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Introduction rate of components during the moments of time further
from time of publication of help data.

.In the paper, e.arly stages of existence of Let's consider a time interval from the moment of

electronic devices are considered: design stage and stage of publication of help data for which the manufacturer

early failures. At the design stage of electronic devices,  gpecifies reduction of failure rate of components. Then, for

various actionsro,is"'afahtipd/dmdoi.cigﬁ@eSBﬁ/j@ikwﬁ1@@.433the certain type of components, it can be written down:
structural decisions; choice of parts of devices,

components and elements; performance of programs on At)= 20K, (¢), (1)
maintaining reliability [1, 2]. Among programs on
maintenance of reliability, important role is attributed to K; (t): exp(— Al), (2)

evaluation works related to reliability of various variants of
structure of electronic devices [3]. At evaluation of
reliability of devices, help data manufacturers components
and elements (further — components) are used [4]. device; A, — help value of failure rate of component of the

The stage of early failures is usually related to the
beginning of technological running—in of electronic
devices. At this stage, failures of both devices, parts of
devices and components are revealed. In general, the i
reason of the given failures is industrial lacks. To organize  specifies certain values K, (), (i =11 ) for the moments
works on revealing early failures in a rational way is  of time ¢;. It is easy to show that based on the method of
possible having estimated reliability of electronic devices
for the given stage [3, 5, 6].

In the article, the method of forecasting of
reliability of components applied at a design stage of / I
electronic devices is analyzed. Models of reliability of AZ—(ZQ anﬂ(t,‘)] ztlz . 3)
electronic devices for the stage of early failures are i=l i=1
considered. Methods of evaluation of parameters of
considered models and method of evaluation of conformity
of models with statistical data on failures, are offered.

where ¢t — the moment of time of a considered interval;
/1(1) — predicted value of failure rate of component of the

device; K (t) — failure rate reduction coefficient of

component of the device.
Let's analyze a case when the manufacturer

the least squares, values of coefficient 4 in (2) can be
determined from expression

For example, the manufacturer specifies reduction
of failure rate of the certain type of components within the
first three years from the moment of publication of help
data: K,(1)=09; K,(2)=08; K,(2)=0.7. For
Forecasting of reliability of components of electronic coefficient A, according to (3), we shall receive
devices A=0.116.In Table 1, for a considered case, values of

. e . coefficient K,(¢) for various ¢ (in years), determined on
Works of calculation of reliability are carried out l( ) (in years)

at various stages of life cycle of electronic devices. At

early stages of life cycle this usually is the counting of _
indexes of reliability of devices. The given evaluations are ~ Table 1. Dependence K, (f ) for various ¢

expression (2) are specified.

based on the information by manufacturers on reliability of P 1 2 3 4 5
components. The information on reliability of components
of electronic devices is specified in various sorts of K, (t) 0.89 0.79 0.71 0.63 0.56

directories. The important question is definition of failure
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Values K, (t) in Table 1 for ¢ >3 are fair in the

event that law of reduction A, is verified by the

manufacturer of components.

Models of reliability of electronic devices at a stage of
early failures

For a stage of early failures, it is first necessary to
choose a kind of the dependence describing change of
mean value of a failure rate (further — failure rate) of
devices in the course time.

For the device the density of a distribution of
time from the beginning of technological running—in to
first failure, and between other consecutive failures can be
presented as superposition of two exponential distributions
with parameters A, and A, [6]. Parameter A4,

characterizes failure rate of parts of the device and
components due to industrial lacks. Parameter A,

characterizes failure rate without taking into account the
mentioned lacks. Then dependence (regression) of failure
rate of the device on time will be as follows

Ale)= A, exp(=apt)+ Aq ()

where A; — value of a failure rate, caused, basically, by

defects of manufacture of the device, parts of the device
and components; A, — the established value of failure

rate; o, — coefficient describing speed of revealing of

defects of manufacture during running—in. Between
coefficient A;, &, A, and failure rate A,, A, there is

following relation [3]:

Ay =b A +by A, — Ay, ®)
Ay = ﬂlﬂz/(ﬂlbz + b )’ (6)
ay = Mby + b, @)

where b,, b, — coefficients depending on a parity between
two kinds of failures of the device, described by failure
rate A; and A,, with b; +b, =1.

The following dependence (regression) of failure
rate of the device on time can also be used:

A exp(— alt),O <t<t,,

Ar) (3)

A exp(— o, ),t >t,,

where ¢, — duration of technological running—in of the
device.

Evaluation of parameters of models of reliability of
electronic devices based on statistical data on failures

The following issue to be solved is determining
values of coefficients A, «,, A, in regression (4) and

coefficients A., o, in regression (8). As it may be seen
from (4) and (8), considered regressions are nonlinear.
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With the information on failures N; of devices

during the moments of time ¢; (i = I,_n) of carrying out of
technological running—in, it is possible to receive statistical
evaluations (at r=¢,) of average value A, and a

dispersion [)l- of failure rate. With availability of data it is

also possible to use data of exploitation of devices.
Let's consider intervals Ar;: At =¢;

Aty =t,—-t;; ..., Ar,=t,—t, . Considering their
actual duration, we shall consider a flow of failure during
At; as the Poisson flow. Then, for A, and D;, it will be
fair:
Ai :ri/(NiATi) )
DAi :”i/(NiATi)z >

©)
(10)
where 7, — quantity of the failures that have arisen during

interval Az;.

The method of the least squares can be applied for
definition of coefficients of regression (4) and (8) [6]. If
random errors of supervision are independent and are
subordinate to normal distribution, the given method
provides evaluation of unknown coefficients with the least
dispersion. Thus, the received estimations are efficient [7].
Otherwise, other methods leading to steady estimations can
be applied [7, 8].

On the basis of method of the least squares,
coefficients A;, ¢,, A, of regression (4) can be

determined in view of following requirements:

i [A, _A(ti;/}haO’AO)]z

— min , an
i=1 D, Ar-ao-Ro
A(fi;Aloao»Ao):Al exp(—aoti)+A0. (12)

To find A, ,, Ay, according to (11), it is
necessary to carry out differentiation of the left part (11)
according to A;, a,, A, and to equate derivatives to

Z€ro:
n
o ﬂj o,
21 \OA1);
n
S5, ﬂ} -0, (13)
i1\ 9ag ),
n
>3, 6—Aj -0,
i=1 aAO i
Bi:Ai_A(ti;f\l’aO’AO)’ (14)

D.

1

where (ﬂj =A/Al (t;;A),00,Ay) — value of partial
1/;

derivative function A on parameter A, in a point ¢;; the

OA

same | — |, | — | .
(80:01 (8Aol



Considering that regression (4) is nonlinear it is
not possible to solve the system of the equations (13) in
analytical way. In this view, we shall stop on numerical
methods.

Let's use a method of search on a grid. Let's
consider area of possible values «, with limits «,,;, and

omax - Based on the demanded accuracy let's allocate ¢

of values ¢, within the limits: agy; g ... 5 Qg5 - 3
Qg - Let's consider that ay, = @ymin » Qpg = Aomax > and
value «, is known and is equal to «; (j =G) Then,
corresponding values A,; and A,; can be determined

considering requirements of the method of the least
squares, under formulas:

icizn:ciE,.f\i -

_ =l i=1

Zn: CiA,
_ i=1 i=1
n n n 2
>.CY CE} - [Z C,-E,J
i=1 i=1 i=1

AOj :(Zn:Az’j\i _AljiAiBz) Zn:Az’ 5 (16)
i=1 i=1 i=1

(17
(18)

. (15)

1j

C. :r.il,

l i
E; = exp(— aojt,-).

Values A,, A, and ¢, can be considered as
required values of coefficients at which S, satisfies the
following equation

S, = min{S;, S5,y S S,y f (19)
where

S, =3 R = Ay, —ALE (i =Ta). @)

i=1

For unbiased estimate of square deviation o, it
will be fair

Zn:Ci {Ai — Ay = Ay exp(- gt )}2

i=1

21

O-O =
n-=3
Values of coefficients A. and «; in regression

(8) shall also define based on the requirement of the
method of the least squares:

> A, ~Al:Ana)]

- —> min, (22)
i=1 Di A*,O!]
At;;Av,e) = Asexpl-ayt;). (23)

For finding A. and ¢, according to (22) it is
necessary to solve the following system of the equations:
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L OA
S 2] -
5 oA ), o
4 OA
Sr[ 2 o
-1 \0aq );
F =A,-—A(tj;A*,a1)' (25)

D,

Regression (8) is also nonlinear. In this case,
definition of values of coefficients A and «; is possible
by using the logarithm or numerical methods. At
transformation of regression (8) by using the logarithm,
coefficients ¢; also A« can be received in an analytical

way:

nit[ ln[A\i —anlnf\izn:t[
__i=l i=1 i=1

a; 5 , (26)
(Zt,} —ny 1}
i=1 i=1
Ax = exp{(iln[\i +a1itij/1} . 27
i=1 i=1

The unbiased estimation of square deviation o,
for regression (8) will be as follows

o) = \/(n —2)_lzn:Ci {[\i — A exp(— ot )}2 . (28)

i=1

As a numerical method for regression (8), it is
also possible to use the above—considered method of
search on a grid. Let's allocate ¢ values in the field of

possible values «;. Let's consider value ¢; known and
equal to «; (j :E) Then, corresponding A.; shall be
defined as follows

ZCiAi exp(— aljti)
i=1

A*j:

i G {eXP(‘ ;i )}2 |

i=1

(29)

Definition of consistency of models of reliability of
electronic devices with statistical data on failures

Let's consider the issue of check of validity of
judgments on a kind of regression A(t). Let's consider a

zero hypothesis that dependence of failure rate on time
corresponds to (4).

Let's consider that N, = N, Ar; = Ar(i =l,_n)
Then, it is possible to conclude [9] that statistics 52,
subordinate y* distribution with (8, =n—3) degrees

of freedom, can be determined from expression

& = (NyAzo, ). (30)



Value of statistics &2, calculated by (30), can the manufacturer. ‘
3. The method of forecasting of reliability of components

is offered. The method considers data by the
7’ . (/30)< &2 < ;(ﬁ( ), (31) manufacturer on change of failure rate of components
= 2 during the moments of time after publication of help
5 5 data.
¢ SZI_E( )’ (G2) 4. The stage of early failures of electronic devices is
2 considered. Two models of dependence of failure rate
E2> 22(8,), (33) on time for the given stage are offered.
By 5. Methods of estimation of parameters of considered
models and a method of estimation of conformity of
where 7> 6( 0) _ 100[1 —fj percentage point of > models with statistical data on failures are offered.
= 2 6. Models of reliability of electronic devices are
nonlinear, numerical method of finding the parameters
of models is therefore considered. The method
provides carrying out of computing experiment.

satisfy one of following conditions:

distribution with f, degrees of freedom; ;(ﬁ( 0) -
2

£ . s .
100— percentage point of ;(2 distribution with S,
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Early stages of existence of electronic devices are considered: design stage and stage of early failures. At the design stage, works on evaluation of
reliability of various variants of structure of electronic devices are carried out. At performance of the given works, help data by manufacturers of
components are used. The important question is definition of failure rate of components during the moments of time further from time of publication of
help data. The method of forecasting of reliability of components is offered. The method considers data by the manufacturer on change of failure rate of
components during the moments of time after publication of help data. The stage of early failures of electronic devices is considered. Two models of
dependence of failure rate on time for the given stage are analyzed. Methods of estimation of parameters of considered models and method of estimation
of conformity of models with statistical data on failures are offered. Models of reliability of electronic devices are nonlinear, the numerical method of
finding the parameters of models is therefore considered. The method provides carrying out of computing experiment. Bibl. 9 (in English; abstracts in
English and Lithuanian).

V. Stupak. Elektroniniy jtaisy patikimumas ankstyvosiose gyvavimo stadijose // Elektronika ir elektrotechnika. — Kaunas: Technologija, 2011. —
Nr. 6(112). — P. 57-60.

Nagrinéjami elektroniniy jtaisy projektavimo ir ankstyvyjy gedimy etapai. Projektavimo etape atliekami elektroniniy jtaisy negendamumo vertinimo
darbai. Tam naudojami zinyny duomenys apie komponenty patikimuma. Atliekant Siuos darbus, svarbu zinoti komponenty, pagaminty vélesniais negu
zinyny publikavimo data laiko momentais, gedimy intensyvuma. Sitlomas komponenty negendamumo prognozavimo metodas. Metodas remiasi
gamintojy duomenimis apie komponenty negendamumo pakitimus. Nagrin¢jamas ankstyvyjy gedimy laikotarpis ir analizuojamos dvi jtaisy gedimy
srauty priklausomybés nuo laiko. Sitilomas Siy modeliy parametry vertinimo metodas ir sprendimy apie pasirinkty modeliy panaudojima pagrjstumo
tikrinimo metodas. Atsizvelgiant j tai, kad negendamumo modeliai yra netiesinés funkcijos, siiilomas skaitinis modeliy parametry vertinimo metodas,
pagristas skai¢iavimo eksperimentu. Bibl. 9 (angly kalba; santraukos angly ir lietuviy k.).
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