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Abstract — This paper presents theoretical analysis and
experimentation of a hybrid three-phase rectifier suitable
for medium and high power applications. The hybrid
rectifier is formed by the parallel connection of a three-
phase diode bridge rectifier cascaded by a DC-DC boost
converter and a bidirectional boost-type three-phase
PWM rectifier. The proposed rectifier is capable of
providing sinusoidal input currents, DC output voltage
control and regenerative power flow. Furthermore, the
parallel association of different three-phase rectifier
topologies provides power distribution, allowing the use
of lower cost switches. The principle of operation, the
theoretical analysis, the control scheme, simulation and
experimental results from a 20-kW prototype are
presented. The prototype was designed for a 380V of
input voltage, 700V of output voltage and switching
frequency of 10kHz.

Keywords - AC-DC Power Conversion, PFC, Three-
Phase Rectifier, Hybrid Rectifier, AC Regenerative
Drives.

I. INTRODUCTION

Nowadays, governments and international organizations
have introduced the IEEE 519 and IEC 61000-3-2/61000-3-4
standards for limit the harmonic content of the currents
drawn from the AC power line.

To address the problem a great number of new single-
phase and three-phase rectifier topologies have been
developed. In high power applications, where three-phase
systems are required to avoid the system load unbalance, the
search for three-phase rectifier topologies with high
efficiency, high reliability, simple control scheme and high
quality input currents were increased in the last decade.

Three-phase diode bridge rectifiers are commonly used as
front-end converters due to their simplicity, reliability and
low cost [1]. However, they do not meet the harmonic
content imposed by the IEEE 519 and IEC 61000-3-2/61000-
3-4 international standards.

The use of multi-pulse three-phase rectifiers achieve lower
harmonic content of the input currents by cancellation of the
harmonic components generated by each group of six-pulse
diode bridge rectifier. Moreover, they keep the simplicity
and reliability features. However, they are heavy, bulky and
expensive [1-2].
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Three-phase  PWM rectifiers meet the international
standards for harmonic current limit, providing sinusoidal
input currents with low harmonic distortion. PWM rectifiers
are more expensive and less reliable than diode bridge
rectifiers. Besides, three-phase PWM rectifiers have limited
power capability and present high cost in the range of
medium and high power applications [3-5].

Direct parallel connection of three-phase PWM rectifiers
achieves high power levels with the advantages of system
redundancy, smaller current ripple, lower filtering effort and
lower cost [6-11]. However, it causes current differences in
each rectifier module and increases the active switch count.

In the last years, the search for rectifiers that comprise the
better features of diode bridge rectifiers and the advantages
of PWM rectifiers introduces a new class of three-phase
rectifiers with low effect on the mains, the Hybrid Rectifiers
[12-20].

The basic idea of the Hybrid Rectifiers is that they are
generated by the parallel connection of different three-phase
rectifier topologies. Moreover, the division of active power
processed by each three-phase rectifier can be different,
aiming the better utilization of each three-phase rectifier
topology.

This paper proposes a hybrid three-phase rectifier with
high power factor, DC output voltage control and
regenerative capability. The rectifier employs a parallel
connection of a three-phase diode bridge rectifier cascaded
by a DC-DC boost converter and a bidirectional boost-type
three-phase PWM rectifier.

First, the rectifier topology is presented in Section II.
Section III of this paper presents the principle of operation
and the modes of operation. The theoretical analysis of the
hybrid rectifier is described in Section IV. Section V shows
the control scheme. A simplified design example is
presented in Section VI. Simulation results are presented in
Section VII. Finally, the assembly of the prototype and the
experimental results are presented in Section VIII.

II. THE PROPOSED HYBRID RECTIFIER

A. Circuit Description

The proposed hybrid three-phase rectifier is originated by
the parallel connection of two topologies:

- the three-phase diode bridge rectifier cascaded by a DC-
DC boost converter (UR — unidirectional rectifier);

- the bidirectional boost-type three-phase PWM rectifier
(BR — bidirectional rectifier).

A diagram of the circuit is presented in Figure 1. Split
boost inductors and split boost diodes in the UR are
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necessary to avoid inappropriate current paths in the rectifier
[21].
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Fig. 1. Proposed hybrid three-phase rectifier.

The proposed hybrid three-phase rectifier can operate as
regenerative rectifier, delivering the energy back from the
DC side to the AC power mains.

B. Operation as Rectifier

During the operation as rectifier, both UR and BR are ON
and the active power is shared between them. The rectifier
presents sinusoidal input currents and DC output voltage
control. A block diagram of this operation in presented in
Figure 2.
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Fig. 2. Operation as rectifier.

C. Operation as Inverter

During the operation as inverter, BR is ON and then the
power from de DC side is send back to the mains. The input
currents are sinusoidal and the DC voltage is controlled. A
block diagram of this operation in presented in Figure 3.

A comparison between this hybrid rectifier and the
parallel connection of two bidirectional boost-type three-
phase PWM rectifiers [7-8] shows that the hybrid rectifier
keeps the characteristics of regenerative power flow, high
power factor and DC output voltage control. It also
preserves the advantages of system redundancy, lower filter
effort and smaller current ripple, with a reduction in the
number of active switches from 12 to 7, e. g, with a
reduction of 40% in active switch count.
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Fig. 3. Operation as inverter.

II1. PRINCIPLE OF OPERATION

A. Basic Input Currents Waveforms

The principle of operation can be explained by the
analysis of the input currents of UR and BR. The input
currents and the output currents in the proposed bidirectional
hybrid three-phase rectifier are identified in Figure 4.
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Fig. 4. Currents in the proposed bidirectional hybrid three-phase
rectifier.

The line currents il, i2 and i3 (hybrid rectifier input
currents) are obtained by the sum of currents ila, i2a and i3a
(UR input currents) and currents ilb, i2b and i3b (BR input
currents), respectively. Similarly, at the output, the load
current io is the sum of currents ioa and iob.

To achieve high power factor, the line currents il, i2 and
i3 must be sinusoidal and without displacement factor. This
way, the currents ila, i2a and i3a and currents ilb, i2b and
i3b will be controlled to provide the line currents with a
sinusoidal shape.

The shape of the currents ila, i2a and i3a are imposed by
the diode bridge of UR and, by the control of the DC-DC
Boost inductor current, the amplitude of these currents can be
controlled. The DC-DC Boost converter must be operating
in Continuous Conduction Mode and Boost inductor current
must be following a constant reference current. Therefore,
the diode bridge rectifier keeps its characteristic of low
frequency commutation.
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The currents ilb, i2b and i3b are controlled to follow a
desired reference, so that the sum of these currents with the
currents ila, i2a and i3a results in sinusoidal input currents.

The power level processed by each rectifier can be related
with the maximum value of the input currents. For a rated
output power, theoretically, any power sharing can be
performed by the rectifier and in all cases, hybrid rectifier
input currents will present sinusoidal shape. Therefore, it is
interesting that the UR processes the greatest part of the
output power.

Each combination between the powers processed for each
rectifier represents a specific mode of operation. Figure 5
shows the ideal currents waveforms for two different modes
of operation. The first operation mode, called operation
mode 1, is related with the situation where UR supplies the
output rated power. Thus, the BR processes just the energy
necessary to achieve high power factor at the input. For this
situation, the current waveforms are presented in Figure 5 a),
Figure 5 b) and Figure 5 ¢).
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Fig. 5. The ideal currents waveforms for different modes of
operation: a) line current il, b) current ila and c) current ilb for
operation mode 1; d) line current i1, e) current ila and f) current ilb
for operation mode 2.

The second operation mode, called operation mode 2, is
related with the situation where each rectifier supplies a half
of the output power. In this case, the current waveforms are
presented in Figure 5 d), Figure 5 e) and Figure 5 f).

B. Basic Equations

For describing the basic relations of the hybrid rectifier
system, the analysis is limited to the fundamentals of the
system quantities on the AC side.

Assuming the phase 1 as reference, the instantaneous
power in phase 1 is presented by (1).

p(t)=v,(2)4(¢) (1)
where:

pl(t) : instantaneous power in phase 1;

v1(t) : instantaneous mains phase voltage in phase 1;

11(t) : instantaneous mains current in phase 1.

The mains current il is the sum of currents ila and ilb. It

yields to:
i (1)=1,(t)+i,(¢) 2)
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substituting (2) in (1) leads to (3).
I:lla + llb ] 3

Defining pla as the instantaneous power processed by UR

and p1b as the instantaneous power processed by BR, it leads
to:

pl(t)zpla (t)+p1b(t) 4)

Pia (t):vl(t)'ila (t) (5
Py (t) =V (t)'i]b (t) (6)

Therefore, the active power processed by UR and BR are
presented in (7) and (8), respectively.

7 J_ 3.1,
=—Ipta ™)

where:

| L——1 8
2 o ®

jplb I \/§

where:

Vp: peak value of mains phase voltage;

Ip: peak value of mains current;

Ipa: maximum current value at the input of the UR.

The expressions (7) and (8) show that the active power
processed by each rectifier is a function of the mains peak
voltage, the mains peak current and the maximum current at
the input of the UR.

In a similar manner, the magnitudes of apparent powers at
the inputs of each rectifier can be obtained. The magnitude
of the apparent power processed by UR and BR are presented
in (9) and (10), respectively.

3,
WS )
1 \/— I 1 I 02
Sy, =V,1,. i I_ 3 I”z (10)

P

IV. THEORETICAL ANALYSIS

A. Active Power and Apparent Power Sharing

The rated power processed by each rectifier can be related
with the maximum current values of currents il, ila and ilb,
for phase 1 for instance.

Each power sharing defines an operation mode. The aim
of the analysis presented here is to identify which are the
operation modes with improved performance.

Assuming the phase 1 as reference, the active power P1 is
the average value of instantancous power pl. It is given by

(11).
= J.pl

The relationships between the active power processed by
each rectifier and the input active power are obtained from
(7), (8) and (11). They are presented in (12) and (13).

(In
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Ao _ 2"/5.11’” (12)
V& T I,
1

i=1—2'\/§. - (13)
B T 1,

The dependency of the power processed by each rectifier
in terms of the mains peak current and maximum value of the
current in the input of UR is demonstrated in (12) and (13).

The magnitude of the input apparent power of each
rectifier can be related with the currents in a similar manner.
The input apparent power of the hybrid rectifier is given by
(14), where, ideally, it is the same value of the active power,
featuring unity power factor.

V..
pp (14)
2

The relationships between the magnitudes of apparent
power processed by each rectifier and the input apparent

S, =

power are obtained from (9), (10) and (14). They are
presented in (15) and (16).
1
i:—2'\5. - (15)
s, 31,
I 1}
&: 1_M_ﬂ+i.p_"2 (16)
S Tt~ [, 31,

For the operation mode 1, where UR supplies the output
rated power, the relations for the active powers are:

{Pla =0
£R,=0
Therefore, the value of relation between the currents can
be obtained by (12) or (13). With this value, (15) and (16)
solve the values of the magnitudes of apparent power. Table
I summarizes these correspondent values.
TABLE 1

The values of relations between the peak currents and the
magnitudes of apparent power

(7

Operation Mode
1 2
L,/ 0.91 0.45
S../S, 1.05 0.52
Siw/S: 031 0.52

In the operation mode 2, each rectifier processes a half of
the output power, thus the relations for the active powers are:

P
B, =

IE (18)
B, =—

2

Table I also presents the values of relation between the
currents and the magnitudes of apparent power for the
operation mode 2.

422

Equation (19) defines the auxiliary variable a, where 0 < a
< 1. The parameter o represents the variation of maximum
value Ipa for the same value of mains peak current Ip.

1
o=-"= (19)
IP
Rewriting (12), (13), (15) and (16) as a function of a
yields to:
P 243
“la)= .o 20
R( ) . (20)
B, 243
—(a)=1- .o 21
P1( ) . @1
N 243
L(o)=——a 22
Sl( ) 3 (22)
&( )—\/1—4\/§a+ia2 (23)
T

1

The curves presented in Figure 6 were obtained by (20)
and (21). They show the behavior of the active power
processed for each rectifier for different operation modes.
Note that the curves are parameterized by the input active
power P1.
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Fig. 6. Curves for the active power processed by each rectifier.

It is interesting to observe that, in the operation mode
where Ipaz Ip , BR acts as a load for UR. In fact, in this

case the active power Plb is negative and the relation
=-0.103 P,. This situation does not have

any experimental interest and it must be avoided.

The results presented in Table I for operation modes 1 and
2 can also be verified in Figure 6.

The magnitudes of apparent power processed by each
rectifier, presented in (22) and (23), can be plotted for every
operation mode, as shown in Figure 7. Note that the curves
are parameterized by the magnitude of input apparent power
S1.

Figure 7 shows the curves for the magnitudes of apparent
power processed by each rectifier. The region of operation
where 0.75 <a <0.91 is interesting for the BR operation,
because its apparent power processed is minimized.

obtained is P,

Eletron. Potén., Campo Grande, v. 17, n. 1, p. 419-428, dez. 2011/fev. 2012



/}
s . . P
1 SINCUIEEOIN L~
)
\‘>(W
o
7
)
0
0 01 02 03 04 05 0.6 0.7 0.8 0.9 1.0

o

Fig. 7. Curves for the magnitudes of apparent power processed by
each rectifier.

The curves presented in Figure 6 and Figure 7 shows a
region of operation with improved performance. The region
among the interval 0.75 <o <0.91 minimizes the active
power and the apparent power processed by BR and
maximizes the active power processed by UR.

B. Reactive Components Ratings

To design the hybrid rectifier the reactive components
current and voltage ratings are required. The equations are
obtained by restricting the analysis to the positive half wave

of a mains phase voltage where 60° <t <90°, since the
hybrid rectifier has a symmetrical behavior in each 30° of the
mains period.

1) Inductances of the UR (Lb1l and Lb2)
The inductances of the UR can be calculated by (24).

3V, 3.V,
== 1= (24)
2°ALE L 2,

where:

Vp: peak value of mains phase voltage;

Vo: average output voltage;

fs: switching frequency;

AILb: UR’s inductor current ripple.

Since the inductors at UR are split, each inductor has the
half of the total inductance Lb, e.g.:

L
L,=L,,= 7" (25)

The values of inductor peak current and the inductor RMS
current are given by (26) and (27), respectively.

Al
Iy =T +—7 (26)
Ly rws =1 (27)
2) Inductances of the BR (Lfl, Lf2 and Lf3)
The inductances of the BR can be calculated by (28).
Vp 3.Vp
L, = 1- (28)
A 2.V,

where:
AILf: BR’s inductor current ripple.
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The values of inductor peak current and the inductor RMS
current are given by (29) and (30), respectively.

|
L= ?" (29)
17 2.3 2
Lt s = \/%—T.Ip.lpa +=1.2 (30

3) Output Capacitor (Co)
The values of output capacitor peak current and the RMS
current are given by (31) and (32), respectively.

IP
ICo pk :Io+1pa 5 (31)
- 2
v o v
Iz+ﬁ.—p.lz+ 1—&.—p I+
° 2m vV ? T V)™

[
(33 V., 345

= |+ L l—" .
Co_RMS LZ.TE V. 2mn 2V )*?*®

where:

lo: average output current.

The value of maximum output capacitor voltage is
obtained by (33).

Veo i =V, (33)

V. CONTROL STRATEGY

The control scheme of the hybrid rectifier is shown in
Figure 8. It is composed by four current control loops and a
voltage control loop, based on the analog multiplier
approach.

The gains and the variables presented in Figure 8 are
described as follow:

* kI1, kI2, kI3 and kILb: current sensors gains;

 kVi: mains voltage gains;

* kVo: output voltage gain;

* k1 and k2: active power sharing gains;

* km1 and km2: multiplier gains;

* kCC: DC voltage proportional to mains voltage gain;

* kff: feedforward loop gain;

* VRef: system reference voltage;

» Vlref, V2ref and V3ref: sinusoidal reference voltages;

* VecRef: DC voltage proportional to mains voltages;

* Vff: feedforward voltage;

* HI1(s), HI2(s), HI3(s) and HILb(s): current controllers;

* Hv(s): output voltage controller;

* PWMI, PWM2, PWM3 and PWMb: PWM modulators.

The voltage control loop provides DC output voltage
regulation and the references for the current control loops.

The current control loops provide high power factor. In
the case of the hybrid rectifier, where the mains currents are
the sum of the input currents of UR and BR, there are two
different current control loops.
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Fig. 8. The control scheme.

The UR current control loop is realized by the sensing and
control of the current in inductor Lb2. This current must
follow a DC reference proportional to the mains voltage.
Since the UR input currents waveforms are imposed by the
low frequency commutation of the diode bridge, this current
control loop will control the maximum value of the UR input
currents (Ipa). Thus, the active power processed by UR is set
up, according to equation (7).

The BR input currents control is implemented by three
control loops. These currents must follow a desired reference
which will produce currents waveforms in such a way that,
summed with the UR input currents, will result in mains
sinusoidal currents. The sensing and control of the BR input
currents (e.g., the currents in inductors Lfl, Lf2 and Lf3)
require a non-sinusoidal current reference. Thus, the BR
input currents are sensed and controlled indirectly by the
mains input currents, which must follow sinusoidal
references.

In order to avoid any interactions between the different
currents control loops, the dynamic response of the UR
current control loop is designed to be slower than the
dynamic response of the BR currents control loops. This
consideration will not affect the dynamic response of the
overall hybrid rectifier because the UR current control loop
must follow a DC current reference.

Finally, for the active power sharing, the gains k1 and k2
must be determined as a function of the power processed by
each rectifier or as a function of the mains peak current (Ip)
and the maximum value of the current in the UR input (Ipa),
according to expressions (7) and (8).
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The analysis of the block diagrams presented in the
control strategy of Figure 8 results in:

KL 0.9k, Kook ke ki ky' V)’ e

el B

k, I, 2k,
The dynamic model and the control design of the hybrid

rectifier will be omitted here for the sake of brevity.

VI. DESIGN EXAMPLE

The design example is based on the specifications
presented in Table II. The same specifications will be used
for the numeric simulation and the assembling of the
prototype.

TABLE II
Design specifications
RMS Mains Line Voltage 380V
Mains Frequency 60Hz
Output Voltage 700V
Output Power 20kW
Switching Frequency 10kHz

The operation mode where o0 = (0.75 was selected. In
this case, the active power processed by UR is about 80% of
the rated power and the power processed by BR is about 20%
of the rated power.
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A. Active Power
For the operation mode where o = (.75, the active
power processed in each rectifier is:

P, =550kW

(35)
P, =1.17kW (36)

Thus, the active power processed by UR is about 16.5kW
and the active power processed by BR is about 3.5kW.

B. Apparent Power
For the operation mode where o = 0.75, the magnitude
of the apparent power processed in each rectifier is:

S, =5.77V4

1

S, =2.07VA

b —

(37)
(38)

C. Inductances of the UR (Lbl and Lb2)
The inductances of the UR can be calculated by (39) and

(40), for a current ripple Al =3.4A .
L, =4.60mH (39)
L, =L,,=2.30mH (40)

The values of inductor peak current and the inductor RMS
current are given by (41) and (42), respectively.

I, . =33.90A
I, aus = 32.20A

Lb_RMS

(41)
(42)

D. Inductances of the BR (Lf1, Lf2 and Lf3)
The inductances of the BR can be calculated by (43), for a

current ripple Al =4.2A.
L, =2.40mH (43)

The values of inductor peak current and the inductor RMS
current are given by (44) and (45), respectively.

I =21.40A
pk

Lf

I =9.35A

Lf RMS

(44)

(45)

E. Output Capacitor (Co)

The values of output capacitor peak current and the output
capacitor RMS current are calculated by (46) and (47),
respectively.

I =39.40A

Co_pk

I =16.13A

Co_RMS

The maximum output capacitor voltage is obtained by
(48).

(46)
(47)

V =700.00V

Co_pk (48)
VII. SIMULATION RESULTS
To confirm the operation of the hybrid rectifier, a numeric

simulation has been performed with the specifications of
Table II and using PSIM software, version 9.0.4.
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In the simulation, the hybrid rectifier is operating in
closed-loop voltage and current control. A bidirectional
current source was used as a load for testing both operations
as a rectifier and as an inverter.

Figure 9 presents the output current and the output voltage
of the hybrid rectifier. During the interval (0.5s;1.0s) the
hybrid converter is operating as a rectifier and during the
interval (1.1s;2.0s) it is operating as an inverter. As may be
seen the output voltage is controlled during the transient
interval (1.0s;1.1s).

lo )
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Vo ()

780.00
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74000 / \,
72000 \
70000
680.00

050 060 070 080 09 100 110 120 130 140 150 160 170 180 190 200
Time ()

Fig. 9. Output current and output voltage.

The mains phase voltage and the mains current in phase 1
are presented in Figure 10. It is observed that during the
rectifier operation, the current is sinusoidal and without
displacement factor, providing high power factor. During the
operation as an inverter, only BR is sending back the load
energy to the mains as may be observed by the phase
opposition of the mains current in relation to the mains
voltage.

nE vz @

! AL AL AR

AAAAA
AR MMM
RN

20000
09 097 098 099 100 101 102 1.03 104 105 106 1.07 108 109 110 111 1.12 113 114115
Time (5)

200.00

Fig. 10. Mains phase voltage and mains current in phase 1.

VIII. EXPERIMENTAL EVALUATION

A. Prototype Implementation

A prototype of the proposed three-phase hybrid rectifier
was implemented in order to validate the theoretical analysis.
A picture of the prototype can be seen in Figure 11 and the
components of the prototype are shown in Table II1.

425



e | 4k
e

Fig. 11. Picture of the prototype.

TABLE IIT
Components of the prototype
Drl, Dr2, Dr3, Dr4, Dr5 and Dr6 SKD82/12
Sb and Dbl SKM50GAL123D
Db2 HFAB0FA120
SL, 821,32,3],)3?5555;1:2’])])61’ b2, SKM22GD123D
Lbl and Lb2 2.3mH/40A
Lfl, Lf2 and Lf3 2.4mH/15A
Co 8 x 2200uF/450V
Current Sensors LASS-P
Output Voltage Sensor LV25-P SP8

Mains Voltage Sensor 3 x 1p A-A Signal Transformer

The control circuit was implemented with analog
components, using the integrated circuit UC3854B and the
four-quadrant multipliers MPY634. The synchronized PWM
modulation was realized with the UC3854B internal
modulator and a common triangular carrier signal.

B. Experimental Results

Figure 12 shows the input currents il, i2, i3 and the output
voltage. The input currents have sinusoidal shape and total
harmonic distortion is about 6.5%. The output voltage
average value is about 700V.

Figure 13 shows the input current il, the current ila, the
current i1b and the output voltage. The input current il is the
sum of currents ila and ilb.

Figure 14 shows the input currents and the output voltage
during the start-up transient. Three different stages can be
identified during start-up transient: i) the first stage is the
inrush stage; ii) in the second stage the hybrid rectifier is
operating as a diode bridge rectifier; iii) the third stage is the
PFC stage with soft-start operation. The start-up was
realized in light load condition with approximately 4 kW of
output power.

426

o o Y e
AVTST:BHI.H.I'...IHH o b b b 1
Fig. 12. Input current il (Chl: 20A/div), input current i2 (Ch2:
20A/div), input current i3 (Ch3: 20A/div) and the output voltage
(Ch4: 100V/div). Time (5ms/div).
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Fig. 13. Input current il (Chl: 50A/div), current ilb (Ch2:
50A/div), current ila (Ch3: 50A/div) and the output voltage (Ch4:
100V/div). Time (4ms/div).
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Fig. 14. Input current il (Chl: 20A/div), input current i2 (Ch2:
20A/div), input current i3 (Ch3: 20A/div) and the output voltage
(Ch4: 100V/div). Time (200ms/div).
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Figure 15 shows the input currents and the output voltage
during a positive step load transient. As may be seen the
output voltage is controlled and there are no spikes in input
currents, which follow a sinusoidal reference.
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Fig. 15. Input current il (Chl: 20A/div), input current i2 (Ch2:
20A/div), input current i3 (Ch3: 20A/div) and the output voltage
(Ch4: 100V/div). Time (50ms/div).

Figure 16 shows the experimental efficiency of the
prototype. The measurement includes the auxiliary power
supply consumption. Note that the hybrid rectifier is
operating without any soft commutation technique.
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Fig. 16. Measured efficiency of the prototype for various output
power values.

IX. CONCLUSIONS

This paper presents a topology of hybrid three-phase
rectifier suitable for medium and high power applications.
The hybrid rectifier is composed by the parallel association
of two different rectifier topologies: the three-phase diode
bridge rectifier cascaded by a DC-DC boost converter (UR —
unidirectional rectifier) and the bidirectional boost-type
three-phase PWM rectifier (BR — bidirectional rectifier).

The theoretical analysis shows the region of operation of
the hybrid rectifier with improved performance. The region
among the interval 0.75 < <0.91 minimizes the active
power and the apparent power processed by the BR and
maximizes the active power processed by the UR.

The advantages of this hybrid system are the capability of
delivering high power levels due the parallel association of
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the rectifiers and cost reduction. Moreover, the increase of
the reliability is another advantage by the system
redundancy.

As can be seen from the experimental results, the hybrid
rectifier presents near unity power factor and DC voltage
regulation.

This hybrid rectifier can be applied in regenerative AC
motor drives where bidirectional power flow is one of the
requirements.
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