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ABSTRACT

This study presents a space vector pulse width modulation (PWM) method for a multilevel single-
phase decentralized power converter (DPC) called MSPDPC. The proposed model is built by con-
necting half-bridge cells in series. The output voltage can be adjusted according to demand by
adding or subtracting cells. Cells use communication protocols to transmit and receive information
with two neighboring cells. The received data contains information for the decentralized space vec-
tor pulse width modulation (DSVPWM) method proposed in this paper. In the proposed DSVPWM
method, cells set up links to exchange information such as cell position, total cells in a phase, refer-
ence voltage amplitude, and reference frequency. The PWM control signals of each cell are calcu-
lated based on the information received. The study also focuses on evaluating the ability to adjust
the switching vector and the corresponding dwell time of the cells when the structure of the DPC
changes. The ability to dynamically reconfigure the DPC is a crucial feature that ensures uninter-
rupted power supply in case of one or several cell failures. The system automatically establishes a
new state with the active cells. The proposed configuration and communication method between
cells provide very fast configuration times. The load voltage of the DPC is adjusted to 0.5 times the
voltage per cell, which allows the modulation voltage amplitude to be adjusted best according to
the load requirements. The study used Matlab/Simulink software to review the initial assessments.
The proposed model and algorithms are verified on the Digital Signal Processor (DSP) platform with
a 220V/500W load.

Key words: multilevel/multiphase power converter, decentralized control, space vector pulse
width modulation (SVPWM), dynamic reconfiguration, multicellular serial-parallel converters, half

bridge converter

1. INTRODUCTION

The modular structure is attracting the attention of
researchers in the development trend of multilevel
power converters . The number of modules in series
can be adjusted to reference the working characteris-
tics and voltage quality criteria of the inverter. This
includes the number of voltage levels supplied to the
load, the switching voltages of the power transistors 3
and voltage distortion®.

According to the conventional method, processing,
calculation, and control of power converters are per-

formed by a central controller >°

. The central pro-
cessor is responsible for implementing algorithms
such as controlling voltage between modules, con-
trolling current between phases, reducing common
mode voltage, and outputting appropriate PWM sig-
nals>’~%. Therefore, it requires many connections to
be established from the central controller to the mod-
ules. Each conventional microprocessor has limita-
tions in terms of computing power, processing speed,
and the number of input and output signal pins. As

the demand for the number of power converter mod-
ules increases, processors become cumbersome, ex-
pensive, and complex, sometimes reducing opera-
tional reliability. To reduce dependence on the central
controller, recent studies on multilevel power con-
verters have announced a new approach to build-
ing decentralized power converters (DPCs) '*!!, De-
pending on the application, control target, and struc-
ture of the DPCs, researchers have published three
main content areas. The first content gathers stud-
ies on DPCs controlled as master-slave or central-
local 112,

dependently of each other, generating appropriate

The power converter modules work in-

PWM signals by analyzing the voltage and current of
the module, which is the second content>'4. This
research direction has the advantage of being com-
pletely dispersed; however, the control algorithm is
complex and only suitable for some power converter
structures. The third main content focuses on study-
ing the structure of DPCs, where the modules per-
form information exchange with neighboring mod-
ules, and each module includes a microprocessor and
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a dynamic circuit °18,

The signal transmission between modules in DPCs
can vary depending on the structure, control ob-
jective, and control method. Transmission can oc-
cur through amplitude ' and phase angle of the car-
rier?*, module voltage?!, branch current??, position
of module '?, total modules'?, and more. This struc-
ture is suitable for the design of DPCs, making it com-
patible with a wide variety of power converter mod-
els. Power converters can easily add or remove several
modules from the system, ensuring flexibility in oper-
ation and control, which is an outstanding feature of
DPCs ™.

In modern power converters, it is common for
the PWM signal to be modulated by two meth-
ods: CPWM '0-12 and SVPWM 12624, Recently, the
CPWM method has been published in some studies

on DPCs for the models of cells connected in series !,

122 125

in parallel %, and in series and parallel *>. The main
topics of the CPWM method have been addressed, in-
cluding carrier phase shift control for flying capacitor
converters?!, carrier level shift control for half bridge

19,26

and full bridge models , and carrier phase shift

control for half bridge cells connected in parallel '*?2,
However, the use of SVPWM for DPCs has not been
fully studied and published. Studies?*>” have pre-
sented the structure and SVPWM method for DPC
using full bridge cells connected in series. Research?’
presents multilevel and multiphase DPC, with initial
research results showing that the control algorithm
for cells is quite complex. Meanwhile, the study?’
presented the SVPWM method for MSPDPC using
full bridge cells connected in series. By using the full
bridge inverter model, when one cell is removed or
added to the DPC, the level of the variable load volt-
age is increased or decreased by two, ensuring that the
number of levels is always odd and the maximum out-
put voltage amplitude is increased or decreased by one
cell voltage.

As for the half bridge inverter model shown in Fig-
ure 1, when removing or adding one cell to the sys-
tem, the number of output voltage levels increases by
one, and the output voltage increases or decreases by
a half cell voltage. Therefore, DPCs can easily, appro-
priately, and accurately adjust voltage according to the
output voltage needs of the load when using a half-
bridge cell structure. However, the SVPWM method
for MSPDPC using the half bridge module has not
been studied and published yet.

The time it takes for a DPC system to reach steady
state during startup and configuration changes is one

The control
19,26

of the important issues to consider.

structure and method presented in studies have
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very fast configuration times. This is accomplished
through the exchange of position signals from the pre-
vious cell and data on the total cells in the converter.
The implementation method is quite simple, effective,
and highly reliable. The control algorithm?® allows
DPCs to operate with only one cell, while other algo-
rithms require a minimum of three cells in the sys-
tem to function?®. In the experimental results of the
study'”, information exchange between cells is done
using DAC, ADC, and GPIO signal pins. However,
if the number of cells in the DPCs is increased, this
could become a limitation.

This study presents the structure of a single-phase
multi-level DPC using SVPWM. The proposed model
is implemented by connecting half-bridge cells to
each other. The PWM control signal of the cells is cal-
culated using the cell position signal and the number
of cells in the system. The study uses Serial Commu-
nications Interfaces (SCI) to reduce the impact of in-
terference on transmission and reception of control
voltage frequency, amplitude, cell position, and total
cells. When SCI is used in DPC, it becomes easier to
increase the number of cells in DPCs. This study also
improves the method of transmitting total cell infor-
mation in the system compared to research '°.

This improvement is suitable for SCI implementations
that will be applied to the DSVPWM converter. The
research focuses on evaluating the responsiveness of
the load voltage according to the control voltage, the
ability to dynamically reconfigure when it is neces-
sary to add or remove some cells, and the adjustment
of the output voltage amplitude in multiples of a half
cell voltage. The proposed DSVPWM structure and
method ensure the ability to operate even in the case
of only one cell in the system. The proposals will
be verified through simulations and experimental re-
sults.

2. THE SVPWM METHOD FOR
MULTILEVEL SINGLE-PHASE
HALF BRIDGE CONVERTER

In 2-, 3-, and 4-level converters, the voltage space vec-
tors (VSV) are arranged as shown in Figure 2. The
supply voltage of each cell is Vdc, where P, N, and
0 represent the positive, negative, and zero vectors,
respectively. The reference voltage is formulated as
shown in Equation (1).

vy = Vi sin (or) (1)

where V,,,, @ are the peak amplitude and angular fre-
quency of the reference voltage, f is time variable.
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The fixed vector v; and the rotating vector v, can be
determined from the v, vector. The v,, ¢ vector is cre-
ated by projecting the v, vector onto the « axis. The
switching pulse is determined based on the 2 nearest
vector principle. The v, s vector is then used to deter-
mine the instantaneous voltage amplitude across the
load. Figure 2a shows the arrangement of VSV for a 4-
level inverter system with 3 active cells. The four op-
erating states of the four-level converter are 3/2V,,
-1/2V 4, 1/2Vy,, and 3/2V,.
posed four-level inverter has three modulation zones:
{(-3/2V e, -1/2Vy4e}, {-1/2Vge, 1/2V 4.}, and {1/2V,,
3/2V4.}. Depending on the frequency of the modula-

Therefore, the pro-

tion voltage, the v, ¢ vector moves between the three
active zones. The diagram for the VSV of a three-level
inverter is shown in Figure 2b. The three-level single-
phase inverter consists of two cells. The three operat-
ing states of the three-level converter are -V, 0V,
and V.. Two of the three states represent the ac-
tive state, while the remaining one represents the zero
phasor positioned at the center of the plane. The zero
vector will appear in switched states if the total num-
ber of cells is even. The total number of cells, denoted
by Nioral» is the total cells in multilevel single-phase
power converter by concatenating half bridge cells in
series. The number of levels, denoted by r; is equal to
the total number of cells N;,s,; plus 1, as shown in (2).
The voltage between two adjacent levels is 0.5V ..

1y = Niotal + 1 (2)

As shown in Figure 2a and Figure 2b, assuming the
reference voltage v, has peak amplitude of 0.7V, the
reference voltage is still within the modulation zones
of the system that has 2 or 3 cells. However, there is
a difference in the number of switching states when
performing SVPWM. If the inverter has 3 cells, then
there are four switching states. Meanwhile, the num-
ber switching states is 2 if power converter has 2 cells
in a phase. Therefore, a general algorithm for the mul-
tilevel modulation technique is proposed; the modu-
lation voltage is an integer multiple of the supply V.
voltage plus a parameter [ as shown in (3). The process
of calculating the PWM control signals is done by the
proposed algorithm, as shown in (1), (3)-(5).

+1 €)

where:

+ 1 = 0 if the total number of cells in the power con-
verter is even, then the modulation voltage level is
odd.

Troad z

Figure 1: Multicellular single-phase half bridge con-
verter

Figure 2: . Principle of SYPWM for multi-level single-
phase converter. (a) 4 level. (b) 3 level. (c) 2 level

+ 1 = 0.5 if the total number of cells in the power
converter is odd, then the modulation voltage level is
even.

The switching vector has the form as shown in (4):

a; = floor (a,) (4)

In equation (4), the operator floor(x) is used, which
rounds each element of x to the nearest integer less
than or equal to that element.

The switching time is shown in (5).

H=ar—a;
{ Hh=1—1 >
Based on the inverter model, the central processor
generates the required PWM signals to control the
corresponding modules. If the inverters use a cen-
tralized controller, the selection of switching vectors
for the cells is predetermined and fixed during oper-

ation. However, for the inverter that needs to auto-
matically reconfigure as cells are added or removed,
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the central processor needs to establish new connec-
tion and redefine the PWM control signals for each
cell. This process requires the system to be stopped,
and the inverter need to be adjusted before returning
to operation. Therefore, there is an urgent need to de-
sign a MSPDPC system that can dynamically recon-
figure cells without requiring the system to stop.

3. PROPOSED SVPWM METHOD
FOR MSPDPC

The control connection diagram for MSPDPC is pre-
sented in Figure 3. The control structure uses the or-
dinal numbering method to determine the cell posi-
tion and total number of cells in the system. The cell
position is defined as follows: at time step k, the po-
sition data of cell_» will be incremented by one from
the data received by cell_n-1 (count_in) and defined
as count_out. All active cells in the inverter use the
same control algorithm. The first cell has a value of 0.
The value of final cell position is considered to be the
total active cells in the inverter and it is transmitted
through active cells in the MSPDPC. In the study?®,
the total number of cells will be transmitted from the
last cell to the first cell and continue to pass through
all the remaining cells in turn. In this paper, another
approach is proposed to pass the total number of cells
signal to the cells in the system, then the last cell will
transmit the total cells from the last cell to cell_n-1
and transmit through all cells in turn until the first
cell in the system. This proposal would be suitable in
the use of SCI in DPC.

The cell position is determined by equation (6).

i* = count_in* (6)

n— n
where k is the time step.
The total cells in the inverter are determined by equa-
tion (7).
N = number_ink 7

total — n

The outstanding advantage of the SVPWM method
for DPCs is its ability to automatically adjust the
switching vector and appropriate switching time for
each cell. In DPCs, the cells operate independently of
one another. The algorithm to determine the switch-
ing vectors and dwell time at the vertex of the vector is
proposed in equations (8)-(9). For better explanation,
let’s consider a DPC with 3 or 4 half-bridge cells with a
reference voltage of 1.2V, and a reference frequency
of 50Hz, as illustrated in Figure 4, which shows the a;
and ag vectors in the case of a system with 4 cells or 3
cells. The conversion of the a; vector to the a; vector
is achieved using equations (8). The objective of this

1858

conversion is to obtain the as vector between 0 and
Niorar-1. This enables the switching vector of the cell
to be determined using equation (9).

Nk
ak = dk + fix (r;zal)

where operator fix(x) rounds each element of x to the

®)

nearest integer toward zero.
=i )

The implementation algorithm of one cell is detailed
in Figure 5. The relationship between the total active
cells and the modulation voltage is bound by equation
(10).

k
Vk _ Ntolal Ve

max — 2

(10)

In MSPDPC, all activated cells have similar roles and
tasks: generating switching vectors and appropriate
switching times based on the reference voltage. Any
cell in the DPC can be used as the master cell; typi-
cally, cell_1 is selected as the master cell. The task of
the master cell is to provide the reference voltage for
all active cells in the DPC, including itself. At cells,
the reference voltage is synthesized using equation
(1), and appropriate switching vectors and switching
times are generated using equations (3)-(9).

4. SIMULATION RESULTS

To evaluate the proposed algorithm, the DPC model
as shown in Figure 1 and Figure 3 are simulated on
Matlab/Simulink software. The inverter consists of 4
cells half bridge connected in series. The functions
and tasks of the inputs and outputs in one cell are
described in Table 1. Load parameters, direct cur-
rent (DC) voltage sources of cells, sampling time and
switching frequency are presented in Table 2.

Each cell uses two DC voltage sources of 40V, so the
supply voltage for each cell is 80V. All cells in the in-
verter are active, and the output voltage have 5 lev-
els. The output voltage is synthesized by 4 cells. The
response of the output voltage and load current for
a stepwise change of the modulation index and total
number of cells in the inverter are shown in Figure 6.
Throughout the evaluation process, the modulation
frequency is 50Hz. When DPC starts, the modula-
tion index (M) is 0.9375, the output voltage has 5 lev-
els: 160V, 80V, 0V, -80V, -160V. At 0.02 seconds, M
is 0.375, and the output voltage has 3 levels: 80V, 0V,
-80V. The output voltage is synthesized by cell 1 and
cell_2. At 0.06 seconds, cell_3 is removed. The sys-
tem has 3 cells left, and the output voltage has 4 levels:
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Figure 3: Communication between cells in the system
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Figure 4: v, and v; vector. (a) 4-cells system (b) 3-cells system

120V, 40V, -40V, -120V. At 0.1 seconds, cell 4 is re-
moved, and DPC has cell_1 and cell_2 left. The output
voltage has 3 levels: 80V, 0V, -80V. At 0.14 seconds,
cell_3 and cell_4 is reinserted, and the output voltage
has 3 levels: 80V, 0V, -80V. Finally, at 0.18 seconds, M
is 0.9375, and the output voltage of DPC has 5 levels.
If the reference voltage is still less than the maximum
voltage that the cells can be modulated, the number
of levels of output voltage depends on the number of
active cells. Indeed, during the simulation from 0.02
to 0.18 seconds, the peak amplitude of the reference
voltage is fixed at 60V. To modulate the output volt-
age of 60V, the system needs the voltage contribution
of 2 or 3 cells. Observed from time 0.06 to 0.1 sec-

onds, the system has 3 cells, the output voltage has 4
levels. Observed from 0.02 to 0.06 seconds and 0.1 to
0.18 seconds, the total number of cells in the system
is even, and the output voltage has 3 levels. Thus, the
simulation results are consistent with the proposed al-
gorithm.

In the case of a dynamically reconfigured system, the
response of the output voltage and load current is
shown in Figure 7. At the time of start-up, the sys-
tem has all 4 active cells, and the output voltage has
5 levels, which is synthesized by 4 cells. At 0.04 sec-
onds, cell_3 and cell_4 are removed. The system has
2 cells left, and the output voltage has 3 levels, which
is synthesized by cell 1 and cell_2. At 0.08 seconds,
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Figure 5: Algorithm flowchart of one cell controller

Table 1: Function of Input and Output in one Cell.

Symbol Function

count_in Received the position index of the left cell
number_in Received the total cells from cell_n+1

Vm_in Received the amplitude of vr from left cell
Fm_in Received the frequency of vr from left cell

EN Enable (active/inactive of cell)

clkin Received synchronous clock pulse from master cell
count_out Send the position index to right cell
number_out Send the total cells to cell_n-1

Vm_out Send the amplitude of vr to right cell

Fm_out Send the reference frequency to right cell
clkout Send the synchronous clock pulse to others cell
Bn, Hn The cell's PWM control signals.

Table 2: Simulation Parameters.

Parameter Symbol Unit Value
Load IL mH 4

R w 100
Voltage source Viacl2 \Y% 40
Switching frequency feyys kHz 10
Sampling time T s 106
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Figure 6: Response of output voltage and load cur-
rent for a stepwise change of the modulation index
and the total number of cells (F,; = 50Hz). (a) M =
0.9375, 4-cell system; (b) M =0.375, 4-cell system; (c)
M =0.375, 3-cell system; (d) M= 0.375, 2-cell system;
() M=0.375, 4-cell system; (f) M= 0.9375, 4-cell sys-
tem.
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Figure 7: Response of output voltage and load cur-
rent in case of reconfiguration (F,; = 50Hz, M =
0.9375). (a) removing cell_3,4; (b) removing cell_1;
(c) reinserting cell_1,3; (d) reinserting cell_4.

cell_1 is removed, and the output voltage has two lev-
els: 40V and -40V. Cell_1 is replaced by cell_2 to per-
form the function of a master cell. At 0.12 seconds,
cell_1 and cell_3 are reinserted. DPC has 3 cells, and
the output voltage has 4 levels. Cell_1 becomes the
master cell again. Finally, at 0.16 seconds, cell_4 is
reinserted, and the output voltage has 5 levels similar
to the starting time. The output voltage can be ad-
justed according to the output voltage requirements.
It will increase or decrease corresponding to 0.5 times
of cell voltage, and the system can operate with only 1

Output voltage
s 15
~ 100
£ %
£
] 1]
5 50
=
5 -100
O 0
Load cumrent
15
< 1
g 0.5
'é 0
o 05
g
-1.5
0 002 004 0.06 0.08 0.1 0.12 0.14

Offset=0 Time (seconds)

Figure 8: Output voltage and load current wave-
forms for a stepwise change of the reference voltage
frequency M =0.9375; (a) Fy = 60Hz; (b) F,; = 40Hz;
(c) Frf =50Hz

cell.

Figure 8 shows the frequency response to the fre-
quency of the reference voltage. The simulation was
performed with all 4 cells in the inverter active and
a reference voltage amplitude of 150V. When DPC
starts, the frequency of the reference voltage is 60Hz.
At 0.04 seconds, the frequency of reference voltage
is reduced to 40Hz. Finally, at 0.1 seconds, the fre-
quency of the reference voltage is 50Hz. The DPC out-
put voltage has 5 levels and responds well to changes
in the reference frequency.

5. EXPERIMENTAL RESULTS

Experimental prototype as show in Figure 9. Each cell
of the DSVPWM consists of DSP controller, driver,
and Insulated Gate Bipolar Transistor (IGBT) power
cell. Each cell uses one DSP (C2000 Delfino MCUs
F28379D) as a controller. The power circuit of each
cell includes 2 IGBTs (GW40N120KD). Hybrid in-
tegrated IGBT driver MORNSUN QP12W08S-37 is
used as the driver circuit. The experiment was con-
ducted with the same parameters as in the simulation
in Table 2, with the sampling time adjusted to be 50
ms. The MSPDPC is built with a dynamic connection
structure as shown in Figure 1.

In the experimental model, the DSPs are connected
to each other by a diagram as shown in Figure 10. For
each cell, the input and output signal information on
the DSP are presented in Table 3. In the study ', cell
information is exchanged using the GPIO, DAC, and
ADC pins on the DSP. However, if the total number of
cells in a single-phase inverter increases, a large num-
ber of signal pins will be required, which can be dif-
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ficult. Additionally, there is a risk of noise and signal
amplitude loss during transmission and receiving. In
this study, information about cell location and total
number of cells is exchanged using the SCI. In each
cell, SCIC (GPIO_105) is used to receive the ampli-
tude of the reference voltage transmitted from the left
cell, while SCID (GPIO-56) transmits the modulated
voltage amplitude to the next cell. Meanwhile, SCID
(GPIO-139) and SCIC (GPIO_104) are used to receive
and transmit information about the frequency of the
modulated voltage. Cell_1 is the master cell, so the
received cell values are not considered.

An illustrative experimental result of the ordinal ar-
rangement of cells is shown in Figure 11. The inverter
is started with all 4 cells. When cell_1 is removed,
the system automatically assigns new sequence num-
bers for the cells after a 720us interval. When cell 3
of the converter is removed, the DPC has cells_1, 2,
4, and the cells automatically adjust the appropriate
PWM signal. The PWM signals of all cells work syn-
chronously, providing an accurate response to the ref-
erence voltage frequency.

Controller board

= [ —

Figure 9: Experimental prototype for the DSVPWM
methods

When MSPDPC has four cells, the aggregate voltage
of the cells and load current is shown in Figure 12.
Figures 13, 14 and 15 show the combined voltage and
load current of the remaining cells in the case of dy-
namic reconfiguration. Specifically, Figure 13 shows
that when removing cell_4, the system takes about
0.5ms to reach a new steady state. The number of lev-
els of the output voltage changes from 5 to 4, and the
switching voltage is 80V. Similar experimental results
are illustrated in Figure 14 when cell_4 is reinserted
one after another; the system takes about 0.5ms to sta-
bilize in the new configuration. Figure 15 shows the
output voltage and load current in the case of remov-
ing cell_1, where the inverter has 2 cells. The output
voltage has 2 levels of {40V, -40V}, and the inverter
can completely operate with only one cell.
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Figure 11: The cell position and PWM control sig-
nals of cells in the system. (a) cell position; (b) PWM
signals of cells

The aggregate voltage of the cells in the inverter
was analyzed using FFT on an oscilloscope (Siglent
SDS1104X). The FFT spectrum of the output voltage
in the frequency range of 0 to 450Hz as represented
in Figure 16a. The first harmonic (at a frequency
of 50Hz) has an effective amplitude of 101.6V. Fig-
ure 16b presents the results of the voltage spectrum
analysis in the frequency range of 0 to 45kHz. The
harmonics at 10kHz have an effective value of 23.8V.
Additionally, Figure 16 shows that the period of the
output voltage is 19.97ms, and the output voltage fre-
quency is 50.08Hz. The results show that the modu-
lation voltage error is 4.4V, equivalent to 4.15%; and
the modulation frequency error is 0.08Hz, equivalent
to 0.16%.

The modulation technique called DSVPWM for a
single-phase multilevel power converter>® can only
handle the issue of an odd-numbered output voltage
level. This happens when a cell is either added or re-
moved, leading to an output voltage level that is al-
ways odd. voltage with any level, thus enabling more
flexible voltage control.

To address this issue, the study proposes a new al-
gorithm for the half-bridge structure that allows for
modulation of the output. Additionally, the proposed
topology and information exchange between cells
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Figure 10: Experimental connection diagram for MSPDPC

Table 3: Function of control pins of DSP

Symbol Pin on DSP
EN GPIO_25
Vinin GPIO_105
Vin_out GPIO_56
Frf in GPIO_139
Frf our GPIO_104
count_in GPIO_9
count_out GPIO_18
number_in GPIO_19
number_out GPIO_S8
clkin GPIO_14
GPIO_15
clkout GPIO_06
GPIO_04
Bn GPIO_0
Hn GPIO_1

Parametter

Enable

Received the amplitude of vr from previous cell
Transmitted the amplitude of vr to next cell

Received the reference frequency from the previous cell
Transmitted the reference frequency to the next cell
Received index of cell from the previous cell

Transmitted index of cell to the next cell

Received the total cells

Transmitted the total cells

Received synchronous clock pulse PWM from master cell
Received synchronous clock pulse of vr from master cell
Transmitted synchronous clock pulse PWM to others cell
Transmitted synchronous clock pulse of the vr to others cell
The PWM control signalof cell_n

The PWM control signal of cell_n

simplify the calculation process involved in determin-
ing the switching vector and corresponding switching
time, compared to what is required in Nguyen et al.
(2022) %3,

6. CONCLUSIONS AND DISCUSSION

This article introduces a decentralized control ap-
proach that applies a multilevel SVPWM technique to
the half-bridge power converter structure. With this
proposed structure, cells can exchange data with their

two neighboring cells, including cell position, total
number of cells, control voltage frequency, and am-
plitude. The cells can also automatically determine
and select the appropriate switching vector and time.
This approach demonstrates that the number of con-
nections required is minimal, improving the opera-
tion and control’s reliability. The program execution
is simple, allowing small processors to operate effi-
ciently. Additionally, this study has improved the al-

gorithm to calculate the cell position and the total
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OQutput voltage [50V/div]

(a)

Load current [1A/div]

(b)

Figure 12: Experimental result for 4-cells system (F.s = 50Hz, M = 0.9375). (a) output voltage waveform; (b) load

current waveform.

Output voltage [S0V/div]

(a)

Load current [ 1 A/div]

Figure 13: Response of output voltage and load current when removing cell_4 of 4-cell system (F,; = 50Hz, M =
0.9375). (a) output voltage waveform; (b) load current waveform.

Output voltage [50V/div]

(a)

(b)

Figure 14: Response of output voltage and load current when reinserting cell_4 of 3-cell system (F,.; = 50Hz, M =
0.9375). (a) output voltage waveform; (b) load current waveform

number of cells in the DPC. The structure also al-
lows the MSPDPC to function when only one cell re-
mains. The effectiveness of the proposed algorithm
and DSVPWM structure has been confirmed through
simulation on Matlab/Simulink software and an ex-
perimental model. The MSPDPC has the capability
to reconfigure itself dynamically when initiating or
dropping one or few cells, a crucial and prominent
feature in constructing DPCs.
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Output voltage [50V/div]

(a)

s 100155
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Load current [1A/div]
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Figure 15: Response of output voltage and load current when removing cell_1 of 2-cell system (F,; = 50Hz, M =
0.9375). (a) output voltage waveform; (b) load current waveform.

(b)

Figure 16: Fast Fourier transform (FFT) analysis of the output voltage. (a) Evaluated from 0 to 450 Hz; (b) Evaluated

from 0 to 45 kHz.

DPC: Decentralized Power Converter

MSPDPC: Multilevel Single-Phase Decentralized
Power Converter

DSVPWM: Decentralized Space Vector Pulse Width
Modulation

DSP: Digital Signal Processor

FFT: Fast Fourier Transform

IGBT: Insulated Gate Bipolar Transistor
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A

TOM TAT

Nghién cu nay trinh bay phuong phéap diéu ché dé réng xung vector khéng gian cho bo bign déi
cong sudt mot pha, da bac diéu khién phan tan. Cau tric bo bién déi cong sudt mét pha dugc
dé xudt bao gébm cac mo-dun ban cau méc ndi tiép; cau trdc gdbm cac mo-dun ghép ndi tiép cho
phép diéu chinh dién ap ngd ra theo nhu cau mét cach dé dang bang cach thém hodc bét mot vai
mo-dun. Mo hinh va phuong phéap diéu ché vector khdng gian phan tan dé xudt st dung cau tric
ca4c mo-dun sé trao d6i thong tin véi 2 mé-dun lan can nhdm thuc hién diéu ché vector dong cét
va thdi gian chuyén mach tuong Ung. Nghién cliu tap trung danh gia kha ning dap Ung cda dién
ap ngd ra theo dién ap tham chiéu, danh gia kha nang diéu chinh lai vector déng cét va thai gian
chuyén mach tuong tng ctia méi mo-dun khi cdu tric clia b bién déi cong suét thay déi. Kha
nang cau hinh lai déng clia cac bo bién déi cong sudt dang phan tan la mot tinh nang vé cing quan
trong; diéu nay cho nay cho phép dam bao tinh cung cap dién lién tuc trong trudng hop cé mot
hoac vai mé-dun bi hdng; hé théng tu dong xac lap trang thai mai véi sé lugng mo-dun con dang
hoat déng. Cau tric va phuong phap dé xuat c6 thai gian cdu hinh rat nhanh. Cdu tric bd nghich
luu mot pha cé dién dp ngd ra dugc diéu chinh tuong ting 0.5 lan dién dp moi mo-dun, diéu nay
cho phép bién do dién ap diéu ché dugc diéu chinh pht hgp nhat theo yéu cau phu tai. Nghién
clu dugc xac minh tinh hiéu qua dua trén két qua moé phong bang phan mém Matlab/Simulink va
mo hinh thuc nghiém. Tai RL v&i thong sé dinh muc 220V / 500W dugc dung dé kiém ching két
qua thyc nghiém cho bo bién déi cong suat diéu khién phan tan ndm bac, mot pha.

Tu khoa: BO bién ddi cong suét da pha, da bac, diéu khién phan tén, diéu ché do rong xung
vec-t khong gian, tai cau hinh déng, bo bién déi cong sudt da mo-dun ghép ndi tiép va song
song, bd bién déi cong sudt cac mo-dun ban cau méc néi tiép

Trich dan bai bao nay: Cong N P, Ding P Q, Tuyén N D. Phuong phap diéu ché d6 rong xung vector
khéng gian cho bé bién d6i cong suat mé-dun ban cau mét pha, da bac diéu khién phan tan. Sci.
Tech. Dev. J. - Eng. Tech.; 6(2):1855-1867.
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