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ABSTRACT Multicell converters, based on power cells that use low-voltage semiconductors, implement
AC motor drives for medium-and high-voltage applications. These converters feature an input multipulse
transformer, which performs low-frequency harmonics cancelation generated by three-phase diode rectifiers
in the power cells. Despite this advantage, the multipulse transformer is bulky, heavy, expensive, and must
be designed according to the number of power cells required by a specific case, limiting the modularity of
the topology. This work proposes a multicell converter based on power cells that requires a standard input
transformer and uses active front-end rectifiers controlled by employing a finite control set-model predictive
control algorithm. The proposed approach emulates the multipulse transformer harmonic cancelation owing
to the predictive algorithm operation combined with input current references that are phase-shifted for each
active front-end rectifier. Simultaneously, the DC voltages of the power cells are regulated and equalized
among the cells using PI regulators. Experimental results confirm the feasibility of the proposed system as
input currents in each Multicell AFE rectifier with a unitary displacement factor, and a low THD of 1.87%
was obtained. It is then possible to replace the input multipulse transformer with standard ones while
reducing the copper losses, reducing the K factor, and extending the modularity of the power cell to the
input transformer.

INDEX TERMS Predictive control, ac–dc power converters, total harmonic distortion reduction.

I. INTRODUCTION
Medium AC drives based on multilevel converters have
been increasingly applied in recent years [1]. For these
applications, an inverter based on semiconductor devices
with high blocking voltages can be used; however, multilevel
converters allow to (i) improve the waveforms at the input
and output of the power converter and (ii) to use low
voltage/current power semiconductors, reducing cost and
enhancing power converter reliability.

The multilevel converter has emerged as an alternative
to the two-level inverter [2]. Within this category and
voltage-source converters, there are three classic topologies,

The associate editor coordinating the review of this manuscript and

approving it for publication was Mauro Gaggero .

namely, neutral-point clamped (NPC) [3], cascade H-bridge
(CHB) [4], and capacitor clamped [5]. These converters
feature: (i) AC voltage with low distortion and low dv/dt,
(ii) low switching frequency, and (iii) low common-mode
voltage. These features allow the generation of medium-to-
high voltage levels using low-rating semiconductors [6].

Cascaded H-bridge-based converters with symmetrical DC
voltages are widely used in industrial applications [4]. This
power topology is based on an input multipulse transformer,
which feeds several three-phase to single-phase power cells.
Each power cell uses a three-phase diode bridge rectifier,
a DC voltage link based on a capacitor, and a single-phase
voltage source inverter. Because of the diode rectifier,
the input current in each power cell has an unwanted low-
frequency harmonic content; however, from the viewpoint
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FIGURE 1. Topology and harmonic minimization scheme. (a) Multicell AFE rectifier with wye-wye transformers, (b) Phasor diagram of the input
currents for the AFE rectifiers.

of the AC mains and because of the multipulse transformer,
these harmonic components are canceled out, and therefore,
they are not reflected in the transformer’s primary overall
current [7].

The literature reports multiple alternatives to improve
the input current using sophisticated multipulse trans-
formers [8], [9]. Other alternatives consider the use of
modulating techniques developed especially for this type of
topology using active front end (AFE) rectifiers [10]–[12].
Nevertheless, all these approaches require the use of a
multipulse transformer, which must be designed according
to the number of power cells used in each case, leading
to a bulky and expensive transformer. Moreover, the AFE
rectifier allows managing the active/reactive power flow and
DC voltage control, for which various control strategies have
been reported [13]–[16].

A control scheme that has been a matter of in-depth anal-
yses in the last years is the model predictive control (MPC),
which has been widely used in power converters [17]–[27].
This is due to the simple inclusion of nonlinearities and
constraints; it uses the discrete nature of the power converters
and provides a fast response to reference changes.

This work proposes the use of a control scheme based on
finite control set-model predictive control [28] (FCS-MPC)
for multicell converters based on AFE rectifiers [29]. The
objectives are (i) the replacement of the input multipulse
transformer for standard ones (in this case wye – wye
transformers), reducing the copper losses and simplifying the
transformer (K – Factor: 3,0), (ii) low-frequency harmonic
cancelation in the overall AC input current, and (iii) regu-
lation of the input displacement power factor and the DC
voltage in every power cell. The FCS-MPC is used at the
power cell level to reduce possible switch combinations and
sufficient execution time. Each power cell receives an AC
current reference template that has been optimized offline

according to the number of power cells, and they are such
that the THD of the overall AC current is minimized.
Experimental results for three AFE rectifiers are presented to
demonstrate the feasibility of the proposed control strategy,
as shown in FIGURE 1.

This paper is organized as follows: Section II presents
the mathematical development to determine the input current
references of the power cells, concentrate the harmonic
spectrum around 6 nc ± 1, and obtain a reduced THD in the
input current of the AFE multicell rectifier. In Section III,
the replacement of the input transformer is analyzed using
standard IEEE/ANSI C57.18.10, standard UL 1561, and
standard IEEE/ANSI C57.110. Then, in Section IV, the
mathematical model for a power cell is obtained, which is
necessary for the FCS – MPC, which is used in Section V
to synthesize the master-slave control scheme, which must
be used in each power cell; in Section VI, the satisfactory
experimental results obtained in a low-power prototype are
presented. Finally, in Section VII, the conclusions of this
study are detailed.

II. HARMONIC MINIMIZATION
The FCS-MPC has the flexibility to operate with current
or voltage references with fast dynamics and proper track-
ing [20], which makes this strategy suitable for input current
control in AFE rectifiers. In this work, the topology is shown
in FIGURE 1(a), which is composed of three-phase wye-to-
wye transformers. Each secondary feeds an AFE, which has
a DC link capacitor to hold the voltage, and a resistive load
is considered for simplicity. The analysis in this study was
performed for three power cells, nc = 3.
The choice of nc = 3 is based on the following: Input

transformer with reduced K-factor, compared to a multipulse
transformer. Unfortunately, the use of FCS-MPC in the
input current control with a sinusoidal reference generates
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a dispersed harmonic spectrum [28], possibly generating
resonance in the AC network. This allows the use of input
current references with known harmonics in each power cell
(6 nc ± 1 = 17th and 19th harmonics) to obtain a fixed
and known harmonic spectrum despite the use of FCS-MPC
in control of the input current. For the above to be valid,
nc ≥ 3 must be fulfilled to obtain an input transformer whose
construction, cost, and design are more straightforward than
a multipulse transformer.

Consequently, the reference currents include harmonics
17th and 19th, aimed at fixing the harmonic content of the
input current of each AFE rectifier, avoiding a dispersed
spectrum as typically found when using the FCS – MPC with
a high sampling time and sinusoidal references in the input
current loop of the AFE rectifier.

However, these harmonics (17th and 19th) are not desired
in the total input current of the multicell AFE rectifier. Hence,
the input current reference for each AFE rectifier has a phase
angle α at the fundamental frequency, as shown in FIGURE
1(b). This angle is calculated offline to obtain the minimum
THD in the total input current of the multicell AFE rectifier.

The THD minimization considers the fundamental com-
ponents of the current, as shown in FIGURE 1(b), where
the phase shift angle α is responsible for allowing harmonic
minimization. This angle is computed offline to obtain an
overall input current iabcp with a minimum THD.

Therefore, to calculate the phase shift angle α, it is neces-
sary to characterize the currents in the secondary winding of
the transformer. This characterization is performed for phase
a, as it is valid for phases b and c.
The input current for rectifier 1, referred to as the primary

winding of the transformer, is given by:

iap1 (t)=
I cos (α)
NP

[
sin (ωt)−

sin (17 · ωt)
17

−
sin (19 · ωt)

19

]
,

(1)

Then, the input current for rectifier 2, referred to as the
primary, is:

iap2 (t) =
I
NP

[
sin (ωt − α)−

sin (17 · ωt − 17 · α)
17

−
sin (19 · ωt − 19 · α)

19

]
, (2)

Thus, the input current for rectifier 3, referred to as the
primary transformer, is:

iap3 (t) =
I
NP

[
sin (ωt + α)−

sin (17 · ωt + 17 · α)
17

−
sin (19 · ωt + 19 · α)

19

]
, (3)

Assuming that the transformer’s turns ratio is unitary
(NP = 1), the overall input current for phase a is given by

iap (t) =
I
NP


3 cos (α) sin (ωt)

−
sin (17 · ωt) [cos (α)+ 2 cos (17 · α)]

17

−
sin (19 · ωt) [cos (α)+ 2 cos (19 · α)]

19

 .
(4)

Therefore, considering that the THD for any waveform is
given by,

THD (I ) =

√
n=51∑
k=2

I2k

I1
× 100, (5)

Then, the THD expression of the total input current iap, to
obtain the value of α, which attenuates the harmonics 17th

and 19th is

THD
(
iap
)
=

√√√√√
(
cos(α)+2·cos(17·α)

17

)2
+

(
cos(α)+2·cos(19·α)

19

)2
3 · cos (α)

× 100 (6)

wherein the following constraint is considered,

0 ≤ α ≤ π
/
2 (7)

As a result of the minimization process, a phase shift angle
α = 6.671◦ was obtained, and the overall current system
iap achieved a total THD of 0.561 %. This minimization
was performed in MatLab R©using the fmincon command to
minimize the nonlinear expressions using constraints.

Then, using the obtained α through THD minimization in
(1), (2) and (3), we obtain the waveforms of the input current
references of the power cells, as shown in FIGURE 2(a)–(c),
which will be used in the input current loop managed by
FCS-MPC. Finally, the amplitude of the waveforms is given
by the output VDC PI controller.

The waveforms of input currents in the AFE rectifiers
(FIGURE 2(a)–(c)) are consistent as they contain the 17th

and 19th harmonics, which are not present in the overall
input current of the multicell rectifier because the value
of α is calculated to minimize the resulting harmonics
(FIGURE 2(d)) in the AC input overall current iabcp .

The use of FCS – MPC with a current reference that
imposes a fixed harmonic spectrum, as the proposed 18 pulses
type of waveform, overcomes some of the problems of the
FCS –MPC approach, such as the spread harmonic spectrum.
This is because the resulting current harmonics are around
a known frequency, which avoids potential harmful effects
on the AC power system, such as resonances. Similarly,
the proposed harmonic minimization allows the modularity
of the power cell to be extended to the input transformer with
a more straightforward design.
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FIGURE 2. Input current references and harmonic content AFE rectifier for phase a. (a) AFE rectifier 1, (b) AFE rectifier 2, (c) AFE rectifier 3, (d) Multicell
AFE rectifier input current.

III. TRANSFORMER REPLACEMENT
In this study, we propose to replace the input multipulse
transformer with a more straightforward design transformer.
In this case, a wye – wye transformer, leaving the harmonic
task cancelation at the input current loop in each power cell
and allowing extended modularity to the traditional power
cell, considering the input transformer.

The input transformer replacement was evaluated consider-
ing two criteria: (i) transformer losses, standard IEEE/ANSI
C57.18.10 [30], and (ii) K-factor, standard UL 1561[31] and
standard IEEE/ANSI C57.110 [32].

A. TRANSFORMER LOSSES
The transformer losses are defined as,

PT = PNL + PLL . (8)

where PNL is associated with the core excitation voltage or
no-load losses, PLL is associated with the load losses, and PT
is the total transformer loss.

The load losses are defined as,

PLL = PDC + PEC + POSL , (9)

where PDC is associated with copper losses, PEC is
associated with eddy current losses, and POSL is the loss
to the transformer structure. Therefore, if a nonsinusoidal
current flows in a transformer, it is necessary to redefine
it (9), considering the harmonic loss factors FHL−WE
and FHL−OSL .

PLL = I ′2P RP + I
′2
S RS + P

′
EC + P

′
OSL , (10)

where P′EC = (PEC−P + PEC−S ) · FHL−WE and P′OSL =
(POSL−P+POSL−S ) ·FHL−OSL . In addition, I ′P is the primary
current RMS value, I ′s is the secondary current RMS value,
RP is the resistance of the primary winding, and RS is the
resistance of the secondary winding.

B. K–FACTOR
K is the transformer’s capacity to work with nonlinear loads.
It is away of quantifying the heating produced in transformers
when harmonics occur due to the presence of nonlinear loads.
To compute this value, it is necessary to know the harmonic
content of the current through the transformer. K: Factor is
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FIGURE 3. Power cell in multicell AFE rectifier. (a) AFE rectifier connected the wye-wye transformer, (b) wye-wye transformer model.

defined as

K − Factor =
∑
h

(
Irms·h
Irms

)2

h2. (11)

Transformers are typically designed with K factors equal
to 1, 4, 9, 13, 30, 40, and 50. A transformer whose current
flowing through it is perfectly sinusoidal has a K factor of 1.
Transformers that operate in distribution systems with a high
harmonic content can present problems owing to the increase
in temperature due to the circulation of these harmonics.
In this situation, the transformer must not operate at its rated
power, and the load must be reduced (derating).

C. TRANSFORMER COMPARISON
Amultipulse transformer for nc = 3 power cells is considered
for this comparison, with a phase shift in the secondary
windings of ±20◦. On the other hand, the proposed topology
uses a wye – wye transformer.

In the proposed topology, specifically in the secondary
winding of the wye – wye transformer, we have 17th

and 19th harmonics. As a result, the RMS value of the
current in the secondary winding is 1.003 p.u. Similarly,
in the secondary windings of the multipulse transformer,
the RMS value of the current in the secondary winding is
1.043 p.u., TABLE 1. Thus, it is possible to obtain a 7.52%
reduction in the copper losses at the secondary winding of the
transformer.

From the harmonic spectra in the primary and secondary
windings, TABLE 1 computed the harmonic loss factors
FHL−WE , FHL−OSL , and K – Factor for the comparison.
For both input transformers, FHL−WE is the same. How-

ever, the FHL−OSL is different, particularly when the wye –
wye transformer is reduced by 26.75%.

Finally, comparing the K – factor in both transformers,
the wye – wye transformer is low (3,00) owing to the current
harmonics. Thus, by the more straightforward design of the
transformer, we have a cost reduction and less complicated
design.

IV. AFE RECTIFIER MODEL
The previous waveforms shown in FIGURE 2(a)–(c) are
used as references for the input current control of each AFE
rectifier. A control scheme with a high wideband must be
used to ensure that the harmonics current (17th and 19th)

will be generated with a well-defined amplitude and phase.
In this work, the FCS –MPC is used, which requires a system
model to predict the input current, and the circuit depicted in
FIGURE 3(a) is used to obtain a model for the input current
of an AFE rectifier.

One issue to consider is the use of a wye-wye transformer
between the AFE rectifier and the AC source. Therefore,
a model referred to as the primary winding of the transformer
is preferred because it is easier to formulate the FCS –
MPC algorithm. In addition, the modeling of the transformer
magnetizing branch can be neglected because the magnitude
of the magnetization current is low.

Then, by applying the Kirchhoff voltage law in FIGURE
3(b), we obtain

vabcp = Rpiabcpi + Lp
d iabcpi

dt
+ N 2

PRsi
abc
pi + N

2
PLs

d iabcpi

dt
+ NPvabcsi ,

(12)

where vabcsi is,

vabcsi =Msabci VDCi =
1
3

 2 −1 −1
−1 2 −1
−1 −1 2

 sabcVDCi,

(13)

Thus, by replacing (13) in (12) and obtaining the state
variable iabcp ,we obtain

d iabcpi

dt
=

1(
Lp + N 2

PLs
) [vabcp −

(
Rp + N 2

PRs
)
iabcpi

−NPMsabci VDCi
]
. (14)

Finally, (14) shows the model for the input current that is
valid for a balanced AC source.

The model obtained in the continuous-time domain was
then discretized to use it with the FCS-MPC. In the
technical literature [33], we find numerous discretization
methods: forward and backward Euler, Tustin, and accurate
discretization. In this case, because the sample time is short
(≈ 55 µS), it is possible to consider discretization using the
forward Euler method.
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TABLE 1. Harmonic spectra in input transformers.

FIGURE 4. Control scheme in each power cell.

Then, the discrete model for the input current of the AFE
rectifier, referred to as the primary winding transformer,
is obtained as

iabcpi (k + 1)=

[
1−

(
Rp + N 2

PRs
)(

Lp + N 2
PLs

) Ts] iabcpi (k)

+

[
vabcp (k)−NPMsabci VDCi (k)

] Ts(
Lp+N 2

PLs
) .

(15)

This allows us to predict future behavior from the previous
state and system inputs.

V. CONTROL SCHEME
The current control of the AFE rectifiers is performed
using FCS – MPC because of its ability to follow the
reference fairly accurately and quickly, while regulating the
DC voltage; an outer linear PI controller is used, as shown
in FIGURE 4.

The FCS-MPC used is the conventional one, with delay
compensation by calculation, as used in [34], [35].

The PI controller regulates the DC voltage VDC , which
gives the amplitude of the input current reference for the AFE
rectifier. It is formulated in [24] by an amplitude model; this
control loop is possible because the transfer function between
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FIGURE 5. Parameter analysis. (a) iabc
p1 RMS error, (b) iabc

p RMS error, (c) iabc
p THD variation.

Ipi and VDCi is

Vdci (s)
Ipi (s)

=
−3LpiIpi
2CdciVdci

(
s−

(
Vpi cos(φ)
LpiIpi

−
2Rpi
Lpi

))
(
s+ 2

RdciCdci

) . (16)

The current reference amplitude enters the current refer-
ence generation block, which also considers the phase-shift
angle α. Once the current reference is generated, it is
compared with the estimation made by the FCS-MPC
algorithm, which considers the delay compensation for
calculation. Thus, rewriting (15) for the instant k + 2 yields

iabcpi (k + 2)

=

[
1−

(
Rp + N 2

PRs
)(

Lp + N 2
PLs

) Ts] iabcpi (k + 1)

+

[
vabcp (k + 1)− NPMsabci VDCi (k + 1)

] Ts(
Lp + N 2

PLs
) .

(17)

From (17) some approximations can be made, such as
vabcp (k + 1) ≈ vabcp (k), VDCi (k + 1) ≈ VDCi (k), because
the sample time is short compared to the dynamics of these
variables.

Finally, among all the valid switch states of the AFE
rectifier, a switch state is chosen that minimizes the cost
function, defined as

g (k + 2) =
c∑
j=a

∣∣∣ij∗p (k)− ijp (k + 2)
∣∣∣. (18)

Functional (18) corresponds to the input current control of
the AFE rectifier, where the reference ij

∗

p (k) and estimated
input currents ijp (k + 2)are necessary. Thus, a single state
is selected for each rectifier within eight possible states,
minimizing the function.

VI. SENSITIVITY ANALISYS
Owing to the nonlinear nature of the FCS-MPC, it is not
possible to analyze it using linear tools as the locus of the
roots, making it difficult to analyze the stability. This analysis
focused on the behavior of the controller.

FIGURE 6. Experimental setup.

Thus, a variation of the parameters input transformer, Rp,
Rs, Lp, and Ls, follows from (15) and (17). Therefore, it can
be deduced that any change in Rp and Rs affects the current
direction of the current. On the other hand, before a change
in Lp and Ls, it affects the direction of the possible eight
possible states of the rectifier PWM voltage and the current
direction of the current. Therefore, a priori, it can be deduced
that a change in the parameters of Lp and Ls will have a more
significant effect on the behavior of the FCS-MPC.

FIGURE 5(a) shows the input current variation in a power
cell, and FIGURE 5(b) shows the variation in the input
current of the multicell AFE rectifier. The most significant
current error occurs when Lp, Ls, and Rp, Rs increase in
both cases. In particular, this variation affects prediction (17)
owing to the use of computational delay compensation. The
variation in parameters affects (15) and (17). On the other
hand, the variation of parameters causes the THD of the
input current to change; FIGURE 5(c) shows that before an
increase in Lp and Ls, a decrease in THD is achieved, which
is expected.

VII. EXPERIMENTAL RESULTS
A three-power-cell-based experimental prototype was assem-
bled to test the proposed control scheme and current
templates. The prototype is depicted in FIGURE 6 and uses
three DSP TMSF28335 to control an AFE rectifier in a
dedicated manner. For the correct application of the phase

137788 VOLUME 9, 2021



E. E. Espinosa et al.: Multicell AFE Rectifier Managed by FCS-MPC

FIGURE 7. Experimental key results, input current loop. (a) Input current power cell phase a ia
p1

, ia
p2

and ia
p3

(b) AC grid
voltage (yellow) and input current multicell AFE rectifier (green) (c) harmonic spectrum ia

p1
, (d) harmonic spectrum ia

p2
,

(e) harmonic spectrum ia
p3

, (f) harmonic spectrum input current multicell AFE rectifier.

shift angle α, good synchronization with the AC network is
necessary through a PLL [36], [37], FIGURE 4.

The experimental parameters are shown in TABLE 2.

TABLE 2. Experimental parameters.

A. INPUT CURRENT LOOP
The control scheme is shown in FIGURE 4. One of its
objectives is to correctly manipulate the input currents of
the power cells to achieve harmonic compensation. The
implementation of the input current control loop for the AFE
rectifiers, based on FCS-MPC, is presented in FIGURE 7.
It is appreciated that these input currents have a distortion,

as shown in FIGURE 7(a), owing to the harmonics imposed
by the current references.

In addition, they have a phase shift between them,
the angle α, which leads to harmonic compensation in
the transformer input currents. This is consistent with the
mathematical modeling of the input current waveform in the
AFE rectifiers (1)–(3). FIGURE 7(c)–(e) show that the input
current harmonic spectrum of the AFE rectifiers contains
harmonics 17th and 19th, which is consistent with what is
shown in FIGURE 2(a)-(c).

The input currents of the power cell contain the harmonics
17th and 19th; these harmonics contain a phase shift given
by the angle α, which fulfills four objectives: (i) to fix
the harmonic content of the input currents of the AFE
rectifiers, improving the drawback that has the FCS – MPC,
spread harmonic spectrum (ii) due to the use of three
cells, the harmonic compensation of the currents is made to
emulate a rectifier of 18 pulses, but achieving a low THD
of 1.87%; (iii) the fact of being modular equipment allows the
generation of an input current with low THD, from currents
with lower quality, and (iv) replace the input transformer with
a more straightforward design. FIGURE 7(b) shows that the
input voltage and current of the multicell AFE rectifier are
in phase; hence, the unitary displacement power factor is
achieved. In addition, the AC grid current does not contain
the harmonics 17th and 19th, as shown in FIGURE 7(f). This
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FIGURE 8. Experimental key results, dc voltage loop. (a) Steady state performance, (b) Dynamic response performance, (c) Reference change in the
current loop by reference change in the dc voltage loop.

is due to the calculation of the angle α. Finally, the THD of
the multicell AFE rectifier input current iabcp is 1.87%.

B. DC VOLTAGE LOOP
The performance of the PI linear controller for the DC voltage
in each power cell at steady-state and dynamic behavior
facing a step-change in the reference is reviewed.

The AFE rectifier DC voltage link is a nonlinear system,
and to design a PI linear controller, it must be linearized to
obtain a transfer function between the DC voltage link and
the input current of the AFE rectifier (16).

FIGURE 8(a) shows the excellent regulation of the
DC-link voltage in the power cells. The DC voltage
references are set at 55 V, where the DC voltage link follows
the reference, and the ripple is approximately 2%. The ripple
in the DC voltage is due to a second harmonic in the input
current because of the number of points used per period and
tracking the input current reference, generating fundamental
frequency harmonics in the iri current, which is not reduced
by the capacitive filter on the DC side.

In the same way, the 17th and 19th harmonics, including the
input current, do not affect the DC voltage behavior.

To observe the dynamic response for a step-change
reference, a change of 10 V was made, from 55 to 65 V,
as shown in FIGURE 8(b). Again, the response achieved was
satisfactory, with an overshoot close to 5% and a settling time
of approximately 300 ms (Table 2).

The control scheme used in each power cell is of the
master-slave type; therefore, any change in the DC voltage
link will affect the input current of the power cell iap1 and
the input current of the multicell AFE rectifier iap. This
is observed in FIGURE 8(c), where the DC 1 voltage
is subjected to a step-type change from 55 to 65 V.
Consequently, the input current phase in the power cell one
increases, as well as the input current of the multiphase
rectifier AFE phase a.
In addition, when the system stabilizes, the AC supply

voltage and the multicell AFE rectifier input current, phase
a, are maintained in phase. Finally, the quality of this current
remains the same because the minimization performed is
based on the THD, independent of the amplitude of the
waveform.

VIII. CONCLUSION
This work shows that it is possible to replace the multipulse
transformer in a multicell converter with one less complex
(wye-wye transformer), obtaining a 7.52% reduction in the
copper losses in the secondary winding, a 26.75% reduction
in FHL−OSL , and a less complicated design with a K-factor
of 3,00. This is achieved by replacing the diode-based power
cells with active front-end-based power cells using a model
predictive control algorithm.

A minimization strategy for the input current harmonic
for a multicell AFE rectifier is presented. This minimization
performs the offline calculation of the input current reference
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waveform needed for the FCS-MPC algorithm in the AFE
rectifiers, which considers a phase shift angle α. This angle
is calculated to minimize the multicell AFE rectifier input
current THD and obtain a unitary displacement power factor.
Thus, the harmonic minimization task is no longer performed
by the input multipulse transformer, but is performed by the
control scheme.

The reference of the input current waveform of each power
cell, which contains the angle α and is calculated offline,
defines the harmonic content (17th and 19th) of this current.
Thus, overcoming the drawback of the FCS-MPC, the spread
spectrum, and canceling these harmonics so that they do not
appear in the AC network, resulting in a low THD (1.87%).

Because the harmonic cancelation task is transferred to the
control scheme, the wye-wye input transformer becomes part
of the power cell. Hence, the power cell is now formed by a
three-phase wye-to-wye transformer, an AFE rectifier, and a
single-phase inverter; in this case, it is replaced by a resistive
load.

The sensitivity analysis of the input transformer parameters
shows that the method is still valid before variations of 33%.

The experimental results confirm the excellent per-
formance of the proposed control scheme. Furthermore,
although the results are provided for three AFE rectifiers,
the methodology can be extended to an arbitrary number of
power cells.
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