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Abstract

The requirement for evaluation of the reliability of electronic devices (ED) for every
day and special use is connected with new methods for design and construction. This applies
most of all to aerospace equioment and sistems. They must satisfy a complex of technological
requirements. The most important of them must be restrictions by size, weight, power
consumption, high stability of output parameters and high reliability in the process of usage.
It should be taken into account that process in question takes place in the condition of a wide
range of change in temperate, humidity, pressure, vibrations, in the presence of active
disturbances, radiation and random variances of the nominal of the elements of ED, provoked
by change in production technology. This paper examines an engineering method for
research of the local sub domains for steble work of the circuits in ED. The method is
continuation of the method of boundary tests, created in 1968 and suggested inf1].

1. Introduction

Satisfying the requirements for ED is a complex and multisides
problem of the optimization and modelling theory. Three basic groups of
methods for optimization of ED work areas with respect to decreasing
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probability for gradual failures are described in technical literature : the method
of statistical tests (normal and speeded) [1; 2], the method of optimization
with analysis of intermediate results {2] and the “Monte-Carlo™ statistical
modelling method [3]. Among the most effective methods from the second
group are the Gauss — Zeidel method, the relaxation method, and the gradient
method [3]. From the point of view of engineering design, the general
disadvantage of the mentioned methods is their complexity, labour-
consumption and poor clearness. The treatment of the problem consists in
dividing the multidimensional domain of the circuit’s stable work into local
sub-domatins and optimizing the last domains with sufficiently high probability
for stable work ( P 2 ,95). Thus, the clearness of the analysis of the local

sub-domains (two-dimensional or three-dimensional) give the possibility to
apply the heuristic approach during the design process.

2. Solution of the problem
The solving of the formulated problem after the proposed method
takes place in 4 steps described below.

2.1. Detrmination of the local sub domains of the ED cicuit’s
stable work
Thus can be done using the system of equations:

) V()= w,(1), (B=12,.....k),
where: V, (1‘) and W, (f) are generalized functions of the ED parameters

q,5q,s--q,» which include the parameters of the electronic elements,

semiconductor depending on one devices and power supply sources common
independent variable, the time 7.

The functions ¥, (t ) and W, (1‘) also depend on the characteristics of

the disturbing signals and the exploitation conditions. Conditions (1) are
obtained from the analysis of ED’s physical model. When the system of
equations {1) is functionally incomplete with respect to the parameters

g (i=1,2,...,n) it is completed based on physical considerations by

introducing new conditions or adopting part of the parameters g,, as
determinative. The stable work domain of ED, determinate by system (1)
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1s multidimensional with respect to the parameters g, . The analysis of such a
multidimensional domain is not very effective in obtaining engineering

formulas to determine the optimal values of the parameters g,. Therefore, it

is advisable to divide the steady work domain of ED into local sub-domains.
The nature of the division is in solving the system of equations (1) in
such a way as to obtain two relations of the type:

(2) quF;(QF)’ mz(Dl(Qr)’ (m,rﬁn,mir),
where: g , g, are two of the parameters, that are searched for.

Conditions (2) determinate the local sub domain {g,_,q ) of stable
work of ED. Moreover, we must take into account that in relation (2) more

than two parameters ¢, can be included . In this case, the boundary of the
local sub domain depends parametrically on the additional parameters g,.

Taking into consideration the values (g, ,q,) in the initial system (1), we
obtain a second local sub domain.

6 225(4,4,8). 220,.0.0). (s <nprs)

from the analysis of which we defines the mean values g ,g. of another two
parameters of the ED.

Using the values G,,,4,,9 ,,4,obtained from the initial system (1), we
determine the next local sub-domain and ete. until we obtain the mean values
of all parameters g,. The values g, must be chosen taking into account the
possible dispersion of the quantities g, and the coefficients, which define the
functions F,F,...,0,D,,...

2.2. Stochastic analysis of the local sub domain of stable
work of the ED

When taking into account the dispersion of the quantities g, and the

coefficients which determine the functions £, F.,...,@,D,,... each of the
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relations of a type (2}, (3) having the following general appearance:

@ #()<v (1), (j=123,...1), (I<n/2)
must be replaced by an additionally specified relation of the following type:

) B)<v () {1+2,()],

where the dimensionless random quantity Z ; (r ) determines the influence of

the destabilizing factorswith time ¢, on the output characteristic Z (3‘ ) of the
ED, i.e. its relative error,
In the general case, the dimensionless random quantity Z_, (t) is

determinated by the equation:

AZ
©  Z(1)=7%,

where: AZ is the displacement of the output characteristics Z (2‘) of the ED

from its nominal value Z (r) caused by the influence of the destabilizating
factors with time ¢,

We assume, that the displacement of the basic perameters g, of the

ED are small (this condition is satisfied with correct by true design and normal
exploitation of the ED), i.e.:

N Ag, << g,
and Av, (t) WV, (t), Apt, << Ji, we represent the relative error Z, (2‘ )

of the functions L, =V, / K, inthe form:

AL Ay, Au,
® Z{)=—"=~ A
’ Lf V_.‘ Ju.f' ‘
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Taking into account relation (6), we represent Z, (t) in the following

form:

%) Z.;-(*‘Fi%-(ﬁ%/@),

i=]

here: 4~ L, (9:9-4,) 9 d the derivati
where: “; ~© L{(3,7 %) - t
i 5q£- L_f(q!’qza“"qﬂ) - o

51:._1r / 0g, are determinated for the points (ql,qz,...,q”).

Equation (9) is the error equation of the error of the output
characteristics of the ED which determines the relation of the relative

displacements Z, (t) at the boundaries of the determined local sub-domains

with the relative displacements Ag / g, of the parameters of the ED.

Based on the theoretical investigations made in [4], equations (9} can
be transformed in the following form:

AZ &(AZ " Aq Y Aq
—_— = —— = a.. l+m°—’ ‘—'L.
w0 ZI[ 3 L 2, ,.( 7 ) Z

Relation (10) is an expanded interpretation of the equation of the
“small” relative errors from (9), which is characterized by the existence of a
“partial” (by ,, { ) influence coefficient, defined by the multiplier, accounting
for the non-linear terms of the second and higher order.

2.3, A priory determination of the parameters of the partial series
from equation (10}
This determination is based on the use of the influence of the artificial

by formed change of the i-th basic parameter (BP) Ag,, on the output

characteristics (OC) (AZ )(’ at constant values of the other BPs.
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Fig. 1. A priory determination of the parameters of the partial series
from (10)

That is accomplished by using the following initial data and procedures:

1. For BP g,, two a priory points are used with coordinates -

p.1 l_q”,. (AZ )% J p2 [(cj + A7, ), AZ, ] which are shown in the Fig. 1, where
g,,Z are the known nominal of the ; -th BP and the OC; Aj,,AZ, are the

given changes of the ;- th BP and the measured change of AZ.
2. For p.1 we determine according by the derivative (62 /6q,_) and

the value of the coefficient @, = l(@Z [0g ,.)Er_ J (('i |z )

3. Along the coordinates of p.1 (the end of the a priory range,
beginning of the a posteriori range of prediction) (AZ -G, ) we determine
the parameter 7z, according to:

— AZ] f(Aqf
(1) M =r—— .

4. From relation (9) presented in suitable a priory form:
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Az -iﬁé.(lwﬁ A4

f
- ) , we obtain after appropriate transforma-

Z ! qr i
tions
12) 5 a,Aq.

T lgl+m(85,/7))

2.4. Prediction of the relative displacement (error) of the
output characteristics of the ED in the case of its complex dependence on
individual BPs

During stable work regimes of the ED, the following is valid for
formulas (7) to (10):

(Ag, /7 )<<1, (AZ/Z) <<(a,.Aq,/q), i<l . From these
conditions we can transform (10) in the following form:

AZ (AL : _ Aq ) Aq,

—_—= — | =>a,.ll+mr —j-——.
( l 3) Z ; ( Z ]‘L ; il ( iti = J q.;

Equation (13) is “expanded equation of the accidental relative error”,

i

which gives the probability for predicting the relative error £,. of the OC
of the ED with complex change of the BP, (!- =1.... n) which determine it out

side the range Ag, for .Aq{.] > ]A"q‘,,] according to:

Q| q!’

As a matter of principle, equation (14) is a refation of relative accidental
errors, which depends on a great number of non-dominating factors with normal
distribution. It is important to note, that in the common case the distribution

(14)  Sac =%Z-525” '[Hﬁ,-ﬁ'%]%.

of the process of change in £,.. as a result of its non-linear character is a
multiplication of Veybul distributions [4].
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with [7.F(Aq,/g )<<1] and in the general case
condition (x/ x ) =M (x)/ M (x2 ) = o, /o) where is satisfied for the

mathematical expectation M(Ag, /4, ) and the dispersion D{Agq, /g, ) of the
individual BP , the mathematical expectation and the dispersion of the OC of

ED (AZ / Z ) can be determined, according to:

AZY o | s o] O Aq,
(15) M[—Z—J=;a”.lil-i-m,.r,.M(—;?_—}:'.M(%-—]’

o D2 \=Yaiemrp 54 || pl A%
( ) Z — il P q E?_ '

3. Case study of an electronic circuit

As a subject of the case study, the circuit of a generator based on the
integrated circuit NE 555 - electronic timer {5}, is chosen. The circuit and its
elements are shown in Fig. 2.

Fig 2. Electronic circuit of a generator
based on the timer NE 555
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The investigation was carried out on the basis of equations (15) and
(16), which were transformed in the following form:

A J — AC AC
(17) M(?f} = gau.{l + i ﬁM(?HM(w(—?_—]’

(18) D{é%} Ega}l[l-i“ﬁffl)(%]}D[%g)

where: f - the mean (nominal) frequency ofthe generated electrical oscillation
at the output of the timer NE 555 (}"_ =1kHz); Af - the displacement of the
timer frequency from f; C - the mean (nominal) value of the capacitor C

from Fig. 2 (E =1nF ); AC - the displacement of the value of capacitor C

from the its mean (nominal) value C; R =54Q; R, =470kQ.

In Fig. 3 and Fig. 4 the graphic simulation investigations of equations
(17) and (18) using the “Mathematics” program are shown, investigating the
functional relations:

a9 M(Af/F)=F[M(ac/CT)],

oy D(&f/F)=F[D(ac/C)]

Functional relations (19) and (20) are investigated under the condi-
tions of the experiments with the timer from Fig. 2, whereas with a change of

the capacitor value C by AC =100 pF' we have Af =10 Hz. Under this

condition, from equations (9), (10) and (11), the following relations for
mathematical expectation M and dispersion D were obtained:
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@) M[IOJ [1+10%AC.Ig (Af]M[mg),

Af

12 40 AC
22) D[m;] 107.[1+10%.1g° (Af)]i)(lo_g],

where M is mathematical eXpectation and D is dispersion.

=0.1 =0.05 C.05

Fig.3. Graphical representation of the function

M(%}:F[M(ﬁﬁﬂ
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Fig.4. Graphical representation of the function
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4. Conclusions

On the basis of the results from this investigation, we can formulate
the following conclusions:

1. Equations for mathematical expectation and dispersion of the output
characteristics of electronic devices for every day and special use have been
derived. From the analysis of these equations the technological conclusion for
the high reliability to externai influence on the test circuit in the connection
regime recommended by the producer has been made.

2. On this basis simulation case investigation of an electronic circuit
(electronic timer) has been carried out. The simulation investigation evidences

of the good symmetry of function M (Af / f) and stability of function
D(af/F).
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3. Based on the type of the graph of function M (Af / f), it can be

ascertained that the probability for generation of the nominal specified by the
producer frequency of the output pulses is maximum in the domain of the
solution of this function. The uncertainty of the dispersion of the generated
frequency is uniform and symmetrical at deviation from the nominal value.
All investigation have been made only for a change of the capacity of capacitor
C from the connection shown in diagram Fig.2, whereas the influence of
resistors R, and R, has not been accounted for.
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METO/ 3A H3CJIEABAHE 1 OHEHKA HA HAJJEAKJHOCTTA HA
EJEKTPOHHH AITAPATYPH B ITPOIIECA HA PAZPABOTKA U
EKCILIJIOATAHUSI

H. Ilempos, b. boiiues
Pesrome
V3uckBaHeTo 33 OLEHKA Ha HAAEKAHOCTTA Ha €ACKTPOHHMTE anaparypy
(EA) ¢ 6uTOBO M CnenManHO NpeIHASHAYEHHE H3HUCKBA (IPHHIHITHO HOBH

METOIM 3a IPOSKTHPAHE H KOHCTpyhpaHe. Tosa e ocobeno akTyanHo 3a aepo-
KOCMHYECKHTE anaparh H cucTeMH. Te Tpa0Ba a YAOBIETROPABAT KOMILIEKC

91



OT TAKTHKO-TEXHHYECKH M TEXHONOTHYHH H3HCKBaHUsA, Hali-paxuuTe OT TAX
clensa Ja 6LAAT OrpaHMYEHUs IO OTHOUIEHHE Ha rabaputm, Terno,
KOHCYyMHpaHa H pa3ceiBaHa MOIIHOCT, BHCOKA CTA0HIIHOCT HAa H3IXOIHHTE
napaMeTpH H BECOKA HaZSKAHOCT B IIPOLECca Ha eKCIuIoaTanus. Tpadpa fa ce
HMa npeaByi, Y€ BBIIPOCHHAT NPOLEC CE H3BBPILIBA B YCJIOBHATA HA IMPOK
AHENNA30H Ha H3MEHCHHC HA TCMNEPATYpPaTa, BAAXKHOCTTA, HAIATAHETO,
BUOpaANUNTE, HATHYUETO HA AKTHBHU CMYUICHUA, PATHALHA H HEU30CKHH
crydaifHi BapUallMH HAa HOMUHAIMTE Ha €NIEMEHTUTE Ha EA NpeAr3BAKaHM OT
HM3MEHEHHEeTO HA TEXHONOTHATA Ha NPON3BOACTBO. B HacTosmara craTug ce
pasniexa HHXEHEPEeH METOH 3a H3caeABaHe Ha JIOKaIHH noxodmacTH 3a
ycToduMBa paboTa Ha cxeMHTe B EA. MeTonsT ce ABsaBa NpoARIieHHE HA
MeTojla Ha TPaHAYHUTE H3HTAHUS Ch3AateH nipe3 1968 r. u npexoxen B [1].
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