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Abstract — The paper deals with the mathematical model of the failure rate and storage time for
electronic components. It is shown that the use of standardized models allows us to calculate only the Reliability
function. For calculation of the indicators of the "storage time", a method based on the methodology of
estimation of indicators of durability.
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INTRODUCTION

For the apparatus to operate most of the time is in standby mode (storage) in the de-energized state with
periodic health monitoring, standardized indicators of storability. In the design phase to confirm the required
level of these indicators apply calculation methods. These methods are based on exponential model of
distribution storage time, a parameter of which is the failure rate. To calculate the failure rate of electronic
components apply a mathematical models of the failure rate for storage mode. However, these models do not
allow us to calculate metrics such as gamma-percent storage time, mean storage time, warranty period etc.
Therefore, the calculation of these values causes some difficulties due to the lack of methods of calculation of
indicators of "storage time".

PROBLEM STATEMENT

The method of calculating persistence are given in standard [1]. Under this standard the probability of

not failure of the equipment during storage is determined by the formula:

P(txp)zexp(—Axpjxp)' (1)
The value of the failure rate of the equipment in the storage mode is determined by the formula:
1
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The value of the failure rate of electronic components is determined by the formula given in handbook
(2]:
)\'Xp = )\'X.C.l‘ ' K[.X ' Kycn ' Krrp . (3)

The numerical values of the coefficients of model (3) are determined by the tables of handbook [2]. In
addition, in handbook [2] for some electronic components provides models for the calculation of the coefficient
K:x For example, the value K, x for resistors is determined by the formula:
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In the standard [1] gives also the formula for calculating P(#) for the case when during the period of
operation (z,) equipment stored under different conditions.
For example, if:
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Note that from (6) it follows that for equipment:
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Then, for electronic components:
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Taking into account that:
t
=2 _K )

585



International Scientific — Practical Conference «KINFORMATION INNOVATIVE TECHNOLOGIES», 2017

the expression (8) takes the form:

=Yk K ) (10)

s=1

As follows from the above ratios, the method of standard [1] allows to estimate the failure rate of
electronic components for the storage mode but is not intended for calculations of their characteristics of
storability of the "storage time".

SOLUTION OF THE PROBLEM

To assess the service life of the electronic components in the handbook [2] in the table "Characteristics
of reliability of individual types of electronic components" lists the values to their minimum (gamma-percentile)
storage time. However, methods of estimation of indicators of the "storage time" for electronic equipment in this
handbook is not given.

In the monograph [3] it is shown that the indicators of "storage time" refers to the durability of the
electronic equipment and electronic components storage mode. On this basis, to calculate their values, you can
use the calculation methods given in the standard [4]. According to these methods, the minimum lifetime of
equipment is defined as:

T*
T, =———. (€9))
K, 8760
The minimum operating time of equipment (T".) in formula (11) is defined as:
T, =min(T), T7, ... T0, ) (12)
- LN ! 2’ N

The value of the minimum operation time of the electronic component (T**#.M,) in the formula (12) is
defined as:

ok T
R (13)
When using this technique to calculate the minimum storage time equipment (TCXM) in formulas (11)-
(13) take that: Ku = Ky x Kyer; Tua = Txp 8760; Kttospu = Kitopsa = 1; T une = T oy T = Txpas Torone = Toxar
In the case where the period of operation () equipment stored under different conditions, in (12)
instead of the values T""xp.m, values are used T"""xp. M,,, calculated according to the formula:

ZZ*M‘Z( o) (14)

The method of standard [4] can also be applled for calculations of gamma-percentile and medium
storage time equipment. Calculation gamma-percentile (Txp) and the medium storage time (Txp.c) the electronic
components held by the formulae:

_ 01y,
*71-0,15-3,09
TXp.C = ; : TX

1-0,15-3,09

These values are used in equation (13) for the calculations of T, and T™ s, electronic components.

If the criterion of the limiting state of the equipment (Kn) is formulated as the achievement of the
gamma-percent storage time of a certain percentage of the electronic components, then the formula (12) is not
used, and for calculating T’ the following procedure applies:

- an array T"xp.yi, T™xp.y2, ..., T™xp.yy (or an array T™xp.y,, T™'xp.y2, ... , T""xp.yn) is ordered in
ascending order;
- calculates the number of the electronic components:

8760 (15);

-8760. (16)

K
n=—1C. N+ 1; (17
100
- determines the value T"xp.y:
T =T (I/IJH/I T Txpyn ). (18)

Similar procedure applies for the calculatlon of the T sp.c.
Consider the calculation of the indicators of persistence on the example of resistors C2-33H (see Fig.1).
In the Data Sheet [5] on resistors given 95% storage life equal to 25 years.
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Fig. 1. Resistors C2-33H

The conditions and modes of storage of equipment:
- storage under cover within 0,27, at a temperature of <40 °C;
- storage in a heated room within 0,8, at a temperature of < 40 °C.
For these conditions we calculate the minimum storage life.
As in the Data Sheet [5], the 95 % storage life, find the minimum storage life, allowing (15) relative to
the Txp:
_1-0,15-3,09
¥ 1-0,15-1,645
In handbook [2] determine the values of coefficients of Ky and K« the specified storage conditions:
- Kyen = 1,4 u Ky x = 1 (storage under cover at a temperature of < 40 °C);
-Kyen =1 1 Kix = 1 (storage in a heated room at a temperature of < 40 °C),
We find the value T in the formula (13):

.25=17,8 years.

" 17,8 .

Txp.Ml === 12,7 years;
- :_1 7.8 =17,8 years.
Xp.M; 1 1

On the basis of specified storage mode Ku.n; = 0,2 Ku.3; = 0,8. With these values of the coefficients we
find the value T™"y, in the formula (14):

skl

TXP.M :0’2 ) 1297_|_0,8 - 17,8:16,8 years.

Thus, the minimum storage life of resistors C2-33H within specified modes and conditions of storage

was 16.8 years.
CONCLUSION

The above methodology allows for early design stages to calculate indicators of the persistence of an
instrument. The adequacy of the methodology is confirmed by the fact that it is based on the current
methodology of estimating reliability indices. However, it should be borne in mind that this methodology has
several limitations, so the calculated values of persistence must be confirmed by the results of tests and (or)
storage of controlled equipment.
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