of machines to point of
Rl (ﬁ + %) +ACysc + Alysc, 2 maintenance and to the place of work, rubles/hour.
at Ly > 0,Ly >0, Ly > 0,0y, >0,Cyy >0, Suy >0, The sepond stage is a _mathematlcal_ Qescrlptlo_n of
Tu1 > 0,7h2 > O,Ry > 0,V, > 0,5, >0,Uyz > 0,ACHL >0, change_s in technlcal maintenance efﬁmency indicat
ACM2 >0, (labor input and maintenance time). For maintendnce

kthey areATy, Aty,; for maintenance-2 they andy,,,
using a maintenance unit; maintenance-2 — at thet po AtMZ: The vqlges of these indicat(_)rs dep_end on the
of maintenance working condlt_|ons of the operator in the fleId.eHe.
Co=CML (M2 4 CM1 4 CM2 L CM1 L oM2 elements are included in the mathematical desoripti
3 "i”CMl me CM;M[{F CM‘;MPJrA(T:I}fj{ _TMP of ACML and ACMZ and are integral elements of
[TMy = =ITMP = =TDMP asc mathematical models for the choice of maintenance
methods. Then, we write down the change in therlabo

3. Combined: maintenance-1- at the place of wor



BIO Web of Conferences 27, 00022 (2020)
FIES 2020

https://doi.org/10.1051/bioconf/20202700022

intensity ATy, ATy,,) and durationAt,,,, At,,) of the
maintenance:
* on labor input —

ATyy =Ty [(2 _Uf1) k'Vri— 1], 4)

ATy =Tyz [(2 = Uy,) k*~Ura—1], %)
 on duration —

Aty =ty [(2-Ufq) k*=Uri-1], (6)

Atyz =tyz [(2=Upp) k*~Ura—1], (7)

where ATy,, ATy, are additional time spent on
maintenance-1 and maintenance-2 in the field, man-
hours; Aty,, Aty, are additional tractor downtime for
maintenance-1 and maintenance-2 in field conditions
hour; Ty, andTy,, ty, andt,, are statutory indicators
linking ATy, andATy,,, Aty andAty,,.

Thethird stage is a mathematical model for choosing
a maintenance method. It is based on expression&2j1
and (3). This indicator is used when working
simultaneously several brands of tractors — onr@atita

_Ciri +C7;, +Cyr, +..+C T, @)

C
Li+0 T +..4T,
where Cc is the weighted specific average cost by
maintenance methods, rubles/engine h@G;,Cy,...Cm
are the specific cost of maintenance i, j, k...fobrands
of tractors, rubles/engine houm,z,%,...Tm are total

EL wEL Y, ,TE | ,EL EL
PhipKigu)+Zuo+Ziu+En(Kmu +Kigt) Cent

[0.01-(PMU Kyy+

E

I, Am@a-2)TsiNi amp ; (10)
« in case of combined maintenance —
gComb _ 0.01-(Pk Kb +Py3 Ky )+ 2+ 2B+ By (KER+ K373 ) .
qMp Y1 Am(1-2-3)TaNiNi =2 M) TsiNi y; (11)
gComb :[0'01'(PMU KMU+PI‘E/1113KI‘I§IIZ/)+ZI‘7"I%+ZI‘E/}li/+EH(KMU+KI\E¥iJ):|
amMu Y am)TsiNg : (12)

where PEL, Pﬁg are percentages of deductions for
depreciation and maintenance of the building and
equipment of the technical service center, Kk, Ko

are capital investments for the construction of the
building and for the purchase of equipment for the
maintenance station, ruB’f, ZEL are annual labor and
cost (for example, electricity and heat energy,ewafor

the operation of the maintenance station, ®R;, PEs

are percentages of deductions for depreciation and
maintenance of the maintenance unit and the bugjldin
%. Ky, KE% are capital investments for the purchase of
a maintenance unit and for the construction ofikding,

rub. ZIE, ZEL are annual labor and equipment costs
(electricity, heat and water) for the operation thé
maintenance unit and the building, rulk, is a
normative coefficient of capital investment efficty
(according to reference data Ey=0.15); qu) Is

operating time according to each of these brands ofspecific labor intensity of maintenance-1 for onart

tractors, engine hour.

3 Results and discussion

The initial data for calculating the unit cost o&dtor
maintenance according to the methods refer
agricultural enterprises for which the resourcergav
method of maintenance is selected.

They are subdivided into data for this enterprisd a
for tractor brands. The method provides for obtagni
numerical values of the indicator for assessingctiwce
of methods for tractor maintenance (i-objects). sThi
method allows determining the unit cost of mainterg
either taking into account the additional costdrattor
maintenance with their maintenance in the field
conditions, or without taking them into account.eTh
definition of this indicator, taking into accourdditional
costs for maintenance in the field is carried dterathe
formation of the necessary data.

to

The procedure for selecting maintenance methods

based on working conditions is as follows:
Determine the unit cost of use (rub / man-hours) of

the maintenance center for centralis¢ff’ and combined
SComb

qMP
decentralized /37 and combinedy7? maintenance

for the all tractors park — on a formulas (9)—(15):

» centralized maintenance —

Cent —
SqMP -
oK)+ 2+ 2B + By (KBS +

EQ
PypKyp

BL ;-BL
0.01-(PEk KEL+ Ky

.,

Y AM(1-2-3)TaniN;

* in cace of decentralized maintenance —

©)

Decent —
SqMU -

maintenance, as well as the maintenance unit for

of tractor, man-hour/engine hourgy,;—,y is specific
labor intensity of maintenance-1 and maintenanéer2
one brand of tractor, man-hour/engine houfg;;—,—3)

is specific labor intensity of maintenance for dmmand
of tractor, man-hour/engine houns;y is average annual
operating time, engine hours;; is seasonal operating
time, engine hoursy; is a number of tractors, unit.

Where in

Tymii

dm@a) = P (13)
Ty TMzi
Am@a-2) = TZ? szzl’ (14)
_ TM1i+TM2i+TM3i (15)
qM(1_2_3) - ™1 ™2 TM3'

where Ty, Ty2is Tyz; are regulatory complexity of
maintenance-1, maintenance-2, maintenance-3 for one
tractor brand; Ty, Tm2, Tmz are frequency of
maintenance-1, maintenance-2, maintenance-3.
Calculate the radius of maintenance availability by

the formula
Ry, = 6\/% , (16)

where § is the curvature factor of the roads in the
vertical and horizontal directions (according téerence
data -6 = 1.5);F; is serviced area, km.

Determine the hourly operating costs for driving
tractors, rub/hours

Sy = C_HW + GprPpp, (17)

whereCyy, is hourly wage, rub/hourg,; is hourly fuel
consumption at driving a tractor, kg/®,r — diesel
price, rublliter.

Find the hourly operating costs on the stretchhef t
maintenance unit, rub/hours

Swv = Cumu + GrmuPomus (18)
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where Cyyp is hourly wage of specialist maintenance
unit, rub/hours;Gpyy is hourly fuel consumption when
driving the maintenance unit, kg/B;,,; is fuel price for
maintenance unit, rub/liter.
Calculate losses for tractor idle hour due to resiahce
and its move to the maintenance point, rub/hours
Dsyry = Dr + Daus (19)
where Dgy 1y IS losses for an hour of inactivity of the
machine-tractor unit, associated with its mainteean
and moving to the maintenance point, rub/hodrs;is
losses for an hour idle tractor [7], rub/houBs,, is
losses for an hour idle agricultural machines [7],
rub/hours.
Losses for an hour idle tractor [7], rub/hours
Dy = 0.01 PTCHW+ZTE+EHCHW (20)

whereP; is the rate of deductions for the renovation o
the tractor (can be accepted= 12.5%) [8].

Losses for an hour idle agricultural machines [3],
rub/hours

_ 001 PamCamutZam+ECyMU

Daw = o (21)
Weighted average cost of the agricultural machine

_ CymuinmuitCumunmuj+Cumurnmurt -+ CumumMmum (22

C =
HMU
nyyitnyyjtmuktyumt -t nymum

whereCyyy is weighted average cost of the agricultural
machine, rub:Cymyi, Cumujs Cumuks --- » Cumum are
cost of i, j, k... m-brands of agricultural mactgneub;
Myuir Mmuj» Mmuks - Muym — average number i, j, k...
m-brands of agricultural machines.

Perform calculation of additional labor inputd}%:,
ACYZ, ACY-) on formulas (23), (24), (29), (30).

ACA\,{}EL__ATMchW + AfM1:/ISMTU’ (29)
1 1
at ATy, > 0; Cyw > 0;t\1> O; Dgyry > 0;
ACAUEL_ _ATm2CHW + AtMZDSMTU, (30)

™2
at ATMZ > 0 CHW > 0 TM2> 0 DSMTU > 0

Additional unit labor costs for maintenanceA}{L
and maintenance-&C}2 calculated in accordance with
the formulas (25), (26).

Additional unit costs from losses due to additional
downtime for tractor maintenance — at maintenance-1
(AC}L) and at maintenance-A{}{%) by analogy is by
the formulas (27), (28).

Additional expenses on maintenance-1 and
maintenance-2 ATy;,ATyz) and additional tractor
downtime for maintenance-1 and maintenance-2

f (Atyq,Aty,) in the field conditions — calculated by

empirical formulas (found experimentally in agricual
enterprises of the Irkutsk region for the operator’
working conditions in the field conditions):

ATy = —3.1473D,,c+3.1491; (31)
ATyp= —5.598 Dy +5.524; (32)
Aty,=—1.2611D,,,+1.263; (33)
Aty,= —3.511 Dy, +3.357, (34)

where Dy, is the coefficient of working conditions,
obtained experimentally in the same enterprises.

The calculation results for the most common brands
of tractors are presented in table. 1.

Table 1. Additional unit labor costs for maintenance-1 and
maintenance-2 tractors taking into account the imgrk
conditions of the operator in the field conditions

ACASC - ACLI\?Il +ACH, (23) |No; Brands of tractors Additional Additional
AC = ACM labor input: | duration:
ase = 2+ ACH?, (24)
here ACL, ACH the unit cost of lab ATy | AT | Alyy | Al
where ACjsc, ACjsz are increase the unit cost of labor ==t oS s 74T 3151 059 1.3
and costs associated with losses from downtime CLAAS Axion
maintenance tractor in field, rub/engine hours. 2 | MTZ-80, MTZ-82, MTZ-1221 1.26 | 2.17| 051 1.25
Additional unit labor costs for maintenance-13 T-150K, HZT-150 1.67| 331 016 056
(ACj%c) and maintenance-2AC45¢) are formulas: 4 DT-75, DT-75M, T-4A 1.66 | 2.65| 0.43 141
ACML ATwiChw (25) Note — values forATyy, ATy, and Atyy, Aty, defined for
AC}‘V%_M' (26)

at ATy, > 0; ATy, > 0; Cyy > 051> 0; 2> 0,

where ATy;, ATy, are additional expenses on
maintenance-1 and maintenance-2 in the
conditions, man hour.

Additional unit costs from losses due to additional
downtime for tractor maintenance — at maintenance-
(ACYY) and at maintenance-L¢}M2) — by analogy
with (25)-(26) is according to the formulas

ACjflp=mn2ouIY, (27)
ACHF =S, (28)

at AtMl > O, Ath > O, DSMTU > O, TM1> 0, TM2> O,
whereAty,, Aty, are additional tractor downtime for
maintenance-1 and maintenance-2 in the
conditions, hourDgyr; is hourly costs of the downtime
at maintenance, rub/engine hours.

We will present mathematical descriptions (23) and

(24) in expanded form — subject A
(27),AC;s¢e (26),ACHT7: (28):

ASC (25) AC AUC

field

7. Determine unit cost(, C,, C;) maintenance-1 and
maintenance-2 with centralized, decentralized and

field COmbined maintenance for each brand of tractor —

according to the formulas (1), (2) and (3).

8. Based on the unit cost, find the weighted awerag
qunit cost of service for all brands of tractorsor the
case when in the agricultural enterprise sevemaids of
tractors are used simultaneously — according to the
formula (22).

9. Based on the minimum found value of the unit cos
of maintenance, a resource-saving method of
maintenance is selected from the three calculation
results.

The annual economic effect when implementing the
selected resource-saving method of maintenancerfor
individual agricultural enterprise per one aver&getor
per year is determined by the formulas:

a) in comparison with the method f6F C,;,4.1-

Sy= (Cnax1-Cmin) * Ty " Foms
b) in comparison with the method f6& C,,,4x2-

(35)
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Sy= (Crnax2-Cmin) * Ty * Pom (36) The annual economic effect of applying this
whereCpqx1, Cmaxz @re unit cost of tractor maintenance methodology, calculated through the example of
by methods, alternative to selecte;;,, is unit cost of ~ agricultural enterprises in the Irkutsk region, is
tractor maintenance according to the selected reseu 27.8 thousand rubles per tractor. The method vtede
saving methodr, is average annual operating time of atfarms in the Tulunsky and Cheremkhovsky distradt
tractors for an agricultural enterprise, howt;, is the Irkutsk region and can be useful to engineers

probability of mismatch between the applied and maintaining tractors at farms. The.results of thedg
selected maintenance methods. can be used in agricultural enterprises, both tkhetsk

region and the Siberian region as a whole.
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