BULETINUL INSTITUTULUI POLITEHNIC DIN IASI
Publicat de
Universitatea Tehnica ,, Gheorghe Asachi” din lasi
Tomul LVII (LXI), Fasc. 2, 2011
Sectia
ELECTROTEHNICA. ENERGETICA. ELECTRONICA

HYPERCOMPLEX INSTANTANEOUS POWERSIN LINEAR
AND PASSIVE ELECTRICAL NETWORKSIN PERIODICAL
NON-HARMONIC STEADY-STATE

BY
HUGO ROSMAN’

“Gheorghe Asachi” Technical University of lasi
Faculty of Electrical Engineering, Energetics and Applied Informatics

Received: September 10, 2010
Accepted for publication: December 21, 2010

Abstract. The method proposed by V.N. Neddcu to characterize the
energy regime of a linear and passive electrical network, excited by a periodical
harmonic signal, utilizing the symbolic method, based on representation of
harmonic signals of same frequency through complex “images’, is extended to
the case when the network in excited by a periodical, non-harmonic signal
utilizing the symbolic method based on representation of such signals
(“originals’), through “hypercomplex images’.
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1. Introduction

Let be a linear and passive one-port (LPOP), working in harmonic
steady-state, excited by the voltage

U, = \/EUb cos(wt +0,, ) ; (1)
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the current which flows through the LPOP being
i =2l cos(wt +g; ). (2)
Theinstantaneous power exchanged by the LPOP with the outside is
p=u,i =Uyl cosj +U,l cos(2wt +g, +g;), 3
where
j =9,-9. 4
It is well known that in this case, the LPOP's energy regime is

characterized, in main, by the active and reactive powers. Having in view that
relation (3) may be written

p=U,l cosj gl+cos2(wt+g;)g+U,lsinj sin(wt+g,), (5

the active power, P=Ulcosj , represents the average value of the
instantaneous power while the reactive power, Q =UIl sinj , may be defined as

the amplitude of his oscillating component. With the view to eliminate this
existent disparity in the definition manner of active and reactive power, V.N.
Nedelcu (for instance, 1963) has adopted an artifice which may be rendered
evident if the symbolic complex method to represent the harmonic signals is
utilized. Namely to signals (1) and (2) are attached theirs complex instantaneous

“images’
u, =\/_2Ubej(Wt+gub), i_=\/E|ej(Wt+gi) ' (6)
or theirs complex effective “images’

U, =Ubejgub 1= |bejgib ; (7)

to the instantaneous power exchanged by the LPOP with the outside it is
possible to attach the complex instantaneous apparent power

§=%9b (i_"'i.*):lib'_* +U,1e2" =s(t)e* ), (8)
which is different from the expression of complex apparent power,

i =U,l =P +jQ. ©)
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In these conditions the instantaneous power (3) represents the real part of the
complex instantaneous apparent power

p=Aes). (10)
V.N. Nedelcu (op. cit.) has proposed for the instantaneous power, as real part of
the complex instantaneous apparent power, the denomination of instantaneous

active power. Consequently the imaginary part of the complex instantaneous
apparent power

q=Am=- (s- $)=U,lsnj +U,lsn(2ut+g, +g) (1)

represents the instantaneous reactive power.
It results that the complex apparent power is the average value of the
complex instantaneous power

Ui  =Uple! =P+jQ, (12)

I\)|H

s=(g=Lgya

where the active power, P, and the reactive power, Q, are defined as average
values of the instantaneous active power (3),

\

1 .
>=?9) =U,l cosj , (13)

respectively the average value of the instantaneous reactive power

Q=(q)= dt=U,l sinj , (14)

1
=

Og’

T =2p/w being the period of the harmonic signals uy(t) , i(t).
Relations (8) and (12) lead to expression

S=S+ss, (15)
where

St =%9bi_=ub|ejzm =Se™ =p; +jq; . (16)
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with
Si =U, L, p; =Uyl cos(2wt +g,, +g,), q; =U,l sin(2wt +g, +g,). (17)

Here S represents the complex apparent fluctuating power, pr — the active
instantaneous fluctuating power, while gr — the reactive instantaneous fluctua-
ting power.

The aim of this paper is to extend the powers study proceeding
proposed by V.N. Nedelcu, to the more generally case of the periodical, hon-
harmonic steady-state. In this case is useful to utilize the hypercomplex
symbolic method of representation of periodic, non-harmonic signals through
hypercomplex “images’, elaborated by B.A. Rozenfeld (1949). In a previous
paper (Rosman, 2010) an LPOP in periodical non-harmonicsteady-state was
considered, supplied by the voltage

¥
U, (t) =\/§é Uy, cos(kwt +0y, ) (18)

k=0

the current which flows through the LPOP being

¥
i) =v2Q 1, cos(kwt +g, ), (19)
k=0
with
Oy - 9, =J «- (20)

Utilizing the “polar” hypercomplex symbolic representation of periodic
non-harmonic signals through hypercomplex “images’, it is useful to attach to
the signals (18) and (19) such “images’ (Rosman, op. cit) namely

v ¥

k=0 k=0

respectively

¥ ¥
f=\/§é L, cos(kwt+gik)+x/§é jklksin(kwt +gik). (22)
k=0

k=0

Here functions 1y , jx are orthonormalized. If in the vector space of
“images’ 0, respectively 1, the vectorial product is introduced, associative and
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distributive with respect to addition, the so obtained vector space is a Hilbert
one. The so defined algebra is commutative representing a real sum, of real
numbers field (generated by 1,) and the numberable set of complex number
fields (generated by the pair of elements 1y, ji). The unity element of this
algebrais

aL-=1 (23)

¥
o]
k=0

Also
=1 bk =~ %o L =i o By =Ldq =1, =4§, =0, (p* 6).  (29)

The symboalic relation
¥
o . S
—° A (jnkw)"™, ml g (25)

is valid too, rendering evident the advantage of this symbolic method to
“algebrize’ the differential operations with respect thetime.

2. The Hyper complex | nstantaneous Apparent Power

Utilizing relation (8) as model which is valid in periodical, harmonic
steady-state, it is possible to define a hypercomplex instantaneous apparent
power, in periodical, non-harmonic steady-state namely

Aol
8=24,(1+7). (26)
Having in view that
& 3
=23 Ll [t +g, )- V23 idesin(kat+g, ) @)
k=0 k=0

and substituting in (26) expressions (21), (22) and (27) it results

._ €8 g U
s=2éq LUy cos(kwt O, ) +a kU, sm(kwt * Ouy, )u
Bk=0 k=0 8] 28)

-,

L1, cos(kwt +0;, )

¥
o]
k=0
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Taking into account relations (24) expression (28) becomes finally

& . ;
s=a LU I« g(:OSj ‘ +cos(2kwt+gubK +0i, )[j+
ko (29)

+a ikYp lk é%inj K +Sin(2kWt+gubK +gik)g

¥ ¥
A A~ 1 N\~ o] . o ..
S=<s>=? dt=Q LUy lkcosi « +Q iUp lcSNi (30)
0 k=0 k=0

¥ ¥
~ [o] o |
S=a kR A k& (31)
k=0 k=0
with
R =U, I, cosj . Q =U, I, sinj, (32)

representing the active, respectively the reactive power corresponding to the
harmonic of order k.
It is also reasonable to consider that

¥
o A . l]
a) EolkUbK ' gCOSj ‘ +cos(2kwt *0y, *9, )g represents the hyper-

complex active instantaneous power and

¥ i .
b) ka:OJkUbKlk g&nl K +Sln(2kwt +y, +gik)a represents the hyper-

complex reactive instantaneous power.
The average values of these powers are

¥ ¥
A~ o i ~ o . ..
P=Q LUyl cosi . Q=8 iUp lcSinj ., (33)
k=0 k=0

with

¥ ¥
P=q LR. 0= iQ. (34)
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so that relation (31) becomes

»
11
o
+

O»

(35)

Theirs moduli,

¥
. o .
Ulcosj o, Q= Uilsinj i, (36)
0 k=0

¥

[}
P=

k=

represent the well-known expressions of active, respectively reactive power in
periodical, non-harmonic steady-state.

3. The Hyper complex I nstantaneous Appar ent Fluctuating Power

Expressions (29) and (30) lead to relation
§=S+5,, (37)
where
3 3
8 =8 LUy I cos(2kwt +g, +9, |+ Uy i sn(2wt +g, +g, ) (39)
k=0 k=0

represents the hypercomplex instantaneous apparent fluctuating power. It is
easy to observe that

5 = %ObT , (39)
whereréations (21) and (22) were taken into account. In relation (33)
a) 5 LU 1k cos(2kvvt *0y, * 9 ) represents the hypercomplex
instantaneoukszlgl uctuating active power and
b) kgoijbK e sin(2kvvt 0y, +gik) represents the hypercomplex

instantaneous fluctuating reactive power.
The moduli of these powers may be considered as representing

¥
Pt =anK|kCOS(2kWt+9ubK +gik) (40)

k=0
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— the instantaneous fluctuating active power and
3 .
O =ka_OUbKIksm(2kwt+gubK +gik) (41)

— the instantaneous fluctuating reactive power.
4. Conclusions

Using a variant of the hypercomplex symbolic representation of
periodical, non-harmonic signals, proposed by B.A. Rozenfeld, the concepts of:
hypercomplex instantaneous apparent power, hypercomplex apparent power,
hypercomplex instantaneous active power, hypercomplex instantaneous reactive
power, hypercomplex instantaneous apparent fluctuating power, hypercomplex
instantaneous active fluctuating power, hypercomplex instantaneous reactive
fluctuating power, which characterize the energy regime of alinear and passive
one-port working in periodical, non-harmonic steady-state, are introduced.
These powers represent a generalization of those proposed by V.N. Nedelcu, in
harmonic steady-state, utilizing, with this view, the hypercomplex symboalic
method of representation of periodical, non-harmonic signals.
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PUTERILE INSTANTANEE HIPERCOMPLEXE IN CIRCUITE
ELECTRICE LINIARE SI PASIVE, IN REGIM PERMANENT PERIODIC
NEARMONIC

(Rezumat)

Se extinde propunerea lui V.N. Nedelcu de a caracteriza regimul energetic al
unui uniport liniar si pasiv, excitat de un semnal armonic, la cazul Tn care uniportul este
excitat de un semnal periodic nearmonic. Se utilizeaza, in acest scop, metoda simbaolica
de reprezentare a semnal el or periodice nearmonice prin ,,imagini” hipercomplexe.





