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DETERMINING OF ELECTRONIC CIRCUITRY

ASSEL ANUARKYZY YERZHAN ' & KURALBAYEV ZAUYTBEK *?

Almaty University of Power Engineering & Telecomnieations, Republic of Kazakhstan

ABSTRACT

This article focuses on one of the pressing isselkeded to the solution of the problem of the efmuic device
sensitivity to minor changes in the parameterdoéiements. The paper gives a general formulatiche mathematical
problem, resulting from simulation of transient @eeses occurring in the electronic circuit whenoseg to external

factors and changing parameters of the elementsrake up the scheme.

A new approach to solving this problem, based ennthmerical solution of two problems, is being cdté the
first one is considered when the parameters ofitielements remain unchanged, and the second n Wieechange of
these parameters occurs. For the convenience oénmeahimplementation of the algorithm for the pospd approach to

the problem solution, all of the parameters aresicizred dimensionless variables.

As an example of the solution the problem is setekectronic circuit is considered, for which tegtiof the
approach proposed here to solve the problem has dmelucted. Various options for changing the patans of circuit
elements are considered. The numerical experin@nbben conducted. The results of solving the prolalre given in the

form of tables and graphs.

To evaluate the sensitivity of the electronic cirdo the change in the parameters of its elemantslative

difference between these two solutions has beeptedo
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INTRODUCTION

It is known that the electronic circuit are affettey not only external effects (currents, voltagss,), but also
values settings of circuit components may changdewunhe influence of various factors [1, pp. 15®{l16-actors
influencing the change in the parameters of cir@al@ments can be: modified temperature, wear aad t&ging,
weathering, replacement of components and otharshd process of manufacture and operation of releict devices

values of element parameters may differ from tHeutated ones.

Obviously, if at some point in time there is a oparin the circuit parameters, the process in therse is
different. These changes in the values of eleatramicuit element parameters may be undesirabletier normal
functioning of the entire device, as they are resfie for the violation of its operation. Becaube quality of the

electronic device operation greatly depends orcliaage in its characteristics.

To evaluate the performance of the developed eleictrdevice a concept called "sensitivity", defmin". . .
measure of changes in the characteristics of trmuiti(or functions of the circuit), which occurres a result of a

deviation of one or more circuit elements from theiminal values"[2, p. 98] is used.
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On the other hand, calculation of the device origlsy sensitivity plays an important role in the igesof
electronic devices used to analyze various embatsna circuits and selecting the best (optimabjars [2, p. 101-112].
In a word, the determination of the device or desisensitivity of the elements will be important $olving the electronic

circuit optimization problem according to certagguirements.

In this regard, there is a need to assess the tpabanges in the parameters of the elementsetetiange in the

characteristics of the electronic device. Solutibthis problem is relevant.

For the formulation and solution of this problemg wtroduce the concept of electronic circuit sevigy to
changes in the elements. Here, the term “sensitivéfers to the circuit’s reaction to a changeairparameter of its
element. Research by many authors was dedicathe &tudy of the problem of calculating the quatitie assessment of
sensitivity. Concept of sensitivity was first intiwced in the work by H. Bode (Bode HW, 1945) [3].

To quantify the sensitivity, ratio of the changetb& output parameter to a change in the paraneétenent,
which is measured as a percentage, is used [456]. In the literature devoted to the study of thieblem relative
sensitivity, this is determined by the followingrioula:

gy = oy éalpha]
“ Olalpha] vy

is used. In this formul§alpha] —is the element causing the change;~parameter being measure8,, .. —
relative sensitivity.

If we consider a linear circuit, circuit functiora be used instead of the parame}¢r Then the notion of

"sensitivity of the circuit function", introduced/l6.Bode [2, p. 101] is used. Review of the litaratdevoted to the study
of sensitivity showed that the calculation of teagstivity function "can lead to intractable comggignal problems for any
circuit" [2, p. 127].

Solution to the problem related to the definitiohsensitivity for non-linear circuits, has somefidifilties of
computational nature. This is due, primarily, tdfidulties in solving mathematical problems arisiag a result of
mathematical modeling of the transient processhim dircuit due to changes in the parameters otligsnents. The
difficulties of determining the sensitivity functicare primarily associated with the problem of deiaing the partial
derivatives of bulky functions. In such cases, phebability of errors is large enough. Thereforesiraple search for the

application of a computer analysis method of tleetebnic device sensitivity is an important task.
General Problem Statement

Mathematical modeling of the transient proces$@dlectronic circuitry in general leads to solvihg following

system of differential equations [5-12]:

%: f(t, X, X%,,...,X,, 2(t),[alpha] ,[alphal,, ...,[alpha],,). (1)
In this formula: i = 12, ...,n, t —time, [alpha]j,(j =12...,m - circuit element parameters,

X, = X (t) — unknown functions that describe the dimensionteseents or voltages. The solution to this probigrseen
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in the range of dimensionless tinfk<t < 1.

To solve this system of differential equationstti initial conditions are given at some titng O
x (0) =[alpha],, i=12...,n 2)

It is assumed that the transition process in thvergielectronic circuit is influenced by the periagb factor,
determined by a functiorg(t). If parameters of the circuit elements are not gedn then the solution of the Cauchy

problem (1) - (2) defines the normal transient psscoccurring in the electronic circuit.

This formulation of the problem assumes the follmyvidetermine the change in the occurring procdssnva
parameter (or set of parameters) of circuit elemehanges. Suppose that at some pbintt, in time there is a change in
the value of one element (or group of elements}hef aggregate[ alpha]} . Determining how much the process
occurring in this circuit changes, is required.

Stages of General Problem Solution

The solution to this problem may consist of solvemgme of the Cauchy problems for a system of orgina

differential equations of the first order. Theselgems can be solved in a certain order.

The solution to this problem will consist of théldeving steps:

1-stage. Solution of the system of differential &ipns (1) at constant values of parametgralpha]} and

initial conditions (2):
X =X (t,[alpha],,[alphal,,...,[alpha],), i=12....m 3)

2-stage. Determine the solution of the problem-(3) for the timd =1, i.e. values of functions (3) will be

determined:
X (t,) = X (t,, [alpha] ,[alpha],, ...,[alpha] ), i=12....m 4)

3-stage. Solve the system of equations (1) forirthil conditions (4), when there was a changéhm value of

one parameter or the values of several parametéhe opulatiof[ alphal} . In this case, we obtain new values of the

required functions for the changes in parameteres] alpha]} :

%, =x(t,[alphal, +[deltd] [alphe],, [alpha], +[delta] Talphal, ..., [alphal , +

5
+[delta] (Jalphal,),i = 12,...,m ©)

4-stage. Difference of two solutions is determibgda) solving the system of equations (1) withchiinging the

parameters of[ alpha]} , and b) solving the same system of equations thih values changed:

Xi =X :1_ﬁ, i=12....,n X
X

[lambda], (t) =
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In further studies, to assess the sensitivity ef électronic circuit to the change in the valuegtoparameters,

you can consider the dependence of these devigt@mbda], (t) on the changes of the parameters of each set
{[ alpha]}.
In this cas¢lambda]; (t) are dimensionless quantities that depend on thersionless time

A Numerical Method for Solving the Problem

The system of equations (1) in the general casenisnlinear system of first order differential efijoias that are
solved for the first derivatives of the unknown dtions. Analytical solution of this system of eqaas is not possible;
therefore a numerical method of solution is usedmBrical solution is feasible in terms of the ueamputer analysis

for the problem of determining sensitivity.

Well-known replacement of the first derivativestbé unknown functions available in the right-hamdes of

differential equations with the following finiteftrence ratios of the first order is used [9; Bj}:1

(k+1) _ o, (k)
%:u' |=:L2”n
dt T @)

Here, x ¥ =x (t.), x“? =x(t,), t =1k, k=012...,N-1 N==;
r

X © — X (0) =&, T —time increment ort.

Substituting (7) into the right part of the systefequations (1), we obtain the following systemddference

equations

()

x D =x O+ ror t, x ", %Y, ..., x. 2z [alpha] ,[alpha],,...,[alpha,,). (8)

Here z, = Z(tk) — discrete values of the given function at the splitpoints of the segmeft<t < 1.

Formulas (8) are recurrence relations, which feegiinitial conditions allow us to determine theatete values

of the unknown functions

x @), (=12...,n).

Here, formulas (8) are used twice: for the firstiah conditions (2) and then for the initial cotidns (4). The
results are compared to times wiient,. Using formulas (6) relative change$(k) and Z(k) are determined, i.e. values
of[lambda];, (t). are determined. From these values, we can deterthinimpact of changes in a particular parameter

[alpha], to changes in the desired functioggt) . This allows estimating the sensitivity of the atfenic circuit to

change in the parameters of each of its elements.
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A Special Case

To implement the proposed approach to solving phidlem it is advisable to consider the particydesblem -

the problem of estimating the sensitivity of a sienglectronic circuit to change in the parametéditsalements.

Let us now consider a circuit with a non-linearnedmt (Figure 1). As an example, the circuit considen [6;

12], consisting of two capacitors and a nonlindament (NE) is taken.

>l

oF /@ -

Figure 1: Electronic Circuit with a Nonlinear Element

Solution to the problem of a transient proceshenonlinear scheme should be used to analyzestistisity of
this circuit. This allows you to determine the effef parameter changes in the nonlinear elemeth@rsensitivity of an

electronic circuit. Method of circuit state equatiormulation is based on the application of Kiroffls laws.

Yo

Suppose that the following expressiﬂg = R

BH(X), is used for approximation of the nonlinear current

u
- — “NE . . — .
voltage characteristics of the element (NE) , where - dimensionless voltageq ( X) - approximating function

U 0
of the relationship between current and voltagth@énon-linear element. Moreover, the voltage mrbn-linear element

is defined by the formuldye = X[U .

If Ing =15, then for the circuit in question, the followinguation can be written [7;13]:

i, =C, ;ld—uz; i1=C1Gdi;
dt dt

Ji i, =i(t); Uy =U; —Uy;

. _U

2 :EO@(X)

In this system of five equations; the unknownsthesfive variableils |21 uj_! u21 uNE . These five equations

are equations to determine the five unknown pararseif this electronic circuitry.

For convenience in the calculations, it is apprgrito use the dimensionless parameters. To do tthes
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U

following characteristic values will be further dse Uo - voItageFO— current. The following change of variables is

performed:
|2_y2 O; i=z 0; I]__y]_ 0; X]__ 1;

u
X, =—%; x=-tE; t=L1.
U, U, T

Here X, X5 X5, Y1, Yo, T — dimensionless quantities.

If U; andU, are found then it is easy to determihge ; therefore it is sufficient to solve the systenfalfowing

four equations for the four unknown functios X5, Y;, Y5 -

X — . -
y, =[alphal, %; Y, :[alpha]z%, Yity,=z(t); Yy, =09(X). ©)
Here the dimensionless voltage in the nonlineamete is determined by the formufa= X — X, ; constants
RC RC
[al phall = L and [al IOha]z = 2 are dimensionless quantitieRC; and RC, - time constants.

Thus, we obtain the following system of three d#f#tial equations [7; 13] for the unknown functions

X(1), %, (1), X, (1) :

dx _ _[alpha], +[alpha], ETN
d ~ [aphal, Japhal, 0 " Taphal,

dx, =~ 1 ) .

dt  [alpha], dz® -9 (; o
dx, _ 1

dat [alpha], g (x)

Differential equations included in this system, tzim a functiorg(X), that is non-linear with respect )&(’[)

Therefore, the system of equations (10) is consitleas non-linear.

For the electronic circuit considered here, itgsuaned that at the initial time current (or voljgigeabsent, so to
solve this system of differential equations (18§ tollowing initial conditions are adopted:
x0)=0 x%0)=0 x(0)=0; a1

To determine the sensitivity of this circuit to alging the paramete@l, Cz - capacitor capacitances, values of
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X1, X5, Y1, Y, are computed for different values of these pararseDue to the transition to dimensionless guiastiin
this case, instead of valués,, C, parameterEaJ pha]land [a| pha] - are considered.

The Initial Data

To perform these calculations it is necessary t&kemsome assumptions. Let the current of the sobece

considered alternating and its change is giverhin form of a sine wav&(t) =sin(272la [t), where frequency is

& =50Hz. The following values of the constant paramet(e(“;é = 1'5u F, G T3uF, R=10 ohm, T=01

sec are assumed. Therefore, the values of the diordess parameters are defined as follows:

[alpha], = 015 [alpha], = 030.

These values of the dimensionless param[e@r@ha]l = 015 and[alpha]z = 030 are assumed

primary, and for them the values of voltages anderis in the circuit are determined. Then it isumsed to calculate the
values of voltages and currents for other valugb@se parameters in order to determine the setsibif the circuit when

the parameters of circuit elements change.

In this case, changes of the capacitor capacitandég circuit are considered. For the numeriogllementation

of these calculations, the values of these paramate given in Table 1.

Table 1: Values of Parameterd al pha]l And [alpha] 2

Options | 1 (Primary) 2 3 4 5
[alphal, 0,15 0,165 (+10%) 0,15 (0%) 0,165 (+10%) 0,180063
[alpha], 0,30 0,30 (0%) | 0,33 (+10%) 0,33 (+10%) 0,36 (+2Q%)

Here a variation of these parameters as a peraeiganown. Change of dimensionless paramfgipisal, , and

[alpha], to a certain percentage leads to a change of fhecitances to the same percentage.

FET is assumed as the nonlinear element (NE). kpergmental data and the approximation of thesa tat
determine the current-voltage characteristics efRET are given in [8; 16]. A polynomial of thetfifdegree is adopted as
an approximating function, and by solving a systtinear algebraic equations for determining tloeficients of the

polynomial of the fifth degree it is possible tdide the following function:
g(x) = 0005X° - 0p94X* + 0545%° — 1210 + 1099X+ 0006

Solution Algorithm for the Special Case

For this special case formulas (8) can be writefolows:

z®  [alpha], +[alpha], Cg(x™)],

XD = (0 4 7
[alpha], [alpha], (Jalpha],
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() _ ), T () _ y(x® 12
X X [alphal, 0z™ - g(x™)], (12)

Xz(k+l) - Xz(k) +[a|p7ha]2 [g(x(k))’ k=012, ...,N.

Initial conditions

x® =0, x9 =0 % =0 (13)
Values of the unknown function¥(t), X, (t), X, (t) are calculated by the recurrence formulas (12}Herinitial

conditions (13).

Then the values of these functions for some titret,.are determined. Values obtained are used aslinitia
conditions for computing the values of the unkndmm:tions;((t), Z(t), X_z(t) by the formulas:
e — (K) _
L S0 . [EZ _ [alpha], +[delta] Hlalpha], +[alpha], +[delta] (Jalpha], Eg(x(k) 1l
a, ([alpha], +[delta] (alpha],) [{[alpha], +[delta] [(Jalpha],)

T

G R (N ) _ (™ 14
X =X ohal, + [delta] Qaiphal, 2 9% b (14)

— (k+1) :X—(k) T
® 7" " [alpha], +[deita] (lalphal,

m(;(k)), k=p,p+Lp+2...,N.

To calculate the formulas (14) the initial condisodefined by the formula (4) must be given, whieim be
written in the following form:

P _ TP _ TP _

X =xXPx T =X, =X, (15)

where p = -2 — index value (number) corresponding to the time mtieere was a change of parameter values
T

[alpha], and[alpha], .

For the given special case formula (6) has thefatg form:

— (k+1) Zk"l X—(k+1)
—1-X A =1-2 ) },=1-22
Alt,) =1 = 1 X, 2 X,

(16)

Thus, a set of formulas (12) - (16), on which tladcalations are performed, has been defined . THeroof
evaluation is as follows:

Values of the required functions for the case whiea values of parametd@pha), andalphal, are

constants are calculated by the formulas (12) }. ®#8re loop iteration will be organized where tdoainter is the
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parameteK. Values of the parametdt := 012, ..., N.

« Values of the unknown functions for the case whenwalues of the parameteralpha], andalpha], have
changed and are determined by the formulas (14 H5)d The loop counter in this case varies inftilwing

boundariesk .= p,p+L p+ 2,...,N.
« Valueglambda), [lambda],, [lambda], are calculated by the formulas (16)

RESULTS OF NUMERICAL SOLUTION OF THE PROBLEM

Results of the problem are obtained in the forrmaiferical tables, which reflect the values of tb&ative
differences between the two solutions: a) the e#dsen values of elements (capacitors) do not chamgthe case when

the values of these parameters are changed.
Analysis of the results.

» The values of the relative differences betweentimesolutions increases with the passage of timeiesvalues

are given in the following table:

Table 2: Values oflambdal, [lambda],, [lambda], When Values of

[alpha], And[alpha],have increased by 2%

T 1 5 10 15 20 25 30 35
A 0,133228| 0,326853 0,484267 0,587517 0,658605 04109D,746524 0,774281
/]1 0,0026008| 0,006402 0,009439 0,011517 0,012913 910130,014643 0,015189
/]2 0,00213 | 0,005731 0,008915 0,011194 0,012863 O0,BL410015053 0,015780
Table 3: Values oflambda), [lambdal,, [lambda], When Values of
[alpha], And[alpha], have increased by 20%
T 1 5 10 15 20 25 30 35
A |0,133228| 0,326853 0,484267 0,587917 0,658605 O0410pD, 746524 0,77428]
/11 0,022169| 0,054416 0,080660 0,097891 0,109763 04B18D,124462 0,12911
/]2 0,018813| 0,054416 0,075776 0,095149 0,109334 0181pD,127948 0,13413p

+  Comparison of the values listed in Table 1 showed that a change in val@phal], andalpha], a change

occurs in the paramefdambda] that characterizes the voltage change in the imead element, which does

not depend on the magnitude of changes in the paessin the capacitors.

«  Comparison of valueglambda], andlambda], listed in Tables 2 and 3 show that increasingpheameter

[alpha], andalpha], by 20% leads to a change in the voltages in tpacitors by approximately one order

of magnitude higher than the increase by 2%.

«  Over time, the values of all parametg¢kambda], [lambda],, [lambda], characterizing the degree of relative
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differences tend to some constant values. This lasiom follows from the graphs of changes in

[lambdal, [lambda],, [lambda], over time (Figures 2,3,4).
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Figure 2: Graph of Change in the Parameteqflambda] by 2%
If the value of the capacitor element does not geathen there is no change in its voltage value.

In all of the options considerefllambdal] takes the same value, the voltage at the non-liaksment (NE) is

changed according to the same law.
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Figure 3: Graph of Change in the Parameterdlambda],, [lambda] , by 2%
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Figure 4: Graph of Change in the Parameterflambdal,, [lambda], by 20%
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CONCLUSIONS

Formulation of the problem of determining the stvisy of the electronic circuit to a change in tharameters of
its elements and its solution proposed in this pagiéow the analysis of the state of the wholectaic circuit and its
components in particular. Here relative voltagencfes in the circuit elements are taken as a meas$the sensitivity. To
solve the problem formulated in this article, apraach is used, the essence of which lies in ttietifat two problems are
solved and the comparative analysis of their resslperformed. Numerical method for solving these problems allows

a computer experiment to be conducted.
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