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The idea of justified comparison of the same type of machines has 

been developed, ie. machines with the same functional purpose, 

using statistical criteria to prove the significance of the difference in 

the characteristics of the reliability indicators. 

Reliability is a complex property of an object to perform certain 

functions, maintaining over time the values of the established 

indicators within certain limits, corresponding to certain modes and 

conditions of operation, maintenance, repair, storage and 

transportation, / figure 1/.  

The essence of the definition of reliability and its elements also 

determine the main elements of the methodology for experimental 

testing of objects for the determination of the indicators and 

characteristics of the basic and properties / reliability, durability, 

maintainability and storage / and for comparing the types of objects 

with the same purpose, but produced from different companies or 

organizations. 

The purpose of the reliability test is to experimentally determine the 

quantitative and qualitative characteristics of the properties of 

objects at work, to simulate operating conditions and / or to 

reproduce the effects on objects under a given program. There are 

four stages to each test: test design, test run, test result processing, 

result analysis and decision selection, / figure 2/. 

The subject of our research will be the following stages: test 

planning, processing of test results, analysis of results and taking 

management decision. 

The nature of the test types given in Figure 3 is as 

follows: 

 Definitive tests are carried out to obtain quantitative estimates

of the numerical characteristics of the reliability indicators, to

verify that the values of these indicators are not less than a

certain value;

 Control tests are carried out to determine the conformity of

mass-produced production with the requirements specified in

the technical conditions;

 Special tests are conducted to determine the influence of a

factor on the level of reliability of the site;

 Accelerated tests are conducted to obtain information on the

reliability of the sites in a shorter timeframe compared to the

operating conditions;

 Forced trials are conducted to obtain information in a short

time at the expense of acceleration by increasing load,

temperature, speed and other factors;

 Reduced tests are conducted to obtain information about the

compaction of the tests over time, ie. shortening of idle times

and downtime, continuous work around the clock, etc.

The experimental test methodology is identical in all types of tests 

with respect to its basic elements and is shown in Figure 4. 
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Fig. 4. Structure and interrelation of the elements of the experimental testing methodology at the level of reliability of the machines: (ЦМИ 

)-purpose of the testing methodology; ЗИ- test tasks; КО -criteria for assessment of the condition of the site; ОИ test subject; ВП- input 

factors; ИП- output parameters; УИ test conditions; ПИ - test plan; БO-number of objects; ВИ - test time; MOA-methods for processing 

and analysis of test results; КЗС-  criteria for the statistical significance of test evaluations; ФПР-form of presentation of test results 

 

We will look at the following basic elements of the methodology 

for experimental testing of machines: 

Failure or limit criteria. Failure or limit state criteria are referred 

to as distinguishing signs of failure or limit state of the machine. As 

a distinctive feature can serve the basic parameters of the object, the 

change of which characterize the transition of the object from 

working to inoperable or in a limiting state. 

Depending on the nature of the parameters used for the 

distinguishing feature, the criteria for failure or limit state can be: 

technical, technological, economic, aesthetic, environmental and 

ergonomic. 

Test plan. Observation planning means the choice of the site, the 

conditions for conducting the operational observations and the test / 

observation plan (establishing the number of observation sites and 

the duration of the observation). 

According to the research plan, the latter are divided into the 

following main groups: [NUN]; [NUT], [NUr], [NRT], [NRr], 

where U means a plan in which failed objects are not replaced by 

new "Unrepaired"; R – means a plan whereby failed objects are 

replaced with new or “Repaired” ones. 

Within the limits of this classification, the following plans shall also 

be used:  

 RT1 –- the object of test is a single product which, failing, is 

replaced by a new or refurbished over a fixed construction Ti; 

 RT1 –  the object to be tested is a single product which, by 

refusing, is replaced by a new or refurbished to a fixed number of 

failures r; 

     )0(,)0(  rNRTrNUT  - N articles are the 

subject of the test and the failures are replaced or not during the 

manufacture T no failure is registered. 

If, in a test plan, objects are switched on or replaced by tests at the 

same time, "not rigorous" plans are indicated not by square 

brackets, but by parentheses. For example: (NUT) is such a plan in 

which some of the products are later included or removed from 

testing prior to completion of the T production. 

If, during the test, the control of the operation is performed 

periodically at specified intervals (construction), then the relevant 

designations are: 

    NUT  is a plan of test without regeneration for a fixed 

production T, wherein the controlling operation is performed 

periodically; 

  NUT – - the same plan, but the objects do or do not take the 

test at the same time as the design T. It is assumed that the moments 

of receipt or removal of the products during the test coincide with 

the moments of control. 

Finally, the boundary layer, when the products are not replaced, the 

test continues until a certain design is made, and the control is 

carried out only before the start and after the test. This is the so-

called "non-parametric" test scheme and is referred to as 

 hkNUT  

Generally, in the reliability test, three types of random variables 

(conversions) can be obtained from which the sample consists: 

1. Complete conversions, these are random dimensions of making a 

failure (between failures); 

2. Incomplete conversions, ie random variables expressing the 

manufacture up to the time of termination of the test or withdrawal 

of the test article before failure; 

3. Conditional conversions represent some fixed value - production 

up to the moment of control in which a failure is detected, ie. a 

value known only to the effect that the actual value of the 

manufacture does not exceed a given fixed value. This is a common 

type of experimental data relevant to cases where controls are 

carried out at discrete times. 

The conditional graphic designations of these conversions are 

presented in Figure 5. If the test is terminated when the test fails, 

the complete realization shall be indicated by a encircled cross. 

The monitoring plan shall be selected according to the objectives of 

the study 
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Fig. 5. Graphic Conversion Label 

 

For each of the monitoring plans indicated, the elements 

of the objects that have reached the limit state are replaced 

according to the plan with new or repaired ones, but the information 

about the newly placed elements is reported separately and remains 

in the array of information of the given object (machine). 

Observation of a particular complex object (eg tractor) is terminated 

if it is sent for full repair (ie the machine has reached a limit state) 

due to its general technical condition, or if two of the main units for 

the observation period (engine, gearbox, rear or drive axle) have 

reached the limit state and are to be replaced. 

When developing a monitoring plan, it is necessary to take into 

account the following points related to the possibilities of using the 

different collection methods and types of information to evaluate 

the integrity of sites: 

(a) Data on the trouble-free operation of the machinery under 

operational conditions shall be obtained by conducting continuous 

monitoring from the beginning of the use of the site to a particular 

manufacture, calendar duration or condition. In the course of such 

observations, data are also obtained about the resource of the main 

elements of the site (construction to the limit state); 

(b) Information on more complex failures of elements (including 

workmanship to the limit state) that are remedied and the 

consequences are recorded in the economic records can also be 

obtained through periodic observations that take place over a period 

of time; 

c) The estimation of the resource of the elements of the objects can 

be made with sufficient accuracy using the methods of wear 

forecasting and the various diagnostic parameters of the condition. 

d) The data on the change of the parameters of the condition and the 

wear and tear can be obtained at carrying out the periodic 

inspections using the means and methods of technical diagnostics, 

at the technical expertise of the failed elements or at the arrival of 

the objects in the repair enterprises. 

Methodology for determining the characteristics of test reliability 

indicators, / fig. 6/. 

 

 
 

The characteristics of the machine reliability indicators are random 

variables, the numerical characteristics of which are given in Fig. 7. 

 

complete conversion 

 

incomplete conversion 

 

conditional realization 
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When conducting an experimental testing of machines, it is of 

interest to compare the individual samples and to select better or 

more appropriate criteria. Very often, when testing different 

machines, it is necessary to evaluate the statistical significance of 

the results obtained, ie. whether differences are statistically 

significant or not. 

 

Two groups of criteria are used to provide a reasoned answer and to 

prove the statistical differences or indistinguishability of the test 

results: parametric (Student's criteria) and nonparametric (Man-

Whitney criteria). 

 

The essence of the statement comparing the statistical significance 

of the characteristics of the reliability indicators is given in Fig. 8. 
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Main conclusions: 

1. A methodology for the experimental testing of 

machinery reliability is proposed and the interrelation of the 

elements of the methodology is shown. 

2. The machine-specific elements of the proposed 

methodology for the experimental testing of machines are justified. 

3. The idea of justified comparison of the same type of 

machines has been developed. machines with the same functional 

purpose, using statistical criteria to prove the significance of the 

difference in the characteristics of the reliability indicators. 
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