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ACCELERATED TESTING AND TRUNCATED 

TESTS PLANNING FOR RELIABILITY 

ASSESSMENT 
 

Abstract: Significance of accelerated testing procedure is 

emphasized in the introductory part of paper. Division of 

accelerated testing procedures is performed depending on 

conditions for conducting the testing and the method of 

obtaining desired results. In truncated tests plans, quicker 

obtaining of data is achieved at the expense of optimal test 

planning in static sense. During selection of the optimal plan, 

meantime of testing duration, testing costs and accuracy of 

obtained results may be used as objective functions. 

Quantitative definition of the testing plan is done based on 

expressions that determine the dependency between accuracy 

characteristics and credibility of test results. An algorithm of 

the procedure for open type truncated tests for selected testing 

plan is formed. 

Keywords: Reliability, accelerated testing, truncated tests 

planning 
 

1. INTRODUCTION  
 

Data collection on failures of modern 

technical systems or their components in the 

mode that correspond the exploitation one 

requires very long-term testing. Shortening the 

time required for testing to assess the reliability 

is an issue that is of a major importance in terms 

of reducing the testing costs and shortening the 

time needed to obtain the reliability information. 

Therefore, different procedures of accelerated 

testing are explored, which provide obtaining the 

necessary amount of information in a shorter 

period of time than achieved under appropriate 

conditions and exploitation modes 1, 2. 3. 

 

 

2. CATEGORIES OF ACCELERATED 

TESTING PROCEDURES  
 

Depending on conditions and method of 

faster obtaining the necessary volume of data on 

reliability, all accelerated testing can be divided 

into 3, 4: forced testing, based on the 

intensification of the processes that lead to 

failure, and truncated testing without 

intensification of these processes. 

Forced testing procedures are based on the 

application of larger loads, speeds, temperatures 

and other characteristics of the object’s mode 

(the forcing mode), and on the intensification of 

the influence of environmental factors during the 

testing in relation to exploitation. This will 

intensify the degradation processes, which lead 

to faster occurrence of object’s failure. Opera-

ting in these conditions can cause a new 

phenomenon in the aging and destruction 

processes, which are not characteristic of the 

actual exploitation conditions. In this case, using 

of the obtained reliability indicators for normal 

operation conditions of objects would have a 

formal character and could lead to large errors. 

Shortening the testing time, without 

intensifying the processes of aging and 

destruction can be achieved in various ways, 

such as: maximum utilization of calendar time, 

simultaneous testing of a number of objects, 

increasing the accuracy of measurement of the 

characteristic para-meters, automatic registration 

of failures, using the truncated test planning, etc. 

The testing plan represents a sequence 

(procedures, methods) for conducting testing 3. 

If, based on the optimal planning of test reduces 

the duration of the tests, these plans are referred 

to as truncated tests for reliability assessment. 

To define the plans of truncated tests for the 

reliability assessment, it is necessary to take into 

account the following influential factors 5, 6: 

the number of tested objects; the ability to 

repair/replace objects during the test; criterion 

for tests termination; order entry of objects for 

testing and mode of control functioning of 
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objects during testing. 

With various combinations of the influential 

factors, a larger number of plans of truncated 

tests for reliability assessment can be formed 2, 

7.  

 

 

3. TRUNCATED TESTS PLANNING 
 

The organization of tests for reliability 

assessment depends on a number of factors, most 

of which represents a limitation in the technical, 

economic or information sense. Planning of 

testing represents a set of procedures that enable 

the selection of the testing plan that meets all or 

at the very least basic limitations. Planning of 

testing is carried out in two phases 3: 

  selection of the optimal plan of testing 

(planning in the broad sense), and 

 determination of the parameters of the 

optimal plan (planning in the narrow sense). 

Testing for reliability assessment is usually 

associated with the presence of some objective 

function W 3, 4. If  repre-sents a set of 

different types of testing plans, then the selection 

of the optimal testing plan comes down to 

solving problems: 

extrW )( ,                                  (1) 

in the set of constraints (). 

For the objective function W() and a set of 

constraints (), plan i is more effective than 

plan j in the implementation if: 

),()( ji WW    pri max)( W  

or                                                             (2) 

),()( ji WW    pri min)( W . 

If )()( ji WW   , then plans i and j 

are equal. 

In order to determine problem described by 

(1) closely, the terms of accuracy and credibility 

of the reliability assessment indicators of the 

considered objects are defined. 

Credibility of reliability assessment 

indicators is usually expressed as confidence 

level value  for any confidence interval of 

assessed indicators. If the reliability assessed 

indicator of A of the considered object varies 

from Amin to Amax, then the lower limit of the 

confidence interval determines the value of Ad of 

the interval (Ad, Amax), where the probability 8

of covering the real parameter A is not less then: 

    max, AAAP d .                  (3) 

 

Analogously, for the upper limit of the 

confidence Ag (Amin, Ag) and the confidence level 

 there is relation: 

    gAAAP ,min .                  (4) 

The assessment accuracy of the reliability 

indicators can be expressed quantitative in 

absolute deviation, relative deviation, assessment 

dispersion, absolutely assessment error and 

relative assessment error. When planning the 

testing, these indicators are not suitable as the 

accuracy characteristics, because they are not 

associated with the confidence level . As the 

width of the confidence interval is directly 

related to the probability , accuracy assessment 

in this case can be expressed by the size of the 

absolute or relative assessment error. 

Depending on the decisions to be made 

based on the test results of reliability, relative 

assessment error defined in different ways is 

applied. In the case of making responsible 

decisions, it is useful to limit the use of relative 

error 3: 











 


A

A

A

A gd
A ˆ

,
ˆ

max ,               (5) 

where 

dd AAA  ˆ  - absolutely assessment 

error according to lower limit, 

AAA gg
ˆ  - absolutely assessment 

error according to upper limit, and 

Â  - dotted reliability assessment indicators 
A. 

To evaluate the mean operation time to 

failure, gamma-percentage operating time to 

failure etc., the relative assessment error 

calculated according to the lower limit of the 

confidence interval is used 8: 

A

AA

A

A dd
Ad ˆ

ˆ

ˆ





 .                  (6) 

The introduction of accuracy and cre-

dibility indicators, set of constraints () for the 

problem (1) can be expressed in the form   

o,   o, where o and o is the required values 

of accuracy and credibility characteristics in 

assessment of reliability indicators. 

Since the set of plans  is limited, the task 

(1) is solved by simply comparing the values of 

W(i), at set of constrains i  ,   o and   

o. To speed up the compari-son process, it is 

expedient to reduce the number of plans. 

Reducing set of plans  to * is achieved by 
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taking into considera-tion reliability indicators, 

whose estimation is requested (probability of 

correct operation, service life, maintainability, 

etc.), and the possibility of restoring the 

operating capacity of the object 3, 7.  

Criteria for selection of the optimal testing 

plan for the reliability assessment may vary. 

Depending on the needs, as the objective 

function W can be the meantime of test duration, 

the cost of conducting tests or accuracy of the 

obtained results 7. 

In the first case, as the objective function 

W() is observed meantime of test duration T 

that needs to be minimized: 

min)( T ,                                   (7) 

at a given set of constraints ():   o,   o i 

i  *. 

In the case of costs of testing (value of 

testing objects and costs of engaging people), the 

optimization task comes down to the choice of 

the plan for which costs of conducting tests are a 

minimum: 

min)( C ,                                  (8) 

at set of constraints (): N  No, r  ro i i  

*. 

For the objects that have responsible 

function, for which it is necessary to assess the 

reliability indicators with great accuracy, as the 

objective function W() is observed accuracy of 

the assessment of reliability indicators based on 

test results. In this case, should determine the 

testing plan i for which the relative assessment 

error of reliability indicators is minimal: 

min)(  ,                                (9) 

at set of constraints (): N  No, r  ro,   o i 

i  *. 

After the selection of the optimal plan of 

truncated testing, in the second phase of planning 

is necessary to determine the planning 

parameters. For a quantitative definition of the 

testing plan it is necessary to use one of the 

expressions (5) and (6), which determine the 

dependence of the accuracy and credibility 

characteristics from the test results. 

Depending on whether in the test planning 

the feedback information is used, obtained from 

the results of conducted tests, the planning 

procedure can be open or closed 3. The open 

type planning process assumes checking the 

fulfillment of additional conditions after the 

tests. Usually, for the additional condition, the 

dotted assessment of the coefficient of variation 

of the testing results is assumed to be smaller 

than the adopted values. If this condition is not 

met, it is necessary to carry out re-planning of 

testing with particular value of the coefficient of 

variation. 

Figure 1 9, 10 shows the algorithm of 

open type truncated test procedure for relia-bility 

assessment according to plan [NRr]. 

In general, the plans of truncated testing are 

defined with several parameters. Based on one of 

the equations (5) and (6) cannot be determined 

all the unknown parameters of the testing plan. 

For determi-ning the other parameters of the 

testing plan, the appropriate equations are used. 

For plan NRr of truncated testing and 

assumed Weibull’s distribution of random 

variable, planning parameter r is determined 

from expression [4]: 

 
2

2,1

2
1

r

r










 ,                    (10) 

where 

  is limit relative error of assessment of 

reliability indicators, 

  is the shape parameter of Weibull’s 

distribution, 

2
2,1 r   is quantile of -square 

distribution with 2r degrees of freedom and with 

corresponding probability of 1 - , 

 - confidence level that the value of the 

observed indicator will be within the interval 

defined by relative error. 

The shape parameter of Weibull’s 

distribution, , is uniquely associated with a 

coefficient of variation of the random variable, 

over the expression: 
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where  is Gamma function. 
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Figure 1 - Algorithm of the open type truncated test procedure for reliability assessment according to 

plan NRr 
 

General recommendations for selection of values for  and , are given in Table 1 11. 

 

Table 1. Recommended values for selection of relative error,  and the confidence level,  

Testing object 
Relative error, 

 

Confidence level, 

 

Product as a whole or a component that condition the outer shape 

of the product, that is its suitability for use 
0.15  0.20 0.80  0.90 

Machine or basic component  0.10  0.15 0.90  0.95 

Machines, structures and elements that influence safety  0.05 0.95  0.99 

 

Selection of characteristics  and , does not 

depend on mechanism of object failure 

occurrence. In contrast to them, the variation 

coefficient, v, is completely conditioned by the 
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distribution of operating time until failure occurs. 

The variation coefficient depends on a large 

number of factors, the most important of which 

are the level of technology of manufacturing, 

size and variability of load and mechanism of 

failure occurrence. Increase in level of 

manufacturing technology leads to decrease of 

the variation coefficient of operation time until 

failure. The variation coefficient is increased 

with the load reduction. Data given in Table 2 

illustrate the influence of the mechanism of 

failure occurrence on the variation coefficient  

11. 

 

Table 2. Recommended values for selection of the variation coefficient, v 

Law of 

distribution 
Observed random variable 

Variation 

coefficient 

Normal 

Product’s operation time until general repair 

Machine’s operation time until general repair 

Structure’s operation time until maximal wear occurs 

Structure’s operation time until limit condition provoked by 

combination of wear, fatigue and corrosion occurs 

0.10  0.20 

0.30 

0.30 

0.30 

Lognormal 

Operation time until fatigue fraction occurs during bending or torsion 

Operation time until damage to construction connections occurs 

Machine’s operating time between general repairs 

0.40  0.50 

0.70 

0.60  0.80 

Weibull’s 

Operation time until damage due to contact fatigue occurs 

Operation time until fatigue fraction during bending and torsion occurs 

Operation time until damage of construction connections  

0.70 

0.30  0.50 

0.80 

 

It can be concluded that already during the 

design phase and production of an object there 

are the testing results, the use of which allows 

the connection of some characteristics of the 

damage accumulation process with distribution 

parameters of operation time to failure, ie. with a 

coefficient of variation v. 

 

 

5. CONCLUSION 
 

Unlike the procedures of accelerated 

testing, in which the shortening of the testing 

time is achieved at the expense of forcing mode 

or intensifying environmental conditions, the use 

of truncated testing plans provides a high level of 

credibility of the obtained results. 

In order to maximize the use of the 

possibilities offered by the plans of truncated 

testing and adoption of the initial values of the 

parameters used for the quantitative definition of 

plans, it is required good knowledge of the test 

object from the point of failure occurrence. 

By testing of machine components and 

systems for reliability assessment under 

exploitation conditions, it is obtained a realistic 

picture of their behaviour in terms of loss of 

working capacity. Specifically, in this way, all 

the influential factors on the service life are 

taking into account, which are random in 

character, and that it is difficult to estimate and 

simulate for laboratory testing. 
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