
Methodical approach for assessing the quality of storage of grain harvesters 

Summary 

The specificity of agricultural production implies several months of intensive use of the majority of equipment and a long 

storage period. Checking the quality of storage of agricultural machinery, controlling all operations, is economically impractical. It is 
necessary to select the main (key) operations from the whole list of operations, ie. those that provide a reliable assessment  of the 

quality of storage of machinery. 
The proposed methodology makes it possible to streamline the assessment of the quality of storage of machinery in 

agriculture, choosing the main operations, without losing information from the fact that the operations that contain a smal l amount of 
information are not controlled. 

The specificity of agricultural production implies several 

months of intensive use of the majority of equipment and a 
long storage period. Maintaining reliability and performance 

even in this "dead" period has always been seen as a reserve 
to improve usage and reduce maintenance costs. Therefore, 

manufacturers of agricultural machinery develop storage 
rules, as a separate section to the maintenance of the 

machine and propose that this be done by the relevant 

company service. The more expensive the equipment, the 
stricter these rules are, with the aim of reducing the speed of 

the so-called harmful processes - corrosion, fatigue of 
materials, aging and destruction. This is especially true for 

harvesting equipment - different types of combines. 
Constructively, due to their large size and free spaces 

between their units, assemblies and details, these processes 
take place with increased intensity.  

The rate of corrosion processes is influenced by the 

corrosive activity of the atmosphere and the aggressiveness 
of the environment, namely: temperature, humidity, amount 

and duration of precipitation, air pollution with gases, salts, 
dust, etc. The influence of the various factors on the 

durability of the elements of the machines, as well as the 
places of storage is different.  

Under the influence of the sun, air, precipitation, 

temperature amplitudes and mechanical load, the details of 
non-metallic materials (rubber, plastics and textiles) change 

their physicochemical properties significantly faster due to 
the ongoing processes of destruction. When the action of the 

listed factors is simultaneously several types of destruction 
occur: photochemical - under the influence of light, thermal 

- under the influence of heat, hydrolytic - under the
influence of moisture and oxidative - under the influence of

oxygen (ozone).

In the case of polymeric materials and coatings, there is 
an additional factor accelerating the destruction, namely the 

different coefficients of thermal expansion of the materials. 
The harmful effect of high static loads is not the least 

important when storing combines. Headers placed on 
uneven platforms or stands are under the influence of 

bending and torsional static loads, which increase further 

with snowfall and large snow cover. The most sensitive to 
deformations are the gears, bearings and cutting devices. 

The deformations obtained during their subsequent work 
cause undesirable and dangerous dynamic loads. 

Manufacturers recommend a number of works to reduce 
the speed of harmful processes - corrosion, fatigue of 

materials, aging and destruction during storage of combines. 
In summary, the operations of the so-called. post-season or 

storage maintenance, for combines “NEW HOLLAND”, 

“CASE”, “KLAAS”, etc. are given in Table 1. 
Checking the quality of storage of combine harvesters, 

controlling all operations, is economically impractical, as it 
takes a lot of time to perform the control operations 

themselves by experts. In order to minimize the control time, 
it is necessary to select the main (key) operations from the 

whole list of operations, ie. those that provide a reliable 
assessment of the quality of storage of machinery. For this 

purpose, the methodological approach presented in the 

literature is used [3]. The essence of this approach consists in 
the following - each machine, which is subject to storage and 

control, is composed of many elements (parts, assemblies and 
units). The sequential inspection of all elements of the 

machine is characterized by the evaluation of the parameters 
W1, W2,… .., Wi,… ..Wm, which characterize the quality of 

preparation for storage of the elements of the machine. The 

methodology provides for the control of all the main elements 
that provide a reliable assessment of the quality of preparation 

for storage of tractors in agricultural machinery.  
The value of the information obtained during the control of 

the i-th parameter φ i can be represented as a function of two 
vectors - the amount of information that carries the parameter 

Ji, and the time for its measurement t i, ie. 
𝜑𝑖 = 𝑓 𝐽𝑖 ,𝑡𝑖 .

It is known from information theory that the amount of 

information after measuring the i-th parameter can be 

measured by the magnitude of the reduction of the uncertainty 
about the storage quality of the machine by the following 

dependence: 

  𝐽𝑖 = 𝐻 −𝐻𝑗 ,

where: 
 H is the a priori (to the experimental) uncertainty; 

 Hi –  is the a posteriori (after the experimental) 

uncertainty of the quality of the preparation of the 

storage machine. 
If the probability of good preparation of the storage machine 

is taken as a measure of the uncertainty of the quality of 
preparation of the storage machine, then expression (2) can be 

written as follows. 

∆𝑃𝑖 𝐴 = 𝑃𝑖 𝐴 − 𝑃 𝐴 ,

where: 
P(A) and Pi(A) are the a priori and a 

posteriori probability of good storage of the 
machines. 

Thus, the greater the value of ∆𝑃 𝑖  𝐴  , the more

informative the Wi parameter is. The time for checking the i-
th parameter for assessing the quality of storage preparation is 

limited and should not be excluded when choosing the main 
operations that are the basis of the methodology for assessing 

the quality of storage of machinery. Therefore, the value of 

the information obtained from the control of the W i 
parameters can be defined as the ratio of the increase of the a 

posteriori probability for good preparation of the storage 
machine to the duration for checking the given parameter (t), 

ie. 

𝜑𝑖 =
𝑃𝑖  𝐴 −𝑃 𝐴 

𝑡𝑖
. 

It follows from the formula that in order to select the main 
(key) operations for assessing the quality of storage of 

machines, it is necessary to take into account the increase in 
the a posteriori probability of good storage condition of the 

machines, ie. the informativeness of the i-th parameter and the 
time for control of the i-th parameter (operation). 

In the practical implementation of the formula, difficulties 

arise, which are mainly related to the calculation of the a 
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posteriori probability, as the a priori probabilities are not 
known in advance. Therefore, it is proposed to use an 

approximate dependence to determine the value of the 
information obtained when measuring the i-th operation for 

the quality of storage of the machine, which can be recorded 
as follows: 

 

𝜑𝑖 =
 𝑄−𝑄𝑖  

𝑡𝑖
, 

where :  Q is the value of the resultant performance of the 
machinery, provided that all operations in preparation of the 

machinery for storage have been performed and controlled; 
ti – the value of the resultant performance of the machine in 

case of non - performance of the i - th storage quality control 

operation. 
The reliability of the elements of the machines, the 

productivity of the machines, the degree of corrosion of the 
elements of the machines, technical and economic and other 

indicators can be considered as effective indicators. The 
object of research in our case is to take into account the 

influence of the quality of preparation of the elements of the 
storage machines, as a result indicator relative losses q are 

selected for each operation, related to the total losses, 
provided that these operations are not performed. According 

to our data, the value of the information obtained when 

controlling the quality of storage of combine harvesters, 
taking into account the time spent on checking each operation, 

are shown in Table 1. 
Based on the values of the significance of the information 

obtained during the control of each of the i-th operations, it is 
necessary to determine the main (key) operations that will be 

included for controlling the quality of storage of the combine 
harvesters. For this purpose, the Pareto principle is used [2], 

which allows from the whole set of operations operations to 

choose which are the most valuable, ie. most informative.  

 
Table 1. Significance of the information in the operation for quality control of storage of grain harvesters  

№ 

 

Basic storage operations 
Size of relative 

losses qi 

Time to check 
the i-th 

operation ti, h 

significance of 

operation , 

𝜑𝑖 =
𝑞𝑖

𝑡𝑖
 

1. Cleaning and washing the combine 
 

0,131 0,18 0,727 

2. Removal, cleaning and lubrication of the sieves  0,060 0,12 0,425 

3. Drain the oil. Pouring oil with anti-corrosion 
additive 

0,013 0,65 0,020 

4. Disassemble all safety connectors. Checking their 
condition, lubrication and assembly. 

0,003 0,60 0,006 

5. Lubricate the combine according to the table or 

lubrication card 

0,26 0,70 0,373 

6. Lubricate all unprotected parts with paint except 

the pulleys and variator discs. 

0,155 0,58 0,267 

7. Return and lubrication of the hydraulic cylinder 

rods. 

0,158 0,40 0,255 

8. Belt cleaning, adjustment check. 0,028 0,15 0,187 

9. Cleaning the filter element of the air cleaner. 0,079 0,65 0,123 

10. Cleaning the engine radiator. 0,040 0,50 0,080 

11. Check the antifreeze content of the coolant.  0,008 0,12 0,067 

12. Refueling. 0,050 0,60 0,083 

13. Remove all chains, clean, lubricate and install the 

combine. 

0,135 0,32 0,422 

14. Closing all openings of the engine elements. 0,028 0,15 0,187 

15. Installation of wooden supports for unloading the 

tires. 

0,012 0,10 0,100 

16. Removing and cleaning the batteries. 0,002 0,35 0,050 

   𝑞𝑖 =
1,000; 

 𝑡𝑖 =
6,32;  𝜑𝑖

= 3,514 

 

 

According to the Pareto principle, the function of 
the accumulated values of the analyzed indicator (the value of 

the information in the control of the operation 𝜑𝑖) 

∆𝑖≤ 𝜑𝑖 =
100

𝑚
, 

where: 
∆𝑖  is the increase of the i-th value of the analyzed 

indicator,%; 

𝜑𝑖  - average value of the analyzed indicator; 

m - the total number of operations; 
100 - the total value of the analyzed indicator,%. 

The determination of the main operations for quality control 
of storage of grain harvesters according to the Pareto principle 

(according to data in Table 1) is shown in the figure.  
 

 

 
 

 

 

It shows that the main operations will be 10 of those listed in 
Table 1. 
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Figure 1. Determining the main operations for assessing the quality of the preparation of grain harvesters for storage 

 
 

Table 2. List of basic operations for quality control of storage of grain harvesters  

 
 

Parameters (operations) 
Significance of the 

operations 𝜑𝑖  
Check time 

𝑡𝑖 
Cleaning and washing the combine 0,727 0,18 

Removal, cleaning and lubrication of the sieves  0,425 0,75 

Remove all chains, clean, lubricate and install the combine. 0,422 0.61 

Lubricate the combine according to the table or lubrication card 0,373 0,15 

Lubricate all unprotected with paint parts  except the pulleys and variator 
discs. 

0,267 0,58 

Return and lubrication of the hydraulic cylinder rods. 0,255 0,40 

Belt cleaning, adjustment check 0,187 0,45 

Closing all openings of the engine elements. 0,187 0,55 

Cleaning the filter element of the air cleaner. 0,123 0,20 

Installation of wooden supports for unloading the tires 0,100 0,10 

 

 𝜑𝑖 = 3,066  𝑡𝑖 = 2,93 

 

From the analysis of the data in Table 2 it follows that the total 
value of the main operations is 91.3% of the total value of all 

operations that are included in the control of storage of combine 

harvesters (Table 1). The time for performing the storage quality 
check was reduced from 6.32 to 2.93 h, i.e. about twice 

Conclusions 
The proposed methodology makes it possible to streamline the 

assessment of the quality of storage of machinery in agriculture, 
choosing the main operations, without losing information from the 

fact that the operations that contain a small amount of information 

are not controlled. 

The use of the basic operations for quality control of the storage of 
the equipment allows to shorten the time for performing the quality 

check with guaranteed reliability of the received information. 
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Δi≤Ψ=100/18=5,5% 

INTERNATIONAL SCIENTIFIC JOURNAL "MECHANIZATION IN AGRICULTURE & CONSERVING OF THE RESOURCES" WEB ISSN 2603-3712; PRINT ISSN 2603-3704

93 YEAR LXVII, ISSUE 3, P.P. 91-93 (2021)




