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Strategies of Instantaneous Compensation for
Three-Phase Four-Wire Circuits

Juan Carlos Montafio Asquerin®enior Member, IEEEgnd Patricio Salmerdon Revuelta

Abstract—When the voltage source is not balanced for
three-phase four-wire circuits, instantaneous compensation for
the instantaneous reactive power does not eliminate the neutral
current on the source side. In fact, when the zero-phase voltage of
the source exists, none of the present compensation strategies can
guarantee the instantaneous elimination of the neutral current in
three-phase four-wire systems. Two approaches are distinguished
in this paper for instantaneous compensation. The first eliminates
the instantaneous reactive current, thus neutral current can still
flow. The second eliminates the instantaneous pseudo-reactive
current, so that the neutral current component is compensated.
In the latter case, a new control strategy is designed to avoid
instantaneous power flowing through the compensator. It provides J
flexibility in compensating for the neutral current in a three-phase -
four-wire system including the zero-sequence voltage. Finally,
simulated and experimental results are obtained to confirm the
theoretical properties and show the compensator performance.
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Fig. 1. Three-phase four-wire system configuration.

Index Terms—Active filters, current control, instantaneous ac- zero-sequence voltage exists. The authors reviewed the instan-
tive and reactive current, power system control, reactive power taneous currents that are defined according to the instantaneous
control, three-phase systems. value concept and indicated the control strategies for reaching
instantaneous and full compensation [7], [8]. Compensation for
an instantaneous pseudo-reactive power was obtained with the

flexibility in compensating for the zero-sequence current—the
OR three-phase three-wire systems (see Fig. 1),Akagia£]§f Y P g g

. 0-seqguence voltage existing or not. Unfortunately, the instan-
coauthors introduced the so-calle@ theory” [1]. They d g g 4

. taneous pseudo-reactive power does not have maximum instan-
analyzed the source voltage and current based on the insta Azous norm

neous value concept. The value of the instantaneous reactive %he introduction of mapping matrices [9] and a holistic ap-

imaginary) currgnt is determined at any single time and, hgn Soach [10] expanded t theory to three-phase four-wire
the corresponding value of the compensation current. This Stems. It provides compensation without energy-storage

ables mstantanec:ys compensit|ﬁp ("g" !nstantarr}].eﬁutz reaifments of the zero-sequence current even though the zero-se-
po;llve(rj competnsa 0N USIng Switc Ingt evices), whic teol\r/le uence voltage is present in the supply. Although the zero-se-
cally does notrequires any energy storage components. nce current is eliminated, the current root-mean-square

instantaneous power theories emerged thereby [2]-[5], an S) value is not minimal, because instantaneous reactive
space vector of the instantaneous reactive power was defi eers remain uncompensa:[ed

as the vector product of the voltage space vector and the cur enfhis paper compares the reactive power defined according

space vector [5], [6]. This power definition is valid for three;[0 the well-established instantaneous power concepts [1]-[6]

Ehase threfe-vt\;:re sysr:ems fa nd for three;phase fou'r-W|re SyStﬁvn\ﬂﬁﬁ the instantaneous pseudo-reactive power defined by the au-
Owever, for threée-pnase four-wire Systems, maximum reéactif, . 171 1s1. Definitions [1]-[6] lead to the instantaneous com-
current compensation cannot guarantee elimination of the n Wisation of the maximum reactive power/current, including

tral current. Compensation for the instantaneous reactive po eﬁart (undetermined) of the zero-sequence power. Definitions
would enable drawing zero-sequence current from the utility

], [8] lead to the instantaneous compensation of the instanta-
neous pseudo-reactive power, including the total zero-sequence
power in all situations.
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Il. INSTANTANEOUS ACTIVE AND REACTIVE
CURRENT VECTORS

Line currents supplied by three-phase generators (ac source)
can be described in vector form according to several established
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theories [3]-[9]. The voltage vectau, contains as elements in-
stantaneous phase voltageand the current vectot, contains Fig. 3. System configuration of reactive current compensator.
the instantaneous line currents,

vectori, transfers to the load instantaneous powgat voltage
u=[vy vp ve]" i=lia i ic]”. (1) uhave the mini i
) u have the minimum norm (or magnitude) [2].
b) Using active filters without energy storage as compen-

_ sators, the instantaneous reactive current can be cancelled and
A. First Approach the instantaneous active power cannot be changed. The min-
According to [3]-[6], the instantaneous active currdpt,is imum line losses are obtained, ensuring the same instantaneous

defined as the vector component obtained by projecting the cRpwer consumption of the actual load.

rent vectori on the voltage vecta, as shown in Fig. 2: 2) Control Strategy: Fig. 3 shows the system configuration
of reactive current compensation. The control circuit of the com-
. ul i _ Du 2 pensator, not shown, senses the current components of the load
Y= a2t ) current vectoi, = lira irs irc]T for instantaneous com-

pensation. Then the active filter, in parallel with the load, gen-
where “." denotes the dot product or scalar product of vectoigyates the compensation current

and
. : . . ic=i (6)
pu=u" -i=wv4is +vpip +vcic 3 !
u?> =u’ - u=wv4v4 +vpvp +voVC. (4) and the supply current vector verifies
pu IS the instantaneous active power of the three-phase circuit is =i, —ic =i, = p_; - @
and u the instantaneous magnitude or norm (squared) of the u

three-phase voltage.
In this case, the instantaneous reactive current vector is
complement [6]:

Therefore, as expected, the instantaneous active power gen-

g}gted by the compensator is zero; that is,
T T

e . =u -ig=u" -i, =0. 8).
ig=1-1p. 5) pe=H o= g ®)
Under imbalanced supply-voltage conditions, the instan-
neous voltage vecton, contains a zero-sequence voltage
component. So (7) clearly shows that the supply current after
compensation contains a zero-sequence current component.
For three-phase four-wire systems, it implies a neutral current
that can still flow into the source side, producing power losses.

1) Properties: The analysis defined before has the followinqa
properties [5], [6].

Property 1: A three-phase current vectois always equal to
the sum ofi, andi,: i = i, + i,.

Property 2: i, is orthogonal tax, andi, is parallel tou (i.e.,
u-i, = 0andu x i, =0).

Property 3: If i, = 0, then the norm = /(i% + i% + i%) B. Second Approach
becomes minimal for transmitting the same instantaneous active

power. The authors developed a general theory of instantaneous
From the definitions and properties listed before, we c&tPwer which permits compensation of the zero-sequence
reach the following conclusions: current and the reactive current vectors [7], [8], having defined

a) The current vectot, is indispensable for the instanta-the voltage vectors
neous active powep(,) transmission, wheredg does not con-
tribute to it becausp, = u-i = u-i, andu-i, = 0. Or current v=u-—v, ©)

. . ) ) o vi=vl.v (10)
For simplicity, f will be used instead of (¢) for denoting instantaneous
quantities. v, =V, * Vo, (1D
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shown in Fig. 2, and instantaneous powers TABLE |
SIMULATION RESULTS
T .
=v' - 12
p VT 1 (12) Case 1 Case 2 Case 3
Po =V, 1, (13) Source | Isa | 433 437 424
A) Isp 39.1 39.1 38.2
where the zero-sequence voltage Isc 39.1 32.0 35.0
Load ILa 46.4 46.4 46.4
1 A) Iip 37.1 37.1 37.1
vo=te 1|, g, =tatvBtUC (14) hc | 371 293 298
V3 | V3 AF Ica 44 4.3 6.2
@A) Icp 4.2 4.2 4.9
Iec 42 4.0 6.6
and Neutral | Iss | 0.0 78 0.0
(6] In 9.3 14.4 14.4
P+ Po = Pu (1%) o | 93 8.7 144
. . . VAAr/VAsource 0.1 0.1 0.15
Analogous relationships are valid for the zero-sequence cur- A
rent.
According to [7], [8], as shown in Fig. 2, the instantaneous d) For three-phase four-wire systems with= 0, and three-
pseudoactive current is defined as a current vector phase three-wire systems, the first and second approaches are in
. Du coincidence (i.ei, = ip andi,? = i40).
bo="3V (16) 2) Control Strategy: According to the second approach, the

o ] instantaneous pseudo-reactive current was compensated using
which is free of the zero-sequence voltage<(v,). Inthis case, ine compensation current

the pseudoreactive current vector is the complement
ic =1ig (18)

) ) ] _ the instantaneous active power generated by the compensator is
1) Properties: The analysis defined before has the following g (i.e., according to (18) and property 2)

properties

10 =i—iy. 17)

Property 1: A three-phase current vectbis always equal to pc=ul-ic =0 (29)
the sum Oﬁpo andiqo: i= ipO + iqg.
Property 2: v x i,0 = 0 and and the supply-source current after instantaneous compensation
verifies
T + _..T (s pu) I T Pu
u -1 = ‘{1 —- V—/|/=u -1—(u -V)—
a0 ( v? ()% is =iz —ic = i = 2 v. (20)
2 Pu _ [
=Pu — 0 - = 0

So (20) shows that the supply current after compensation is
(i.e.,iyo is parallel tov, andi, is orthogonal tau). free of the zero-sequence current component. The neutral cur-
Property 3: iy is a vector component df, but not ofi,. If ~ rentcan be eliminated after instantaneous compensation, main-
i,0 = 0, then the normi = /(i3 + i% +42,) is, in general, not taining a coincidence with the objectives and criteria of the in-
minimal for transmitting the instantaneous active powerbut ~ Stantaneous power theories presented in [8]-[10].
the zero-sequence compondgt,is controlled to zero.
From the definitions and properties previously discussed, we  lll. SIMULATION RESULTS OFPRACTICAL CASES

can reach the following conclusions: ) Simulation was performed by MathCAD2000 Professional
~ @) The current vectd,, component of the current vector ging the simulation model of Fig. 3, with three unsymmetrical
|s_|nQ|spensabIe-for the |nstantan¢ous act_lve powg) trans- load resistancesi 4 = 3.87 2, Rip = Rpc = 4.84 ),
mission, whereag;o does not contribute to it because which was selected from reference [9] for comparison purposes.
The three-phase four-wire system under sinusoidal balanced
(Us =Up = Ug = 127 V) orimbalancedU4 = Ug = 127
b) Current vectori,, transfers to the load instantaneouy, Uc = 102 V) voltage sources was considered. In our case,
powerp,, at voltagev, having the minimum norm whem = 0 the simulation conditions were chosen to compare the two
orig = 0 (i.e., whenpy = 0). criteria of the previous paragraph. Case one is in balanced
c) Using active filters without energy storage as compegource voltages with instantaneous compensation following the
sators, the instantaneous pseudo-reactive current and the zex@ationed criteria (the results are the same for the two criteria),
sequence component can be controlled to zero, and the instamaile cases two and three are in imbalanced source voltages
neous active power cannot be changed. The line losses are laith instantaneous compensation following criteria one and
ered, ensuring the same instantaneous power consumption otihe respectively.
actual load. Thus, the second approach provides flexibility in Table | displays the simulation results for the cases consid-
compensating for the neutral current in a three-phase four-waeed. Fig. 4 shows the simulation waveforms for case one, and
system including the zero-sequence voltage. Fig. 5 shows the simulation waveforms for cases two and three.

p'u:u'i:u'ipo and ll'iquO.
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Fig.4. Simulation results in case one; (a) balanced source voltages, (b) soil:ri@e 5. Simulation results in case two (solid lines) and case three (dashed

currents of phase A, (c) compensating current of phase A, (d) neutral current!§§S); (@) imbalanced source voltages, (b) source currents of phase A, (c)
the source side, (e) neutral current of the active filter. compensating currents of phase A, (d) neutral currents on the source side, (e)

neutral currents of the active filter.

Each value in Table | is measured at the peak point. The lo
currents in case one are imbalanced due to unsymmetrical Ic
resistance. The load currents in cases two and three are imt
anced due to the unsymmetrical load resistance and the imk
anced source voltages. The ratios of the power rating of the ¢
tive filter to that of the source are calculated based on the pe
values.

Simulation waveforms in Cases two and three are shown
Fig. 5, indicated by solid and dashed lines, respectively. Tt J
source-side neutral current of case three, shown in Fig. 5(d),
perfectly controlled at zero. Now, as shown in Fig. 5(e), thes _
neutral currents are changed to flow by the neutral line of trI]—'leg 6. Three-phase four-wire circuit with shunt active-power filter as

filte I‘ ) ] ) ) ) reactive-power compensator.
Finally, simulation results using Pspice have been included

for a nonlinear load in star connection with the neutral wire . .

L : " lete. Fig. 7(c) and (d) show compensation of the source and
as shown in Fig. 6, under imbalanced voltage conditions. THe .
X . ? neutral currents in the case of the second approach. When com-
voltage source includes a third-order harmonic (10% of the fun- . . S

S . -pensation starts, the neutral current in the source side is elimi-

damental). Each load leg, containing two antiparallel thyrlén)— ted indenendently of the load value
tors and series resistors, can be switched to obtain differer?t P y '
load conditions. Fig. 7 shows illustrative waveforms for com-
paring results when the control strategies based on the studied
approaches are applied to the active power filter. After reachingVector decompositions [5] and [8] of the line current vector,
compensation, the load conditions were switched to simulate thecording to the well-established instantaneous power concepts
process of instantaneous compensation and neutral current efionthree-phase systems, are reviewed in this paper. The present
ination.Fig. 7(a) and (b) show, according to the first approactiiscussion is focused on three-phase four-wire load compen-
instantaneous compensation of the source and neutral curresation when the zero-sequence voltage component exists. Two

Cancellation of the neutral current on the source side is not cooempensation criteria are discussed:

IV. CONCLUSIONS
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Fig. 7. Waveforms before and after instantaneous compensation. (a) source current of phase A, and (b) neutral current on the source sidegcrtbgpondi
first approach. (c) Source current of phase A, and (d) neutral current on the source side, corresponding to the second approach.

1) foreliminating the instantaneous nonactive source-curren{?]
componenti(), which implies that zero-sequence current may

still exist;

Lo . . 3
2) for eliminating part of the instantaneous nonactive source

current componenif,) and the zero-sequence curreig)

Thus, a compensating pseudocurrent is introduced, considi4]
ering the points of view expressed in [5], [8], and [9]. Theory
and computer simulation of different practical cases lead to
the following conclusions for three-phase four-wire systems s,
with existing zero-sequence components of voltage and cur-
rent: a compensator without energy-storage components—an
active filter—can fully compensate the neutral current when
a proposed control strategy, based on the instantaneous pse
docurrents theory, is applied. However, the active filter cannot
compensate for the neutral current fully, when a control strategy{7]
based on the well-established instantaneous power concepts

[1]-[6] is applied.

Finally, the studied theories are perfectly identical if the zero- [

sequence voltage is not included in three-phase systems.
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