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Aspects of expert system of engineering management
of technical condition of combine harvesters

Abstract. Ensuring the country’s food independence is one of the most important tasks, the successful solution of which
depends on the effective functioning of the agro-industrial complex. The main condition for solving the issues of technical
support of agricultural enterprises is the high quality and competitiveness of Ukrainian agricultural machinery, in particular,
combine harvesters. Engineering management plays an important role in improving the efficiency of using combine harvesters,
timely detection and prevention of technological and technical failures. In practice, when using complex harvesting
equipment, one of the most important tasks is the technological regulation of the machine in the field. This task belongs
to the class of time-consuming engineering problems. Basically, the solution of the problem of engineering management
of combine harvesters is assigned to the operator and depends on their qualifications. Difficulties in solving the problem of
technological regulation are associated with the uncertainty of information about the factors of the external environment
in which the combine operates and the complexity and insufficient study of the relationships between harvesting factors,
regulatory parameters, and indicators of the quality of the combine. Therefore, special attention should be paid to the
development of information support systems for the operator’s intellectual activities, which help it during harvesting
operations. One of these promising areas is the development of expert systems for the subject area under consideration. The
purpose is to substantiate aspects of engineering management of the technical condition of the combine harvester and the
functions of practical application in information technology. Methodology — an expert system of engineering management
of the technical condition of combine harvesters can operate in two modes: acquiring knowledge and solving problems.
The paper presents the results of communication synthesis in the system “combine harvester — combine operator — master
diagnostician”. According to the results of production tests, failures of hydraulic equipment and electrohydraulics of
combine harvesters of the Slavutych model were tabulated. Conclusion - the use of an expert system has reduced the time
spent on collecting and analysing information about the technical condition and making decisions — they are more than four
times less than the time spent on troubleshooting. Scientific relevance — the validity of existence at the level of significance
a=0.05 of the null hypothesis that the duration of technical diagnostics is equal to the duration of repair has been proven,
and the competing hypothesis that the duration of diagnostics of a combine harvester is less than the duration of repair
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INTRODUCTION
The efficiency of agricultural production is largely deter-
mined by the degree of mechanisation of technological
operations and the technical level of machines [1]. A means
of mechanising the harvesting of grain, sunflower, corn,
and other crops is a combine harvester, one of the most
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complex machines in modern agricultural production [2].
The majority, namely 83%, of grain harvesting equipment
in Ukraine is made up of John Deere, Class, New Holland,
and Slavutych combines [3].

Management of the technical condition of machines,
in particular, combine harvesters, can be considered in
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three aspects [4]: informational, intellectual, and physical
(Fig. 1). In the information aspect, this is the collection
and processing of data on the technical condition of
the machine. Information about the technical condition can
be obtained by the organoleptic method [5] or with the help
of technical diagnostic tools - built-in control and mea-
suring devices or standard diagnostics [6], special measur-
ing devices, information and measuring diagnostic com-
plexes [7]. Intellectual aspect — development of a diagnostic
algorithm, analysis of information about the technical con-
dition, and making a management decision [8]. Physical

aspect - implementation of the control effect of technical
service, regulation, and inclusion of backup elements [9].
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Figure 1. Operator in coordinates:
O - operator; TDT - traditional diagnostic tools; IMS —
information and measurement system; ES — expert system

The security and professional level of machine oper-
ators, driver managers and specialists of the engineering
and technical service of agricultural enterprises are the most
important factors for the effective use of equipment and,
unfortunately, current problems of the industry [10]. The most
qualified and active specialists left the village in the 1990s [11].
Currently, the situation is not improving [12]. The number
of machine operators is reduced by 3-5% annually [13]. The
share of machine operators of the first and second classes in
their total number decreases and is less than 60% [14]. Young
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people entering the agricultural sector of the economy are
not only not professional machine operators, but also in the
vast majority are poorly trained and cannot conduct tech-
nological processes in conditions adequate to the environ-
ment [15]. Of the total number of employees of the engineering
service of agricultural enterprises, 70-75% have professional
education, and only 30-35% have higher education [16].

In the absence of a centralised system of train-
ing and improving the effectiveness of qualifications,
the main means of maintaining the competence of special-
ists engaged in maintenance is the availability and constant
updating of technical documentation at the level of individ-
ual agricultural farms [17]. Technical documentation mainly
comes with a new machine, or with new equipment [18].
Considering the specifics of the work carried out, method-
ological manuals, route maps, and user manuals made in the
form of printed publications quickly fall into disrepair [19].
This explains the insufficient amount of necessary technical
documentation [20]. On the other hand, printed publications
(books, posters, etc.) do not provide ease of editing and add-
ing knowledge [21]. At the same time, the technical docu-
mentation required for the organisation of maintenance is
practically absent for free sale [22].

In this regard, it is necessary to provide support for
the operator in information and intellectual aspects, or even
exclude it from these areas of technical condition manage-
ment [23]. That is, it is necessary to automate the process
of generating information about the technical condition
and provide support for making managerial decisions [24].

In the physical aspect, technical condition manage-
ment can be carried out by low-skilled personnel [25]. But
even in this aspect, the technical condition can be man-
aged automatically, for example, by enabling backup ele-
ments [26]. However, this approach is unlikely to be widely
used in agricultural machinery.

Thus, it is necessary to “shift” the operator to the
origin along the “axes” of the intellectual and information
aspects [11], transferring its functions to intelligent and
information-measuring systems (Fig. 2). Diagnostics of the
technical condition of the combine harvester and its com-
ponents as objects of technical diagnostics during operation
are in various technical conditions [6]. The change in tech-
nical condition is characterised by an external feature [21].
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Figure 2. Communication scheme in the system “combine harvester — combine operator — master diagnostician”
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Next, the study considers the process of generat-
ing information about the technical condition of the com-
bine in the “combine harvester - combine operator — master
diagnostician” system. The information generation process
can be divided into two parts: collecting a priori informa-
tion (stages 1 and 2 in Fig. 2) and actually diagnosing it
(stage 3 in Fig. 2).

At the first stage, the operator informs the master
diagnostician of their complaints about the machine [9].
Complaint is a description of a deviation perceived by the
operator in the behaviour of the machine, or a clear sign
of failure [3]. Examples of complaints: the header does not
rise, the harvester valve does not close, instead of turning
the discharge screw, the header is lowered, oil leaks along
the hydraulic cylinder rod [16]. This is a clear sign of failure.

At the second stage of diagnostics (Fig. 2), the diag-
nostician analyses the operator’s complaint and begins
to collect additional information about the condition of
the machine [7]. First of all, the diagnostician must make
sure that the deviation recorded by the operator is caused
by an objective failure of the machine, and not by subjective
reasons [1]. For example, a deviation of the unloading device
drive that does not turn on has been recorded, in order to
recognise it as a manifestation of a combine failure, it is
necessary to verify the truth of the following statements:

- the engine is running;

— the inclined discharge screw is in the working position;

— the power button of the discharge device drive is
in the ON position.

At this stage of diagnosis, it is also necessary to link
the external manifestations of deviations with specific ele-
ments of the object [20]. At the same time, object elements
are understood as components of the object parts, assembly
units, aggregates, the object as a whole and the rules for
their installation, adjustment parameters, parameters of the
state of components (if in specific conditions it is advisable
to separate them from the corresponding parts).

The external failure sign is input information for the
third stage (Fig. 2) — determining a non-working element with
the required depth [14]. This stage involves the implemen-
tation of the traditional diagnostic procedure for elements
whose failures may cause the appearance of an external sign.

The purpose of the study - to substantiate aspects of
engineering management of the technical condition of the
combine harvester and the functions of practical application
in information technology.

RESULTS AND DISCUSSION
The authors of this study have developed and are improving
an expert system that implements the following functions:
description of the design of the combine harvester; prelim-
inary configuration of the working bodies of the machine;
adjustment of technological parameters; troubleshooting in
the units and systems of the machine; explanation of the
results obtained; addition and editing of knowledge; assis-
tance to the user when working with the expert system. The
expert system can work in two modes: acquiring knowledge

and solving problems. In the knowledge acquisition mode,
the knowledge engineer forms a knowledge base together
with an expert. In problem solving mode, the user commu-
nicates with the expert system. The dialogue box for enter-
ing information provides a natural language interface for
the user. The interface is one of the most complex compo-
nents of any software product designed for wide application.
The main problem with interface development is related to
the user’s lack of computer skills. Thus, the organisation of
qualified help tips becomes a key issue from an additional
service. In addition to traditional static information, the
expert system uses multimedia elements that significantly
increase visibility and make it easier for users who are not
familiar with using computers.

The updated version of the expert bounce search
system has a number of features. When used in the expert
advisor mode, the expert system provides the maximum
amount of information about the technical condition of the
combine harvester based on the external features observed
by the operator. Moreover, the expert system allows the
operator to move from passive observation to setting up
“experiments” to obtain new external features. For exam-
ple, when registering an external feature, the “lifting/low-
ering of the harvester” button is in the lifting position
and the motor is running and the harvester is not in the
topmost position and the harvester position relative to
the ground has not become higher than it was, the expert
system can ask the operator to move the key to rotate the
discharge auger to the transfer position to the working
position and then ask: “Is the inclined discharge auger
being transferred to the working position?”. The answer
to this question would allow the expert system to adjust
the list and sequence of elementary checks, and therefore,
increase the effectiveness of diagnostics.

Figure 3 shows the view of the prototype window of
the expert system for a situation in which the operator com-
plains about the combine: they chose the interested unit
from the list on the left side of the programme window, the
unit can be selected by pointing to the corresponding area
on the 3D image of the combine: not all combine operators
know the names of the units; from the list of deviations
proposed by the system, the operator indicated a failure to
rise, although the combine lift is a function of the hydrau-
lic system, but many combine operators in the text of the
complaint prefer to mention the element that visualises the
failure, and such features must be considered when develop-
ing the programme interface); after indicating deviations in
operation the expert system starts interviewing the operator
to establish external manifestations of the technical condi-
tion of the combine. As a result of communication with the
expert system, the operator will receive a list and sequence
of basic checks and necessary explanations.

During the period of harvesting grain and legumi-
nous crops in 2021 in the Bilotserkivskyi District of the Kyiv
Oblast, data were collected on failures of Slavutych KZS 9-1
(18 vehicles), John Deere (21 vehicles), and Claas (3 vehicles)
combine harvesters.
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[El==———————Model of the calculation of the specific fuel consumption by combine harvesteris =———— O
ics of the Field and material characteristics
Brand of the combine [y 7c or E Humidity.% 14.00 =
Passport capacity of the combine, kg/s 9.00 = Contamination.% 3.00 ]
Grain weight.%
Passport power of the engine, hp oy 2 = 300 =
Specific gravity of fuel, kg/l 086 =
Specific fuel consumption of the engine 165.00 = .
at rated rpm and power, g/hp*h The average area of the field, ha | 200,00 =
o . Grain specific gravity, t/m3
The volume of the grain bin of the combine, m3 6.00 ] =
B - . A ge yield. t’ha 330 =
Grain unloading rate. kg / s 42.00 (]
‘Working width of the reaper. m 6.00 (] Lenathioih=lniiln
- The ratio of the non-grain
Transport speed of the combine, km/h. part to the unit mass of
grain :
Characteristics of running time
Average time per turn at the end of the rut, s Q.00 (]
Average time for the harvester to move place of unloading. s [gp =
Average distance to the parking lot [ i ]
[night storage). km 9.00 | |
Average time of main work per day, hours Q.00 ]
Average distance from field to field. km 9.00 [~]

Figure 3. Interface of the expert system window

The following data was registered:
- complaint;

- technical diagnosis;

— duration of diagnosis;

— duration of repairs.

indicator of the effectiveness of the technical diagnostics
process. Generally speaking, the time spent on completing
work can be considered as a complex indicator of its com-
plexity, labour intensity, and responsibility.

In this paper, only failures of hydraulic equipment

The expert system described above was used for  and electrohydraulics of combine harvesters of the Slavu-

diagnostics and repairs.

tych model are considered. During the observation period,

The duration of diagnostics was adopted as an 21 failures of these systems were recorded (Table 1).

Table 1. Failures of combine harvesters of the Slavutych model

No. Complaint Diagnosis T, hours 7, hours
1 “The entire hydraulic system does not work” Clogged overflow valve seat 0.12 0.13
2 The discharge auger is not removed and No “mass” on HEC 0.10 0.08

unloading is not turned on”

3 “The speed of the reel is falling”

Failure of the valve of the shut-off device of the CVT control

section of the reel 5PE 0.02 0.17

4 “Steering failure”

Failure of the steering unit AR-125 0.10 2.50

5 “When the header drive is turned on, the

Closing of the control circuit for switching on the drive of

electrohydraulic fuse blows” the header part 3PE to “ground” . (08
7  “The entire hydraulic system does not work” Failure of SOV 0.28 1.12
8  “Slow lowering of the header” The r{sks on the spindle and the disc mower housing are not 0.05 0.02
combined
9  “The threshing drum speed does not increase” CVT hydraulic cylinder failure 0.18 1.30
“ . » Failure of the locking device of the lifting/lowering section of
10 “Spontaneous lowering of the header the header part SPM 0.02 3.00
11 “Uploading is not enabled” D_O— 13-1 sensor fall.ure blocking switching on of the 0.12 0.08
discharge device drive
1. Open circuit of the control section for switching on the
12 “The header drive does not turn on” drive of the header part of 3PE. 0.38 0.43
2. Mechanical part failure
13 “The entire hydraulic system does not work” Failure of HEC 0.27 0.45
14 “The entire hydraulic system does not work” NSH-32 pump drive failure 0.22 1.90
15 “The discharge auger cannot be removed” The hole of the seat O.f the elgctrqmagnet needle of the 3PE 0.08 0.25
discharge screw rotation section is clogged
16 “Uploading is not enabled” Incorrect connection of wires on 2PE 0.18 0.02
17 “The speed of the threshing drum is falling” Failure of the valve of th_e shut-off device of the threshing 0.03 0.17
drum speed control section of 3PE
« . » Failure of the valve of the shut-off device of the lifting/
18 “Spontaneous lowering of the header lowering section of the header part of SPE 0.02 0.17
“When lifting the header, the discharge auger is Worn rubber ring of the seat of the electromagnet of the
19 » : : - 0.10 0.13
removed section of rotation of the discharge screw of 3PE
20 “The header and reel do not rise/fall” 5PM failure (worn parts) 0.38 3.05
1.DO-13-1 sensor failure blocking the activation of the
21 “Uploading is not enabled” discharge device drive 0.25 0.48

2. Mechanical part failure

Machinery & Energetics, Vol. 13, No. 1
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In Table 1, the following abbreviations are applied:
2PE, 3PE, 4PE, 5PE - electro-hydraulic distributors of 2-, 3-,
4-, and 5-sections; 5PM — muscle distributor; SOV - safety
overflow valve (pressure hydraulic valve); HEC — hydraulic
valve with electromagnetic control (flow control distributor).

3500 Duration, h

During the observation period, not a single diagnostic
error was registered, that is, the effectiveness of diagnostics
is maximum.

For clarity, data on the duration of diagnostics and
repairs are presented as a diagram in Figure 4.
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Figure 3. Interface of the expert system window

Based on the obtained data, the average values of
the duration of diagnostics and repair of the combine har-
vester were determined, which amounted to t,= 0.17 hours
and 7= 0.76 hours.

For a comparative assessment of the duration of
diagnosis and repair, a statistical hypothesis about the
equality of average normal general populations was tested.

The considered hypothesis has the form:

H,:M(z,)=M(T)H,:M(z,)<M(1)), (¢=0.05) (1)
that is, at the level of significance ¢=0.05, the null hypothe-
sis that the duration of technical diagnostics is equal to the
duration of repairs is considered. A competing hypothesis
is that the duration of diagnosis of a combine harvester is
less than the duration of repair.

As a criterion for testing the null hypothesis (1), the
value of: o

— Td—Tr
KI = ToGooay 2)
where D(t )+D(t) - variances of arithmetic mean diagnostic
and repair durations, respectively.
The criterion value calculated by equation (2)
Z, =-2,72, a critical point Z_=1,64, that is Z , <-Z_, there-
fore, the null hypothesis is rejected. At the significance level
of 0.05, it can be argued that the duration of diagnosis is
less than the duration of repair. Diagnostics of machines
is mostly related to the information and intellectual aspects
of managing the technical condition, while repair is related
to the physical one. The results obtained indicate that the
use of an expert system has reduced the time spent on
collecting and analysing information about the technical

condition and making decisions — they are more than four
times less than the time spent on repairs. Data on the dura-
tion of diagnostics of a combine harvester without the use
of an expert system are given in [7, 19]. Moreover, as prac-
tice shows, combine operators are often not able to inde-
pendently diagnose the machine at all, especially in terms
of electrical equipment and hydraulics.

Therefore, the use of an expert system significantly
expands the range of tasks solved by the combine operator,
without increasing the information load on them.

CONCLUSIONS

1. The proposed expert system contains aspects of engi-
neering management of the technical condition of the com-
bine harvester and implements the following functions:
description of the design of the combine harvester; prelim-
inary configuration of the working bodies of the machine;
adjustment of technological parameters; troubleshooting
in the units and systems of the machine; explanation of the
results obtained; addition and editing of knowledge; assis-
tance to the user when working with the expert system.

2. The expert system can work in two modes: acquir-
ing knowledge and solving problems. In the knowledge
acquisition mode, the knowledge engineer forms a knowl-
edge base together with an expert. In problem solving mode,
the user communicates with the expert system.

3. It was established empirically that the average
values of the duration of diagnostics and repair of a com-
bine harvester of the 2021 season were t,= 0.17 hours and
7=0.76 hours.
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Hennc MukonaiioBuu MoxkapiBcekuii!, Jliommuia JleoniniBua TiToBal,
Onekcauzap BacuaboBuu Hagrouiii!, ITetp daciu?

'HamioHasibHUIT YHiBEepCUTET 6iopecypciB i MpUpomOKOPUCTYBaHHS YKpaiHu
03041, Byn. TepoiB O6oponu, 15, M. Kuis, Ykpaina

’Buira TexHiyHa IIKOJIa MeXaHiKu
21000, Bya1. llIkinbHa, 1, M. HoBuit Can, Cepbis

ACNeKTU eKCnepTHOi CUCTEMU iHXXKEHEePHOIro MeHeA)XMEHTY
TeXHIYHMM CTaHOM 3epHO36UpaNbHUX KOM6GaMHIB

AHoTauiqa. 3a6e3neyeHHs TPOLOBOIbUOI HE3ATEXKHOCTI KpaiHM — OfHE 3 HAaBAK/IMBILIMX 3aBaHb, YCITIIIHE BUPIIIEHHS
SIKOTO 3JIESKUTH Bif epekTMBHOrO QyHKI[IOHYBaHHS Taly3eit arpormpoMmUcIoBOro Komriekcy. OCHOBHOIO YMOBOIO Y
BUpillleHHi MUTaHb TEXHIYHOTO 3a6e3TeUeHHsI arpapHUX MiAIIPUEMCTB € BUCOKA SIKICTh Ta KOHKYPEHTOCIIPOMOXKHICTh
YKPaiHChKOI CiTbCbKOTOCTIONAPCHhKOI TeXHIKM, 30KpeMa 3epHO361MpanbHUX KoMbaliHiB. V nmigBuileHHi eeKTMBHOCTI
BUKOPUCTaHHS 3€pHO30Mpa/ibHNX KOMOaiHiB, CBOEUaCHOMY BUSIBJIEHH] Ta 3a1mo6iraHHi TEXHOJOTTYHUM i TEXHIYHUX
BiJIMOBaM BeJIMKa POJib HATEKUTh iHKeHepHOMY MeHe)KMeHTY. Ha TpakTuili npm BUKOPUCTAHHI CKIaIHOI 36MpaabHOi
TeXHiKM OJHMM 3 HaliBOK/IMBILIMX 3aBJaHb € TEXHOJIOTiYHE peryIl0BaHHsI MallHU B ITOJIbOBMUX YMOBax. lle 3aBmaHHs
HaJIeXXNUTD J0 KJIACy TPYAOMICTKUX iH)KeHepHMX 3aBaHb. B OCHOBHOMY BUpillleHHS IIPo6ieMu iHsKeHepHOTO MeHeIKMeHTY
3epHO30MpabHUX KOMOAHIB ITOK/IaLa€ThCS Ha OMepaTopa Ta 3a/IeXKUTh Bif fioro kBamidikarii. TpygHOII 3 BUPiLIeHHSIM
3aBJIaHHS TeXHOJIOTIUHOTO PETYITIOBAHHSI MIOB’sI3aHi 3 HeBM3HAUeHicTIO iHpopmalii mpo (hakTopy 30BHIIIHBOTO CepeIOBUIIA,
B SIKiii QyHKIIIOHY€E 3epHO36MpaTbHMIT KOMOAiH, & TAKOK CKIAIHICTIO TA HELOCTATHBOIO BUBUEHICTIO B3AEMO3B’SI3KiB MiXK
daxTopamu 36MpaHHs, peryaoBaJIbHUMY IIapaMeTpaMy Ta MOKa3HMKAMU SIKOCTi po60Tu KombaiiHa. Tomy Ha 0COOGIUBY
yBary 3acjyroBylOTh MUTaHHS PO3POOKM cucTeM iHOOpMaIifiHOI MiATPUMKM iHTeIeKTYaJIbHOI AisNIbHOCTI omeparopa,
SIKi IormoMaraloTh oMy Mpu MpoBeAeHHi 36upanbHUX Po6iT. ONHMM 3 TaKMX MePCIeKTUBHUX HAIIPSIMIB € po3pobKka
eKCIIepTHUX CUCTeM JJIs TIPeIMETHO] ramysi, 10 po3r/siiaeThesl. MeTa — OOIpyHTYBATH aCIeKTH iHKeHEPHOTO MeHeIsKMEeHTY
TeXHIYHMM CTaHOM 3epHO036MpaIbHOTO KoMOaiiHa i GYHKIIii MpakTMYHOTro 3aCTOCYBaHHS B iHbopMaliiiHiit TexHoMIOri.
MeTo0/10ris — eKCIIepTHa CUCcTeMa iH)KeHepHOTO MeHeKMEeHTY TEXHIUHUM CTaHOM 3epHO30MpanbHIX KOMOaitHiB MOsKe
MpaIffoBaTy B JBOX peskuMax: HabyTTs 3HAHb Ta pillleHHs 3a7a4. B cTaTTi mpefcTaBaeHo pe3yabTaTi CUHTe3Y CITiIIKYBaHHS
B cuCTeMi “3epHO30MpasIbHIIT KOMOAitH — KomMbaitHep — MaiicTep AiarHocT”. 3a pe3ynbTaTaMu BUPOOHUUYMX BUTIPOOYBAHHS
Taby/IbOBAHO BiIMOBU Iipo06IaHAHHS Ta eJIeKTPOTiApaBIiky KombaitHiB cimeiicTBa CaByTi4. BUCHOBOK - 3aCTOCYBaHHS
€KCIIePTHOI CMCTeMM 103BOIMI0 CKOPOTUTY BUTPATH Yacy Ha 36ip Ta aHamii3 inpopmarlii mpo TexHiuHMii cTaH i MPUIHATTS
pillleHHS — BOHM O1/IbIII HiXX B YOTUPU pa3y MeHIlle BUTPAT Yacy Ha YCyHeHHSs HeclipaBHOCTe# . HaykoBa 3HaUMMIiCTh —
[IOBeJleHa MpaBMipHiCTb iCHyBaHHS Ha piBHi 3HauyocTi a=0,05 HyJIbOBOI TiIOTE3M PO Te, 1[0 TPUBAJIICTh TEXHIYHOTO
IiarHOCTYBaHHSI JOPiBHIOE TPMBAIOCTI PEMOHTY, Ta KOHKYPYIOUOI IiI10Te31 — TPUBATICTh JiarHOCTYBaHHS 3€PHO30MPATbHOTO
KoMOaitHa MeHIla TPMBaIOCTi pEMOHTY
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