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Abstract 

 

This article examines the scientific and technical problems of 

increasing the working life of the tire part of a walking system of 

agricultural implements, and also makes an attempt to clarify 

information about reducing the rate of abrasion of the tire tread. 
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1. Introduction 

 

One of the main tasks of modern agricultural production is to increase production volumes based on 

comprehensive mechanization of all processes. To accomplish these tasks, it is necessary to equip agricultural 

production with machines of the highest possible productivity, with high reliability and durability during 

operation. Currently, there are methodological mathematical and experimental developments of tractors that 

can significantly reduce the cost of conducting laboratory and production experiments based on the use of 

expensive prototypes of tested tractors and significant investments in completing the technical support for 

experiments [1, 2, 3,4]. Assessing the level during the implementation of exploratory research of one of the 

existing methods for analyzing the influence of the service life of wheel pneumatic tires on the service life of 

cotton modifications of row-crop tractors. The purpose of the study is to develop a method for a comprehensive 

study of the influence of the average service life of wheels in universally cultivated tractors on the durability 

of tires. Using the attached formulas (1), we determine the average service life of each brand of tractor tires [5, 

6, 7, 8, and 9]. Calculation of service life and shelf life of tires. The formative norm is the operating time of the 

tire and its calendar period of being on the car or being stored until written off. The reasons for tire removal 

are indicated and those suitable for use are excluded from the sample to calculate the service life and save the 

tire axes. The durability of tires is assessed by their resource (operation) and service life (duration of operation). 

If the resource gives a direct idea of the operating time in various conditions, then the service life is convenient 

when planning the timing of tires for repair, replacing them with new ones, etc. With this division of durability, 

its indicators will be: resource from a certain point in time until the tire is written off: gamma-percentage 

service life, which has and exceeds a specified number  ץ percent tire; average resource determined by the 

totality of the tire [10, 11, 12, 13, 14, 15, 16]. 

Then the probability of a failure occurring before operating time is x0 , when it failed N1 tires and remain 

operational  N11 =  N - N1 = 14+86 = 100 tires will be 

Q (xo)= N1/ N=14/100= 0,14                              (1) 
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Here and below, approximate estimates will be denoted by the same letters, but with dashes on top. 

Probability of failure-free operation 

P (xo)= N11/ N= 86/100= 0,86                            (2) 

the average time to failure will be 

xср=∑ xi /N1                                                                  (3) 

 

where ∑ xi  - total operating time of the tested tires before failure; N - number of tires tested. If r tires out of  N 

observed tires fail during time T, then the average time to failure will be equal to 

xср=∑ xi +Т(N- r)/r = 446500/14 = 31∙103             (4) 

 

Failure rate corresponding to a fairly short time interval Δt (short operating time Δx) 

λ(x) = Δr / Δx N = Δ N / Δx N                             (5) 

 

where Δr - number of failures per operating time Δx;   Δ N- number of tire failures per operating time Δx;  N- 

the number of serviceable tires at the beginning of the operating time under consideration. From expressions 

(5.4) и (5) let's write down 

f(x)=dP(x) / dx 

Substituting this ratio into the expression (6) and dividing the variables, we get 

λ(x)dx= dP(x) / P(x) = d [Ln P(x)]                     (6) 

 

Integrating this equation and taking into account that P(0) = 1 ,  Let's find the probability of failure-free 

operation: 

P(x) = exp [ - ∫ λ(ξ) d(ξ)] . 

 

Let us determine the failure-free operation indicators of a batch of tires in the amount N=100 ths., which should 

have operating time  x80=5000 hours  (according to academician Sh.U. Yuldashev. It is known that during 5000 

hours of their operation failures occurred: one tire - after 3000 hours, two tires - after 4000 hours and one tire 

- after 4500 hours.[17, 18, 19, 20, 21, 22]. 

In accordance with the accepted notations x80 = 5000 hours, N1 = 14 и N11 = 86; total operating time 

∑xi=3000 + 2·4000+4500+86·5000 = 44,55·104 ч. 

Using approximate formulas (3), (5) and (6) (Prof. G.B. Iosilevich) we find 

Q(x1) = 0,04;  P(x1)= 0,86;  and  xср= 31·103 hour. 

Thus, the probability of failure-free operation of the tires turned out to be 86%, i.e. above the specified value 

of 80% (Pic. 1). [23, 24, 25, 26, 27, 28]. 

 
Pic.1. Changes in the intensity of the average resource depending on the operating time: 

1- existing option; 2- proposed option. 
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Using formulas (5), you can also determine the value of the failure rate for all batches of tires on average per 

operating time x80. Believing Δx = x80, ΔN = N1, we get λ (x80) = 0,8·10-5. 

During observations in operation, they are determined according to the methods of Iosilevich G.I. approximate 

values of failure-free operation indicators, which can be used to estimate their exact values obtained using the 

above formulas [29, 30, 31, 32, 33, 34, 35]. 

To approximate reliability, you need to know their operating time before failure or until the end of testing: x1, 

x2 …, xn 

Our analysis shows that the performance of the bus of the proposed options (I, II, III, IV - options) are average 

values 82.4% of total operating time (pic.2), Average operating time and service life of tires depending on 

internal pressure Fig. 3. 

 
Pic. 2. Graph of operating hours of pneumatic tires for a row crop tractor 

 

 
Pic. 3. Dependence of tire service life on internal pressure: 1, 2 and 3 dedicated tires 

 

Ср = 65+50+30 / 30 = 39,3 %The average operating time of tractor tires is determined Х ср + 1/λ 

gamma percentage resource for 9.5-42 I-183; 13.6 R-38 YAR-318; 15.5-38 I-166; 18.4/15-30 R-319. 
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During observations in operation, they are determined according to the methods of Iosilevich G.I. approximate 

values of failure-free operation indicators, by which one can estimate their exact values obtained using the 

above formulas. 

 

2. Conclusions 

 

1. Analytical calculation of the service life and shelf life of tires shows that the standard is the operating time 

of the tire and its calendar period of being on the machine or stored before write-off, the reasons for removing 

the tire, suitable for use, are excluded from the sample for calculating the service life and retaining the tire 

axles; 

2. Average resources of 15.5-38 YA-166 and 18.4/15-30 R-319 tractor tires, the probability of failure-free 

operation of the tires turned out to be 82.4%, i.e. above the specified value of 80%. 

3. The performance calculation shows that the tires (front 12-16 and rear 18.4/15-30 R-319 tires) are 86.2%. 
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