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Increase of sensitivity of modern technologies to sinusoidal distortion of a power requires perfection of the mechanism, responsibility of
the consumers generated high harmonic component (HHC), where level exceeds normative values. An integrated parameter of quality of

electrical energy is the energy of distortion.

However theory of capacity and energy of distortion in networks of an alternating current is not developed. The results of researches al-
lowing to establish essence energy of distortion and to calculate it for any spectrum HHC are given.

Despite of significant number of works devoted to a prob-
lem of definition of capacity and energy of distortion, the
difficulties of its decision are known. The urgency of a prob-
lem grows in connection with the varied relations of the par-
ticipants of the market of the electric power, by increase of
the requirements to quality of the electric power on the part
of the consumers [1].

Let's distinguish power (U) and current in a circuit (1),
having:

e ldentical frequency. Let's name as their same har-
monics (SH) of power and current. Private, but, it is obvious
most important case is U; and |, of the basic harmonic;

e Various frequency. Let's name them different-name
harmonics (DNH) of a power and current.

The variable making of capacities of SH and the capacity
DNH as a matter of fact is exchange capacity (EC) and be-
tween its complete (S,), active (P,) and reactive (Q,) compo-
nents the square-law dependence, i.e.s2 = p? + Q? takes place.

To distinguish EC of the basic harmonic from EC HHC it is
accepted to name last as capacity of distortion (CD), and en-
ergy, appropriate to it by energy of distortion (ED).

Before to define capacity (S) and energy (W) HHC with
the purposes of comparison we shall refer to known results of
definition S; and W, including their active (P;) and reactive
(Qq) parameters for the basic harmonic [2]. Let

u(t)=U,, sinat 1
()= [y sin(at + ¢, ) 2
Sl(t): Pl(t)+Q1(t) 3)

where P, (t)=P,(1-cos2amt), Q ,(t)=Q, sin2ut

EC of the basic harmonic consists from:
By active component with a maximum equalled

P, =|R| Wwhere P =05U,,I, cosp, and with energy,
which for the period 77 is equalled

Wi =W =P Q

where the marks (+) and (-) designate a direction of flows SE.
In the subsequent statement the mark W with the purposes of
simplification will be specified only if it is necessary.

By reactive component with a maximum equal

Q. =|Q,|, where Q, =05U,,1,,sing and with energy,
which for the period 77 is equal
Wq, = QT z™ ®)
Similarly
Sim =|S,|, where S, =05U, I,

Wg,=S,Tr™ (6)

Generally, when in a linear circuit a power

u(t):zm“un'm sinnat ()
n=1

The current is equalled

i(t):ilnm sin(nat+¢,) (8)

n=1

The instant value of complete capacity S(t) on sine not
wave curves u(t) and i(t) would seem equally to product of
instant values u(t;) and i(t;) by analogy to sine wave curves of
a power and current. Let's show on a simple example, that
such calculation is erroneous. Let at a circuit with linear load-
ing in curves u(t) and i(t) alongside with the basic harmonic
there are the third and seventh harmonic, i.e.

u(t)=U,, sinat+U,_sin3aet +U,  sin7wt

i(t)=1,,sin(at+¢,)+1,,sin(3ot+e@; )+ 1, sin(7Tot+ ¢, )

At the moment t; at the marked approach

S(tl ) = U(tl )'i(tl ):

and the product includes six components, which are deprived

|physical meaning, since under action of n'" of a harmonic of a

power in a linear circuit the harmonics of a current can not
proceed, where order is differed from n. The accounts S(t)
must make under the formula
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Ny m

S(t)= ZUnm am SiINNatsin(nat + ¢, )=> " P,->"P, COSZHa)tJer:Qn sin2net=Py  +S,,(t)+D,.(t) (9)

n
n=1 n=1 =1 n=1

where, np- greatest number HHC; Sy 4 (t) -EC at n=1; D,.(t)- CD SH; Upm, Inm and ¢, are calculated by the results of the Furye-
analysis of curves u(t) and i(t).

cos @,

P,=05U, .1, ., cose, =PK,K,, =S, Ky K, COS@, (10)
min, ¢ ) Gos g, | h UMM P
. sin .
Qn 2075Un,m|n,m Sm¢n Ql U(n)KI(n) ¢n SlKU(n)KI(n)SIn¢n (11)
si ne,
Sn =O'SUn,mIn,m =S1KU(n)KI(n) (12)

Accordingly, parameters ED SH of a power and current for n™ of a harmonic with n = 2,n,, Can be calculated under the
formulas:
cos @,

W, =W, K, Ky — =W, K, K,y COS® (13)
P.n P1"MJ(n) I(n)COS(Dl S1MU(n) " MI(n) n
sing .
Won =Wo 1 Ky Ky = =Ws 1Ky (n)Ki () SiNG, (14)
sing,
| i it is visi :
W, =W KU(n)KI(n) (15) From the equations (21) and (12) it is visible, that the ca

pacity contains only variable (pulsing) part and on the order
more, than S,(t).

If CD (ED) is compared for n”" HHC (n = 2,n,, ) (9-15) Let's define the moments of time (tynm) at which Pyq(t),

and EC (EE) of the basic harmonic (3-6), then it is uneasy to Qu(D) and S,,(t) reach the maximal values designated, ac-
notice, that their relation is defined with ;‘actors n™ HHC of a cordingly Pyam, Qunm and Synm. Having calculated derivative

o () nd atent (5.1 Koy K 3 21000 P () 001 0 et e o 20
as possible allowable values then it is possible to conclude, g9 '

that CD (ED) make from EC (EE) of the basic harmonic no 1+ FO function Ping Parameter ‘ amPra| = ‘}/fn =2 for
more than one percent. . Pl _ .
Let's consider now definition CD and ED for DNH of a all odd harmonics, and for even harmonics ‘7“‘ =2 practi-

power and current. Let in a circuit of a current power source  cally at n> 8 (the divergence makes as follows
(PS) with a sine wave power is included NP (ventil convert- ﬂlpn B P )S 15%). Thus, by analogy to active
ers, arc steel-smelting of the furnace and etc.). The current in '

circuit will be equal a circuit (8), and capacity at n=2, ny,. capacity Pr, the parameter Py, has @ maximum (under the
marked conditions) equaled 2|P, ,|. However, if for Py this
_ : _ maximum always positive, the maximum P ¢ can be both
Sty (t) ul(t) In (t) Py (t)+ Qi (t) (16) positive, and negative.
where The modular summation of maximal of active capacity

P.(t)=P, [COS( n—1)wt —cos(n+ l)a)t] (17)  HHC gives large mistakes of calculation, since Py, is dif-
fered with mark and for even harmonics and a moment of

Q,,(t)=Q,,[sin(n+1)at —sin(n-1)wt] (18) °°°‘§;r§’;ﬁ'unction 0

cos The parameter |Ql,n,m Qi = |7/En =2 for all even
1n
P, = PlK'(n)—COS o =5,K\(n) COS®, , (19) " harmonics, and for odd harmonics ‘7/8”‘ =2 practically at
nx7 (divergence makes as follows
sing, , ) B Snloo( ~ 1577 )g 25% ). Let's notice, that such change
Qin = 1K'(“) sing, - SlK'(”) SNy, (20) for reactive capacity of the same harmonics Q,(t) HHC is not
present. Q, , = |Qn|;
S. =S.K 1) The modular summation of maximal of reactive capacity
Ln Hn) HHC as well as for active capacity gives large errors of cal-
culation.
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Let's define ED Wy, for Pyn(t), Qua(t) and Sy pa(t). Q.. .
Empirically by integration of the functions Py ,(t), Q1n(t) Wy, =2,56—==8,1-107Q,, (23)
and S;,(t) and by definition accordingly w") .w{") ~and @
1, _
ngfl?n we have defined what, at n>3 for the period of the Ws1, = 2,56 wn =8,1-107°S, (24)
basic harmonic 7; with an error no more than 1 %. If (22-24) are some transformed, we shall receive:
P1n -3
W,,,=256—"-=81-10"P,, (22)
1, P : |
Wp,, =107P,, =107 U I, cosep,, =81-107°S,K,  cose,, (25)
Woin = 10"2QmCp = 10_2U1’Cpln'cp sing, , = 8,1‘10"3SlK|(n) sing, (26)
Wg,, =107S,, ., =107U, 1, ., =81-10°S K, ,, 27)
h 2 . 2 ! Let's proceed to a question of definition summation (S)
where U, , = ;Ul,mi loep = = lom: CD and ED of an any spectrum HHC.

At a sine not sinusoidal power in a circuit with NP the in-

The formulas (25-27) are simple enough and allow to de- .
( ) P g stant value of capacity can be calculated under the formula:

fine ED HHC directly by results of decomposition of func-
tion i(t) in a trigonometrically number Furye.

Sz(t):iPn —iPn cosZna)t+§:Qn sin2nat +
n=1 n=1 n=1

n,-1 Ny—1

+ Y P, [cos(n — 1)t —cos(n +1)et]+ D Q,, [sin(n +1)et —sin(n - 1)at]= (28)

=P gp 510+ DL+ D (=P + G (1)

where D5 (t) - summation instant CD for SH and DNH; G ss- summation instant EC. In turn:

Np_1 n,-1
DY(R)= Y P, (1)+ 2.Q,,(1)=D{%™ (1) + DB (1) (29)
n=2 n=2

The definition of the maximal values |harmonics do not coincide, and the marks of the maximal
D(DNH)(t),D(DN”)(t) and D{°¥)(¢) at practicable in prac- values can be different. Therefore algebraic summation of
) z,S z,P ) =Q ) ) maximal as Py ,(t) and Qqn(t) results in the large mistakes of
tice sp?ctra HI]:|C re(?uweslIargehanal)f/tlcal calculatlons(,j. i calculation.

Before to formulate algorithm of account CD and ED o 3. ED (is shaded) on an interval 7:/4 W.*) = W.)| and
an any spectrum HHC DNH (in subsequent the indexes DNH ' ( ) /4 Wyp = MZP‘
is omitted) we shall consider some features of calculations on WZ(+Q) - Mz(fo)‘ and is calculated as the sum of the areas lim-
a concrete example. A graphic illustration of change of an 7 7
active and reactive component CD and ED, in conditions, 1ted {0 an interval T/2 and curves Py(t) and P15(t) (or Q15(t)
when alongside with the basic harmonic, in a circuit the cur- @1 Qus(0)).
rents of thirds proceed and fifth harmonics is shown in a fig. 4. Wsp < <WigptWispand Wso< < Wigq+Wisg
1a, and allows to conclude: Otherwise ED designed as the sum energy of separate

1. The functions Py ,(t) and Qy.(t) are not sinusoidal harmonics exceeds essentially then the valid value. In a
characterized periodically varied by amplitude and duration ~ 119-1a, it would be visible from comparison of the areas with
of each half-cycle. Nevertheless the maximal values of this longitudinal (designating WS) and cross (designating the sum
function and functions Sy .(t) are connected by square-law W, 3 and W 5) shading. The basic difficulty of analytical cal-

y ) 9 culation of the valid values CD and ED at an any spectrum
dependence. However, Zplvnm +Zin”~m >>Zsl’n’m and HHC alongside with greatness of calculation, consists in

(Zp )2 +(Zp )2 >>(ZS )2. formalization of definition of the moments of crossing of
Lo Lom Lnm functions Dy(t), Dy, p(t) and Dy, o(t) of an axis t. The follow-

2. The moments of occurrence of the maximal values ing algorithm of calculation CD and ED in the single-phase

P1n(t) of odd harmonics coincided, and the marks can be op-
posite. The moments of occurrence of maximal Q;,(t) of odd
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purpose with NP on an interval T is supposed. The algorithm
consists of the following blocks:

1. Are entered 2 (n,+1) discrete values u(t) and i(t) with an
interval At;=T4/2 (n,+1).

P(t)
Wp
Ralt)

Fig.1. Comparison energies (power) of distortion

éDZ,S,m = maX{Dz,s (tj )}M

1m?

and
oDy o = Max { Ds o (tj ) }M Quim

8. The relative meanings(importance) of a complete, active
and reactive component ED by everyone important BI'C are
calculated.

25;zz[\Pln )|+ [Pt )]
oW, =100—"2" =
o Pl MPl
(30)
M-1
25”2[‘Q1n )‘ ‘an( j+1 H
oW, , ,=100 V\fl =— v
Q.1 Ql
(31)
M-1
2573 |15, (t;] +[5.0 (1)
é\Nsvlyn_lOO S.ln — j=1
S,1 MSl
(32)

-8,1,0D

32

SPm = maX{Dz,P (tj )}M

a) an active-power; b) reactive-power

2. Under the formulas Furye the amplitudes (Unm and lnm)

and corners of shift (l//: and z//r']) of harmonics for n=1, nm

are calculated.

3. The factors are calculated: distortions of sinusoidalness of
a power Ky and n' of a harmonic of a power Ky and current
Kim With n=2, np,.

4. The harmonics exceeding normative values are allocated.
This condition is based on two situations. First ED for a spec-
trum of harmonics which are not exceeding normative values
much less of 0,5 % from energy of the basic harmonic. Sec-
ond is considered, that to payment should be subject only ED
of harmonics, for which the established requirements to the
parameters are not carried out. A consequence of this condi-
tion is the sharp reduction of number of calculations.

5. Under the formulas (16-21) the instant values Si,n(t;),
P1na(tj) and Qqq(tj) with j=1, M, n=1, n,,, where M=d n,, are
calculated; np,, number of sections, at which the area sinu-
soid, calculated by a method of trapezes on an interval 7,/4
does not differ practically from the valid parameter (d=5);
nm, n-greatest number of harmonics exceeding normative
value. Let's remind, that the interval 73/4 is a half-cycle of
change CD.

6. Are calculated summation CD D 5s(tj), Dxp(tj) and Dsq(tj)
with j=1, M with that difference, that it are taken into account
only important of a harmonic.

7. The relative meaning of the maximal CD are defined:

Pt

1m

9. The relative values of complete (Wp ), active (Wpp) and
reactive (Wp,q) components ED under the formulas are calcu-
lated

zsﬂz[\ozp )|+[Ds )]
W, , =100—2>F = NP
Pl 1
(33)
M-1
w 2572'2“DZ,Q(H)""‘Dz,q(tm)u
MWpq = WD’ - = MQ
Q1 !
(34)
ZSEZ[‘DZS +‘DZS( ]+l)‘:|
MWy = >
WS,l MS,
(35)
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10. The complete, active and reactive exchange energy (G) in

We, =5-10°M 1§ﬂP1(t,- )+ Dz,p(t,- X +\P1(tj+1)+ Dsp (tmﬂ
=

W, o =5-10°M 1h§qu(tj )+ Dy ot ] +[Qut;. )+ Dy (tmﬂ
-1

W, :5.10—3M—1“fz‘:nsl(tj)+ Dy« {t;)+[5.{t,.:}+ Dot )]

The results of accounts, confirming the structural analysis
CD and ED, allow to receive objective quantitative parame-
ters ED at various spectra HHC NP.

Conclusions

1. The energy SH of a power and current (W,) with n>1 gen-
erators of power stations is proportional to multiplication
Kum and Kiqy, 1 % from energy of the basic harmonic Wy, a
rule, do not exceed. The energy DNH (W) is generated by
nonlinear loading and is proportional K.

2. The basic making energy DNH is the component caused by
the basic harmonic of a power and HHC of a current. All

a circuit with NP is calculated

(36)

(37)

(38)

lother components are within the limits of accuracy of account
and measurement.

3. The capacity DNH has pulsing character with varied am-
plitude and duration of waves of a pulsation.

4. The energy DNH on an interval 73/2 consists from equaled
on parameter of positive and negative component (by analogy
with EE of the basic harmonic) and is a part of exchange en-
ergy of a circuit of an alternating current.

5. The arithmetic addition, as maximal values CD, and ED
DNH results in the large error of account.

6. The influence ED DNH is shown in distortion sinusoidal-
ness and change of parameter EE.

7. The recommended algorithm of account allows objectively
to estimate ED and EE in a circuit with NP.
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QEYRI-X9TTi YUKLU ELEKTRIK DOVROLORINDS TOHRIF
GUCU VO ENERUJISI NO9ZORiYYSSIiNIN 9SASLARI

Muasir texnologiyanin gerginliyin sinusoidaligi tehrifine hassasligin artmasi yiliksak harmoniyalar generasiya edan
isladicilerin masuliyysti mexanizminin takmillasdiriimasini taleb edir. Elektrik enerji keyfiyystinin inteqral goéstericisi tahrif
enerjisidir. Lakin dayisen cerayan sebakalerinda tahrif giicli ve enerji nazariyyasi islonmamisdir. Bu isda tshrif enerjisinin
mahiyyatini tayin edan va istenilan harmonik spektrin hesablanmasina imkan veran tadqiqat naticaleri verilir.

.M. ®apxanzane, I'.b. I'yiaues

OCHOBbBI TEOPUHU MOIIIHOCTHU U SHEPI' MU UCKAKEHUSA
B DJIEKTPUYECKHUX LHENSX C HEJTMHEMHOM HATPY3KOHN

VYBenudeHne 4yBCTBUTEIHHOCTH COBPEMEHHBIX TEXHOIOTHH K NCKaXEHHIO CHHYCOUJAIBHOCTH HANPSDKEHHS TPeOyIOT COBEPIICHCTBOBA-
HHUE MEXaHW3Ma, OTBETCTBEHHOCTH moTpebutenell, renepupyromux BI'C, ypoBeHb KOTOpBIX NpEeBBIIACT HOPMAaTUBHEIE 3HaueHUs. MHTe-
rpaJIbHBIM I10Ka3aTelleM KauecTBa 3JIEKTPUUYECKOM SHEPIUuM SBIISIETCS SHEPIUsl UCKAXKEHHUSL.

OpHako TEOpHUsl MOIIHOCTHY U SHEPIUM UCKAKCHUS B CETAX IIEPEMEHHOr0 TOKa He pa3paboraHa. IIpuBoasTces pesyabTaThl UCCIEI0BaHUH,
M03BOJIAIOIINE YCTAHOBUTH CyTh YHEPIMU UCKAXXEHHS M BBIYUCIHUTH €€ IS Mpon3BoibHoro crekrpa BI'C.
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