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Automated method for formation and solving
the instantaneous power components balances for the analysis
of nonlinear electric circuits

Abstract. The method of nonlinear electric circuit’s analysis using the method of forming and solving instantaneous power orthogonal components
balance equations is developed. The advantages of the developed method are that it allows to analyze the mechanism of formation of instantaneous
power orthogonal components and to evaluate the influence of parameters on the researched electric circuit operation. Developed method allows to
increase the efficiency of the nonlinear electric circuits analysis theory. It was shown that the proposed method avoids complex intermediate
analytical transformations due to the use of the developed automated method of forming instantaneous constituents based on the discrete
convolution algorithm.

Streszczenie. W artykule przedstawiono wyniki opracowanej metody analizy nieliniowego obwodu elektrycznego za pomocg metody formowania i
rozwigzywania réwnan réwnowagi ortogonalnej sktadowej mocy. Zalety opracowanej metody polegajg na tym, ze pozwala ona analizowac
mechanizm powstawania sktadowych ortogonalnych mocy chwilowej i ocenia¢ wptyw parametréw na dziatanie obwodu elektrycznego. Opracowana
metoda pozwala zwigkszy¢ efektywno$c teorii analizy nieliniowych obwodéw elektrycznych. Wykazano, ze proponowana metoda pozwala unikngé
skomplikowanych pos$rednich przeksztatcern analitycznych dzieki zastosowaniu opracowanej zautomatyzowanej metody formowania
natychmiastowych sktadnikéw w oparciu o algorytm dyskretnego splotu. Automatyczna metoda do obliczanie sktadowych mocy chwilowej w

zastosowaniu do analizy obwodéwq nieliniowych
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Introduction

Calculation of nonlinear electric circuits underlies the
analysis of various electric devices [1]. An efficient and
easily applied calculation method is necessary for
attainment of sufficient accuracy of determining the
parameters of electric circuits of electrical devices
containing various nonlinear elements [2-4].

Calculation of nonlinear electric circuits is known to be
reduced to calculation of nonlinear equations describing
physical phenomena in electric circuits [5].

All methods for nonlinear circuit's analysis can be
divided into three large groups: analytical [2, 6], graphic and
numeral [2-5, 7-9]. There are certain shortcomings for each
of these groups, such as: graphic methods do not give
availability of general dependences, analytical and numeral
are less demonstrable and cumbersome. The using of these
methods is limited by their dependence of calculation
accuracy on the nonlinear approximation accuracy.

Currently it has been offered to use instantaneous power
(IP) method based on calculation of balance equations of IP
harmonic components for power supply and equivalent
circuit elements [6]. It makes it possible to calculate the
parameters of nonlinear electric circuits when it is incorrect
to use superposition principle for current harmonics [10-11].
However, formation of balance equations of IP harmonic
components involves such negative aspects as calculation
complexity and awkwardness. So an automated method for
the formation and solving of the IP components balance
equations developing is proposed to solve above noted
problem and in order to develop the theory of analysis of
nonlinear electric circuits.

Prm sobletatement

Development of the method for the formation and
solving of the IP components balance equations for the
increasing the efficiency of the nonlinear electric circuits
analysis theory.

Material and results of the research
In order to develop the nonlinear electric circuits analysis
theory an automated method of forming and solving the IP
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orthogonal components balance equations systems has
been developed.To implement the proposed software
requires the following steps.

1. The output data are sated.

1.1. The number of voltage harmonics (by default «1»)
are set.

1.2. Supply voltage u is set either by odd or even and
odd harmonics.

1.3. The number of researched current harmonics is
chosen not less than the number of voltage harmonics for
the linear circuit:

(1) M=N,
where M, N — number of researched current and voltage
harmonics, respectively.

In the presence of a nonlinear element in the circuit - the
number of current harmonics is chosen more than the
number of voltage harmonics:

2) M >N;
1.4. A coordinate system is selected: orthogonal or
polar (orthogonal by default). There voltage supply is set:

a) orthogonal b) polar
n U, n U, nu, o
N LTI
2 [] 21] 2 [11]
3L 30k 31 L]
4[] 4[] 4[] 1]
[{] [{] L] [F]
n[] n[] n ][]

where n — voltage harmonic number; ¢ — shift angle.

For the case for orthogonal coordinate system there is
obtained the voltage harmonic composition:
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for the case of polar coordinate system the voltage
harmonic composition is:
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2. The parameters of the equivalent circuits of the
researched systems are set.

2.1. The output branch connected to the power supply
is indicated by the index «1». Branches outgoing from the
branching node and connected to the branch «1» are
indicated by the indices «1.1», «1.2», respectively (fig. 1).
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Fig. 1. Researched circuit example 1

Accordingly, if the circuit branching out from the branch
«1.2», then the output from it branches will be indexed as
«1.2.1», «1.2.2», «1.2.n» (fig.2). Further, the numbering
continues regarding the branching branch.

Rii Ly, ~
—
7 G
- L —
II YN [12/R
@ UI 112 122
—
112

Fig. 2. Researched circuit example 2

2.2. Currents of the equivalent scheme have indices
corresponding to the indices of the branches in which they
flow. The circuit elements R, L, C have indices
corresponding to the currents indices flowing through them.
If an element is nonlinear, an «n» is added to its index.

2.3. The numerical parameters values are set. If the
element is nonlinear, then a separate window specifies the
approximation polynomial and its coefficients.

3.  An equivalent circuit is formed in accordance with
the indexation of branches and elements. Note that all
branches are reduced to grounding. The formed circuit is
displayed on the screen.
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4. The indexes of the currents of the equivalent circuit
are analyzed and the equations are formed according to the
Kirchhoff's I-th law. Equations formation is performed
according to the rule: current In is equal to the currents sum,
which are separated from it, that is:

X
(5) =21,

where x — branch number, where the branched current I,
flows; X — branches number, where the branched current /,
flows.

Let’s consider the equations formation for presented in
Fig. 1 and 2 schemes. For the scheme 1a current |1 is equal
to the currents I and l12 sum:

(6) {Ialzla11+|a12;

Ibl = Ibll + Ib12'
For the scheme 2 current |1 is equal to the currents |44
and |12 sum, and the current |12 — currents l121 and ly22 sum:

Ia] = Iall + Ia]z;
) Lo = lo + Lo
Ia12 = Ia121 + Ialzz;

Lo = Loy + i -

5. Parameters of the formed equivalent circuit are
analyzed.

The program analyzes the equivalent circuit parameters,
determining which subprogram will be used for the obtaining
the IP component for each scheme element. Such
subprogram are realized using an automated method of IP
components formation.

5.1. Here are the subprograms for the IP components
formation realized in the program product. On electric circuit
different elements the IP expression corresponds to the
different well known dependencies in the time domain. The
expressions for obtaining the IP components in the
frequency domain are presented below:

a) on the power source:

(8) PS :[Iam Ibm]*[uan Ubn ’
where * — discreet convulsion operation; m — current

harmonic number;
b) on linear inductance L:

9) P =[la Ton|*[lonLom
where w — angular frequency;

c) the following expression is used to get the derivative
of current in frequency domain:

=l me] ,

dl
10 —~|(l,,om —1I_om];
( ) dt [ bm am ]
d) on linear active resistance R:
(11) PR:[Iam Ibm]*[lamR Ime];

e) on linear capacitor C:

1 1 - I
X U ] PR
¢ {C moC bm} [mm mm}

f) the following equation is used to obtain the integral:

.[Idt ot T |
mo mo |’

g) to obtain the n-th power polynomial dependence,
the following sequence is performed. The dependence of
the inductance on the current is presented as an
example:

— polynomial power is set:

(14) L(i)=a,+a (i)+a,i’(t)+a,i’(t)+..+a,i"(t)

(12)

(13)
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— squared current components (Im )2 are formed:
(15) (Im)zz[lam Ibm]*[lam Ibm]’
— cube current components (1,,) are formed:

(16) () =[1a 1o J[lan Vo]

n-th power current components are formed:

(L) =[ 10 1 Pl T,

the expression for n-th power polynomial
dependence are formed:
a0+|:a1|am allbm]+

() &) ]
+|:a3(|am)3 a3(|bm)1+"' |
_...+|:an(|am)n aﬂ(lbm)n] _

h) on the nonlinear inductance:

the polynomial dependence, which describe the
inductance on current dependence are written down. For
example second power:

2
Iam

(17)

n-1
Iam

(18)

L()

(19) L(i)=a,+a,i’(t).
— Squared current components (|m )2 are formed:
(20) (Im)zz[lam Ibm]*[lam Ibm];

the dependence components of the nonlinear
inductance on current are formed:

(21) L(i)=[ 2+ (1) 2 (1) |:

the product of current components and the derivative
of the nonlinear inductance on current dependence I,dL are
formed:

(22) l,dL=[l,,

the product of the nonlinear inductance on current
dependence components and the derivative of current Ldly,
are formed:

Ibm]*[az(lbm)2 om -a, +az(|am)2 mm}

Ldl_ =[ao +a, (1) az('bmﬂ*.

(23)
*“mwm

the instantaneous power on the nonlinear inductance
Py are formed:

B =[(1odieLl,) - (1yduetl, )

*[Iam Ibm]
6. The equations of IP components balance are
formed in an analytical form.

J
R :ZPOR]'

Ibmcom]

(24)

J G
(25) = z Z akLi +z PakNg
j i
J
Z bkrj T z Powi + z P
i
where P,, P,, B, — active power, cosine and sine IP

J
components on the power source, respectively; ZPORJ. ,
i

J
Z w0 D Py~ Sum of active, cosine and sine IP
i

components on j-rth active element of equivalent circuit,

respectively; Z p Z ., — Sum of active, cosine and sine

akLi

IP components on /-rth inductive element of equivalent
G

’ szkCg_
9

and sine IP components on g-th capacitive element of
equivalent circuit, respectively.

7. A numerical calculation of the formed equations
system is realized. The solution of it is to obtained the
amplitudes values of the finding current harmonics i(t).

8. The current curve is constructed i(t) .

The interface of the developed software is presented on
fig. 3.
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Fig. 3. The interface of the developed software
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Conclusions

The method of nonlinear electric circuit’'s analysis using
the method of forming and solving IP orthogonal
components balance equations is developed. The
advantages of the developed method are that it allows to
analyze the mechanism of formation of IP orthogonal
components and to evaluate the influence of parameters on
the researched electric circuit operation.

The usage of the developed automated method allows
to improve the efficiency of the analysis of nonlinear electric
circuits of alternating current in the frequency-domain.

The usage of the developed automated method for
forming and solving of IP orthogonal components balance
equations systems made it possible to increase the
efficiency of the nonlinear AC circuits in the frequency
domain analysis. It is shown that the proposed method
avoids complex intermediate analytical transformations due
to the use of the developed automated method of forming
instantaneous  constituents based on the discrete
convolution algorithm.
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