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Bidomi meopemununi pesyrvmamu cmocoeno npooie-
MU eNeKMPUMHOT NOMYHCHOCMI CROMEOPEHHS, 8MiIeH]
6 MUHHUX cmanoapmax, nioasearomv 00TpyHMoeanii
Kpumuyi w000 GopmMysans NOMYHFCHOCMi Cnomeopen-
HS CIMpPYMOM i HANPY2010, AKI MAOMv Pi3Hi yacmomu.
Y pobomi 3anpononoeano nioxio, axui 6asyemoca na
nopaoky popmyeanns KomMnoHeHm Mummeeoi enexm-
Ppuunoi nomyxncHocmi 3aaedxucno 6i0 noeonanns (cyma
abo piznuys) wacmom cmpymy i nanpyeu. Ompumano
ananimuuti 6Upasu 0N KOMNOHEHM MUMMEBOT eneKm-
PUUHOT NOMYIHCHOCMI KONA 3 2APMOHIUHUM CMPYMOM,
sAKe CKAadaemovcs 3 NOCAi006HO 3’€0HaAHUX KoHOeHca-
mopa, xomywxu inoyxmuenocmi ma pesucmopa. /ns
Ub020 BUNAOKY Ceped OMPUMAHUX HOMUPLOX KOMNOHEHM
Mummeeoi nomyxicHocmi 8uoOKpemaeHi 068i - axmuena
i peaxmuena, a maxosic opmozonaIbHi CKAa006i nomydic-
HoCmi, ocuu0104i 3 no0esitinoto wacmomoto. Iloxasano,
wo cyma xKeaopamié axmuenoi ma peaxmuenoi ckaa-
dosux i cyma Keaopamie 3a3HAUEHUX OPMOZOHATLHUX
cxaa0osux 36izaromocs, i dopienrorome noenii (yaenii)
nomyscnocmi. Buxopucmoeysana memoouxa pozeune-
Ha 0715 3a2a1bH020 UNAOKY NONIZAPMOHIUHUX CMPYMY
i Hanpyeu. Y ybomy eunaoxy eusneeno, uio cepeo Kom-
NOHEHM MUMMEBOT NOMYNCHOCMI MOHCIUBO BUOKPEMU-
MU aKmueny ma peaxmu6Hy NOMYMCHOCMI AK OPmMo-
20nanbHl Keaodpamyphi ckaa00si HYab080i wacmomu,
600HOYMAC NOGHY NOMYINCHICMb BUOKPEMUMU HEMONC-
aueo. Buxonano dea uucenvhi excnepumenmu 3 nepio-
uuHUMU CMPYMOM i HANPY2010, AKI MICMAMb NO MPU
eapmonixu. /liroui 3nauenns cmpymie i Hanpye 6 Kodic-
HOMY 3 excnepumenmise Gyau nputinami pienumu. Ipu
UbOMY amniimyou 0pyzoi ma mpemovoi apMoHiK cmpy-
My minanuca micyamu. Ha ubomy npuxaadi noxaszano,
wo iHmMezpanvbHi NOKAZHUKU NOBHOI NOMYMNCHOCMI ma
NOMYHCHOCMI CROMBOPEHHSA, POIPAX0BAHT 3A BI0OMUMU
Mmemooduxamiu, 8 060x 6uUNAOKAX 6UABUNUCS 00HAKOBU-
MU, WO € HEKOPEKMHUM. 34 MAKUX CAMUX YMO8 cepeo
3anpononoBanux KOMROHEHM MUMMEBOT NOMYICHOCMI
6USBEHT MAKT, SHAUEHHA AKUX BUACUNUCS PISHUMU O
K0JCHO20 3 eKxcnepumenmis. YHacaiook yb02o 3anpono-
HO6aHO0 BUKOPUCMOBYBAMU CEPeOHbOKEAOpAMUMHE 3HA-
YeHHSA HA36AHUX KOMNOHEHM 01 OYIHIOBAHHS CIYNEHS
cnomeopenns 6i0HOCHO CepeoHbOKEAOPAMUUHO20 3HA-
UEHHSL MUMMEBOT NOMYHCHOCMI

Kntouosi cnoea: nomymxcnicmo enexmpuunoi euep-
2ii, HopMa NOMYHCHOCMI, AKMUBHA NOMYHCHICMY, Peak -
MueHa nOMYHcHicmo
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1. Introduction

In electric power, electrotechnical and electromechanical
systems and complexes, to solve the problems related to the
conversion of electric energy into other types of energy, one
uses energy or power balance equations. Balance equations
are used to verify the results of the problem solution or to
assess the distribution of power fluxes. In most cases, the

balance equation is formed according to the corresponding
values averaged at a certain time period.

The values of power in most problems of electrical en-
gineering and electrical mechanics provide the generalizing
numerical characteristic and are used for the comparison of
the power indices of the electric system elements — the obser-
vance of balance by the active and reactive powers. During
the operation of the networks supplying the electric energy




to consumers, independently of the current character, there
appear problems of electric energy accounting. The average
(at a certain period of time) value of power is used as an
accounting index for direct current networks, the values of
the active and reactive power are used for alternating current
networks [1, 2]. Electric energy distortions caused by the
action of the energy source or load are neglected during elec-
tric energy accounting. So, the problems of determining the
power components reflecting the nature and level of electric
energy distortion are topical.

2. Literature review and problem statement

Electric power systems are used for the generation and
transmission of the energy that is primarily determined for
the electric circuit by active power:

to+T

P:? LJ; uidt,

where u is instantaneous voltage; i is instantaneous current;
t is time; ¢y is the time of the countdown start; T'is the count-
down period.

If the circuit contains elements capable of energy accu-
mulation, the result of the voltage and current interaction
is analyzed with the use of the Cauchy — Schwarz — Bunya-
kovsky inequality [3] reduced to the following level:

ty+T 2 ty+T (4T
[ J‘ uidt] = I u?de I wide —
- ;Jt T LOJt T(u(T)i(t) —u(t)i(t)) ddt,

oty

where 71 is an intermediate variable.
In the case of harmonic currents and voltages, the fol-
lowing equation is obtained:

P =5t -Q, (1)

where S is total power; Q is reactive power (the power of the
energy accumulating elements).

The presence of the elements with a nonlinear volt-ampere
characteristic in the electric circuit makes it impossible to use
the notion of «reactive power» for expression (1). In paper [4],
based on the Budeanu theory, this notion is referred to as inac-
tive power N. The latter joins reactive power Q of the energy
accumulating elements, and distortion power D caused by the
elements with a nonlinear volt-ampere characteristic, i. e.:

P’=$"-N’=5"-(Q"+D?).

A number of papers deal with the research of the methods
for determining distortion power D. In particular, the paper [1]
reveals the cause of distortion power depending on current
and voltage distortion, but the distortion power dependence
on the harmonic order relation is ignored. In the paper [5],
the author compares the methods for the determination of
reactive power and comes to the conclusion as to the difference
of the results of the calculation in circuits with polyharmonic
current. At present, power components are most clearly sys-
tematized in the IEEE standard [6]. The standard declares
a certain number of electric energy power components, each of

which reflects characteristic indices. Using the known vector
forms and notions: total, active, inactive, reactive power, dis-
tortion power, additionally dividing them for the fundamental
and higher harmonics of current or voltage, the authors multi-
laterally determine the power flux characteristic. With this
purpose in view, the representation of currents, voltages and
instantaneous power in the trigonometric form of the Fourier
series is used. The mentioned power components are based on
the Budeanu concept, but in some papers, e. g. [7], the deter-
mination of power harmonic components based on harmonic
components of current and voltage is criticized.

At the same time, the determination of power compo-
nents with the use of harmonic components of current and
voltage, as stated in papers [8, 9], creates the ground for the
assessment of the energy process. The authors of paper [10]
use the analysis of polyharmonic functions of current, volt-
age and power provided the analysis of the electric machine
mode is performed, and in paper [11], it is used to solve the
problems of identifying the parameters and characteristics
of the equivalent circuit elements. In this case, the energy
conservation law and Tellegen’s theorem are observed, which
makes this approach more acceptable for the assessment of
electric power. The author of paper [12] emphasizes this and
substantiates the relation of power distortion and formation
of the electric energy cost.

All this allows us to state that it is reasonable to research
the order of determining the electric power components in
a circuit with polyharmonic current.

3. The aim and objectives of the study

The aim of the paper consists in the analytical determi-
nation of the components of instantaneous electric power in
a polyharmonic current circuit with the separation of active
and reactive power.

The following objectives were set to achieve the aim of
the paper:

— to determine the instantaneous electric power for a har-
monic current electric circuit;

—to find the reactive and apparent powers of the alter-
nating harmonic current circuit;

— to take into account the correlation of the polyharmo-
nic current and voltage harmonic frequencies in the calcula-
tion of the instantaneous electric power and its components;

— to assess experimentally the level of the proposed com-
ponents in the instantaneous electric power.

4. Determination of the instantaneous electric power
for a harmonic current electric circuit

Let us consider an elementary circuit with resistive im-
pedance R, inductive L and capacitive C elements connected
in series. The harmonic current flux in the linear circuit
(Fig. 1, a) is provided by the action of the voltage supply. The
mode parameters are considered harmonic and are written
down as follows:

i=Isin(wt+y,); u=Usin(ot+y,),
where U, I are the amplitudes of voltage and current, respec-

tively; v, y; are the initial phases of voltage and current,
respectively; o is the angular frequency.



For the circuit in Fig. 1, a, the voltage and current of the
circuit are related in the following way:

uzuR+uL+uC=iRR+L%+éjicdt=

=1 Rsin(ot +y )+ Lol, cos(ot +y, )—
I .
— —“cos(ot+V..)=Usin(ot+ ,
C(l) ( W:C) ( Wu)
where ug, ur, uc ip, i, ic; Ip, I, Ic; Wir, Vir, Wic are the

voltages, currents, current amplitudes, phases of the currents
of the resistor, inductance and capacitor, respectively.
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Fig. 1. Researched circuit: a — circuit; b — vector diagram

Taking into account the serial connection of the elements:

=iy =iy Ip=I =1 =1 Y=Y, =Y, =V,

Then it is possible to write down:
u= I[Rsin(oat+\u,)+[[,o)—c1]cos(wtﬂyi))
®

Instantaneous power p of the circuit with the set current
and voltage:

Rsin(wt+\yi)+

p=Isin(ot+y,)]

1
+ [Lm—a:lcos(mt+\yi)

Rsin® (o +y,)+

=
+ [Lm—é]sin(cotﬂpl)cos(mﬂ\y,)
2R 2

=7cos(o)+%[m—$]sin(o)—

2 2
- [12Rc052\|1i —;[Lm—;]sin2\ui]cos2mt+
®

2 2
+ Esin 2y, +I—[La) —L] cos2y; |sin20t.
2 2 Co

We introduce the following designations:
I’R I’Lo I’
=== p= P.= ,
2 2 2Co
then the expression for the instantaneous power will be as
follows:

By

)

p="Pycos(0)+[P, - P.]sin(0)+

+ (=P, cos2y, +[ P, - P.]sin 2y, )cos 2t +

+ (P sin 2y, +[P, - P, |cos 2y, )sin 20t =

=P, cos(0)+P,, sin(0)+

+ P . cos2mt+P, , sin2wt, (2)

where P, 1, Py1_4 are the amplitudes of the cosine and sine
components of the power harmonic caused by the current
and voltage harmonics whose frequencies are subtracted;
P, 1+1, Pp1+1 are the amplitudes of the cosine and sine com-
ponents of the power harmonic caused by the current and
voltage harmonics whose frequencies are summed up.

5. Determination of reactive and total power
of the alternating monoharmonic current circuit

Deliberately not excluding the component of the func-
tion sin (0) that does not participate in the formation of
instantaneous power from the analysis, we indicate that
P,1+1#2P,1 1, Pp1+1#2Py1 1. We introduce the following de-
signations:

— the active power of the circuit —

-_— IZR .

)

P:Pa,H:PR 9

— the reactive power of the circuit —

Q=P =[P, —P]:I—Z[Lm—i]-
b1 L C 2 C(D ’

- total power —

- - ; 2
§= Paﬂn"'PblAA =\/PRZ+[E)L _Pc] =

=\/P2+Q2 =\/Pa%1—1+[)b%1—1;

— the initial phase of the total power —

(Pysin 2y, +[P, - P, ]cos 2y, )

=arct, '
Y, =arc g(_PR cos 2y, +[P, _Pc]siHZ\II,-)

To preserve a certain written form, we rewrite equa-
tion (2) in the following form:

p="Pcos(0)+Qsin(0)+Ssin (20 +y,).

Such an approach clearly indicates the place of active P,
reactive Q and total S powers in the instantaneous power. It
is a well-known fact that the balance in the electric circuit is
not reproduced by the total power. It should be mentioned
that it is also impossible to reproduce the instantaneous
power in the circuit by the components of active, reactive
and total power. This is caused by the impossibility of deter-
mining the initial phase of the oscillating power. The power
components with amplitudes P, 1, Pp1-1, Pu1+1, Pp1+1 com-
pletely reproduce the instantaneous power.

It is rational to additionally use the indices characte-
rizing the power as a signal [1, 3]: maximal Py,,y, average P,
and root-mean-square P, values:

P =max(p)=P+S;

max



1 ty+T

:? ;[ pdt = P;

1L0+T 52
P,=|= [ plde=|P?+2
rms T ;‘ﬂ‘ p 9

The latter index is the RMS value of the instantaneous
power signal P, =||p|.

With the use of the initial written form of current and
voltage and their initial phases, the expression for power will
be of the following form:

p= O.S[UI cos(y, — wi)]cos(0)+

+0.5[-Ul'sin(y, —y,)]sin(0)+

+0.5[-UI cos(y, +v,)]|cos (20t ) +

+0.5[UIsin(y, +,)]sin(2¢). 3)

Comparing expressions (2) and (3) we obtain:
P, = O.S[Ulcos(\yu - ‘l’i)] =p

- active power;

Py= 0~5[_UI sin(y, — ‘I’i)] =Q
- reactive power;

=0. 5[ Ul cos(y, +V, )]

a 1+

- the cosine component of the total power;

b= 0-5[U151H(% +‘V;)]

— the sine component of the total power.

Thus, the total power components, pulsating with double
frequency, are not active and reactive powers, but they are
orthogonal components of the oscillating total power S,
having the initial phase y,. These components are artificially
reduced to active and reactive powers, which some authors
perform by means of a corresponding phase shift of the cosine
and sine components of the total power.

6. Taking into account the correlation of the
polyharmonic current and voltage harmonic frequencies
in the calculation of the instantaneous electric power
and its components

Let us consider the polyharmonic current and voltage:
u=Y u, =23 U,sin(kot +y,,)=

* 7
= x/EZ(Uk cos(y,,)sin (kot )+ U, sin(y,, ) cos (ko)) =

—2( i Sin(kot)+U, , cos(kot )

z—Zzn—x/—ZInsm nmt+\|/m)
—\/_Z(] cos (v, )sin (kor)+ 1, sin(y,, )cos(not)) =

=21,

sin(not)+1,, cos(not)),

where &, n; Up; I,;; War, Wi are the numbers, acting values,
initial phases of voltage and current harmonics, respectively;
Uk, Upp; Luk, Ipp are the amplitudes of the cosine and sine
components of voltage and current harmonics, respectively.

Then the expression for the instantaneous power will be
as follows:

p= zukzl _zUk ”COS[(k_n)(Dt'f'\'fuk—\'fin]—
ZU,c ncos[ (k+n)ot+y,, +y,,

As stated in [6], it follows from the latter expression that
the function of the instantaneous power contains harmonics
whose order s is determined by both difference (k—n) and
sum (k+n) of the orders of voltage and current harmonics,
i. e. s=k+n. Thus, the instantaneous power

p=>p =2R_sin(su)t+\|fp_x)=

= Z (PS cos (\u

= 2 (P“ sin (sa)t) + P, , cos (swt)), (4)

p_s)sin (swt) +P sin(\ypvs)cos(swt)) =

where s is the number of power harmonics; p; is the power
harmonic; Py is the amplitude of power harmonics; y,,; is the
initial phase of power harmonics; P, Py, are the amplitudes
of the cosine and sine components of power harmonics.

Performing certain transformations of the instantaneous
power equation and reducing it to the form (3), we determine
four power components:

p= Z[Ukln cos(y,, —wi,l)]cos(k—n)(ot+

+ 2[ U1, cos(y,,+v,, ) |cos(k+n) ot +

kn

+ 2[—Ukln sin(y,, - ‘I’m)] sin(k—n)ot +
kyn

+ Z[Ukln sin(y,, + \ym)] sin(k+n)ot
kin

In this case, it is possible to divide power components by
their nature with the use of the concept stated in [3]:
1. The cosine component of zero frequency (active power):

Do = 2 [Ukln cos(W,, —v,, )] cos(k—n)ot = Pcos(0)
ki
for k—n=0.
2. The sine component of zero frequency (reactive power):

Poo= 2| ~Uid, sin(w,, —,,) ]sin(k—n)or =Qsin(0)

n

for k—n=0.

3. The cosine components caused by the action of the har-
monics of current and voltage of the same frequency:

Duc=2, [—Ukln cos(y . +v,, )] cos(k+n)or =

kn

2 P . cos(swt)
for S=k+n=2k=2n,

where P, is the amplitude of the cosine component caused
by the action of the harmonics of current and voltage of the
same frequency.



4. The sine components caused by the action of the har-
monics of current and voltage of the same frequency:

Py = Z[Ukln sin(y, + \ym)] sin(k+n)ot =
ki
for s=k+n=2k=2n,

where Py is the amplitude of the sine component caused
by the action of the harmonics of current and voltage of the
same frequency.

5. The cosine components caused by the action of the har-
monics of current and voltage of different frequencies, whose
sum or difference provides a paired result:

Pape = Z[U,Jn cos(y, —\yin)]cos(k—n)o)t +
ko
+3 [ U, cos(y,, +v,,) |cos(k+n) ot =
ko
= ZPML__A_ cos(smt)

for s=|k+n|=(2k or 2n) and k=n,

where P, s is the amplitude of the cosine component caused by
the action of the harmonics of current and voltage of different
frequencies, whose sum or difference provides a paired result.

6. The sine components caused by the action of the har-
monics of current and voltage of different frequencies, whose
sum or difference provides a paired result:

pb.pe = 2[_Ukln Sin(\lluk - \llin ):| Sin(k - n)(ot +
kn
+2[Ukln sin(y,, + win)] sin(k+n)ot =
ko
=Y P, . sin(sor)
for s=|k+n|=(2k or 2n) and k+n,

where Py is the amplitude of the sine component caused by
the action of the harmonics of current and voltage of different
frequencies, whose sum or difference provides a paired result.

7. The cosine components caused by the action of the har-
monics of current and voltage of different frequencies, whose
sum or difference provides an unpaired result:

o= S0 sk o
+2[—(.Jkln cos(y, +,,) |cos(k+n)or =
SR oo

for s=|k+n|#(2k or 2n) and k=n,

where P, . is the amplitude of the cosine component caused
by the action of the harmonics of current and voltage of
different frequencies, whose sum or difference provides an
unpaired result.

8. The sine components caused by the action of the har-
monics of current and voltage of different frequencies, whose
sum or difference provides an unpaired result:

Do = 2[—Ukln sin(y,, —v,, )]sin(k —n)or +

ko

+3 (U, sin (v, +v,,) |sin(k+n)ot =
kn
= 2[)[7.71('.5 Sin(s(ﬂt)
for s=|k+n|#(2k or 2n) and k#n,

where Py, is the amplitude of the sine component caused
by the action of the harmonics of current and voltage of
different frequencies, whose sum or difference provides an
unpaired result.

Consequently, the active and reactive powers are unam-
biguously separated in the instantaneous power in the available
representation; in this case, it is impossible to separate total
power S among the components of the instantaneous power [3].

The way of the representation of the instantaneous power
in the form:

p= pa.O + pb.O +pa.0+pa.pc+pb.n +pb.p0 + pa.nc+pb.nn’ (5)
complies with the energy conservation law and Tellegen’s

theorem [3]. In this case, the power signal is generalized by
the RMS value P,,,;.

7. Experimental assessment of the level of the proposed
components in the instantaneous electric power

The rationality of using such representation of the instan-
taneous power can be illustrated by the following example.
Let us assume that the current and voltage are set by three
harmonics with corresponding amplitudes and initial phases
(Table 1), and the frequency of the fundamental harmonic
is ®=314s"!. We consider two numerical experiments per-
formed in the Mathcad package, which differ in the values
of the amplitudes of the second and third current harmonics
(they interchange their positions).

Table 1

Data of numerical experiments with different amplitudes
of current harmonics

Experiment 1 2

Harmonic ht | h2 | h3 | RMS | hl | h2 | h3 | RMS
LA 201 1 [ 10| 1583 | 20 | 10 | 1 15.83
UV 220 | 10 | 10 | 155.89 | 220 | 10 | 10 | 155.89

v, deg 0 010 0 0 0

v, deg 30 | 60 | 60 30 | 60 | 60

P, Wt 1.933 1.933

Q, VAr 1.148 1.148

S, VA 2.467 2.467

D, VAr 1.017 1.017

The diagrams of current and voltage for the first and
second experiment are given in Fig. 2, q, ¢, respectively, the
resulting diagram of power — in Fig. 2, b, d. Obviously, if
there are different values of current harmonics, different
power will be obtained, but the integral indices [5]: active P,
reactive Q, total S powers and even distortion power D
remain unchanged. As seen in Fig. 2, b, ¢, the character of
power distortion is different, which results in different values
of the maximum power.
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Fig. 2. Time diagrams of: a — current and voltage for experiment 1; b — power for experiment 1;
¢ — current and voltage for experiment 2; d — power for experiment 2

Table 2 contains the values of the orthogonal compo-
nents of power for the first and second experiments ob-
tained according to expression (4). The components with
zero frequency P,o=P and P,y=Q, whose values coincide
in Tables 2, 3, are determined unambiguously. It is impossi-
ble to relate the components of other frequencies with the
mentioned powers or total power S, but this way of the rep-
resentation of the instantaneous power allows one to diffe-
rentiate instantaneous power p obtained in the two proposed
experiments.

It is necessary to point out different values of the po-
wer quadratic norm and its maximal value for each of the
experiments. Additionally, one should pay attention to the
coincidence of the values of the orthogonal components of
the power fifth harmonic (s=5), caused by the interaction
of the second and third harmonics of voltage and current.
The values of the orthogonal components of the power sixth
harmonic (s=6) are different by one order as they are caused
by the interaction of exclusively third harmonics of current
and voltage. Separately, it is necessary to pay attention to
the values of the orthogonal components of the power second
harmonic (s=2) that indicates the interaction of the current

and voltage harmonics, for which ntk=s=2. In this case,
apart from the first harmonic of current and voltage, all other
harmonics of current and voltage, for which the condition
ntk=s=2 is true, take part in the generation of this power
component.

Table 3 contains the values of the orthogonal components
of power for the first and second experiment according to the
components obtained by formula (5). In this case, the values
of the orthogonal components of zero harmonic and harmo-
nics with numbers s=5 and s=6 coincide with the values
given in Table 2.

The orthogonal components of the power second har-
monic (s=2) are divided into two components according
to formula (5). Table 3 contains the following designations:
canonic components of power (index «c»), indicating the
action of the components of current and voltage of one
frequency n=k=1; pseudo-canonic components of power
(index «pc»), indicating the action of the harmonics of cur-
rent and voltage of different frequencies n#k. That is why the
values of the canonic parts of the power harmonics orthogo-
nal components s=2 coincide for both experiments and for
the non-canonic ones they differ.

Table 2
Amplitudes of the orthogonal components of the instantaneous power by harmonics
No. | Puo, VA | Pyo, VA | Pyy, VA | Pyy, VA | Payo, VA | Pyo, VA | Pys, VA | Pys, VA | Pyy, VA | Py, VA | Pys, VA | Pys, VA | Pyg, VA | Py, VA
Exp1| 1.933 | 1.148 | 169.3 | 842 | 2.542 | 2.003 | 0.015 | 1453 | 639.1 | 1.007 | 27.5 47.6 25 43.3
Exp2| 1.933 | 1.148 | 664.3 | 863.7 | 2.047 | 1.145 | 0.011 | 1.003 | 166.6 | 188.5 | 27.5 47.6 2.5 4.3
Table 3
Amplitudes of the orthogonal components of the instantaneous power by components
No. | £a0o | oo | Pancts | Poncs| Paca |Papes | Pocos | Popers | Pancs | Poness | Pacas |Papess| Poess | Popess | Pancs | Pones | Pacor | Papes,
VA VA VA VA VA VA VA VA VA VA VA VA VA VA VA VA VA VA
FExp1]1.933 [ 1.148 | 169.3 | 84.2 | 1.905 | 636.6 | 1.100 | 902.6 | 0.02 | 145.3| 2.5 |636.6| 4.3 |1.003| 27.5 | 47.6 | 25 | 43.3
Exp2 | 1.933 | 1.148 | 664.3 | 863.7 | 1.905 | 141.6 | 1.100 | 45.3 | 0.01 [ 1.003 | 25 |141.6| 43.3 | 1453 | 27.5 | 476 | 2.5 4.3




8. Discussion of the results of the research of the order
of generating the electric power instantaneous
components in a polyharmonic current circuit

The amplitude of the sine and cosine orthogonal compo-
nents of power harmonics depends on the current and voltage
harmonics whose frequencies difference or sum is equal to
the frequency of the power harmonic. The method, used in
the research, proposes to separate the power components
depending on the combination of the current and voltage
harmonics frequencies. The calculation of the power compo-
nents is complicated with the increase of the number of cur-
rent and voltage harmonics, because it is necessary to verify
if certain combinations of the frequencies of current, voltage
harmonics and the frequency of the power harmonic meet
particular conditions. If the number of current and voltage
harmonics is limited, a certain error in the calculation of the
power components is possible. Taking into account the high
level of the info- and knoware of modern signal-processing
devices, the mentioned errors can be minimized. The further
development of the research consists in the substantiation of
the indices of the power components contribution into the
instantaneous electric power. In this case, some difficulties
related to the power fluxes separation in the nodes of electric
power systems are possible.

For a harmonic current electric circuit, resulting from
a combination of orthogonal components of current and
voltage, the sine and cosine orthogonal components of power
harmonics are determined (2). Components corresponding to
the active, reactive and oscillating (apparent) power are sin-
gled out from them. The method used during the research of
the polyharmonic current circuit proposes to separate power
components depending on the combination of the frequen-
cies of current and voltage harmonics (4). The advantage of
the proposed solution over the existing one is illustrated by
numerical experiments with different instantaneous powers
for which the known indices turned out equal. The calcula-
tion of the proposed power components is complicated with
the increase of the number of current and voltage compo-
nents. If the number of current and voltage harmonics is
limited, a certain error of the power components calculation

is probable. Taking into account the high level of the in-
foware and knoware of the modern signal processing equip-
ment, the mentioned errors can be reduced to the minimal
admissible value. The development of the research consists
in the substantiation of the indices of the power components
contribution into the instantaneous electric power of electric
power system units. In this case, probable difficulties relate
to the power fluxes branching in the mentioned units.

9. Conclusions

1. Unlike the conventional analytical expression of the
instantaneous power of the alternating harmonic current
circuit, an alternative expression has been proposed. It in-
cludes components corresponding to the active, reactive and
total power. The power sine orthogonal components with
the function zero argument have not been excluded from the
analysis.

2. The low efficiency of the indices of the total power
and distortion power in a circuit with polyharmonic current
and voltage, calculated according to the known methods, has
been proved. These indices appeared to be unchanged under
the conditions of two numerical experiments in which the
acting values of current and voltage and their initial phases
were set equal. In this case, the current amplitudes of the se-
cond and third harmonics interchanged their positions. This
resulted in the change of the power root-mean-square value
Ppsi=1.11P,,00, and it’s maximal value Ppayi=1.03Ppaxo.

3. Dividing the power harmonics into orthogonal com-
ponents, observing the condition of pairness and unpairness
of the combinations of the current and voltage harmonics
frequencies, the analytical expressions for the determination
of the power components: zero frequency, canonic, pseudo-
canonic and non-canonic, have been obtained.

4. For the numerical experiments using the proposed
methods for the determination of the power components,
we have found the values of the canonic parts of the power
second harmonic components, which coincide in both expe-
riments, and the pseudo-canonic parts, which differ. This can
be used in the formulation of the instantaneous power indices.
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Po3spobaeno nosy xoncmpyxuito zeriomepmiuioi cy-
WUNBLHOT YCMAHO0BKU 3 AKMUBHONO CUCMEMOI0 GUKOPU-
cmanns COHAMnoi enepeii. 3anpononoeamno ons diazHoc-
MuKu OCHOBHUX napamempie NOGIMpPoodMiny y 2enio-
cywapui i nPozHO3YBAHHS THMEHCUBHOCHT NPOMIKAHHS
MENOMACOOOMIHHUX NPOUECi6 CYminnsa 0y606020 WNoHYy
BUKOPUCMOBYBAMYU ABMOMAMUUNHY CUCMEMY KepysaH-
na K1-102. Ile do3zsonse nidsuwumu mexmnonoziuny ma
enepeemuuny epexmusHicms npouecy cyuints 0yo06020
wnony y zeniocywapui é 2 pau.

Busnaueno 3axonomipnocmi enausy Qisuunux napa-
Mempie HABKOMUWHBLO20 Cepedosuwa ma noz20003a-
Jlescnux paxmopis na menyo-, Maco- i 6002000Mini
npouecu cywinna 0y6060z0 wnony y eeniocywapui.
Hasedeno oyinky enepzemuunux, KiHemuuHux ma ouna-
MIMHUX napamempis npoyecy cyuwinns 0y606020 wmnony.
Excnepumenmanoho usnaueno mpueanicmes mexsoso-
2iuno20 npouecy cywinna y eeaiocymapui. locaiosxceno
poboui xapaxmepucmuxu 06’ckma CywinHs, 3a1eHcHO
6i0 nocmaenenux mexmnonoziunux 3aoau (npoezpiean-
HA a00 Cywinna Mamepiany) 3a CMAHOAPMHUX PedNCU-
Mi@ COHAUHO020 OCGIMIEHHS | MUNOBUX Memeopooziu-
HUX YMO8.

Bcmanosaeno, wo neooxiono pesymosamu nogim-
Poobmin, 6on0z06udisenns, pauionanvie 6udanienins
607102020 MENJIOHOCIA, KOHUECHMPAUIIO HAOXOONCEHHS
COHAUNOL enepeii 6IOHOCHO NPO2HO308ANHOL 3MIHU MiHI-
MANLHUX MA MAKCUMATLHUX NIKI6 KOJIUGAHb N02000-
sanexcnux paxmopis. Ile ¢ eaxcueum 0ns inmencudi-
Kauii npoyecie cywinna 0y0606020 WNOHY i ZHUNCEHHSA
NUMOMUX eHePeMUMHUX GUMPAM HA NPOUEC CYUIHHA
3a paxyHox COHAYHOI eHepaii.

Ompumani pesyavmamu Mo}cHA BUKOpuUcmamu nio
uac po3podxu ma 600CKOHAIEHHS MEXHIMHUX 3AC0016
cyuinmna 0y606020 wnony, 01 ni0GUWEHH MEXHOO0-
2iuHOi ma enepeemuunoi epexmusrnocmi npouecy

Kntouoei canosa: consuna emepeis, ezeniocywapxa,
memnepamypHo-60.J102iCHi N0, MENIOMACONepeHeceH -
Hs, iHmeHcudikayis, KoH8eKMUeHe CYUiHHA
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1. Introduction

High-quality drying of oak veneer is one of the most
popular technological processes in the forest complex of
Ukraine. Today in the market, there are many high-tempera-
ture automated devices for high-quality drying of wood in

«soft modes». However, their application is unprofitable with
small volumes of timber processing in small household and
utility carpentry shops. This is primarily due to high capital
investments. In addition, a major problem for small house-
hold and utility carpentry shops that provide timber drying
services is the ultimate quality of wood after drying. There




