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Abstract 
When designing combine harvesters primary mind always diverted performance issue and technical and economic 

indicators (maintainability, life cycle costs, etc.). However, the desire to achieve higher characteristics of samples of 

combine harvesters has led to the necessity of equipping them with sophisticated avionics system. As a result, the 

design of combine harvester is much more complicated, and the process of maintenance and repair necessitated 

additional work and increased cost of maintenance and repair. This was particularly noticeable for combine 

harvesters of new generation. Analysing the fleet of combine harvesters in Ukraine and the procedure for its 

exploitation we can state the fact that it is less reliable, and increasing labor costs for maintenance, increased 

downtime combines harvesters without their functional use, which reduced the indicators of their readiness to 

perform the assigned tasks. Was recognized the fact that the reliability and maintainability of combine harvesters 

should be attributed to the main characteristics, which depends on their readiness for safe use. A successful solution 

to the problem of maximizing the efficient use of all technical and running features of combine harvesters with their 

high willingness to use depends on how the organizational structure of services of technical inspection and forms of 

operation correspond to the level of its performance properties and degree of perfection of the means of its operation, 

that is, from the accepted system of maintenance and repair. All other factors are of subordinate importance, and also 

depend on the condition and quality operating equipment maintenance and repair. It is known that in the structure of 

expenses, which reduce profitability and increase the operating costs of combine harvesters, costs related to 

maintenance and repair 20-30%, ranking second only to fuel costs. And the critical funding situation, an invalid low 

condition of combine harvesters put forward a number of priority issues of development and improvement of the 

system of technical maintenance and repair. Efficiency of functioning of system of technical maintenance and repair 

significantly depends on the effectiveness of the subsystem of the combine harvesters. This puts a number of actual 

research tasks the task of assessing the impact of subsystem-recovery of complex technical systems on the 

effectiveness of the process of technical operation. 
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Introduction 
 

In scientific literature the recovery process of 

complex technical systems has received little attention 

(Zagurskiy et al. 2018). This explains the relative small 

number of works devoted to the restoration of combine 

harvesters (Rogovskii et al. 2021а). Existing methods 

of techno-economic evaluation of the effectiveness of 

the process of technical operation of combine 

harvester’s rehabilitation works of technical objects and 

their components are not separated (Novotny, 2016). 

They are considered part of the overall process of 

technical maintenance as one of the conditions of 

evolution of technical systems over time provided that 

the aggregate repairs and unlimited kit parts and 

materials (Rogovskii et al. 2019). This makes it 

impossible to assess the impact of the subsystem 

recovery process maintenance and repair (Palamarchuk et 

al. 2021). 

Therefore, there is an actual scientific-technical 

problem consisting in the development of method of 

optimization of the recovery process of combine 

https://doi.org/10.12912/27197050/139346


ТЕKA. Semi-Annual Journal of Agri-Food Industry, 2021, 21(1), 53–60 

54 

harvesters (Rogovskii et al. 2021c), the use of which 

provides a given level of technical reliability of 

combine harvesters (Titova, 2021) and minimum 

system costs of maintenance and repair (Nazarenko et 

al. 2021). 

 

 

Formulation of problem 
 

To determine the recovery subsystem let us 

consider the process of technical operation of combine 

harvesters (Rogovskii et al. 2021e), as a set of 

operations to control the technical condition of its 

functional elements (Viba et al. 2006) and of the work 

performed under the results of control (Kuzmich et al. 

2021). In operation let us assume that the ship consists 

of the following main systems: 

– body of the main part of combine harvesters, 

consisting of the impermeable sheathing (Rogovskii et 

al. 2021f); 

– power setup consisting of the main engines 

(Sergejeva et al. 2018), which actuate engine 

(Rogovskii et al. 2021b), diesel generators (Yata et al. 

2018), switchgear (Pinzi et al. 2016), auxiliary 

mechanisms and systems (Rogovskii et al. 2021d); 

– propeller, three types devices intended for control 

of combine harvesters and ensure its operation 

(Rogovskii, 2020); 

– systems to ensure operation of power plant and is 

designed to create normal conditions of use (Masek et 

al. 2017); 

– radio navigation equipment (Dubbini et al. 2017); 

– means of automation (Rogovskii et al. 2021j). 

Naturally, the technical condition of the functional 

elements defines the technical condition of combine 

harvesters (Drga R et al. 2016.). In modern conditions a 

significant part of the objects of on-Board equipment of 

combine harvesters is operated to failure or state 

(Rogovskii et al. 2021g). The object that failed or the 

results of the technical inspection is recognized as 

faulty (Astashev et al. 2017), once replaced with 

serviceable exchange Fund and sent to repair on the 

recovery (Luo et al. 2013). 

Consider the process of technical operation of 

combine harvesters, as a set of stages (levels) of 

maintenance and repair of objects of SK (Rogovskii et 

al. 2021h). 

 

 

Purpose of research 

 
The purpose of research is to increase the efficiency 

of the process of technical maintenance and repair of 

combine harvesters to provide required level of 

technical reliability of combine harvesters in modern 

conditions. 

 

 

Research results and discussion 
 

During the transition (first level) continuous 

monitoring of the state of SC consists of the 

identification of failures of functional systems (FS) 

agricultural machines and their most important elements 

(units, units), depending on the vessel type, using the 

built-in controls (GCS) or automated on-Board controls 

(BASC). The fault is at the level of structurally-

replaceable units of a particular FS (unit, unit) during 

operational service.  

At the second level (port of registry) during the 

operational types of preparations and regular 

maintenance, search failures is carried out using the GCS 

(BASC), control and test equipment (KPA) and ground-

based automated control systems of the vessel (АСК1) 

the scope of the FS, which was denied. The Assembly 

refused and removed from the vessel and replaced with a 

serviceable exchange Fund port of registry.  

The third level during the periodic maintenance of 

repair shops (RTS) operators the search of failures is 

carried out using the GCS (BASC), KPA and АСК1 

within FS that was denied. Search the cracks within the 

aggregates, recognized as faulty and removed from the 

vessel according to the testing results of each of the 

levels is done using a special KPA (SKPA) and 

automated systems of control and diagnostics of 

dismantled equipment (АСК2). For this is a subunit, or 

the fee that refused are on the backup warehouse staff 

ZIP. Recycled aggregate is checked for serviceability and 

restores exchange Fund RTS of the operator. The unit 

cannot be restored under these conditions, is sent to 

shipyards (SRH).  

The fourth level – factory level of service. This can 

be either the FSA or the enterprises of other ministries 

and departments. At this level of service turns out to be 

defective and is replaced by part of the node or Board 

Assembly is faulty. Recycled aggregate is checked for 

serviceability and sent to warehouses on supply.  

General scheme of functioning of maintenance and 

repair of agricultural machinery is presented in Fig. 1. 

Such a process view of maintenance and repair 

makes it possible to identify options for the organization 

of the recovery process on-board equipment of 

agricultural machinery (building subsystem recovery as 

part of maintenance and repair), as the possible 

combinations of phases of the control and recovery of the 

technical condition of objects of agricultural machinery. 

In accordance with the representation of the process 

of technical operation of agricultural machinery, like 

combination of stages of maintenance and repair of 

objects of SK highlight possible directions the process of 

recovery of airborne equipment of agricultural 

machinery. In the General case, there exists a finite 

number of options for the organization of the recovery 

process, which is determined by: 

– main requirements for the system technical 

maintenance and repair; 

– parameters of the system adopted technical 

maintenance and repair; 

– technical characteristics and composition of funds 

in-service inspection and repair, used to define the 

technical state and search of a place of failure, and set by 

the regulations of technical operation for each type of 

combine harvesters; 

– existing repair network; 
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– accepted system of training engineers; 

– adopted by the supply chain management of spare 

parts and materials to customer. 

On this basis, the main directions of improving the 

system recovery that will ensure the smooth functioning 

of the repair network facilities for combine harvesters 

and will resolve the contradiction between the need of 

ensuring the required level of serviceability of combine 

harvesters and the existing system of tor are:  

1. Reasonable structure of the repair network in 

Ukraine. 

2. Improvement of resource-saving methods and 

modes of tor combine harvesters of the courts. 

3. Improvement in the repair of agricultural 

machinery due to the expansion of the range of units that 

are being restored to operating conditions. 

 

 

 
Figure 1. Structural-functional scheme of technical maintenance and repair of combine harvesters. 

 
Table 1. Main variants of organization of system for recovery of complexes of combine harvesters 

Embodiments of the recovery 

system for combine harvesters 
Advantages Disadvantages 

1. Recovery of SK by replacing 

the COA without their further 

recovery. 

Do not need technological equipment to 

restore the PPC. 

Significant economic costs. 
The minimum recovery time, the maximum 

level of preparedness of the UK.  

The lower level requirements of knowledge 

and skills. 

2. The restoration of COA to 

repair factories and enterprises. 

Do not need technological equipment to 

restore the PPC to centre. 
Significant recovery time units.  

Reduction of requirements to level of 

qualification of experts of RTS.  
Simple IC in failed state. 

3. The restoration of the COA 

forces and means of RTS. Reduced downtime of agricultural machinery 

in an inoperable condition. 

Needs a large number of costly 

bench and process equipment. 

Increase in number of specialists 

of high qualification in operator. 

4. Repair KUO in the RC 

(regional databases of repair) 

using standard means of ground 

control or autocontrols 

dismantled equipment (АСК2) 

(repair works as the exception). 

The decrease in economic costs. 
Development and production of 

systems such as АСК2.  

Reducing recovery time units.  Need for sustainable building 

maintenance and repair taking 

into account requirements for 

effective functioning of SC and 

capabilities of system repair. 

Downtime IC in a failed state.  

Reduction of requirements to professional 

level of specialists of engineering service (in 

case of introduction into operation АСК2). 
 

 

S
er

v
ic

ea
b

l

e 
u

n
it

s 

Serviceable 

units 

ОК – functional system 

Transition  

(OK – FS) means – 

BZK 

Periodic control, the search space of 

failure within the disabled FS  

Tool – GCS, KPA АСК1 

Registry  

Operational, periodic 

maintenance 

Repair 

Periodic maintenance 

Supply department 

Serviceable units 
Exchange Fund 

S
er

v
ic

ea
b

le
 u

n
it

s 
(RTS, PSRM)  

Repairs within the dismantled unit 

(block) corresponding to FS  

Tool – SKPA, АСК2 
Serviceable 

units 

SRZ 

Serviceable units 

 



ТЕKA. Semi-Annual Journal of Agri-Food Industry, 2021, 21(1), 53–60 

56 

Direction 1 provides a solution to a complex 

dynamic problem of locating repair companies, subject 

to park and locations of combine harvesters and organs 

of supply, opportunities strategy tor management of the 

technical state of agricultural machines, and the like. 

Due to the fact that such a complex technical 

system as an agricultural machine combines a large set 

of structurally separate detachable units with different 

characteristics of reliability and maintainability 

(reliability, seriousness, accountability, technical 

maintainability), areas 2, 3 require research on: 

– effectiveness of strategies tor for each type of the 

separate detachable units, 

– extension to the special conditions of the volume 

of repair transactions (completeness of recovery), 

– effectiveness of the means of the operational 

control and repair information as part of the process of 

control of technical state of agricultural machines and 

their impact on the efficiency of the recovery process of 

agricultural machines.  

The analysis of possible directions of perfection of 

system restore allows you to define the basic variants of 

its organization. The main options for system recovery 

on-board equipment agricultural machinery dismantled in 

consequence of the refusal and qualitative assessment of 

the advantages and disadvantages of each of these 

options is given in Table 1. 

 

 
Figure 2. System of means of operational control of technical maintenance and repair of agricultural machinery. 

 

Are given in Table 1 recovery options for the 

objects of agricultural machinery and their 

combinations determine the final number of variants of 

the organization of the recovery system.  

As can be seen from Table 1, the most appropriate 

process is the recovery of the dismantled because of 

agricultural machinery in a fourth embodiment. 

The advantage of which, compared with others, 

will depend on the share of on-Board equipment that is 

restored in the conditions of the operator. But it is 

necessary to solve a number of difficult theoretical and 

practical tasks such as: 

1. During the development of new agricultural 

machines or upgrading those that are used by the 

operator: 

– introduction to design of IC elements are high 

reliability, manufactured using new technologies and 

new materials, reducing the number of components, 

assemblies and parts in the system design, 

– ensure high testability of the system with search 

capability of failure point with a precision of structurally-

replaceable units  

– accessibility to the main elements and units,  

– the development of improved means of the on-

Board control, display and localization of failures, 

– reduction in the use of special control and test 

equipment, wide application of standard controls. 

2. In the framework of the system of technical 

operation: 

– reduction of the list and scope of work and repair, 

introduction to the practice of the method of operation as, 

– reduction in the range, number and size of 

facilities, 

– development or procurement of automated systems 

for monitoring and diagnosing the technical condition of 

the products SK. 
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As can be seen from the analysis information 

system is based on recovery of funds and operational 

control, which is used to solve the tasks of health 

checks of onboard equipment of agricultural machinery 

at the crossings, when performing operational tasks and 

preventive maintenance, the search space of failure 

during the repair of SK. 

Currently for the control IC used in such tools: 

– on-board automated controls (BASC), 

– built-in controls (GCS) of the individual systems, 

– automated control system of agricultural 

machines (АСК1), 

– automated systems of monitoring of dismantled 

equipment (АСК2), 

– onboard monitoring (PBSC), 

– testing equipment (KPA). 

In addition, in recent time received the intensive 

development of artificial intelligence system and as one 

of their areas of expert systems, which are widely 

implemented in real time. 

The system of operational control means shown in 

Fig. 2. Onboard automated system of control is designed 

to control technical condition of onboard equipment at 

the crossings and at the port in preparation for the trip 

and also to detect the event of violation of operational 

constraints and error mechanics on transitions, display 

and documentation of inspection results.  

BASK, depending on the implementation, in turn, 

are divided into internal and external. 

 

 
 

Figure 3. Simplified diagram of unified АСК2. 
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agricultural machinery in the transition, localization and 

liquidation of failure, the output of the vehicle because 

of the crew or a memory device which are equipped 

with external back.  

PBSC are used to control and check the transitions 

of the parameters that characterize the technical 

condition of the main systems of agricultural machines, 

automatic interpretation and analysis of recorded 

information. 

On the basis of the fixed information to solve 

problems: evaluation of TC systems that are monitored 

and forecasting of TS of the uk and recommendations 

for maintenance, analysis of the causes of events and 

monitoring of driving technique. 

Automated control system used to control the 

technical state of the ic when performing maintenance 

and repair, preparation for navigation, troubleshooting, 

targeted and periodic inspections. depending on the 

level of interaction with the test object, they are divided 

into two groups: the ACP is not dismantled equipment 

(АСК1) and ask dismantled equipment (АСК2). 

АСК1 designed to determine the vehicle 

agricultural vehicles, their power plants because of 

localization of the ground fault in the coa. information 

about the vehicle controlled objects is issued at the 

expense of display and other media. used automated 

control system of dismantled equipment (АСК1) for 

various forms of service because of agricultural 

machinery and are used in both stationary and mobile 

execution. 

Disadvantages АСК1 is insufficient depth 

inspections and detailed inspections of each unit node 

unit. 

Modern controls type АСК2 belong to the class of 

multi-purpose information-measuring complexes, 

solving the problems of health monitoring, diagnosis, 

forecasting in the evaluation of the technical state of 

complex dynamic systems. designed for: block check, 

adjustment and adjustment for holding of rejection 

blocks when sending them for repair and testing after 

return from repair, the exact localization of the fault, as 

well as conducting preventive and routine maintenance. 

Wide possibilities of such systems are provided with 

application in their structure of computers (PC). 

The advantage of ask the dismantled components: 

high control accuracy, high automation level, the 

localization of faults to a replaceable module, a 

relatively high throughput and objectivity of testing 

results, a full verification of the blocks using a list of 

monitored parameters, the ability to document testing 

results for the prediction tasks to reduce requirements 

for qualification of personnel. 

Currently in development of means of control of 

complex dynamic systems there are such trends. 

The desire to reduce cost on the one hand, and 

expansion of functional capabilities and effectiveness, 

on the other, leads to the emergence of the unified 

automated control systems. with high performance, 

these funds can control several types of control objects, 

which gives the opportunity to reduce controls. 

Unified АСК2 consist of a universal part that 

includes those devices that are common when testing all 

types of control objects, and a specialized part, which 

includes the device, specific for each type of test object. 

in Fig. 3 shows a simplified scheme of the unified АСК2. 

Separate the functions carried out by the specialized 

part may be transmitted to the universal part. for 

example, the computer is able to programmatically 

generate various types of special incentive signals. in this 

case there is no need to develop specific stimuli 

generator that is included in a dedicated part of the 

control system. 

High flexibility of control systems, which can be 

achieved due to more complete use of possibilities of 

computers and application of the modular principle of 

construction. АСК2 are built from separate software and 

hardware functional units, combining which it is possible 

to get a new device. hardware modules are built on the 

basis of a unified device that gives you the opportunity to 

increase individual monitoring devices by connecting 

them with unified bonds that are subject to the exchange 

of information between the processor and other devices.  

In addition, the emergence in recent years of a 

compact, yet super powerful computers allow to create a 

new control system of the type АСК2, which was 

characterized in comparison with existing: 

– much less weight and size,  

– reduction of time to prepare for use,  

– detection capability 100% failure rate and in 95% 

of cases to identify the cause of failure of a block or node  

– high methodological and instrumental accuracy 

control.  

In the system of General technical requirements 

engineering specified some parameters of system 

operation monitoring and, above all, the indicators of the 

testability of the IC. 

So completeness of control in the preparation 

950,*

o =  of the vessel for going to be the probability of 

failure taking into account the real characteristics of the 

controls (testing reliability) – 850,P   percentage error 

of marriage from all results is not suitable when control 

of the vessel is less than 20%, the ratio of the depth of 

search failure (the depth of diagnose) by means of 

monitoring and diagnosing, >0,9 the COA. 

The results of a detailed analysis of the means of 

control in our country and abroad conducted by the 

author and the comparative characteristic of modern 

means of control courts and their foreign counterparts, 

showed a number of problematic trends that arise during 

their development and operation:  

1. The GCS should be considered as one of the main 

elements of the onboard systems. Currently, developers 

can't provide in preparation for the transition given full 

control (95%): 

nnko mm= , 

where: 
nk

m  is the mathematical expectation of the 

number of controlled failures, 

n
m  – the expected total number of failures 

(damages) within the specified operating time. 

Therefore, the level of fault, as a rule, is 50...80%, 

which leads to the problem of latent failures, which 

reduce the real level of safety of agricultural machinery.  
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2. Requirements for mobility and autonomy the use 

of agricultural machines, reduction of maintenance 

costs and level of qualification maintenance of the 

composition cause the necessity of increasing the depth 

of search failures to the level of the printed circuit 

Board element in their 100% localization: 


квпв = , 

where: кв – failure rate, which is controlled by the data 

means with a depth of structurally-replaceable units, 

 – the General failure rate of the test object. 

On the other hand, increasing the fullness and depth 

of the on-board control leads to an increase in the 

weight of the equipment and the rising proportion of 

false rejections of up to 50% and above. 

 

 

Conclusions 
 

The versatility, integration, resiliency, structural 

and information redundancy of modern on-Board 

equipment allow to carry out the task if a fault is 

detected at the crossings, which increases the 

requirements for continuous monitoring and timely 

indication of failure. On the other hand, display 

transitions may cause the unwarranted termination of 

the execution of tasks in case of minor or false failures. 

Negative experience of use in parts АСК1 MK, and, 

on the other hand, high characteristics of the American 

system AFTA raises a number of questions concerning 

the choice of directions of improvement of ground 

controls (to change the strategy of using, modifying 

software to improve the indicators for test or modify the 

design). 

For this group of contradictions requires the 

solution of complex theoretical and practical task in the 

design stages of SK, the directions 1, 2, 3, and 

validating requirements for airborne and ground control 

of a vessel, surface of ask of dismantled equipment, 

direction 4. 
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