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Modeling and optimization of the consumer properties
of mobile energy units in the agricultural industry
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ABSTRACT

BACKGROUND: This paper contains examples of the implementation of multi-criteria optimization in the justification of consumer

properties of mobile energy units. The criteria include five main functional and operational indicators: productivity rate, energy

rate by the relative reduction of total specific costs of mobile energy units, total costs of maintenance and repair, pressure

on the soil and energy efficiency. The use of multi-criteria optimization can have a wide range of applications: in the design,

development and operation of mobile energy units.

AIM: Modeling and optimization of consumer properties of mobile energy units of the agricultural industry using the example

of a mobile energy unit of the drawbar category 1.4.

METHODS: Collection and analysis of scientific publications, scientific papers, and other sources of information on formation

of the R&D for creation of intelligent transport and technical means, on key indicators of consumer properties of agricultural

mobile energy units, as well as on improvement of methodological and software support for multi-criteria optimization

calculations of efficiency of mobile energy units. In solving the task, methods of scientific generalization and statistical

processing of available information and analytical materials from domestic and foreign sources were used.

RESULTS: As a result of the performed calculations, the following result points were selected by a decision-maker as the most

preferable among the obtained Pareto points for the drawbar category 1.4 tractor:

1. Plowing — the productivity rate of 1.17 ha/h; the soil pressure of 145 kPa; the total costs of 149.2 thousand rubles;
the energy rate of 35.0%, the energy efficiency of 19.7 kW-ha/h.

2. Sowing — the productivity rate of 2.87 ha/h; the soil pressure of 149.3 kPa; the total costs of 178.39 thousand rubles;
the energy rate of 35.3%, the energy efficiency of 24.17 kW-ha/h.

3. Chemization — the productivity rate of 3.541 ha/h; the soil pressure of 177.513 kPa; the total costs of 124.408 thousand
rubles; the energy rate of 22.8%, the energy efficiency of 32.10 kW-ha/h.

CONCLUSION: The analysis of the classification of functional operational and economic indicators of mobile energy units

(consumer properties), as well as their expert assessment, helped to identify five main quality criteria: soil pressure (g, ),
productivity rate (/') total repair and maintenance costs (3,, ) , energy rate by the relative reduction of total specific fuel and
energy costs of mobile energy units, (2.,), energy efficiency (£, ), for the modeling and optimization of which the software
package for solving the multi-criteria optimization problems, allowing solving problems with more than 50 variable parameters
and 20 quality criteria, was developed. For a full disclosure of the optimal consumer operational properties of mobile energy
units of the drawbar category 1.4 and the three most important operations (plowing, sowing, chemization), were selected.

Keywords: multi-criteria optimization; consumer properties of mobile energy units; functional properties; quality criteria;
variable parameters; making compromise decisions.
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MoaenupoBaHue U onTUMU3aLUa NOTpebUTENbCKUX
cBOMCTB Mo6uabHbIX 3HeprocpeacTs AlK

T.3. lopxkaes, B.A. 3ybuHa

(OepeparnbHblit HayuHbIV arpouHxeHepHbIn LeHTp BUM, Mocksa, Poccus

AHHOTALMA

O6ocHoBaHMe. B faHHOI CTaTbe OTpaeHbl NpUMepbl peanu3aumm MHOroKputepuansHoi ontummusaumn (MKO) B obocHo-

BaHWM NOTPEBUTENBCKMX CBOWCTB MOBUIBHBIX 3HEProcpefcTB. B kauecTBe KpuTepueB B3ATbl 5 OCHOBHbIX (YHKLMOHANBHBIX

M 3KCNyaTaLMOHHBIX XapaKTEPUCTUK: NMPOU3BOANTENBHOCTb, 3HEPTeTUYECKAs OLIEHKA N0 OTHOCUTENBHOMY CHIKEHWUIO MOJTHBIX

yaenbHbIX 3aTpaT MobunbHbIX 3Heprocpeacts (M3C), cyMMapHbIe 3aTpaThl Ha TeXHUYECKoe o0bcnyxuBaHue U peMoHT (TOP),

AaBieHne Ha NoyBy W aHeproaddekTMBHoOCTL. Mcnonb3osaHne MKO MoxeT UMeTb LUMPOKUIA CNEKTP NPUMEHEHUS: NpU Co3aa-

Hum, paspaboTke u akcnnyataumm M3C.

Lienb pabotbl — MozenMpoBaHue U ONTUMKU3ALMA NOTPEOUTENBCKUX CBOWCTB MOBUMbHBIX 3HeprocpeacTs AlK Ha npuMepe

M3C TaroBoro knacca 1,4.

Matepuansl u MeTogbl. Coop 1 aHanu3 HayyHbIX MyBAMKALMIA, Hay4YHbIX CTaTeN U APYrUX UCTOYHWUKOB MHGOpPMaLMKM no pas-

pabotke HUOKP no co3paHuio MHTeNNEeKTyanbHbIX TPAHCMIOPTHO-TEXHUYECKUX CPEACTB, MO KIKOYeBbIM MOKasaTenaM notpe-

butenbckux cBoncTB M3C CenbCKOX03AMCTBEHHOTO HAa3HAYEHUS, @ TaKIKe COBEPLUEHCTBOBAHMIO METOMYECKOr0 U NPOrpaMM-

HOro obecneyeHnss MHOTOKPUTEPUATbHBLIX ONTUMU3ALMOHHBIX pacyeToB apdekTuaHocTu M3IC. Mpu peleHn nocTaBaeHHOM

3a[lauv MCroNb30BannCh MeToAbl HaydHoro 0bobLLeHns u cratucTuyeckon 06paboTkn MMeroLLMxcs MHOPMALMOHHBIX U aHa-

JMTUYECKUX MaTepUanoB No 0TEYECTBEHHBIM W 3apYDEHBIM UCTOYHWKAM.

Pesynbratbl. TakuM 06pa3oM, B pesynbTaTe MOMYYEHHbIX PacyEToOB Haubonee MpeAnoyTUTENBHBIM Cpeau MOSTyYeHHbIX

lMapeToBCKMX TOYeK Npu paboTe TpakTopa Knacca 1,4 No MHeHWo nuua, npuHuMatowero pewenue (JINP) Gbinn BbIOPaHbI

cnepytoLme:

1. Maxota — npou3BoauTenbHocTb 1,17 ra/y; naenenue Ha nousy 145 klla; cymMMapHble 3aTpatbl 149,2 Teic. pybneit; aHep-
reTuyeckas oueHka 35,0 %, sHeproaddextmBHocTb 19,7 KBT-ra/u.

2. MNoceB — npousBoguTenbHocTb 2,87 ra/u; pasneHue Ha nousy 149,3 klla; cymmapHble 3atpatbl 178,39 Thic. pybneis;
3HepreTMyecKas oueHKa 35,3%, sHeproaddeKTuBHOCTb 24,17 KBT-ra/u.

3. Xumu3aums — npousBoauTenbHOCTb 3,541 ra/u; paBneHue Ha nousy 177,513 klla; cymMapHble 3aTpathl 124,408 Thic. pyob-
new; 3HepreTyeckas oueHKa 22,8%, sHeproagdextmeHocTb 32,10 KBT-ra/u.

3aknioyeHne. AHamu3 KnaccuduKaumm GYHKUMOHANBHBIX IKCMYaTaUMOHHBIX M 3KOHOMUYECKMX Xapaktepuctuk M3C (no-

TPebUTENbCKUX CBOWCTB), @ TAKIKE WX IKCMEPTHOM OLEHKM MO3BOSIMIN BbISIBUTb 5 OCHOBHBIX KPUTEpPUEB KauyecTsa: AaBre-

K
HMe Ha nouBy (qmax), npoussogutenshocts (W), cyMMapHble 3atpatsl Ha TOP (317‘_ ) 3HepreTUYecKas oLeHKa o oT-

HOCUTEJTbHOMY CHUKEHMIO MOJTHBIX YAENbHbIX TOMIMBHO-3HEPreTuyeckux 3atpar M3C, (%) , IHEProaQHeKTUBHOCTL (Ec) ,
LN MOLESIMPOBaHMSA U ONTUMM3aLMM KOTOPbIX bbin pa3paboTaH NporpaMMHbI KOMNeKc peluenns 3agaquu MKO, nossons-
fomi pewwatb 3afaym ¢ bonee 50 BapbupyeMbiMK NapaMeTpamm U 20 KpuTepuaMM KadecTBa. [nsi NOSHOTLI NPeaCTaBieHus
06 onTMMankHbIX NOTPEOUTENBCKMX IKCMITYaTaLMOHHBLIX CBOMCTBAX MOOMNBHLIX 3HEProcpeacTs bbiin BbibpaHbl MIC Tarosoro
Knacca 1,4 1 Hanbonee BaXkHble TPM onepaLym: NaxoTa, NoCceB, XMMU3aLMs.

KnioueBble cnoea: MHOroKputepuanbHaa oNnTMMN3auns; I'lOTpe6VITeJ'IbCKVIG CBOMCTBA MODUMBHBIX 3HeprocpencTs; d)YHK-
LIMOHaNbHblE CBOMCTBA; KpUTEpUU Ka4yecCcTBa; BapbupyeMbie napaMeTpbl; NPUHATUE KOMMPOMUCCHbIX pELLIEHVIVI.
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INTRODUCTION

Agricultural industry development requires innovative
production equipment and technology that ensure
high performance of agricultural operations. Among
those equipment and technology widely used in the
agricultural industry are mobile power units (MPUs).
They couple with various agricultural implements both
hauled and mounted. According to Resolution No. 740
of the Russian Federation On Determining Functional
Performance (Consumer Properties) and Performance
of Agricultural Machinery and Equipment, agriculture
requires machinery and equipment with high functional
performance, including MPUs (tractors). State-of-the-art
agricultural MPUs used in agriculture are sophisticated
devices consisting of many parts and assemblies and
performing various crop production, livestock farming,
gardening, and other operations. They have multiple
performance, technology, and environmental properties.
At the stage of MPU design and operation, functional
performance specifications of consumer properties
require optimization. Such specifications are numerous
and the optimization problem has multiple criteria.

Tom 92, N2 1, 2025
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MATERIALS AND METHODS

Collection and analysis of scientific works, research
papers, and other references on the R&Ds of intelligent
vehicles and machinery; key indicators of consumer
properties of agricultural MPUs, and improvement of
guidelines and software for multi-criteria optimization
calculations of MPU performance. Methods of scientific
generalization and statistical processing of available
information and analytical Russian and foreign references
were used to solve the problem.

RESULTS AND DISCUSSION

We analyzed consumer properties of agricultural MPUs
and built a classification of specifications, i.e. quality
criteria of MPUs (Fig. 1).

When solving problems with a single-criterion
statement, a single vector and a single objective function
are usually produced. Depending on the problem statement,
by minimizing or maximizing the objective function data, we
find the best value of a specific objective function. However,
due to certain limitations of single-criteria optimization

Operational performance specifications:

— tolerance system,

— interference immunity,

— vibration,

— geometric (operational cross-country ability),
and flotation

Environmental performance specifications:
— tolerance system,

interference immunity,

vibration,

geometric (operational cross-country ability),
— flotation

Classification of mobile power units specifications

(including their automation and robotization options)

Functional performance

specifications: specifications:

Operational performance

— drawbar category, — engine power,

Economic performance
specifications:
— fuel and repair costs,

energy supply security,
drawbar efficiency,

turning radius,

field and ground clearance,
control speed,
multitasking,

roadholding

— power / weight ratio, — drawbar force,

productivity rate,
traveling comfort,
travel speed,

slippage,

specific fuel consumption,

reliability,

durability,
maintainability,
failure-free operation,
degree of autonomy

— total operating costs,

total costs,
cost of production,
fuel efficiency

Fig. 1. Classification of properties that are quality criteria of a mobile energy unit.

Puc. 1. Knaccudmkaums xapaktepuctuk — Kputepues kadectsa M3C.
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methods, recent years have seen a trend toward
development and design of multi-criteria optimization
(MCO) methods and tools. MCO is typically reduced to
the search for Pareto—optimal sets of quality criteria that
characterize the optimized object. Pareto—optimal sets are
points (object variants) with values that cannot be improved
simultaneously without degradation of at least one of them
in the totality of all criteria [1-3].

Based on the analysis of the classification of functional,
operational, and economic performance specifications
of MPUs (consumer properties) and their expert review,
we developed a multi-criteria problem of substantiating
the performance of MPUs. As a result, the MCO problem
statement includes the following 5 quality criteria:
soil pressure (ql'fﬂax), productivity (W), total repair
and maintenance costs (3, ), energy rate based
on the relative reduction of the total specific fuel and
energy costs of the MPUs 59‘:’) and energy efficiency
(E,) . The problem is stated as follows:

Input of initial data,
including variable parameters X;

h 4

Search in the space of feasible

solutions X, <X < Ximay :

v ;
Subroutine for calculating
the quality criteria using
mathematical models of criteria

Vol. 92 (1) 2025

Input of criteria-related Z
and functional restrictions /‘
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T = B (51, %5,-05%, )
W =F, (x,,xz,...,xj)
A = F3(x,%y,...,%;)
3, =F, (x1, x5,

E, :Fs(xl,xz,...

= opt.(Pareto set)

(1

where F',—F's are quality criteria; x;, x,,..., X, X, X;, X,
x,, are variable parameters.

Mathematical models of the above criteria include
numerous variable parameters related to the operational
features of the MPUs, i.e. drawbar force, implement
effective width, operational speed, shift time, specific fuel
consumption of the MPU, etc.

Procedural flow chart of the algorithm used to solve
the MCO problem of MPU specifications is shown in Fig. 2.

If the set is empty
(D=0,P=0)

Yieldings based

Search for feasible
and Pareto—optimal points
(sets)

on restriction
criteria

If the set is not empty
(D=0,P=0)

Charting tables with orderless
sample points (test points)

A 4

Charting ordered tables

Processing of the results using utility
software. Charting test tables: coordinates,
parameters of Pareto—optimal points,

preferred variation interval X,
and correlation of F;

with sample points (arrange i
by a criterion value preference)

h 4

/ Result output /

A4

End

Fig. 2. The block diagram of the multi-criteria optimization of the properties of a mobile energy unit.
Puc. 2. bnok-cxeMa anroputMa MHorokputepuanbHoit ontummusaumum (MKO) xapakTtepucTuk MobunbHbIx aHeprocpescts (M3C).
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Sets of acceptable solutions

functional limitations G2

functional limitations G3

Tom 92, N2 1, 2025

functional limitations G1

criteria limitations F1

Fig. 3. Selection of the set of acceptable solutions.
Puc. 3. Wnnioctpaums BbIGopa MHOMXECTBA JONYCTUMbIX PELLEHUH.

Table 1. Initial data of the variables for a mobile energy unit of the drawbar category 1.4 (basic tractor is the MTZ-82.1, the alternative tractor is

the Belarus-1025)*

criteria limitations F2

Tpamopb\ M CENbXO3MallWHbI

criteria limitations F3

Tabnuua 1. VicxoaHole AaHHbIe BapbMpyeMbix napameTpos no M3IC TaroBoro knacca 1,4 (6a3oBbivt TpakTop- MT3-82.1, aHanor «benapyc-1025»)*

Chemicalization

Variable parameters Plowing Sowing (pesticides application)

Bp — Implement effective width, m 1,05-14 2,1-5,4 10,08-24
B — Effective width utilization ratio 0,8-1,0 0,8-0,95 0,8-0,95
Vp — Implement operational speed, km/h 8-10 10-15 6-12
T,,, — Standard shift hours, h 8 8 8
T — Shift hours utilization ratio 0,8-0,85 0,7-0,8 0,7-0,8
3 — Tractor energy consumption, mJ/h 110-140 107-140 110-130

17 . .
o0 — Energy consumption of fuel for the base-case scenario 880-910 880-1000 850-950
and ratios,* mJ/h
a is the ratio of structural masses of a new and base-case tractors 0,8-0,9 0,8-0,9 0,8-0,9
b is the ratio of the new specific fuel consumption to the base-case MPU 0,75-0,9 0,71-08 0,75-0,85
¢ is the ratio of the replacemgnt new and base-case MPU productivity 12-128 112127 12-128
based on the range of operations
n,, is the number of machines or implements mounted on the MPU 1 1 1
(supplied with the device), pcs
B, is the price of -t device (excl. VAT), RUB 235;350000000‘ 237500003[?0‘ 2 750 000-3 800 000
Wy is the engine efficiency 0,38-0.4 0,38-0,4 0,38-0,4
P, is the engine power, kW 50-75 50-75 50-75
Mz rp. 1S the tractor propulsion efficiency 0,65-0.75 0,65-0.75 0,65-0.75
W is the productivity rate, ha/h 0,54-1,12 1,01-2,84 2,90-8,52
m is the MPU weight (for drawbar category 1.4), kg 4000-4200 4700-5000 4100-4600

*The data are sourced from the Concept System of Machines and Technology for Comprehensive Motorization and Automation of Agricultural Industry up
to 2020 developed by the Federal Scientific Agroengineering Center VIM of the RUSSIAN AGRICULTURAL ACADEMY (Volume 1, Plant Growing. Moscow,
2012). When compiling the initial data, it was assumed that the following machine sets would be used: plows PLN-3-35, PLN-4-35U; seeders SZ-3,6A,

SZP-3,6A, SZT-3,6A, and sprayers 0SH-3000, OPSH-15-03, OP-2000-01.

DOl https://doiorg/1017816/0321-4443-637367
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Table 2. Summary table of values of the Pareto-optimal points for a mobile energy unit of the drawbar category 1.4 at selected technological operations

Vol. 92 (1) 2025

Tractors and Agricultural Machinery

Tabnuua 2. CoaHan Tabnmua 3HaueHun MapeTo-onTManbHbIX Tovek ans M3C taroBoro knacca 1,4 Ha BbIOpaHHbIX TEXHOOMMYECKUX OnepaLmsx

Plowing Sowing Chemicalization
Quality criteria Point Criterion Point Criterion Point Criterion
value value value
F1 — Soil pressure, kPa 69 163,639 15 149327 1 162,877
245 139,924 39 165,623 129 177513
363 145,012 51 152,707 287 122,941
387 151,082
599 127984
F2 — Productivity rate, ha/h 69 0,633 15 2,872 1 3,463
245 1,214 39 3,39 129 3,541
363 1,171 51 2,966 287 3,689
387 1,571
599 1,588
F3 — Energy rate based on the relative 69 25,094 15 35,342 1 21,962
reduction of the total specific MPU costs, % 245 28,381 39 22,051 129 22,806
363 35,036 51 30,203 287 19552
387 25,098
599 33,693
F4 — Total repair and maintenance costs, 69 149331 15 178,386 1 207562
‘000 RUB 245 149,743 39 188,332 129 124,408
363 149,216 51 202,01 287 125,089
387 179,461
599 224,861
F5 — Energy efficiency, kWh/ha 69 42,788 15 24,173 1 37195
245 23,867 39 18,510 129 32,101
363 19713 51 12,706 287 29,637
387 17084
599 15,296

In addition, when building and finding the optimal
set for the problem, the following tasks were solved:
preparation of initial data, preparation of the algorithm,
calculation of the quality criteria value, charting of the tests
table, introduction of criteria and functional restrictions,
development of admissible sets, and obtaining Pareto
sets.

Selection of admissible solutions with the introduced
criteria restrictions is shown in Fig. 3.

Thus, the analytical decision maker dialog system
allows us, with 1,000-1,500 points at the initial stage,
to eventually obtain one or two Pareto points that are not
inferior to each other in terms of the criteria set.

Similar problems for tractors of drawbar category 1.4
were solved for 3 specific processes (plowing, sowing,
chemicalization), where multi-criteria optimization was
used to substantiate the effective consumer properties
of mobile power units. A similar algorithm may be applied
both at the stage of design, development, and production
of the MPUs and at the stage of MPU operation during
creation of the vehicle and tractor fleet. Interviews
with existing authors and analysis of the references

DOl https://doiorg/1017816/0321-4443-637367

allowed us to conclude that we can use up to five

quality criteria. According to the mathematical models

of the quality criteria used, the initial data for the MPUs
of drawbar category 1.4 were generated for all 3 processes

(Table 1) [1-7].

Optimization calculations are shown in the summary
tables of Pareto—optimal points for MPUs when performing
Plowing, Sowing, and Chemicalization processes shown
in Table 2 [1-7].

Thus, according to the decision maker and based
on resulting calculations, the below points have been
selected as the most preferable among the obtained
Pareto points when operating a category 1.4 tractor:

1. Plowing: productivity rate is 1.17 ha/h; soil pressure:
145 kPa; total costs: RUB 149,200; energy rate: 35.0%,
energy efficiency: 19.7 kW*ha/h.

2. Sowing: productivity rate is 2.87 ha/h; soil pressure:
149.3 kPa; total costs: RUB 178,390; energy rate: 35.3%,
energy efficiency: 24.17 kW*har/h.

3. Chemicalization: productivity rate is 3.541 ha/h; soil
pressure: 177513 kPa; total costs: RUB 124,408; energy
rate: 22.8%, energy efficiency: 32.10 kW*ha/h.
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CONCLUSION

Today, due to the fact that the diversity of operational,
functional, and production performance specifications
of equipment has greatly increased, it has become
necessary to solve optimization problems of MPU
consumer properties using a multi-criteria statement
at the stage of the MPU design and operation.

To simulate and optimize consumer properties
of the MPU, the agricultural sector has developed
a software package to solve the MCO problem allowing
to solve problems with more than 50 variable parameters
and 20 quality criteria.

The analysis of the classification of functional,
operational and economic performance specifications
of the MPU (consumer properties) and their expert
review resulted in identifying 5 main quality criteria,
including soil pressure (qr’;aj, productivity rate (#),
total repair and maintenance costs 317, , energy rate
based on the relative reduction of the total specific fuel
a(nd ()anergy costs of the MPU (9{3) , and energy efficiency

EC

Thus, for complete understanding of the optimal
operational consumer properties of mobile power units,
we selected MPUs of drawbar category 1.4 and the three
most important operations (plowing, sowing, and
chemicalization).

This method allows argumentation at the stage
of approval and setting the optimal functional MPU
parameters and at the design stage; at the stage
of the equipment operation, it is possible to select
machines with the specifications selected by the decision
maker, including for selecting the coupling capability
of implements or when creating a vehicle and tractor fleet
as a whole.
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AOMO/THUTE/IbHAA UHOOPMALUA

Bknap, aBTopoB. T.3. loaxaeB — pa3paboTKa MaTeMaTUYecKmx Moaenei
3KOHOMUYECKMX KpuTepueB KadyectBa M3C, oNTMMM3aLMOHHBIX Mofenei
1 NOCTpOeHue HBNOK-cxeMbl anroputMa; B.A 3ybuHa — nocTtaHoBKa 3a-
[auu, pa3paboTka MateMaTuyeckux Mopenen hYHKUMOHaMbHBIX XapaK-
Tepuctuk M3C, hopMmpoBaHye nepeyHs BapbupyeMbiX NapaMeTpoB, NoA-
rOTOBKA BBEAEHWS W BbIBOAOB; @ TaKXKE MPOBEAEHWE OMTUMU3ALMOHHbIX
pacyéToB. ABTOpbI MOATBEPXKAAIT COOTBETCTBME CBOEO aBTOPCTBA MEX-
AyHapoaHbIM KpuTepuam [CMJE (aBTopbl BHECM CYLLECTBEHHbIA BKNaA
B pa3paboTKy KOHLENuWUW, NpoBeAeHWe WCCNeoBaHWA W MOATOTOBKY
CTaTby, NPOYAM U 0f06pKNM BUHaNBHYI0 BepcUio Nepef NybnukaLmen).
PackpbiTe UHTepecoB. ABTOpbI AEKNAPUPYIOT OTCYTCTBUE ABHBIX U NO-
TEHLMaNbHbIX KOH(MJIMKTOB MHTEPECOB, CBA3aHHbIX C MybAMKaumen Ha-
CTOALLLEV CTaTbu.

WcTouHnKM dmHaHcUpoBaHUA. ABTOPLI 3aBAIOT 00 OTCYTCTBMM BHELU-
Hero GUHaHCMpOBaHWA NpY NPOBEAEHUN UCCe0BaHMS.
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