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| What is Wrong with the Budeanu Concept of
Reaotlve and Distortion Power and Why It Should be
Abandoned

LESZEK s. CZARNECKI, SENIOR MEMBER, IEEE

* Abstract—The Budeanu definitions of reactive and dlstortlon power
in circuits with nonsinusoidal waveforms have been spread in electrical
enginéering, desplte sorire objections, for almost 60 years. The objec-
tions have coricerned mainly with the question of whether these powers

“should be defined in the frequency domain and whether they can be
measuted as defined. Unfortunately, thé mairi drawbacks of these def-
initions have. not been noticed. Namely, the Budeanu reactive and dis-

" tortion powers do not possess any attributes which might be related to

‘the power phenomena in the circuit. Moreover, their values do not

provide any lnformatlon which could enable the désign of compensat- .

ing circuits. Also, the distortion power value does not provide any in-
formation about waveform distortion. Therefore, Budeanu’s concept
has led the power theory of circuits with nonsinusoidal waveforms into
a blind alley.

I Imooucnon

UDEANU [1] generalized the power equation of the

source in the linear circuit with sinusoidal voltage and
current to apply it to circuits with periodical nonsinu-
'oidal waveforms. He defined the reactive power as

—

QB_EUIsmd),, (1)
and he mtroduced a new quantity .

Ds & 4§ —P—QB - (2)
called the distortion power.

Despite Fryze’s objections [2], which mainly are.con-
cemmed with the necessity of the voltage and the current
harmonic decomposmon before the reactive power could
bé calculated, the Budeanu definitions have spread through
. publications and academic textbooks in electrical -engi-
neering, In 1972 Shepherd and Zakikhani .[3] also ob-
jected that the Budeanu reactive power is not a real phys-
. ical quantity. They suggested that another quantity be

chosen as the reactive power. This brought about a con-
tinuing .discussion [3]-[6] on the power properties of
nonsinusoidal systems and reactive power. Nonetheléss,
in 1977 Emanual [6] stated that *‘Budeanu’s model is to-
day universally aceepted.’’ Budeanu’s model was also
supported by Nowomxe_]skl who expressed [7] the Bu-
“deanu reactive power in the time domain and who pro-
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.vnded along -with’ Pisher [8], more soplnstlcated mathe-

matical foundations for this model.. .

The Budeanu reactive and distortion | power tumed out
however, to be vety difficult to instrument, and a consid-
etable effoit was reqmmd [91-[16], [18] beforé the first
meters for measuring these powers were bullt almost 50
years after they were-defined.’

Unfortunately, ‘the circumstance that the reactlve and
the distortion powers were ot accessible by measure-
ment; and the efforts -focused on their instrumentation,
have diverted the attention from the quite fundamental is-
sues for power theory. Namely, how the Qp and Dj quan-
tities are related to the power phenomena in the circuit
and whether their values provide the information whxch
would enable the design of compensatmg circuits, as is
the case with reactive power in circuits with sinusoidal
waveforms. It will be shown in this paper, that as a matter
of fact, the Budeanu reactive and distortion powers do not
possess the attributes which could be rélated to the power
phenomena in the circuit, and their values do not provide
the information necessary for the design of compensating
circuits. It will be shown moreover, that the distortion
power value is not related to the waveform distortion. Un-
fortunately, these essential drawbacks of the Budeanu

. model were not earlier reported.

The author’s research on orthonormal 1-ports and
2-ports synth_esxs [15], [16] has ehabled the construction
of both a reactive power Qp meter [13] and a distortion
power Dy meter [14]. He showed also [12] that the reac-
tive power can be measured with the aid of a wndeband
x /2 phase-shift circuit. In this way, the author was not
only misled by Budeanu’s model, but also has contributed
to keeping it afloat. Therefore, he feels especlally com-
pelled to show the reasons why this model is useless.

II. RELATION OF THE Qg AND Dy QUANTITIES TO THE
POWER PROPERTIES OF THE CIRCUIT
* Let us suppose that the periodic voltage u of frequency
w; contains only the single harmonic u, of frequency nw,
and rms value U, i.e., _
u=u, & V2U, cos (nw,_t + a,).

(3),

If this voltage is applied to a liriear load of ¥, £ Y, exp
{ —j#,} admittance for frequency nw,, then, the load cur-
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rent is
i=i,= «/51,, cos (nw t + a, — ¢,), withIl, = Y, U,
(4)

“The load instantaneous power p,, i.e., the rate of the en-

ergy transmission to the load, can be decomposed as fol-
lows:

A AW

DPn =E— = unln

= P,[1 + cos 2(nw t + a,)]
.+ Q, sin 2(nwt + )
where
P, (6)
On (7)

Formula (5) emphasizes the physical meaning of reac-
tive power Q in circuits with sinusoidal waveforms. It is

U,1I, cos ¢,
U,I, sin ¢,.

I

>

the “‘generalized’’ (in the-sense that it can be negative)

amplitude of the alternating component of instantaneous
power, Q, sin 2(nw;¢t + «,). It appears if, due to the
phenomenon of energy accumulation in electric or mag-
netic fields of the reactance components of the load, a part
of the energy is transmitted forward and backward be-
tween the load and the source.

Defining the reactive power Qp in circuits with dis-
torted voltage and current, i.e., with

u?d §lu,, ié Ei,, (8)
as
Qs & X Upl,sin gy = 2 On (9)

‘Budeanu simply added the generalized amplitudes Q, of

the instantaneous power alternating components of all

harmonics, But each of these components has a different .

frequency and may have different phase angle o,. There-
fore, this sum does not specify the altematmg component
-of the whole instantaneous power p = ui. Though each
term Q, has a distinctive physical meaning, their sum Qg
loses it completely. In parucular, it can be-equal to zero
at nonzero values of terms Q,, i.e., despite the recipro-
cating energy’ transrmssron between the- source and the
load. :

The phenomenon of the recrprocatmg energy transrms—

current rms value ||i || and its apparent power S in the

~ manner suggested by Budeanu’s model. Namely, each of

the current harmonics i, can be decomposed into two or-
thogonal components

(10)
(11)

iz & V21, cos ¢, cos (nwt + o)
2 21, sin ¢, sin (nwt + o)

83D

which rms values, denoted by |l iz, ||, Il i I, fulfill relation
.2 . ud "
lial® = liaal® + Nim®
KON}
U, U,

Since all current harmonics are mutually orthogonal, thus
the square of the rms value of the current is

(12)

.12 o s n2
il = Z il
N AR {AY
-Z(@) 2@ o
and the square of the source apparent power
© P 2
$ = Jul'lil = 1l” 2, (32)
e 0\2
Il 2 (2). (19)

Therefore, if there is the reciprocating energy transmis-
sion .between the source and the load, then the term I
(Q./U,)?, but not £ @, is responsible for the source ap-
parent power increase. The apparent power is a minimum,
for specified P, and U, values, if for each n the harmonic
reactive power Q,, is equal to zero, but not if their sum Og
is equal to zero. This is only a necessary, but not a suf-
ficient condition. The reciprocating energy transmission
may exist also when the reactive power Qp has zero value,
therefore, the companson of (14) with the Budeanu s
power equation

lalle ] = P + 04 + D} (15)

allows the conclusion to be drawn that not only reactive
power Qp, but also the distortion power Dy is affected by
the reciprocating energy transmission. Unfortunately, it
means simultaneously that neither of these two power, QB,
Dy is related distinctively to this phenomenon which is
responsible for the source. apparent power increase. For

just this reason, Budeanu s model is useless for attempts

of power factor (A £ P/S) improvement. If an ideal re-
actance 1-port is connected at the source terminals, then,
if the source impedance is equal to zero, it does not affect
either the P, or U, value, consequently, it does not affect
the source active power P. However, it modifies the Q,,
0,, Dy powers. Unfortunately, the Budeanu reactive

. power compensation does not affect the source apparent
sion at harmonic frequencies does not affect the source -

power S in an explicit manner, since the change in the Op
value also changes the distortion power Dg. This is illus-

‘trated with the followmg example.

Example 1: The source voltage of frequency w = 1

« rad / s in the circuit shown in Fig. 1 contains three har-

monics of order n = 1, 5,7 with rms value U; = 100V,
and U, = U, /n. The source active power P = 5019 W.
The values of powers S, Op, D and the power factor )\‘
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Fig. 1. Circuit example.-

TABLEI .
REACTIVE POWER COMPENSATION RESULTS
Quantity | Unit Q) )
¢’ r - " o.3802 |
s |wa | 71296 | o 7259

VA 5105 0

5244

Q%
Dy | va | 1407
A

- 0.688 0.691

of the circuit without a shunt capacitor are tabulated in

column 1 of Table I. :

The Budeanu reactive power Qp can be wholly com-
pensated by the shunt capacitor of C = 0.3802 F, but as
is shown in column 2, its compensation has almost no
effect on the source power factor A. Thus the compensa-
tion of the reactive power Qp alone may be useless for the
power factor improvement. To overcome this drawback
of Budeanu’s model, one might seek how the distortion
power could be compensated simultaneously with the re-
active power. However, it does not seem too sensible to
have the apparent power expressed in terms of harmonic
reactive power @, in such an explicit form as in (14). In-
deed, as it was shown in paper [17], this equation, ex-
pressed in a slightly modified form, elucidates the power
properties of the circuits with nonsinusoidal - waveforms
without Budeanu’s Qp and Dj quantities and provides the
fundamentals for the power factor improvement. .

The name of another quantity, Dp, introduced by Bu-
deanu, the distortion power, suggests that it is a measure
of waveforms.distortion in the circuit, though, it has never
been said explicitly what this name means. As a matter of
fact, it is equal to zero if the waveforms are sinusoidal,
but it is equal to zero also if the distorted voltage is ap-
plied to a resistive load, i.e., if the current waveform is
not distorted with regard to the voltage waveform. This
means that distortion power is not a measure of waveform

distortion itself, so the next possibility is that it is a mea- -

sure of the current waveform change with respect to the
voltage. Let us check this hypothesis.
“The distortion power can be expressed in the form

Dy & VST - PP - 0}

8

1 o
- Er 1 :§l Ar (16)

where

Ay & U2 + UPP - 2U,U,?,1, cos (6, — &)

= (U1, — U,LY + 2U,U, 11, "
1 -cos(8,— 8] Lo,
=0, R ¢ ) B
Since A4,, terms are'nonnégative, the distortidn power 1s

equal to zero if, and only if, for each 7, s, the term 4,, =
0; i.e., if for each voltage harmonic AT
L L

. It means that the distortion power is equal to zero, if for.

each voltage harmonic the load has the same impedance,
Z = Z exp { jo}, but this condition is not equivalent to

. the absence of the -current distortion with respect to the

voltage. If condition (18) is fulfilled with ¢ # O, then.

Djg = 0 despite the change in the current waveform. This

is illustrated with Example 2. ' :
Example 2: The voltage

u & ‘N/EUI sin wyt + \/EU:; sin 3w,.t

is applied to the load shown in Fig. 27 Its admittance for
w; = 1 rad/s and w3 = 3w, is '

Y, =Y, =Y=jlS.

_Thus the condition (18) is fulfilled and D = 0.

Despite this, the source current

i = J2YU, sin <w,: % %)

+ 2 YU, sin <3w1t + -’25)

= Y(Ji U, cos wyt + JEU3 cos 3wyt)

as it is shown in Fig. 3, is distorted relative to the source

" voltage.

~ On the contrary, ‘the current waveform can be only
shifted with regard to the voltage without any change in
the shape, just as it is in the circuits with sinusoidal wave-
form, despite the nonzero value of distortion power. This
is illustrated with Example 3. '

Example 3: The same voltage as in Example 2 is ap-
plied to the load shown in Fig. 4. A

The load admittance for harmonic frequencies is equal
to Y, j18, ¥3 = — j1S, thus condition (18) is not fulfilled
and the distortion power is equal to Dy = 2YU, Us, where
Y = 18. The waveform of the source current '

i= JiY]Ul sin (w,t + %)

+ ‘/EY3U3 sin <3w;t a ';")

= \/51, cos wyt — \/513 cos 3wt
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Fig. 4. Circuit with distortion power Dg # 0.-

is shown in Fig. 5. It is only shifted, but not distorted
relative to the voltage.

Thus although waveform distortion can affect the value
of the distortion power Djp, this power does not provide
information as to waveform distortion. Indeed, it was in-
troduced into the power theory of circuits with nonsinu-

soxdal waveforms, since the square of the reactive power _

Q3% turned out to be less than S — P2, This gap had to
be filled with something which was then endowed with
delusive name of distortion power.

. III. CONCLUSIONS

‘The Budeanu reactive and distortion powers do not pos-
sess the attributes which can be ftelated to the power phe-
nomena in circuits with nonsinusoidal waveforms, and

_their values does not provide the information which could .

be used to design compensating circuits. Moreover, the
distortion power. value does not provide information re-
lated to waveform distortion. ,

" Budeanu’s model has been criticized as not satisfactory
since it was first proposed. This criticism brought about
the other models that have been developed since. How-
ever, the detailed critical analysis of Budeanu’s model has

not been performed. Moreover, for various reasons, nei- _

ther of the other models have gained general recognition,

837

Fig. 5. Voltage and current waveforms in circuit shown in Fig. 4.

and the use of Budeanu’s model has become the most
widespread. Unfortunately, for the reasons shown in this
paper, the Budeanu concept has led the power theory of
nonsinusoidal circuits into a blind alley.
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