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Problem formulation: It is not always possible to ensure that all elements in
a system are loaded together. Therefore, it is advisable to use the scheme of
separate independent loading of elements to guarantee the reliability of the
forecast of the probability of failure of sequential systems.

Research analysis. Often, the main source of extreme loads acting
simultaneously on the elements of one system is any common loading factors that,
when transformed, are distributed among the elements in a non-random manner.
This can be, for example, the torque on the drive shaft of a gearbox, which is
distributed over its elements, or the traction force of a tractor, which is distributed
over the working bodies of a tillage unit. In these cases, the condition of
independence of the extreme load of the elements in one system is violated and a
common or joint load scheme can be used. With this scheme, the extreme load
that simultaneously acts on each element of the system is defined as the product
of: нн PP ii  , where нP  -  s the total random component of the load in the system;

i  - the  parameter that determines the distribution of load across the system
elements and the degree of dependence between the elements in terms of total
load. We will call the simultaneous extreme load of all elements in one system
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common or joint, if we can neglect the random scattering of values i  and 
consider them constant proportionality coefficients between the total random 
component of the load нP  and the load iPн acting on the i-th element [1-3]. 

Objective To ensure the mechanical reliability of agricultural tillage units-
cultivators with working bodies on elastic suspension. 

Research results Today there are many different types of cultivators with 
elastic S-shaped tines. Depending on the type of soil cultivation, they are divided 
into steam cultivators and tilled cultivators. Seed drills are also very common and 
are designed to carry out various technological operations, including seeding, at 
the same time. Like the previous ones, they are equipped with S-shaped racks. 
The number of racks on each of these cultivators ranges from 9 to 126. 

If we consider a cultivator as a sequential system, then the condition for 
reliability is that the failure of any one leg leads to the failure of the unit. 

Mechanical failure is defined as the sudden destruction or residual 
deformation of an elastic strut. 

To calculate the probability of failure at the first extreme load, if we use 
preloads to increase reliability, we use the following relationship [3-6]: 

𝑅(1 𝑚п⁄ ) =
(𝑚п+1)𝐾

𝑏

(𝑚п+1)𝐾𝑏+𝑛
    𝑚п ≠ 0   (1) 

where 𝑚п – is the number of preliminary (control) loads; 𝑛 – is the number of 
racks; 

𝐾 – is the safety factor; b – is the degree index equal to 12,15 
(corresponding to the coefficient of variation V=0,1). 

𝑅1(𝑚п) has a significant impact on the quality of the equipment, as it 
ensures reliability during the initial period of operation. The higher the 
𝑅1(𝑚п) the greater the demand for the machines produced. Consequently, it will 
be more competitive on the market. 

To ensure normal operation 𝑅1 ≥0,999.  The specified level of this 
indicator can be achieved in the following ways: 

1. By means of an extreme load safety factor 
The safety factor is calculated according to the formula: 

𝐾 =
𝜎̅т−𝜎0

𝜎̅н−𝜎0
       (2) 

Lower yield strength limit for 65Г steel  𝜎0 = 450 МРа. The average yield 
strength 𝜎̅т depends on the type of heat treatment of the material and can be [7] 
in the range of 𝜎̅т=690 – 1220 МРа.  The average extreme load 𝜎̅н is within 
650МРа [3, 4]. Тherefore, according to (2)  

1,2 ≤ 𝐾 ≤ 3,8. 
2. Due to preloads 𝑚п 
The number of preloads 𝑚п is set to 1. Then the value of 𝑅1 depending on 

𝐾, 𝑚п for the most powerful unit with 126 racks at 𝐾 = 2,2 will reach the value 
of 𝑅1 = 0,990, and at 𝐾 = 2,6 the value of the probability of failure at the first 
extreme load will exceed 𝑅1 = 0,999. 
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As the number of preloads increases, the failure rate also increases 
significantly. 𝑚п. Using this method allows you to reject low-quality racks before 
putting them into operation. This method is more expensive, as it requires 
additional staff, equipment, etc. However, it allows the use of cheaper steel 
without additional heat treatment. For example, if the number of posts is 10, a 
sufficient level of failure rate is achieved at 𝐾=1,8, using a number of preloads of 
10.  

Conclusions The above methods of improving reliability are effective and 
realistic in terms of their application in production. 
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