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Abstract  The problems of creating a model of electronic component failures for 
simulation of electronic equipment failures are considered. The model is designed to calculate 
the realizations of developments of electronic components in simulation. Unlike standardized 
models of failures of electronic components, the proposed model allows simultaneously to take 
into account their characteristics of non-failure, durability and storageability. 
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INTRODUCTION 
The dependability model is a mathematical model of the electronic component used to 

dependability prediction [1]. Analysis of normative documents [2-4] showed that for 
dependability prediction of electronic components, models that are functions of time 
distribution are used. In [5], such distribution functions are called the failure model. As follows 
from [2, 4], the exponential distribution of the operating time to failure is used to estimate the 
reliability and storability, and the normal distribution of the life is used to estimate the 
durability [3]. 

 
PROBLEM STATEMENT 

One of the reasons that determined the set of failure models in [5] is that ... 
dependability prediction by numerical methods and modeling methods do not meet the 
requirements of engineering practice . This may have been true in the 1980s, but it is hardly 
relevant at the present time. In addition, in [6] it is stated that "the universal method of 
dependability prediction ... is the method of statistical modeling . However, this method is used 
mainly to calculate indicators of the type of operating time to failure  (the method of 
numerical integration). At the same time, the development of methods for simulation of failure 
processes of electronic equipment necessitates the creation of such models of failures that 
would allow to obtain adequate values of realizations of developments on the basis of reference 
data on the dependability characteristics of electronic components. 

The dependability characteristics of electronic components are given in the Data Sheet 
and are systematized in the Hand Book [7]. These include: 

- base failure rate in the operating mode; 
- gamma-percentile life; 
- minimum operating time; 
- minimum storage time; 
- base failure rate in the storage mode. 
In addition, the Hand Book [7] provides mathematical models of failure rates for 

operating and storage modes and numerical values of their coefficients. 
 

SOLUTION OF THE PROBLEM 
Consider the process of building a model of failures using an example of resistors R1-

11 [8]. Permanent metal-dielectric general use resistors R1-11 (see fig. 1) intended for use in 
electrical DC, AC and pulse currents. 
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Fig. 1. Resistor R1-11 type 
 

For this resistor in the Hand Book [7] the following data are given: 
- base failure rate in the operating mode  -6 Failures/Hours; 
- 95-percentile life T  = 60000 Hours our (in all modes according to specifications); 
- minimum operating time T .  = 30000 Hours (in all modes according to 

specifications); 
- minimum storage time T .  = 20 Years; 
- base failure rate in the storage mode .  -8 Failures/Hours; 
In addition, the specifications gives the value of the maximum operating temperature at 

a nominal power of dissipation equal to 70 0 . 
Using these data and techniques, given in [2-4], we consider the process of obtaining 

the realization of the operating time of the resistor for the maximum permissible operation 
mode. 

It follows from [2] and [4] that the operating time in the operating and storage mode is a 
random variable distributed according to the exponential distribution. It follows from [3] that 
the resource is a random variable distributed according to the normal distribution. 

The value of the failure rate in the operating mode ( ) is calculated from the model of 
the Hand Book [7]: 

. 
For definiteness, take the resistor R1-11-0,25-  

6 61,71 0,7 0,7 1 1 1 0,0527877  Failures/Hours. 
It is assumed in the calculation that the quality factor is "5", and environment factor is 

1.1. 
The value of the mathematical expectation (m(t )) and the standard deviation ( (t )) can 

be found using the formula (1) given in [3]: 
1

.

1-
=        

1-
.                                                             (1) 

Taking into account that in [3] 1 = 99,9%, substitute the numerical values in the 
formula (1) and solve it with respect to the coefficient of variation ( ), we get: 

 
1

1- 1-= 30000= 60000
1- 1,6

. 

Then: 

.
1 1( )= 60000=94029

1- 645
m t  Hours; 

( )=t m t  Hours. 
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When simulating with the help of a random number generator, the implementation of 
the basic random variable ( x ) is obtained and for it the implementations of the operating time (
t ) and the life ( t ) are calculated. 

Based on the values of ( t ) and ( t ), we find the value of the operating time of the 

resistor ( t ), based on the following considerations. 
Since by definition T .  is the time during which the failure of the electronic component 

is not possible and it should be considered as a parameter of the life allocation function shift. In 
this case, if Tt  and Tt , then =Tt  (in our example, =30000t  Hours.). 

Otherwise, there are three options: 
t t ;                                                                               (2) 

t t ;                                                                               (3) 

t t .                                                                               (4) 

Obviously, in the first two variants, as a criterion for choosing a particular value t , 
one should take: 

=min ,t t t .                                                                 (5) 

In order to determine how true (2), we calculate the values t  for x  = 0.999. 
6=exp 0,999=exp 0,0527877x t t t  Hours. 

The obtained result of t  < T .  indicates that the function of the exponential 
distribution decreases faster than the normal one. 

Let's find the value 1x  for t  = T . : 
6

1=exp =exp 0,0527877 7x t . 

From this it follows that in order to ensure that condition (5) is satisfied for t . , 
only from x  0,998417 it is necessary to calculate t  as t  = t . 

Obviously, as the value x  decreases, the value t  will increase, and faster than the 
value t . In confirmation of this we find the values t  and t  for x  = 0.997. 

60,997=exp 0,0527877 569110 6t t  Hours. 

9 7= 1-t m t  Hours. 

As follows from the calculations performed, at the value x  2x , condition (3) begins to 
be fulfilled and then it is necessary to calculate t  as t  = t . 

The value 2x  can be more easily determined from the equation: 
2 =expx , 

where y is a solution of the equation: 
2( )

22 ( )1e e
2

m t

t

ty

dt .                                                         (6) 

To solve equation (6), we can use, for example, the dichotomy method. 
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Since the function P(t ) is defined on the interval [- t
and, consequently, and. This contradicts common sense, tk. This contradicts common sense, 
since the life can not be longer than the storability time. 

However, in [4], the methods for calculating the storability time of electronic 
components are not given, but in [10] it was shown that the calculation of the shelf life is 
analogous to the calculation of their life. Using the generally accepted assumption that  in 
mode of operation and storage (standby) can be regarded as a constant, and the gamma-
percentage probability ( ) for which we will calculate the maximum value of the storability 
time in the standby mode (T .max), by analogy with 1 is set to 99.9%. Taking into account that 
20 years is 175200 hours, we will receive: 

1+ 1+0,22 3,09= 919116
1- 22 3,09

 Hours (105 Years). 

Using the formula for recalculating the storability time to the specified conditions of the 
storage mode (standby) from [9]: 

.
3

x=
t

                                                                              (7) 

for a maximum operating temperature 70 0  C and operating group 1.1, we obtain: 

3
919116= 707012
1,3 1

 Hours (80,7 Years). 

We find the value x  corresponding to this value of the storage time in the storage 
(standby) mode. For this, we set 3t = T3: 

3 = 1+t m t . 
For  = 4,5, the probability is 0.999997. Then: 

3 1 0,99999 0,007 0003x . 

For comparison, we find the value x  for the exponential model: 

3
6

3=exp =exp 0,0527877 707012 0,9 310 6x t . 

As can be seen from the obtained results, the values of the normal distribution function 
decrease faster than the exponential function. Then at 3x  t  = 707012 Hours. 

Thus, the failure model of the electronic component is a distribution function whose 
argument in the interval [1, 1x ] is equal to T .  (see fig. 2), in the interval [ 1x , 2x ] is calculated 
from the exponential model, in the interval [ 2x , 3x ] is calculated from the normal distribution 
model, and for x  > 3x  is equal T3, which is calculated by formula (7). 
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Fig. 2. Failure model of the electronic component 
 

ONCLUSION 
Proceeding from the above, it can be concluded that the proposed model of failures of 

electronic components allows for simulation to obtain the implementation of the operating time 
of the electronic component, taking into account resource failures and limitations on the 
amount of its operating time. 

Regarding the adequacy of this model, on the one hand, it is confirmed by the use of the 
rejection models adopted in [2-4], and on the other hand, by using the data given in [7]. 
Nevertheless, the proposed model, like any other mathematical model, can (and must) be 
corrected by the results of testing of electronic components and their controlled operation as 
part of electronic equipment. 
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