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ABSTRACT

In recent years, the decentralized control structure in multilevel power converters has
been increasingly interested in research, application, implementation in practice because of
its outstanding characteristics and techniques compared to traditional methods. One of the
key features of decentralized control is the system's ability to extend and dynamically
reconfigure the system. This study presents the application of a decentralized control
structure of multilevel inverters using the level shift carrier pulse width modulation method
(LSC-PWM) as the control algorithm. For the traditional control method, the carrier signal is
provided by a central controller. The decentralized control method provides basic local
connections so that carriers can alternate themselves for the configuration of a multi-cell
serial system. Efficient performance of decentralized control in power converters
demonstrates power and voltage response suitable for a wide range of applications, as well as
the ability to dynamically reconfigure the system (add or discard a cell). Control method,
algorithm and structure were evaluated through simulation results on Matlab/Simulink.

Keywords: Decentralized control, carrier phase shift, multilevel power converter, full bridge
cascade.

1. INTRODUCTION

In terms of control structure, the classical method used to implement the control system
of a multilevel power converter which generally consists of a centralized controller to
compute a set of appropriate PWM signals, can be capacitor voltage balance, voltage balance
between cells, current balance between phases, etc. [1-3]. For multilevel inverter as shown in
Figure 1, the central control unit must perform a very large and complex calculation volume,
be able to connect, control many devices at the same time, and be able to handle at high
speed. For these above reasons, the central controller is quite expensive.

During the operation, if the system needs a change (removing or adding an active cell to
increase overall efficiency or to provide a solution in case of failure), centralized control
must reconfigure all cells. Thus, this reconfiguration requires a lot of communication
between the main control system and the various panels. Also, in the case of cell failure,
error detection is firstly performed locally by the cell driver and then the error signal is sent
to the main controller to request reconfiguration. This sequence may take a relatively long
time.

In order to solve the above problems and reduce the processing volume of the central
controller, increase operational flexibility and restructure as needed, a decentralized control
algorithm is a reasonable choice for all inverters.
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Research on structure and decentralized control method of power converter have had
positive results with scientific publications in three main research directions as follows:

According to the first research direction, the decentralized control is characterized by a
hierarchical architecture that has two control levels such as primary-secondary controller [4, 5],
master-slave controller [6-11] or local-central controller [12-15]. The system level controllers,
namely, secondary, master, or central, are responsible for general information management,
for performing tasks as voltage balance, current balance, and power exchange. Meanwhile,
the controllers of the lower level, namely, primary, slave or local, are in charge of creating
PWM control signals. The system easily reaches global optimization. However, the
reliability is reduced due to the high dependence on the central control unit and the high cost
of the system. In addition, the system requires very high communication bandwidth as the
configuration and refactoring process needs to be done quickly [6-9].

In the second direction, each power converter module operates independently on its
own current and voltage information, not communicating with neighboring modules. The
module's carrier phase shift angle will be calculated through a rather complex algorithm.
This structure is easy to connect due to decentralized control, but requires complex
computation for power converter configurations with large number of modules [16, 17].

As for the third research direction, the cells of the power converter will exchange
information with neighboring cells. The information exchanged can be cell position, carrier
phase angle, carrier amplitude, etc. The system will be stable after several loops of the
algorithm. This structure also increases reliability due to decentralized control, no
complicated control algorithm, however the time to configure the system depends on the
processing speed of the cell controller, the controller sampling time and the number of cells
in the system [18-26]. This structure increases the system flexibility in term of allowing to
expand the range of voltage and power requirements by adding or removing the number of
cells in parallel and/or serial connections [19-21, 26].

This paper presents the design of multilevel three phase inverters according to a
decentralized control structure, using the LSC-PWM as a control algorithm with an
improvement in the carrier level update method of each cell controller. In this method, each
cell can self-tune its own carrier to produce a transducer carrier, they are independent of the
number of cells activated in the system. The information exchanged between cells can be the
number of cells active in the system, the location of the current cell, etc. From this
information, the cells will calculate the carrier strength and their arrangement. This allows
for the dynamic reconstruction of the inverter's cell number when performing the
decentralized carrier PWM in the case of a change in the number of cells. The performance
and efficiency of the decentralized inverters were verified through a system simulated on
Matlab/Simulink.

Figure 1. Multilevel power converter
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2. PROPOSED DECENTRALIZED CONTROL METHOD FOR MULTILEVEL
THREE PHASE INVERTER

Figure 2 shows the topology of the IGBT (Insulated Gated Bipolar Transistor) connection
of a multilevel three phase inverters. In order to perform multilevel modulation at the voltage
output, the carriers will be arranged in segments 0 to 1. Figure 3 shows the arrangement of
four carriers for one phase as an example. For the proposed structure of each cell consists of
a full bridge, each cell controller to compute, generate a carrier with amplitude and position
depending on the number of cells contained in the structure single phase, the position of the
cell being calculated. The cell will exchange information about the position and the total
number of cells active in the system, which are received from the front cell.

R

Wm

B, | TB, B, | TB, B, | B,
A A R ANe A
17 1’ |
i2 L2 CELL_al CELL_ a2 CELL a3
‘ 7777777777 hl
| |
B, | "B, B, | TB, T8, | TB, T8, | TB,
LV K LV K AV A A A
1" 1" 1" 1"
L3 CELL b1 CELL b2 CELL_b3 CELL bN
‘ 7777777777 1
|
_'_Bl _'_BZ —I_B1 —I_Bz —I_Bl —rBZ
AV A AV A AN A
1" 1" 1"
CELL cl CELL c2 CELL c3 CELL_cN

Figure 2. Topology of the IGBT connection of a multilevel three phase inverter
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Figure 3. Rules for updating the distributed carrier level
with the improved LSC-PWM method (for single phase)
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Figure 4. Connection between each cell controller with the proposed decentralized method for
multilevel three phase inverter

For the proposed structure, each cell will compute, and generate two high frequency
carriers. The proposed method is performed using equations (1)-(4). In which, formulas (3)
and (4) are improved compared to traditional method [26]. The rule of doing cell position
numbering is very simple: at cell n, at repetition k, the cell number n-1 (count_in) is read and
incremented by one position, assigned as count_out. The same sequence is applied to all
cells. Since the serial digital information path is just an open loop, the cell in the first
position has the value 0 (no information). The last cell information count is the total number
of active cells in the chain and it can be passed to all cells (see equation (1) and Figure 4).
The peak-to-peak amplitude of a carrier is calculated using equation (2). And the level of two
carriers in the same cell is calculated according to the (3) and (4) tasks using the cell
controller's internal variables and there is no need to update the level information Ana
(external) of the (n-1)" front-end cell as proposed in the traditional method [26], increases
data processing reliability.

The functions and meanings of the inputs, outputs and local variables of a cell are
explained in Table 1. Algorithm flowchart of the improved LSC-PWM method is illustrated
in Figure 5. Elimination of any cell is controlled by a enable signal (EN).
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Table 1. Input/output functions of one cell

Input
EN Enable
count_in Get information of cell index from the previous cell
number_in Get information of total number of cells in the system
vrf_in Get information of modulation index from the previous cell
clk_in Receive synchronous clock pulse
Output
count_out Send information of cell index to the next cell
number_out | Send information of total number of cells in the system
vrf_out Send information of modulation index to the next cell
clk_out Send information of synchronous clock pulse to the next cell
Al, A2, B1, B2 | IGBT control signal A1, A2, B1, B2
Internal variable
44, A carrier's peak-to-peak amplitude
A LA g The n' carrier level
N Total number of active cells

total
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Figure 5. Modified LSC-PWM decentralized control algorithm flowchart of the cell

3. SIMULATION RESULTS AND DISCUSSION

3.1. Configuration and simulation parameters

Building a simulation model on Matlab/Simulink with the proposed configuration as
shown in Figures 2 and 3, each phase of the power converter consists of 4 serial cells,
simulation parameters are given in Table 2.

The simulation process focuses on key tasks:

- Checking the system responsiveness when changing the modulation voltage
amplitude, the modulation frequency of inverter.

- Consider and evaluate the possibility of dynamic reconfiguration of the system when
adding or removing some cells in the inverter.

- Analyzing and evaluating the waveform of output voltage and load current.

Table 2. Simulation parameters

Parameter Symbol Unit Value
Inductor L H 0.0001
Resistor R Q 100

DC input voltage Vdc \Y 150
Switching frequency fsw Hz 10000
Sampling time Ts S 2e-6
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3.2. Simulation results

Figure 6 shows the waveform of output voltage and load current of three phase load
when changing the modulation voltage. At 0.00 and 0.04 seconds, the modulation voltage is
550 V, the 9 levels output voltage is the contribution of all cells, which is the sum of the
component voltages of the cells. Result of 3 phase output voltage reaches 9 levels (full
level). From 0.04 to 0.08 seconds, the modulation voltage is 400 V, the output voltage has 7
levels which is the contribution of 3 cells in the same phase. From 0.08 to 0.1 seconds, the
modulation voltage is 200 V, the output voltage has 5 levels which are the contribution of 2
cells in the same phase. The simulation results show that the output voltage of the distributed
three-phase inverter responds well to the required voltage amplitude.

Figure 7 shows waveform of output voltage and load current of three phase load when
changing the modulation frequency. At 0.00 and 0.04 seconds, the modulation frequency is
60 Hz. From 0.04 to 0.08 seconds, the modulation frequency is 50 Hz. From 0.08 to 0.1 seconds,
the modulation frequency is 40 Hz. The results show that the output voltage meets the
required frequency.

Vr =550 V Vr =400V Vr =200V
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Output voltage
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Output voltage [V]

1 1 1 1 1 | | 1 |
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|

Load current [A]
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Figure 6. Waveform of output voltage and load current of three phase load when changing the
modulation voltage
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Figure 7. Waveform of output voltage and load current of three phase load when changing the
modulation frequency

The decentralized modulation for the control of multilevel converters using LSC-PWM
has the advantage of dynamic reconfiguration when the number of cells can be dynamically
either deactivated or activated. It is demonstrated in Figure 8 the process of reconfiguration
of a 4-cell system in per phase. At the beginning, the system had all active cells, there are 8
carriers arranged evenly in the range 0 to 1, the output voltage was 9 levels. At the time of
0.02s, cells 2, 6, and 10 are removed, the system left 3 cells per phase, there are 6 carriers
arranged evenly in the range 0 to 1, output voltage was 7 levels. At the time of 0.04s, cells 3,
7, and 11 are removed, the system left 2 cells per phase, there are 4 carriers arranged evenly
in the range 0 to 1, output voltage was 5 levels. At the time of 0.06s, cells 3, 7, and 11 are
reinserted, the system had 3 cells per phase, output voltage was 7 levels. Finally, cells 2,7
and 12 are reinserted at 0.08s, the system had 4 cells per phase, output voltage was 9 levels.
The results show that the output voltage meets the required dynamic reconfiguration. Based
on the number of activated cells in the system after the refactoring process takes place, the
power converter will operate at a limited voltage, increasing flexibility in operation and
control to repair the system as needed.
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Figure 8. Output voltage and load current waveform in case of reconfiguration
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3.3. Evaluation of output waveform
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Figure 9. Analysis of THD (Total Harmonic Distortion) output voltage and Ioad current of
decentralized control
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Figure 10. Analysis of THD output voltage and load current of centralized control

Comparing and evaluating the output waveform using LS-PWM and phase disposition
pulse width modulation (PD-PWM) for the same system, the same control parameters, for 2
structures: centralized control and decentralized control. Figure 9 shows FFT (Fast Fourier
Transform) for voltage and current on the load using a decentralized controller. Figure 10
shows FFT for voltage and current on loads using centralized control. From the results, the
two control structures produce the same results. That shows the very good quality of the

output voltage, ensuring the quality of the power.

4. CONCLUSION

This study has proposed the application of a multilevel three-phase inverter structure
with an improved carrier level displacement control method. The results show the feasibility
of the proposed method: low voltage harmonic quality. The simulation results demonstrate
the efficiency and can be fully met in the case of dynamic refactoring, thereby increasing
flexibility in the control and operation of power converters. The study just stopped at the
simulation results on Matlab/Simulink, it is necessary to have experimental studies to verify.
The experimental results will be conducted and announced in the near future.

Acknowledgements: This work was funded by Ho Chi Minh City University of Food
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TOM TAT

PIEU KHIEN PHAN TAN BIEN TAN BA PHA DA BAC
SU DUNG PHUONG PHAP DICH MUC SONG MANG

Nguyén Pht Cong", Phan Qudc Diing?

YTrwong Pai hoc Cong nghiép Thue pham TP.HCM
Truong Pai hoc Bdach khoa - Pai hoc Quac gia TP.HCM
*Email: congnp@hufi.edu.vn

Trong nhitng nim gan day, ciu tric diéu khién phan tan trong bg bién déi cong suat da
bac ngay cang dugc quan tam nghién ctru, ng dung, trlen khai trong thuc t& boi nhitng dic
diém va k¥ thuat vuot troi so v6i cac phuong phap truyen théng. Mot trong nhiing tinh nang
chinh cua diéu khién phan tan 1a kha ning mo rong va cau hinh lai h¢ thong mét cach linh
hoat. Nghién ctru nay trinh bay viéc ing dung cu tric diéu khién phén tan cua bo bién tan
da bac sir dung phuong phap didu ché do rong xung dich mtc song mang (LSC-PWM) lam
thuat toan dleu khién. Pdi v6i phuong phap diéu khién truyen thong, tin hiéu song mang
dugc cung cip boi bo diéu khién trung tam. Phuong phap diéu khlen phan tan cung cap cdc
két ndi cuc bo co ban de c4c song mang c6 thé tu sip xép theo cu hinh cua hé thong noi tlep
nhiéu mo-dun. Hiéu suat, hiéu qua cla diéu khién phan tan trong bo chuyen d6i cong suat thé
hién kha nang dap tmg dién ap va truyen tai cong suat phu hop véi nhiéu loai img dung, ciing
nhu kha ning ciu hinh lai hé thng dong khi can thiét (thém hodc loai bo mot mo-dun).
Phuong phap diéu khién, thuat toan va cau tric dugc danh gia thong qua két qua mo phong
trén Matlab/Simulink.

Tir khéa: Diéu khién phan tan, dich mac séng mang, bo bién ddi cong suét da bac, mach cau
H ndi tang.
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