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Electromotive forces (EMF) and currents, which are used in the industry, quite
often differ from a sinusoidal distribution. For example, EMF which occur in
alternators are nonsinusoidal due to the fact that the induction is not distributed inside
the stator according to the sine law.

The line circuit of alternating nonsinusoidal current was under consideration in
context of the analytical model for inductive coil which contains active and inductive
resistance. Phenomena occurring in linear circuits at periodic but nonsinusoidal EMF
or current were investigated by expanding EMF or currents in a trigonometric Fourier
series Euler-Fourier.

f (wt) = A° + AL sin(wt + Y1) + A2, sinQRwt + P?) +...=

= Yo Akmsin(kwt + Py) (1)

where Ay is zero harmonic; A; is fundamental harmonic; A, is high-order
harmonic; wt is radial frequency, radian per second; 1 is initial phase of a harmonic;
(wt + 1) is the argument of the sine, which determines the circuit angle of the
function in a definite sampling time; m —crest value.

It was necessary to undertake sufficiently large volume of calculation to solve
that problem. The actions of zero harmonic were calculated by the formulas from (2)

to (4), fundamental and high-order harmonics were calculated by the formulas from
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(5) to (10), effective value of nonsinusoidal current and voltage were calculated by
the formulas from (11) and (12), circuit power was calculated by the formula (13),
reacting and full capability power were calculated by the formulas from (14) and
(15), distortion power was calculated by the formula (16).
The calculation of zero harmonic included the finding of the parameters
[1, p.192]
lo="2; (2) Uy =7+ I: (3) Py = U - Io; (4)
where I, is the zero harmonic amperage, A; U, is effective value of zero
harmonic electric potential, V; U, is voltage effective value in coil resistance, V; r
is coil resistance, Ohm; P, — the active power of the zero harmonics, W.
The calculation of the fundamental and high-order harmonics was made

according to the formulas [1, p. 196]:

Um.jlpuk . U
Up ==252—1(5) Zi =7 jkx:(6) L =351 (D)

Sk =Ux Iy = Pe +jQr; 8) Up =7 Ii; 9) Uy = jk - xy - I 5 (10)
where k is multiplicity of harmonic (k=1,3); Uy, 1s peak voltage , V;

e/Vuk is epoch angle of the k-th harmonic voltage; Z, is total circuit resistance,
Ohm; x; is inductance, Ohm; I, is effective value of electric current, A; U, is
voltage effective value in active resistance, V; Uy, is voltage effective value in
inductive resistance, V; S is total capacity of the k-th harmonic, VA; Qj is volt-
amperes reactive of the k-th harmonic, VAr; I is conjugate value of the current in
phase, A; j is imaginary unit.

In addition to the basic calculations, it was necessary to make a variety of
validity checks for solution correctness, for example, the powers balance. The
calculation of the values which characterized the circle was performed by formulas

[2, p.35]:
[=I2+12+1%2;,(11) U=+U?+U?+UZ?;(12) P = Py + P, + P3; (13)

Q=0Q,+Q,;(14) S=U-1;(15 T =,/S2—P2—Q%;(16)
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where I 1s effective value of nonsinusoidal current, A; U is effective value of

nonsinusoidal voltage, V; P is active circuit power, W; @Q is reactive circuit power,
VAr; S is the active power of the circle, VA; T is distortion power, VA.

The application of Microsoft Excel enabled to obtain a numerical solution for
the problems during studying nonsinusoidal EMF, currents and powers with the
required degree of accuracy, to make a comparative analysis, to obtain an
approximated function, to make a balance equation as well.

Table 1

Calculation of single-phase circuits parameters for nonsinusoidal current

Inout Angle | Zero Fundamental Angle | high-order Angle
P Yo harmonic harmonic ¥, harmonic Y3
I\gOm, 10 0 uo,V | 7,09 Ul,vV 40 0 U3, v 30 0
Ulm
v > 1564 |0 10,A | 0,44 | x1LOhm | 19,99 X31,0hm | 59,99
U3m,
v 423 |0 PO,W | 3,14 | Z1,0hm | 25,61 | 51,33 | Z3,0hm | 62,09 | 75,06
r, Ohm | 16 I1,A 1,56 -51,33 | I3,A 0,48 -75,06
L, H 0,063 SI,VA 62,47 |51,33 | S3,VA 14,49 | 75,06
P1,W 29,83 P3,W 13,70
QI,VAr | 54,88 Q3,BAr | -4,70

A graphical representation of the input voltage was presented in the form of

several harmonics (Fig.1) and in the form of the voltage harmonics sum (Fig.2). It
was obtained by means of a the provided program. The form of these harmonics in

the circuits confirmed its nonsinusoidal nature.
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Figure.l General view of harmonics

Figure.2 Graph of the harmonics’ sum
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The current flowing in the network is also nonsinusoidal. Its appearance and
behavior will vary according to the change in voltage applied to the circuit. The

current change in time is shown in figures (3) - (4).

Input current Input current
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Figure.3 General view of current Figure.4 Graph of the current

harmonics harmonics® sum.

Conclusion. An algorithm for computer simulation of single-phase circuits
calculation for nonsinusoidal current was proposed. The algorithm allowed to
optimize the computational algorithm for complex practical problems solving and to
combine computational and graphical modes. Validation of calculations by matching
the image characteristics of voltage and current change over time were carried out.
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