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INSTANTANEOUS POWER SIGNAL ANALYSIS AND ITS COMPONENTS
IN NONSINE CIRCUITS IN ELECTRICAL PROBLEM SOLVING
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A common approach to analysis and synthesis of the instantaneous power and voltage signal for non-sinusoidal circuits,
which allows along with a quantitative evaluation make a qualitative analysis of the mechanism of formation of their spec-
tra, as opposed to previously known, is considered. The problem of the spectrum transformation of a periodic non-sinusoidal
signal in case of the coordinate system shift is considered. Approaches are actual in solving energy balance equations in
problems of parametric identification of electric machines with regard to their non-linear nature and in synthesis of voltage
signal for a given harmonic content of the instantaneous power in control quality of electrical energy conversion. The result-
ing mathematical relations are presented in conventional terms of signal theory and matrix algebra. On practice, this allows
to synthesize high-speed computing procedures and it is important in design of quality control systems of energy conversion
in real time.
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PO3IIIsHYTO €AMHMHA MXIN 100 aHAMI3Y i CHHTE3Y CHIHAIIB MUTTEBOI IIOTY)KHOCTI i HAIPYIH JUISl HECHHYCOIIAlbHUX
KiJI, 10 JI03BOJISIE, HA BIAMIHY Bijl paHIIIe BIJIOMHX, [OPsi i3 KUIbKICHOIO OLIHKOKO BUKOHATH SIKICHHI aHali3 MEXaHi3My
(opmyBaHHs X criekTpiB. Po3risiHyTO 3amaqy TIEPETBOPCHHS CEKTPY HECHHYCOINAIbHOTO MEPIOMYHOr0 CHTHAJIY B pasi
3CyBY cucTeMu KoopauHar. Iliaxoam akryanbHi npu poss SISyBaHHl PIBHSIHB CHEPreTHYHOr0 Gamarcy B 3aja4ax ineHTHi-
Kallii NapaMerpiB eICKTPUYHHX MAIIMH 3 YPaXyBaHHAM iX HENIHIHHOrO XapakTepy i MpH CHHTE3] CHTHAIIIB HAIPYTH JUI
3aIaHOr0 TApMOHIYHOTO CKJIaly MUTTEBOI TIOTY)KHOCTI B 33/1a4aX YIPaBIIiHHS SKICTIO TIEPETBOPEHHS €IEKTPUYHOI €HEpTIi.
OtpuMaHi MaTeMaTH4HI CITIBBIJJHOIICHHS NPEACTABICHO B 3arajlbHO MPHHHATAX TEPMiHAX TEOpil CHTHAJIIB i MaTpUYHOI
anreOpu. Ha mpakTuii 1ie 703BOJIMTH 3IMCHUTH CHUHTE3 IIBUIKOAIIOUMX OOYMCITIOBAIBHUX IPOLENYP 1 € BaKIMBUM IIPH
MPOEKTYBaHHI CHCTEM YIPAaBIIiHHS SKICTIO IEPETBOPEHHSI €HEPTil B peajIbHOMY Yaci.

Knro4uoBi ci10Ba: MUTTEBA IOTYKHICTh, TADMOHIYHMIT aHAII3, 3rOPTKa, 3BOPOTHA 3rOpTKA.

PROBLEM STATEMENT. The energy processes Mentioned above is also closely connected with the
analysis in the power circuits of electrical drives (ED) actual problem of quality management of electric energy
[1-4] is the basis of their diagnostic systems, parameter transformation on a base of analyzing of instantaneous
identification and monitoring [5-7], where the primary power, introduced by authors [7]. Authors solve the prob-
source of information are signals of the instantaneous cur- lem of a voltage signal synthesis at given signal wave-
rent values, voltage and power. A number of approaches forms of instantaneous power and current in electric pow-
to the analysis of energy processes in the ED [6, 8] require er circuit (the inverse problem) for such management of
knowledge not only estimates of parameter values of har- an electromechanical system (EMS), where the energy
monic components of the signal power, but also evalua- converter, providing a given mode of the drive, not only
tion of the mechanism of their formation as a function of transforms the energy, but also controls a quality of its
amplitudes of current and voltage signals (direct problem). transformation [11]. A similar approach is also used in the
A similar problem appears in a framework of the electric problem of the output formation voltage of power supply
power metering conception in nonsinusoidal circuits, pro- of systems for diagnostics of induction motors [12].
posed in [9], for the correct calculation of active and reac- Mathematical aspects of calculation of instantaneous
tive power components. power components are considered, in particular, in works

Electric drives consume and convert electrical energy [13, 14]. Approach to the direct problem solution on a
into useful work. But energy is distorted in a process of its base of convolution of the spectra of current and voltage
conversion. There are higher harmonics of voltage and has been considered by authors in [15-17]. However, at
current from power converters, non-sinusoidal currents the current moment development of the unified approach
from the presence of nonlinearities in power circuits, volt- to both direct and inverse problems is very actual.
age disbalance of uneven load on phases, etc. All this is Work purpose is simplification the analysis and syn-
well known, and there are ways to reduce factors, men- thesis of signal spectra of voltage and instantaneous power
tioned above [10]. However, the electric motor, as a con- in nonsinusoidal circuits in electromechanics's tasks by
sumer of energy, is generally considered to be an electri- developing a common (general) approach to the parame-
cally balanced electromechanical transducer without dam- ters calculation in conventional terms of signal theory and
age: currents in phases are symmetrical and sinusoidal, matrix algebra.
oscillations of the electromagnetic torque and speed are In the first part of the article the direct problem is
absent. Moreover, any deviations in the construction or solved. The solution is based on a spectrum convolution
motor parameters, that are acquired during repair or dur- of current and voltage. Scalar complex and real variants
ing long-term operation, make the engine essentially non- and their representation in terms of vector-matrix algebra
linear system and lead to appearance of non-sinusoidal are offered. In the second part the inverse problem of
currents. voltage signal synthesis on a base of given range of the
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instantaneous power is considered. Issues, that related to
the spectrum transformation, caused by a shift of the co-
ordinate system of studied signals, are discussed in the
third part. The fourth part provides examples of electrical
signals parameters calculation for induction motor (IM),
which is connected to the thyristor voltage converter
(TVC), with using relations, obtained in two previous
parts.

EXPERIMENTAL
OBTAINED.

1. Analysis and synthesis of a spectra of instantane-
ous power signal in nonsinusoidal circuits (direct prob-
lem)

Let u(t), i(¢) are signals of supply voltage, for ex-

PART AND RESULTS

ample, in electric power circuit, ¢ € [O, T], where T is a
signal period. Then the signal of instantaneous power can
be written as p(¢) =i(¢)u(t). Taking into account the
periodic nature, p(¢f) can be represented as Fourier se-
ries:

a

N
p()= ;) + 3 (P cos ket + P! sin keot) (1)
k=1
or in its complex form:
N .
pO= Y R, )

k=—N
where N is a number of the last significant harmonics in
a signal, and

_P—aN - Ply
4 - P
b
1 Pa | 1 1,
P=—|pe |-j=| o |==P*—j—P".
Z) I BT I IR 3)
B P
Pka Pkb
b
| P | Py

Spectra of signals u(¢), i(¢) are represented similar-
ly. As noted above, the direct problem solution involves
the assessment of the formation mechanism of the instan-
taneous power spectrum in relevant functional relations

P = fULULIUYY, B =fULULILULY o
szf([kaUk)~

For solve the task it is enough to use the convolution
theorem, well-known from the signals theory, the essence
of which is that the spectrum of the product of two sig-
nals is the convolution of their spectra: P =17*U . Then,
taking into account the odd symmetry and the discrete
nature of the spectra, integrated solution to the problem
can be written as the following scalar ratio:

N N
Pk: ;)IkUk—i_i_ ;)IkUk—i' (4)

k—i=0 k—i<0

Here the symbol "*" denotes the complex conjugate.
Considering bilinear convolution:

P=[*U=%(I” —jlb)*%( a —jUb)z

=%(1“ xya b *Ub)—j%(l“ U4 1P U0,
Re(P) Im(P)
-
P =2Re{P}=%(I”*U”—1b*Ub); (5)
Pb=—2lm{P}=%(1”*Ub+1b*U”). (6)

Representing (5) and (6) as in (4) we obtain, respec-
tively, amplitudes of cosine and sine components of sig-
nal's harmonics of instantaneous power as the following
bilinear form:

1 N
P =SS IUL, +
270

k—i>0
N N N @)
+ Y IUS - Y IPUR + Y IPUL 1L k=02N 3
i=0 i=0 i=0
k—i<0 k—-i>0 k—i<0
PR A N
P =—[ Y ;U +
275
k—i>0
N N N (8)
+ Y IPUS + DU - Y IMUY 1k =12N.
i=0 i=0 ik=0
k—i<0 k—i>0 k—i<0

For compact representation and easy usage, in partic-
ular, to solve the inverse problem (see the next para-
graph), (7) and (8) are expedient be presented in a matrix

orm

1 0 ... 0
0 1 0. . . . .
Let E = ) . |is the identity matrix of di-
00 1
0 .. 01
. 0 0 .
mension NxN, and J =] . . is the reflec-
1 ... 00

tion matrix of the same dimension. We introduce the shift
matrix dimension N x N similar to the [18, 19]:

010 ..0
001 ..0
H=|: : : . Note that HO=E,and
000 1
000 0
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00 ... 0
000 1 0
H2=|: 1 | etc. That is, during the expo-
000 0
000 0

nentiation of the matrix /' to the power n of the unit

diagonal shifts to n position to the right and up. Note also
that

JU=(Uy ..U, ..U ..0...~U_...-U_,..-U_y ).

Then a zero harmonic of the power can be represent-
ed as

VENEY L
19 +jI°,
1Y +j[f1

Fo=7 Iy : ks

I =i ||,

If = jIy

Ry

_Uilzv +jUﬁN_
Uilk +jUﬁk
U+ Ul

x| .o Ug
. | ui-juy

. Or in short descrip-

Ui - juy

| Uy —jU%

tion: Py = I"EJU=1"HJU . The second harmonic of
signal is

(e vt ]
-N TJ_N
14+ j1°,
: 0 0 o 0
gt oo o 1o
f—jip {10 00 0
: 00 0 0
1= Iy
Wiy

UfN +jUéN
vl +jub,
Uf] +jUél

X : P : Ug

0 oh | Or in short descrip-
Uy -Jju;

a b
Uk _JUk

Ul - juk

tion: P, = I” H*JU etc. We obtain for k -th harmonic by
induction method:

P =1TH*JU ;k=02N. ©

Equation (9) gives a block vector-column of dimen-
sion and a scalar dimension 2N x1:

fou | [B]
I"TH'JU P
ITH*JU P,
P=1*U= : =| (10)

ITH*JU P,

ITHPNJU | [Py

Similarly, based on relations (7) and (8) with the use
of the mathematical induction method, we can show that
the amplitude of the cosine and sine component of the £ -
th harmonic signal of instantaneous power expressed, re-
spectively, by following relations:

1 RN
Pka :E(I,ITHkJUa —IbTHkJUb), k — O,ZN ; (11)

1 -
P :E(I,,erJUb +IerkJU,,)’ k=12N. (12)

where N is a number of the last harmonic in current and
voltage signals.

Relations (11), (12) generate block vector-columns of
dimension and a scalar dimension 2N x1:

vl -1 Ut A ]
T T
1 HJU® - 1°" HJU? B’
1 1 U 1 e Ut X
P == : -l )
Pt = :
1 mhgue it gk gt P
_[aTH2NJUa _[bTH2NJUb_ Py |
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— 0 _ Ob
T T

1% Jub +1° Ju° Plb

1 1 g2 gut 1 B ue Py

b . :
P__E T : T Tl | (14

1 H Ut 10 g Ul Fe

: b

_IaTH2NJUb +IbTH2NJUa_ Py

The first element of the vector (13) is a bilinear form
of the constant component, produced as a result of multi-
plication only cosine or only sine of the current and volt-
age with the same frequency. The rest of elements of vec-
tors (13) and (14) are canonical and noncanonical compo-
nents. Canonical components of the instantaneous power
are represented by bilinear forms, which are formed by the
same frequencies of current and voltage harmonics.
Noncanonical components of the instantaneous power are
represented by bilinear forms, that created as a result of
the multiplication of different frequencies of current and
voltage components [3, 9] (see the example in section 4).

Thus, depending on the nature of solving problem, one
can use either the complex representation of the power
spectrum (9), or in terms of real cosine and sine ampli-
tudes (13) and (14). Computationally, the last is advisable
for cases of even or odd symmetry of signals as their sine
or cosine components, respectively, are equal to zero.

Solving of the inverse problem (finding the voltage
spectrum from the known spectra of the current and the
instantaneous power) is also can be done on a base of the
deconvolution of (9) or (13), (14), but from the algorith-
mic and computational point of view presents different
tasks. The next section presents results of complex solu-
tion of the inverse problem based on (9).

2. Analysis and synthesis of the voltage signal spectra
in non-sinusoidal circuits (the inverse problem)

A formal problem definition of synthesis of the volt-
age signal, the form of which is determined by signals
p(t) and i(t) in power circuit of electric drive, can be

written the next way. Let i(¢), p(f) and its spectra

Iy PO A A
I, .. I I, I
o .. I I, I
A PO S I—y
Iy=| 1, I, .. I Iy 0
I, Iy . Iy 0 0
I, I-y 0 0 0 0

Then from (9) follows that
1,U=P. (18)

This expression is a system of linear equations for U,
which has an unique solution in case when

det(1,)#0. (19)

1 , P are given (in terms of (3)). It’s need to perform the
synthesis of the voltage signal u(f) and to find its spec-

trum U , 1. e.

t —_
u(t)=—l.7((t))<—>Uk;i(t);t();k:O,N. (15)
i

The classical approach to the problem assumes the im-
plementation of spectra I, P deconvolution. Applying to
both sides of (15) the Fourier transform operator FT]
and using in the right side the inverse Fourier transform
operator F ! [] , we obtain [18]:

Flp,
Uy =F # , k=0%1,... =N . (16)
F1]

Practically F [], F! [] are realized by using the
fast Fourier transform algorithm. These is effectively from
a computational point of view. However, the expression
(16) is weakly (poorly) suitable for analysis.

_ LK
2

Denote  for compactness /_;

. 18It —
I =kT]k)’ k=0,N.

Expression 17 H k7 in (9), where k =0,N, is the

Ty
Ty
1ITH?J

block vector-column of 2N x1 dimension,

ITHk g

1"H*N g
that generate the Hankel triangular matrix /, of dimen-
sion 2N x2N :

N S Y
I, Iy O

,k=0,N. (17)

Vector of complex amplitudes of voltage signal har-
monics is uniquely expressed by the following relation:

U=I,'P, (20)

where 7, is the Hankel triangular matrix of 2N x2N

dimension of complex amplitudes of current signal in case
when det(7, )#0.
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It should be noted that 77 H* generates Toeplitz ma-
trix and solution (20) can be reduced to finding an inverse
vector of voltage harmonics JU .

Thus, the inverse problem solution reduces to inver-
sion of Hankel or Toeplitz matrices, computational as-
pects of which are well known [18, 19]. Moreover, this
approach allows a detailed analysis of the problem solu-
tion structure.

3. Coordinate transformation

The choice of a coordinate system and,
consequently, invariants are important, according to vec-
tors of components of current, voltage and instantaneous
power  harmonics as  input  parameters  of
equations for parameters estimation of circuits or quality
of energy conversion [7]. For example, values of cosine
and sine harmonic amplitudes, as well as values of their
phases, are not invariant, while the modulus of the com-
plex amplitude is invariant relatively to the coordinate
system transformation, in which signals are considered.

At first it is natural to assume that the using of ampli-
tudes of cosine and sine components of the current, volt-
age or instantaneous power in different reference frames
as coefficients in estimation equations of equivalent circuit
parameters, for example in diagnostic tasks of electrome-
chanical systems, can lead to different values of errors
calculations even at full absence of measurement errors.

On the other hand, it is clear that in real conditions a
metrological aspect, which is important too, is added to a
computational aspect. There will be a different estimation
error of signals amplitudes for the same harmonics, that
really present in signals, during selection of different start-
ing points in the coordinate system in the process of har-
monic analysis [20, 21]. One of special cases is considered
in [21]. However, the development of a common (general)
approach to the consideration of the coordinates transfor-
mation mechanism with respect to mentioned above sig-
nals with regard to issues, discussed in [22], is actual.

It means only a choice of a starting point in a harmonic
analysis process according to the coordinate system trans-
formation with respect to problems, discussed in [19]. As
known, in a time domain it is equivalent to a signal shift in
time by the amount of ¥z in case of delay or advance of
a signal, respectively (Fig. 1). In a spectral range it is
equivalent to a rotation vector of the complex amplitude
of harmonics to the corner Fw,r , where ®, is a fre-

quency of a fundamental (main) signal, "-" corresponds to

direction of rotation by counterclockwise, and "+" corre-
sponds to direction of rotation by clockwise.

In this case u(f)=U,;sin(wy¢) and, therefore,
u(tFt)=U,sin(w,(t ¥1))=U, sin(wyt F 0y7) .

In this regard, the answer to the question how the spec-
trum of the initial polyharmonic (non-sinusoidal) signal
will be changed in case of a shift in time domain on the
value Fr , is actual.

In other words, if u(t)eU,, k=0,N, then
uitFr)e U ?

From signal theory it is known [18] that
u(t—1) <—>e_j“’°kTUk , k=0,N. Then the unknown
vector harmonics U' can be written as

UO
et/or U]
e?j(oo 27 U2

e2y)

e?](ookr Uk

e$ JjogNt UN
Lets introduce an orthogonal matrix of complex sinus-
oids. Than expression (21) can be written as follows:
U'=

U’ - . . 1 U
o I (R S | ’

Uil fo eviar = o 1 o | U

U : : : : : : Us
: = 0 0 0 eTr_/(UUkT 0 0 : 5 (22)

U', . . . . . . U,
1o 0 i 0 0 eFet) T

U'vy B U

where "-" corresponds to a signal shift to the right on a

value 7, and the "+" corresponds to a signal shift to the
left on the same value.

UB 1 “(v o ImU
TR u(t-7) \i&px\‘ ’ . -
- ut+9 e
200 Wy QS
P
. Tt %Ul U, R
e ] ey
-~ 2001 b EU|b| ,,,,, \,\l ,,,,, :;::i U']

a)

0)

Figure 1 — Explains signal shift in time by example of the first harmonic of the voltage: a) in a time area;
b) in a complex area
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[~ .2 2
It is known that the value of |Uk ’| U +U}" of

each component of the vector U' is invariant to a shift,
Ub
and the phase ¢, =arctg —’; is not invariant, for
Uy
Vk=1N.
We obtain the scalar version of relations, similarly to
(22).

Let ! !

u(t) <> U, =5U,f —jEU,f, k=0,N, than

1 1 .
uitFr)oU', =5U’Z—j5U’Z. We introduce the vec-

. 1 1 Uy —
tor equivalence —Uf — j—U} ~| % |, Vk=0,N . We
2 2 Uy
use a matrix of a linear transformation in Cartesian coor-
dinates [19] for representation of cosine and sine compo-

nent conversion:
Uy cos(wkt)  Fsin(@ykt) | Uf
s 1=, ; (23)
u® +sin(@pkt)  cos(wpkt) || U?
Vk=0,N , where «» corresponds to a shift to the right
on the value of signal 7, a «t» corresponds to shift to

the left on the same value. Generalizing the relation (23)
to the case of N harmonics, we obtain a block vector-

column:
Toal] [ 1 ofug |
L 0 | 0 1) 0
_U’f ] cos(wyt)  Fsin(w,7) | U{
U +sin(w,7)  cos(w,7) | UL
_U’Z ] cos(wy27)  Fsin(wy27) |US
US| |=] [Esin(@y2r)  cos(wy27) | US| | .(24)
_U’Z ] cos(wgkt)  Fsin(wkr) | U}
U +sin(wgkt)  cos(wokt) || U?
{U’;’v—‘ { cos(wgNt) F sin(a)ONr)—wU;{]—‘
7. +sinlma N7V cos(ma N7 1l 775

We introduce an orthogonal block matrix of the linear
transformation in Cartesian coordinates [19]. Than (24)
can be written as:

kA Uj
LOJ [t o 1 L0 ]
U {0 l} 0 0 0 Uy
_U'{’ | 0 cos(wyt)  Fsin(wyt) 0 0 _Ulb
U tsin(wyr)  cos(wyr) Us
U'g = : : X Ub : (25)
. 0 0 cos(wokt)  Fsin(wykt) 0 s
_U'Z 7 Tsin(wyht) cos(wykt) _UZ )
b : : : : : : b
_U:k _ 0 0 0 { cos(wyNt) T sin(wyNt) —U:"
[U% w I +sin(wyNt)  cos(wyN7) || _U.z_
b rrb
Obtained relations allow to present the spectrum of the then
measured signal in the form, harmonics' parameters of a.: b _ o)
which are satisfy given requirements. For example, in Sol t.Ul (szlggaﬁor)t; lgl cos(@o7) =0 28)
) olution as the form:
several methods [9] the correct calculation of P and Pkb b
as bilinear forms of the voltage amplitudes and current in arcig (— U'a) (29)
1

accordance with methods, proposed in [22], suggests that
the U, lb =0, or, in other words, requires zero phase of the

first harmonic: (DIU =0, if the voltage signal is represent-
ed as u(t)= Z2|Uk|cos(kcot —go,?). In general, for the
k=0

implementation of u(f), obtained in the measurement

process, U{ =0, U lb # 0. Consider the problem of shift-
ing the signal u(¢), which leads to the fulfillment of the
condition:

Ut #0; U =0. (26)
From relation (23) follows that
{U’f } _ { cos(w,t)  F sin(wor)}{Ul” } @)
0 tsin(wor)  cos(wor) | UL |

T= cwg=2af; f=T".
@9

For (26) with a negative value of the parameter 7
voltage signal must be shifted to the left on a value 7, and
with a positive value it must be shifted to the right.

Thus, substituting (29) into (22)—(24) or (25), we will
obtain the spectrum of the shifted voltage signal. Calcula-
tions are similar for current and instantaneous power sig-
nals.

Solution of a similar problem for the k -th harmonic
will be the following:

b
arctg(— g’; )
k

7= ;wo=27?f;f=T71~ (30
ke,

In case of a signals shift in accordance with condition

Ut =0; U =0, 31)

we obtain similarly the following solution:
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Ua
arctg( U’j, )
k

; 0y =271 f=T71.
ko,

Obviously, in case of an even symmetry of a signal the
shift will result in absence of sinus amplitudes and in case
of odd symmetry the shift will results in lack of cosine
amplitudes in the transformed signal spectrum:

L3 Ll L] - ] - o ﬂ
HUO'S} {Uﬂ {Uﬂ {Uﬂ {UONH

Based on this, we can conclude that the bilinear form
(4), (7) and (8) are not invariant to parameters and struc-

ture.
Taking into account that on practice we are dealing

with discrete signals, we can write: 7 = N_At, where N,
is a number of discrete values that fit in the interval 7 ; A¢
is a sampling interval in time. Then (29) takes the form:

b b
. arctg(— g'a) arctg(— g'a )N
N. =|—|= L= ! , (33
e ®

WAt 2r
. . T .
where [] is an integer part of number; N Y is a
number of points per period. Similarly, we obtain the dis-

crete version of the relations (30):

b b
. arctg(— g’; ) arctg(— g’; )N
N, =|—|= 2= t (34
. { AJ (34)

(32)

T =

koAt 27k

Thus, if necessary, processing of signals u(fF7),
i(t¥7), p(tF¥7) and a further harmonic analysis should

be done, or transformation of obtained spectra according
to relations (22)—(24) or (25) should be done.
4. Examples of practical applications

As an example of practical application of obtained
above relations, we’ll perform the calculation of amplitude
values the instantaneous power signal components of IM,
which operates in the regime of short circuit. Motor stator
windings are connected to TVC with control angle

a=110°. ™M parameters correspond to
T-equivalent circuit: rated power of 75 kW, rated voltage
of 380 V, the number of pole pairs 12, the resistance and
inductance of the stator phase 0,015 Ohm and 0,015731
H, given resistance and inductance of the rotor phase
0,023 Ohm, 0,015719 H, magnetizing inductance 0,015 H.
Current and voltage signals diagrams are obtained by
solving a system of differential equations of IM, taking
into account their calculation for IM models [23]. Wave-
forms of voltage and current on the repetition period of the
process are shown in Fig. 2.
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Figure 2 — Voltage and current signals
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Appropriate signal of instantaneous power is shown in
Fig. 2.
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Figure 3 — Signal instantaneous power

Signal spectra are shown in Fig. 4
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Figure 4 — Signal spectrum of current, voltage and instantaneous power

For simplicity, we consider only the first and fifth
harmonics in voltage and current signals.

Based on conditions of the problem, and in according
to (3), we obtain (35).

Vector of current complex amplitudes can be written
similarly (36).

Then, substituting (35) and (36) respectively in (13)
and (14), and after calculation, we get (37, 38).
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Bilinear forms (37) and (38) allow to perform analy-
sis of the formation mechanism of harmonic components
of the instantaneous power signal as functions of ampli-
tude components of current and voltage signals. This is
necessary, in particular, to solve systems of energy bal-
ance equations in parametric identification problems of
equivalent circuit of electric machine [3, 4] and in prob-
lems of electrical energy metering [9]. Thus, from (37)
and (38) it follows that the instantaneous power signal has
a DC component (zero harmonic). Second and tenth com-
ponents are canonical components, formed by multiplying
the same frequency amplitudes of current and voltage.
Fourth and sixth components are non-canonical compo-
nents, formed by multiplying the amplitudes of different
frequency of current and voltage.

Lets perform the inverse problem. We need to design a
voltage signal for a given power spectrum. We use the
spectrum (39), obtained from earlier calculated compo-
nents (37) and (38), as such power spectrum. Numerical
values (37), (38) can be obtained either by the substitution
numerical values of amplitudes (35), (36) or by using the
conversion, inverse to (2):

*
*

Is 0 0 0 I, 0 I, 0 0 0
0 0 0 I 0 I, 0 0 0 I

o0 0 I 0 I, 0 0 0 Is 0

o I, 0 I, 0 0 0 Is 0 0

I 0 I, 0 0 0 Is 0 0 0
U=lo 7, 0 0 0 Iy 0 0 0 0
I, 0 0 0 Iy 0 0 0 0 0

0 0 0 Is 0 0 0 0 0 0

0 0 Iy 0 0 0 0 0 0 0

0 I5 0 0 0 0 0 0 0

Is 0 0 0 0 0 0 0

One can see from (40), the inverse problem has a
small, but insignificant error in terms of the electrome-
chanical problem, caused by a division operation. Error is
absent only in those cases where the values of the ampli-
tudes, that involved in the deconvolution, evenly divisible
by each other, which is almost impossible in practice.

Thus, presented theoretical relations are a mathemati-
cal basis to a unified approach to analysis and synthesis of
signals of instantaneous power and voltage and to solution
of electromechanical problems, involving approach, that
based on instantaneous power in nonsinusoidal circuits.

CONCLUSIONS. Considered a common approach to
analysis and synthesis of instantaneous power and voltage
signals in non-sinusoidal circuits, which along with the
quantitative estimation allow to made the qualitative eval-
uation of their spectra formation mechanism. The last is
actual, in particular, to solve electrical problems.

Obtained mathematical relations are presented in con-
ventional terms of signal theory and matrix algebra. This
on practice allows to synthesize efficient computational
procedures in terms of performance and is important in
design of real-time systems, which is actual in control of
quality power conversion.
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AHAJIA3 CUTHAJIOB MTHOBEHHOM MOIIITHOCTHU ¥ EE COCTABJISIFOIIINX
B HECUHYCOUJAJIBHBIX HEIIAX ITPU PEINEHUU QJIEKTPOTEXHUYECKHX 3ATAY

B. H. Cunopenko, A. I1. YepHbIii

KpemeHdyrckuii HaloHanbHbIN yHUBEpcUTeT MMeHH Muxania OcTporpaackoro

yi. IlepBomatickas, 20, T. Kpemeruyr, 39600, Ykpauna. E-mail: vnsidorenko@gmail.com

PaccMOTpeH emuHbIi TOIXO0/ K aHAIM3Y U CUHTE3y CHTHAJIOB MTHOBEHHOW MOIIHOCTH M HATIPSHKEHHUS IS HECHHYCOH-
JANBHBIX IICTIeH, MO3BOJISIONIHHN, B OTIIMYKE OT paHee U3BECTHBIX, HAPS/Y C KOIMYSCTBEHHOM OIIEHKOH C/IeaTh KaueCcTBEH-
HBIH aHaITN3 MeXxaHn3Ma (POPMHUPOBAHHS HX CIIEKTPOB. PaccmoTpena 3a1ada npeoOpa3oBaHus CIIEKTPa HECHHYCOUIATIBHOTO
MEPUOTMIECKOr0 CUTHAJA MPH CABUI® CHCTEMBI KOOpAUHAT. [10/X0/IbI aKTYaIbHBI MPH PEIICHHN YPABHEHHH SHEpreTHuIe-
cKkoro Gananca B 3a/ia4aX HACHTH(HKAINNA MapaMeTPOB MEKTPUUSCKUX MAIIWH C YIETOM HMX HEMMHEHHOro Xapakrepa
MPY CHHTE3€ CUTHAIIOB HANPSDKCHHS [T 38JaHHOrO TAPMOHUYECKOTO COCTaBa MTHOBEHHOI MOIITHOCTH B 33/1a4ax yrpasiie-
HHS KAYEeCTBOM MPEoOPa30BaHMs MEKTPHUECKON SHeprui. [1omyueHHbIC MATEMATHIECKHE COOTHOIICHHUS MPE/ICTABICHbI B
OONIETIPUHATHIX TEPMHUHAX TEOPUH CUTHATIOB U MATPHYHOM anreOpsl. Ha mpakTHke 3TO MO3BONUT BBIOIHUTH CHHTE3 OBICT-
POIECHCTBYIOINIMX BBIUHUCITUTENBHBIX MPOIEAYP U SBISCTCSA BaXKHBIM MPH MPOCKTHUPOBAHUH CHCTEM YIPABJICHHS KAueCTBOM

peoOpa3OBaHuUsI IHEPTUH B PEaIbHOM BPEMCHH.
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