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Abstract 
 
The article shows the relevance of the availability of mobile service tools for maintenance of machines in the conditions of agricultural 

enterprises. The main purpose of the work is to simulate, test and describe the application conditions of the hinged unit for maintenance 
of machines. Improvement of maintenance units should be carried out in the direction of improving their environmental safety and reduc-
ing costs. The authors offer a small-sized maintenance aggregate, substantiate its functionality, hinged type of execution, the layout algo-
rithm and the condition of economic feasibility of purchasing this service unit by the enterprise. The test results of the experimental unit 
prove that it satisfies the requirements of safety and ergonomics, while the laboriousness of service works does not exceed the current 
normative values. Technical and economic calculation shows a reduction in the cost of service operations relative to serial analogues and 
the expediency of using the aggregate in the conditions of agricultural enterprises of all organizational forms.  
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1. Introduction 

Efficiency and reliability of modern agricultural machinery 
depends on the availability of a system of engineering and 
technical support of the stages of machines’ life cycle from the 
pre-sale preparation stage to their utilization. This system 
should be equipped with appropriate technical maintenance 
tools. Timely and high-quality performance of maintenance on 
tractors, combines and machines at the stage of their operation 
is a condition for realizing the level of reliability inherent in 
them at the design stage. At the same time, the technical con-
ditions of the manufacturing plants regarding the error-free 
running time of various complexity groups are fulfilled. 

The operational phase of equipment is divided into two pe-
riods – warranty and post-warranty. During the warranty pe-
riod, the dealer service centers perform the main amount of 
work to maintain their operable condition. However, our 

analysis shows that the machine owners have to perform the 
daily technical maintenance (DTM), periodic maintenance of 
the TM-1 (after 50 ... 125 operating hours) and part of the 
maintenance work for the storage of machines during this 
period. This requires the availability of appropriate service 
equipment from the machine owners. In the post-warranty 
period, the machine owners themselves determine the option 
of organizing their technical service. For example, in the USA, 
in the post-warranty period of operation, the owners of the 
machines independently perform up to 50 % of maintenance 
and repair work [1]. In the southern regions of our country in 
the post-warranty period for the production technology of the 
Russian Federation and CIS countries, this volume of work 
exceeds 75 ... 80 %. I.e., despite the development of dealer 
technical service in our country and abroad, for agricultural 
enterprises the issue of having our own repair and mainte-
nance base, primarily oriented at performing DTM, TM-1, 
TM operations while storing machines and eliminating small 
operational failures. Mobile technical maintenance units 
(TMU) are of particular relevance to agricultural enterprises. 
With their help, it is possible to move service communications 
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to the working places of agricultural machinery, which re-
duces its idling, promotes field work in the established agro-
technical terms and preserves the yield of cultivated crops [2, 
3]. The application of these aggregates is also important for 
the implementation of modern methods of managing the reli-
ability of agricultural machinery [4]. 

The functionality of known TM units in our country was 
justified 25 ... 40 years ago, without taking into account all the 
requirements of environmental safety and the emergence of 
consumers in the form of small peasant farms. Modern re-
search on this issue already takes these factors into account [5, 
6]. Domestic mobile TM units on the chassis of trucks and 
tractor trailers available on the market are designed for per-
forming DTM, TM-1, TM-2 and TM operations when storing 
agricultural machinery. At the same time they are inaccessible 
for most agricultural enterprises and agricultural enterprises 
(AE). The main reasons are the redundancy of the performed 
functions and equipment that are being carried out, which 
leads to an increase in the limits, steel intensity and aggre-
gates’ cost. At present, there is practically no systematic 
mathematical approach to substantiate the rational functional 
and structural parameters of mobile service facilities and to 
simulate the technical and economic performance of their 
work under given production conditions. The creation of a 
small-sized TM unit, which has an optimal functionality for 
the field conditions, that is more affordable and which ensures 
safe performance of service, is the goal of this work. 

 
2. Materials and methods 

The system approach to justifying the parameters of the 
technical maintenance units includes the following stages: The 
rationale of the functionality, the choice of the equipment and 
the type of the service tool, the optimal assembly of the 
equipment on the supporting frame, the production of a test 
sample and its testing, and the technical and economic evalua-
tion of the projected object. At the same time, the projected 
facility must ensure the safety of work and not have a negative 
impact on this environment. From the ergonomic point of 
view for this object, the following principles are important: 
Safety, accessibility of all working bodies and maintenance 
spaces of the unit, ease of use. The manufacture of an experi-
mental sample and its testing for compliance with safety pa-
rameters, ergonomics, techno-logicality, and economics is the 
final stage of research. 

Lower cost and small size of the unit are achieved by aban-
doning a number of functions that are available in serial mod-
els. Past production experience shows that the serial units 
ATM-4822 and ATM-9994 were practically unused for per-
forming TM-2 machines in the field conditions of enterprises. 
This service was performed in a stationary workshop of the 
enterprise, hence the TM-2 equipment on the unit can be con-
sidered redundant. Its availability is actual in the conditions of 
machine-technological stations (MTS), when the unit accom-
panies the mechanized party for long distances. We conducted 

a survey of thirty experts on the functionality of TM units. 
More than 90 % of respondents believe that in the conditions 
of agricultural enterprises with the help of the unit in the field 
it is enough to perform ETM and TM-1 machines. The rigging 
for TM-2 on the unit is considered excessive for two reasons. 
Firstly, TM-2 for each tractor and combine is carried out one 
or two times during the year and there is always an opportu-
nity to hold it at stationary service post. Secondly, as part of 
this service, it is necessary to replace the oils in the engines of 
agricultural tractors or combines, which increases the likeli-
hood of oil products entering the environment. 

Serial units have washing equipment in the form of a high-
pressure pump and a water tank. Washing equipment in the 
field is prohibited by environmental legislation, so washing 
equipment in the design of mobile ATM is redundant. Clean-
ing machines in the field should be done with compressed air. 

With this in mind, we have adopted a set of functions of a 
small-sized unit:  

- the fulfillment of routine operations of DTM and TM-1 
tractors, combines and agricultural machines (without fu-
eling operations);  

- elimination of minor operational failures with the use of 
electric and pneumatic tools; 

- maintenance operations when setting up agricultural ma-
chinery for storage.  

During the warranty period of the machine operation, such a 
set of functions of the unit covers the types of maintenance 
that are not included in the scope of activity of the dealer ser-
vice centers. In the post-warranty period, the full coverage of 
the periodic maintenance of machines in the enterprise can be 
achieved by the joint use of the unit’s equipment and its own 
stationary maintenance point. 

When modeling the parameters of the new unit, the mathe-
matical apparatus of set theory, combinatorial analysis, statis-
tics, and integer programming and computer modeling meth-
ods were applied. The authors have written a computer pro-
gram to justify the layout of the tooling on the carrier frame of 
the unit [7]. 

The tests of the new TM unit included an assessment of the 
safety and ergonomics of the structure, as well as an opera-
tional and technological assessment. Qualification tests of the 
unit were carried out at the FSBI North-Caucasian MIS (zer-
nograd). The operational and technological assessment pro-
vided for the receipt of initial data on coverage, labor and 
quality of service work with the unit. Chronometration obser-
vations related to the determination of the labor intensity of 
service works were carried out for DTM and TM-1 ACROS-
530 combines, tractors K-744R1, K-708, MTZ-82.1, disk 
tillage unit ADS-8 and row-crop cultivator KRN-5,6B, and 
also carried out chronometration for the elimination of minor 
machine failures. When performing the technical maintenance 
of machinery, the manufacturer’s instructions were strictly 
followed and the recommended lubrication and maintenance 
materials were applied. To move and drive the unit a tractor of 
thrust class 1.4 of the brand MTZ-80.1 was used, equipped  
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with a universal automatic coupler on the rear hitch. 

 
3. Results 

Model optimization of the type and rigging of the TM unit 
contains an abstract and functional description of the object 
[8].  

The abstract description of the aggregate is represented in 
the form of a system S as the product of sets: 

 
( ){ }, , | , ,i i iS D M R d m r d D m M r RÍ ´ ´ = Î Î Î  (1) 

 
where S – the system ‘mobile TM unit’;  

D  – the set of equipment of the unit; 
M – the set of brands of serviced machines;  
R  – the set of maintenance operations and elimination of 

failures (types of work that can be performed with the help of 
the unit). 

The following mappings are used Eq. (1) for the expression: 
α: D ® R – the set of equipment of the aggregate is the 

mapping of the set of operations performed;  
b : R ® М – the set of TM operations is the mapping of the 

set of serviced machines and the existing restrictions on per-
forming work in the field conditions. 

The mapping of a is a combination of such pairs when each 
type of equipment {di} of the aggregate corresponds to the 
performed maintenance operation {ri}. The mapping of b is a 
combination of such pairs when each value {ri} corresponds 
to a certain serviced machine {mi}. The set of all ordered tri-
ples form a system {S} if and only if {(di a ri) îþ (ri b mi)}. 

The functional description of the TM unit is analytically a 
correspondence 

 
F X YÍ + , ( ){ }, | ,k kx y x X y YÎ Î      (2) 

   
where Х  – the set of inputs (controlled parameters of the 
system);  

Y  – the set of outputs (object response to control actions); 
F – correspondence connecting the parameters хk and уk, 

and representing the quality of the system functioning. 
As the input control actions for the mobile service unit, the 

most significant are the dependent factors х1 – the types of 
services performed (the functional purpose of the unit), х2 – 
the type of transport unit on which the service equipment is 
based, х3 – types of service equipment, х4 – power mainte-
nance, x5 - means of ensuring operator safety and independent 
factors, x6 - distance of crossings, x7 - number of units serviced.  

The result of the reaction of the mobile service unit to the 
listed control actions may be: у1 – coverage ratio of the sched-
uled works (Crm), у2 – unit cost, у3 – volume (or area) occupied 
by the unit, у4 – mass of the unit, у5 – labor intensity of service 
works, у6 – efficiency of arrival to the work site, у7 – passabil-
ity of the unit along the field roads, у8 – coefficient of techni-
cal readiness of the fleet of serviced machines, у9 – manufac-

turing cost of service works. 
The output parameter y1 will be determined to a greater ex-

tent by the factors x1, x3 . 
The parameters y2, y3, y4 depend from the factors x2, x3, x4, 

x5 . 
The parameter y5 depends on the factor x3 and on the quali-

fications of the service executors. 
The parameter y6 is determined by the factors x2 and x6 . 
For the parameter y7, the type of vehicle x2 and the condi-

tion of the field roads are an important factor. 
The coefficient of technical readiness of machines (y8) is a 

complex indicator of reliability maintained by the aggregate of 
agricultural machinery. To determine the contribution of the 
considered group of factors x1 ÷ x7 to the formation of the 
parameter y8, it is necessary to conduct costly and long-term 
studies in production. At the same time, it should be taken into 
account that the equipment is serviced not only with the help 
of the unit, but also with the help of a fixed point of mainte-
nance. In this paper, the parameter y8 was not investigated.  

The cost price of service works is an important economic 
characteristic, for which the most significant factors are x2, x3, 
x4, x6, x7. In a concrete aggregate with a known functionality, 
the parameter y9 is determined mainly by the factors x6 and x7, 
which characterize the production conditions. 

In this paper we consider the technological and cost-bridge 
criteria to model an aggregate. 

 
Crm → 1,   Msw → min,                (3) 
 

where Crm  – coverage ratio of routine maintenance (у1);  
Msw – manufacturing cost of service works (у9), rubles/hour. 
The coverage ratio of routine maintenance for the i-th type 

of technical maintenance of a particular machine is the ratio of 
the actual number of service operations i

fN , that can be per-
formed with the help of a mobile unit to the total number of 
scheduled operations i

sN  in the i-th technical maintenance in 
question 

 

.
i
fi

rm i
s

N
C

N
=  (4)  

 
The criterion characterizes the processability of the unit, and 

its striving for unity means that the maintenance unit will al-
low performing all routine operations of a specific technical 
service to a given brand machine. 

The cost price of the work is determined as the ratio of the 
sum of all items of operating costs to the annual load of the 
unit. To predict the cost of work, it is important to first calcu-
late the cost of the unit and the vehicle. The analysis of factory 
recommendations on the maintenance of DTM and ТM-1 
tractors and combines allowed us to choose the necessary list 
of service equipment under the condition of Crm = 1 and draw 
up a structural diagram of the prospective ATM (Fig. 1). The 
proposed structural scheme of the unit differs from the exist-
ing analogs of the lack of equipment for cleaning the ma-
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chines, as well as the lack of equipment for TM-2, which is 
used when replacing oils in engines and hydraulic systems of 
machines. 

The aiming of this criterion to unity means that the mainte-
nance unit will allow performing all routine operations of a 
specific maintenance service for a machine of a given brand. 
The cost, the volume (or area) and the mass of the service tool 
will be determined by the characteristics of the used service 
equipment and tools. Selection of appropriate equipment and 
options for its installation also determine the type of ATM and 
vehicle used.  

The power module of the unit contains an air compressor S2 
and an autonomous gasoline electric generator S7. The com-
pressor drive S1 is driven by the tractor’s PTO shaft, but there 
can also be a variant of a combined drive from the tractor’s 
PTO shaft and from a stand-alone power generator. The mod-
ule of technical diagnostics S9, the module of the universal 
tool S8 and the tank for technical water S10 do not have struc-
tural connections with other modules and ATM elements on 
the scheme. They are united by technological communication 
in the form of contacts with the serviced object. 

The diagram of the pneumatic system of the unit is shown 
on Fig. 2. Compressed air goes to receiver 2 from compressor 
1. Then, through the compressed air main with open valves 3, 
air through the filters-moisture separators 4 goes to the con-
sumers connected to the pneumatic system of the unit with the 
help of two quick-disconnect couplings 5. 

Each of the filter- moisture separators 4 is constructed in a 
single case with a pressure regulator and a manometer, which 
allows you to adjust the air pressure for a particular consumer. 
Liquid anticorrosive materials from tank 6 are squeezed out by 
air into the hose connected to the outlet of the tank and then 
through a special atomizer are delivered to the protected sur-

faces of the machines. The receiver is equipped with a ma-
nometer for pressure monitoring, a safety valve 7, and a pres-
sure regulator 8. 

To transport the unit along the field roads, it is necessary to 
give preference to the tractor, which has a greater cross-
country capability compared to cars. Practical options for as-
sembly of the service tool in question have shown that it can 
be placed on a load-bearing frame, which is hung on tractors 
of class 0.9 ... 1.4. The determination of the finite overall di-
mensions of the ATM and the arrangement of individual de-
vices and service modules is the task of parametric synthesis 
of the object. Here, the minimum mass imbalance criterion 
was used, which made it possible to eliminate imbalances in 
the transport position of the unit and to eliminate its overturn-
ing. 

 

minСМi im × ®å l  (5) 

 
where СМim  – the mass of a specific service module or appa-

 
 
Fig. 1. Structural diagram of the TM unit. 

 

 
 
Fig. 2. Scheme of pneumatic TM unit. 
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ratus included in the rigging of the unit, kg; 
il  – the distance of the mass’ center of the service module 

to the vertical plane Z-Z passing through the center of the 
hinged aggregate (Fig. 3).  

The authors propose an algorithm for assembling the ser-
vice equipment on the base frame of the unit, with the condi-
tion of approximating the shapes of individual modules and 
units with simple geometric figures – parallelepiped and cyl-
inder [8]. The search for the optimal layout is connected with 
the analysis of a variety of possible options for equipment 
placement, drive elements and service areas of individual de-
vices. Each element of the aggregate must be checked for 
compliance with the constraints of the mathematical model, 
among which there are conditions for limiting the linear di-
mensions of the ATM, non-intersection of the equipment ob-
jects, their mutual arrangement, and others related to the geo-
metric shape of the objects. The maximum overall dimensions 
of the mobile ATM are limited by the current traffic rules. 
Previously, the main statistical characteristics of the geometric 
dimensions, mass and cost of the service equipment available 
on the market were determined, which is included in separate 
ATM modules. 

The spatial position of the i-th module is given by the vector 
Ai = (Xi, Yi, Zi, Qi), where Xi, Yi, Zi, – are the coordinates of the 
center of the module’s base or the individual unit, Qi – is the 
angle of the unit’s or module’s rotation relative to the initial 
position. The base of the coordinate system О is aligned with 
the lower corner of the space, which coincides with the angle 
of the frame on the front wall of the ATM. Zones of mainte-
nance and adjustment of individual non-removable devices are 
also described by the simplest geometric figures (parallelepi-
ped, cylinder, prism), depending on their configuration. The 
task of pipeline tracing in this paper was not considered.  

Let us designate { }| 1,iA A i N= =  – a variant of placing 

equipment; С = (XС, YС, ZС) – a variant of the metal structure 
of the frame and tool cabinet ATM, where XС, YС, ZС – are the 
width, length and height of the ATM, respectively;  

h = (A, C) – is the layout variant, h Î H Ì W, where Н – is 
the set of permissible layout variants, W – is the set of all pos-
sible layout variants. The model of the design choice MDS 
that allocates the set of H is a MDS mapping : W ® H or H = 

МDS(W). 
Taking into account the above designations, the problem of 

optimal configuration of the ATM equipment contains a 
search for such an option of the layout, which will correspond 
to the minimum of the objective function 

 
h* = arg min { ( )O h | h Î H |= MSO }( ) .W  (6) 
 
The imbalance of the masses of the modules of the unit in 

the state hinged on the tractor can appear here as an objective 
function O. After each variant of the hi arrangement the calcu-
lation of the volume V occupied by the unit, its mass mАТО and 
the cost of the aggregate САТО are calculated. Here, the final 
decision on the type of unit is made. If the mass of the unit 
mАТО does not exceed the permissible load capacity of the 
hydraulic system of the rear attachment of the tractor of the 
traction class 1.4, the designed unit can be made in an attached 
version.  

The solution of the layout problem is based on the method 
of sequential occupancy (MSO) and the method of the decay 
vector (MDV) [9]. The MSO algorithm is based on the as-
sumption that in order to obtain the minimum total area occu-
pied by the elements, elements that are maximally related to 
each other should be sequentially placed. The queue for plac-
ing modules and devices is formed on the basis of the "impor-
tance" criterion, which is calculated for each object and de-
pends on its size, weight, cost, constructive or technological 
links with other objects and availability of restrictions on 
placement. To automate the proposed layout algorithm, we 
developed the software in the Delphi-2007 environment, 
which provides support in determining the coordinates of the 
service modules [7]. 

Using the considered mathematical approach and the layout 
algorithm, we made an experimental sample of an ATMN 
mounted maintenance unit (Fig. 4) [10]. The characteristic of 
the unit is given in Table 1. 

The condition for the efficiency of the enterprise’s invest-
ments in the proposed mobile TM unit is the following: the 

 
 
Fig. 3. Scheme to determine the imbalance of the hinged unit. 

 

Table 1. Technical characteristics of ATMN unit. 
 

Attribute Value 

Power of an autonomous power generator, kW 3.0...6.0 

Power consumed by the compressor, kW 4.0 

Working pressure in the pneumatic system, ati 0.5...5.58 

Capacity of the receiver, l 70 

Tank capacity for anticorrosion materials, l 20 

Capacity of plastic tank for service water, l 100 

Compressor drive Of tractor’s PTO shaft  

Nominal frequency of the drive shaft, rpm 1000 

Weight constructive, kg  
(with an electric generator of 3 kW) 430 

Dimensions: Length ´ width ´ height, mm 1250´1120´1710 

Cost, thousand rubles 185 
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sum of the absolute costs for the purchase of the unit and the 
transport tractor, as well as the costs for their operation during 
the lifetime of the ATM (10 years), should not exceed the 
amount of the enterprise’s losses from the transfer of equip-
ment to fixed duty stations and the cost of crop yield losses 
from delaying the period of field work for the same period in 
the absence of an aggregate in the farm. 

 
4. Discussion 

The proposed design of the hinged unit for the TM ma-

chines meets the safety and ergonomics requirements in ac-
cordance with the provisions of the occupational safety stan-
dards system GOST R 53489-2009. The list of parameters 
presented in Table 2 characterizes the transverse stability of 
the unit on the slopes, its controllability and safety of move-
ment along public roads. In addition, the unit uses a whole 
range of safety devices: Protective guards of the drive propel-
ler shaft and the V-belt drive of the compressor, the overrun-
ning clutch of the propshaft, the safety valve of the air receiver, 
front and rear reflectors and warning information plates. Table 
2 also indicates ergonomic indicators that characterize the 
convenience of servicing the units of the unit. Additionally, it 
can be noted that the pneumatic line control panel is accessible 
to the operator and has a good overview. The operator has 
unhindered access to all service equipment. 

The complexity of maintenance of TM modern machines 
with the help of the unit does not exceed the normative values. 
The quality of service works is satisfactory. Model machine 
fleets were used to simulate the values of the self-cost of ser-
vice works Msw and the conditions of application of the unit 
(Table 3), which are most often found in the farms of the 
Rostov region. At the same time, new brands of tractors and 
combines were chosen taking into account the prospects of 
renewing the farm machine fleets. 

For model machine fleets’ variants, the annual planned la-
bor-intensiveness of service works for ETM and TM-1, the 
cost of operating the ATMN unit and the production cost of 

 
 
Fig. 4. Appearance of ATON Attachment: (1) Carrier frame, (2) lock 
of the coupler, (3) air compressor, (4) drive shaft, (5) air receiver, (6)
tool cabinet with electric generator and service modules, (7) pneumatic 
line control panel, (8) tank for anticorrosive compounds.  

 

Table 2. The results of the evaluation of the unit design in terms of safety and ergonomics. 
 

Value 
Attribute 

Factual Norm 

Angle of transverse static stability of the unit with tractor, deg. 30 30 

Load on controlled wheels from the tractor's operating weight; 
Operational and structural mass of the unit, kg 

0.28 
520 (420) 

No less than 0.2 
No more than 1000 

Overall dimensions when driving on public roads, m: 
- Height 
- Width 

As per tractor 
2.48 
1.97 

 
4.0 
2.5 

Resistance during servicing of machines, H 50 200 

Height of service points of the unit from the feet of the operator, mm 1100 1600 

Minimum turning radius of the unit at the outer point, m Overall dimensions of the unit in width do not exceed the di-
mensions of the tractor 

Transport and working speeds of the tractor with the unit, km/h Till 20 Till 20 

Position of the hinge point about ground, mm 510 No less than 200 

 
Table 3. Sets of model fleets of serviced cars. 
 

Number of machines in the enterprise, pcs. 
Kind of machines 

Variant А Variant B Variant C Variant D Variant E 

Tractors МТЗ-82 2 3 4  6 10  

Tractors Belarus 1523 1  2 3 4 5 

Tractors Kirovets - 1  3  3  5  

Combines ACROS 1  3  5  7  10  

Total 4 9 15 20 30 
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one hour of maintenance work were determined. Fig. 5 shows 
the graph of the production cost of the service works depend-
ence performed by the proposed maintenance unit, on the 
number of serviced machines (x7) and the distance of the 
unit’s moving (x6) to the service points. 

Calculation of the expediency of additional costs of the en-
terprise for the purchase and operation of the hinged TM unit 
was carried out for the case when the transport tractor is in-
volved in the transportation and drive of the assembly of the 
unit from the PTO shaft, and also for the case when the tractor 
is used only as a vehicle and the compressor drive is carried 
out from a regular electric motor, fed by the generator ATM. 

The calculation shows that if the tractor is permanently at-
tached to the unit, the costs of the enterprise are effective with 
the number of serviced cars 20 or more units at any distance of 
crossings from 5 to 20 km, and the investments in the unit and 
the tractor at the fleet of 15 machines are effective with a 
moving distance of at least 10 km. For fleets with the number 
of machines up to 10 units, the use of the unit with permanent 
fixation of the tractor behind it is ineffective. Here it is better 
to use the tractor only for the transportation of the unit, and for 
the compressor drive to be carried out from the standard elec-
tric drive. The unit will be more expensive for 20 thousand 
rubles, but its use justifies itself within 6 years (Fig. 6). 

The efficiency of the proposed TM unit will be comprehen-

sively evaluated using the OEE (overall equipment effective-
ness) [11]. 

 
OEE = Availability × Performance × Quality. 
 
Availability (readiness) takes into account losses from 

downtime and is calculated as  
 

Availability = Actual working hours .
Planned production time

  

 
Performance takes into account the decrease in the speed of 

operation of the equipment and is calculated as 
 
Performance  

= Actual output of products/actual working hours .
Highest possible productivity

  

 
Quality takes into account losses in quality and is calculated 

as 
 

Quality = Volume of suitable products .
Actual output

   

 
We will show the effect of the proposed TM unit on the 

OEE indicator of the park of serviced combines, as the most 
expensive machines. The calculation is carried out for two 
options: 

(1) Maintenance of harvesters between shifts is carried out 
at a stationary post, while the technician moves from work 
places to a post and back. 

(2) Maintenance of combines between shifts is carried out at 
the places of their work with the help of the proposed unit. 

In Table 4 we shall calculate the average loss of time per 
one combine during the harvesting period, the duration of 
which in the southern zone of the Rostov region is an average 
of 16 days. We consider that combines work in two shifts for 
8 hours each. 

In Table 5 are the values of the criteria availability, per-
formance, quality, and the overall OEE efficiency indicator for 
combines with different technical servicing options. We con-
sider the level of quality of work of combines 95 % in both 
variants. 

The data in Table 5 are typical for typical agricultural produc-
tion. The growth of the OEE index for combine harvesters when 
serviced in the field by the proposed unit is mainly explained by 
the exception of idle shifts to a stationary service post.  

 
5. Conclusions 

(1) The proposed mathematical approach and the developed 
algorithm of the modular assembly of service equipment for 
the TM unit allow solving the problem of its parametric syn-
thesis with determination of the finite overall dimensions, 
mass and cost. The possibility of hinged performance of the 
unit were proved, while the coverage ratio of routine mainte-

 
 
Fig. 5. Dependence of the production cost of TM of the ATMN unit on 
the number of serviced cars and the moving distance. 

 

 
 
Fig. 6. Analysis of the cost of the acquisition and operation of the TM 
unit and the losses of the enterprise in the case of the equipment trans-
fer for variant B. 
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nance works for ETM and TM-1 machines is from 0.94 to 1.0. 
(2) Algorithm of the layout of the service equipment pro-

vides sufficient accuracy of the calculation of the coordinates 
of the service modules. The installation of the experimental 
unit showed that their deviations do not exceed 3 %. 

(3) The proposed ATMN hinged aggregate meets ecological 
requirements and has the necessary functionality for carrying 
out maintenance of machines in the field conditions of agricul-
tural enterprises. In comparison with trailed analogs, the unit has 
a 3.8 lower steel intensity of the structure and a 3 times lower 
cost. The unit corresponds to the safety and ergonomics’ pa-
rameters. The tests of the unit showed that the laboriousness of 
service works on ETM and TM-1 modern tractors, combines 
and AM does not exceed the normative values, the scope of 
routine maintenance is complete, and their quality is satisfactory. 

(4) Technical and economic calculation shows that the pro-
duction cost of service works with the ATMN aggregate is 1.3 
times less compared to the trailer analog and is 1.7 times less 
compared to the units on the chassis of the truck, while the 
costs of the enterprise for the acquisition and operation of the 
unit pays off within 3¸7 years. These results allow us to rec-
ommend the unit for use in domestic agricultural production in 
enterprises of all organizational forms, including in the FM. 

(5) It has been established by calculations that the 
application of the proposed TM unit allows to increase the 

OEE index for the fleet of combine harvesters by an average 
of 10 ... 12 %. 

 
References 

[1] V. D. Ignatov, Yu. S. Golodnikov and P. M. Chernyshov, 
Technical and technological maintenance of farms in the 
United States, Agricultural Engineering. Repair and Resto-
ration, 1 (2006) 34-40. 

[2] V. N. Kurochkin, Scientifical and methodical bases of effi-
ciency and reliability of functioning of technological systems 
in agrarian and industrial complex, FGOU VPO ACHGAA, 
Zernograd, Russian Federation (2010). 

[3] N. V. Valuyev, V. N. Valuyev and V. I. Shcherbina, In-
crease of reliability of use of machines and improvement of 
their elements, FGBOU VPO ACHGAA, Zernograd, Rus-
sian Federation (2012). 

[4] A. T. Lebedev and A. A. Seregin, Increase of the efficiency of 
machines and equipment due to their intervallic reliability, In-
ternational Technical and Economic Journal, 6 (2013) 99-103. 

[5] S. L. Nikitchenko and S. V. Smykov, Hinged aggregate for 
maintenance and repair of machines, Technology in Agricul-
ture, 4 (2014) 21-23. 

[6] A. Ye. Nemtsev and V. V. Korotkikh, Requirements for a 
specialized mobile unit for technical maintenance and repair 

Table 4. Harvester harvesting time losses for service options. 
 

The value of time spent for the harvesting period, hour 
Time Spending 

1) Inpatient care 2) Service with the unit 

The planned production time per one combine (T1) 256 256 

Short breaks at 0.33 hours per combine / day 5.28 5.28 

Lunch break – 0.66 hours per combine / day 10.56 10.56 

Time of moving to the place of TM: 
- 6 km 
- 7.5 km  
- 10 km 
- 15 km 

 
10.72 
16.0 
21.28 
32.0 

 
 

0 
 

Time interchange TM – 0,5 hours per combine  
/ day 8 8 

Downtime for technical malfunctions (3 % T1) 7.68 7.68 

Actual working time at a distance of relocations for 
TM 
- 6 km 
- 7.5 km 
- 10 km 
- 9 km 

 
 

213.76 
208.48 
203.20 
192.48 

 
 
 

224.48 

 
Table 5. Calculation of the OEE indicator for combines. 
 

1) Inpatient care 2) Service with the unit 
Index 

5 km 7,5 km 10 km 15 km  

Availability, % 83 81 79 75 88 

Performance, % 74.7 72.9 71.1 67.5 79 

Quality, % 95 95 

OEE, % 60 56 53.4 48 66 

 
 



 A. A. Seregin et al. / Journal of Mechanical Science and Technology 32 (8) (2018) 3807~3815 3815 
 

  

of MTF, Bulletin of FGOU VPO MGAU, 1 (2008) 98-99. 
[7] S. L. Nikitchenko and S. V. Smykov, Certificate of official 

registration of ECM computer programs, Russian Federation, 
Program “Equipment assembly and calculation of the parame-
ters of the hinged aggregate for TM of machines, Registered in 
ROSPATENT on 05/16/2017, Application No. 2017612264. 

[8] S. L. Nikitchenko and S. V. Smykov, Modeling the parame-
ters of a small-sized technical maintenance unit, Scientific 
Journal of KubSAU, 121 (7) (2016) 1-17. 

[9] Y. N. Malygin, S. Y. Yegorov, V. A. Nemtinov and M. S. 
Gromov, Methodology for the automated design of the lay-
out of chemical production equipment, Bulletin of TSTU, 2A 
(2006) 344-362. 

[10]  S. L. Nikitchenko, Patent for utility model No. 145187, 
Russian Federation, Hinged unit for maintenance and repair 
“ATMN”, Registered in ROSPATENT on 08/06/2014, Ap-
plication No. 2014107390. 

[11]  Evaluation of the efficiency of the equipment // First na-
tional consulting group website, Access mode: http://www. 
fnc-group.ru/calculator-oee.html (the date of the review is 
02/04/2018) (2017). 

 
Aleksandr A. Seregin is a Candidate of 
Technical Sciences, Professor, Director of 
the Azov-Black Sea Engineering Institute, 
Branch of Don State Agrarian University 
in Zernograd, Russian Federation. He 
graduated from the Azov-Black Sea 
Institute of Agricultural Mechanization in 
1981. In 1990 he defended his thesis for a 

Candidate of Technical Sciences. He was the Dean of the Fac-
ulty of "Organization and technology of machinery repair", and 
from 1998 to 2012 – Vice-Rector for Academic Affairs. He is 
the author of inventions, monographs, has more than 70 scien-
tific articles. His scientific interests are reliability of technical 
systems; durability of bearing units; technical service in the 
agro-industrial complex; mechanization of agriculture, etc. 
 

Sergei L. Nikitchenko is a Candidate of 
Technical Sciences, Associate Professor, 
Head of the Department of Technical 
service in Agro-Industrial Complex of the 
Azov-Black Sea Engineering Institute, 
Branch of Don State Agrarian University 
in Zernograd, Russian Federation. In 
1996, he graduated from the Azov-Black 

Sea State Agroengineering Academy. In 2001, he defended his 
thesis there. In 2007-2011, he was the senior lecturer of De-
partment of Mechanization of Plant Growing. He is the author 
of 2 monographs and 70 scientific articles. In addition, he has 8 
certificates of state registration of computer programs. His 
scientific interests are mechanization of agriculture; operation 
and technical service of the machine and tractor fleet; logistics 
of technical service in the agro-industrial complex; computeri-
zation of engineering services of agricultural enterprises. 

Valentin N. Kurochkin is a Doctor of 
Technical Sciences, Senior Researcher, 
Professor of the Department of 
Economics and Management of the 
Azov-Black Sea Engineering Institute, 
Branch of Don State Agrarian University 
in Zernograd, Russian Federation. He 
graduated from the Azov-Black Sea Insti-

tute of Agricultural Mechanization in 1974. In 1981, he de-
fended his thesis at the Moscow Institute of Agricultural En-
gineers named after V.P. Goryachkin. He defended his doc-
toral dissertation in 2001. He is author and co-author of 18 
monographs, over 150 scientific papers and inventions. His 
scientific interests are organization of technical service in the 
agro-industrial complex; research of efficiency and reliability 
of functioning of complex technological systems with applica-
tion of mathematical reliability theory, theory of Markov 
processes and computer modeling. 

 
Nikolay V. Valuev is a Doctor of Tech-
nical Sciences, Professor of the Depart-
ment of Technical service in Agro-
Industrial Complex of the Azov-Black 
Sea Engineering Institute, Branch of Don 
State Agrarian University in Zernograd, 
Russian Federation. He graduated from 
the Azov-Black Sea Institute of Agricul-

tural Mechanization in 1966, and worked as a research fellow 
of the All-Russian Institute of Grain Crops (Zernograd). In 
1972, he defended his Ph.D. thesis on the reliability of rice 
harvesters. He defended his doctoral dissertation in 1991. 
From 1990 to 2008 he headed the department of reliability and 
repair of cars in the Azov-Black Sea State Agroengineering 
Academy. He is author of more than 190 scientific papers, six 
of them are monographs. His scientific interests are improve-
ment of structures and increase of reliability of agricultural 
machinery. 

 
Sergei V. Smykov is a Engineer of the 
Department of Technologies and Means 
of Mechanization of the Agro-Industrial 
Complex of the Azov-Black Sea Engi-
neering Institute, Branch of Don State 
Agrarian University in Zernograd, 
Russian Federation. He graduated from 
the Azov-Black Sea State Agroen-

gineering Academy in 2013. In 2016, he graduated from the 
postgraduate course in the specialty "Technologies and means 
of technical maintenance in agriculture". He is preparing to 
defend his thesis. Sergei Smykov is co-author of 10 scientific 
articles, one patent for utility model. His scientific interests are 
organization of maintenance (MT) of agricultural machinery, 
improvement of MT units. 

 
 


