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Abstract—This paper presents advanced modulation
technique for three-phase three-level ANPC inverter for
drive applications. The Design of the converter allows
actively balance the losses in the converter which results
in higher power density, increase of reliability and
lifetime of the converter. The control algorithm has to be
able to secure the voltage control with proper capacitor
voltage balancing as well as the active balancing of
the losses in the converter. The proposed control is
verified by experiments carried out on down-scale drive
prototype of rated power 35kVA.
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I. INTRODUCTION

There are many papers dealing with topology of
multilevel converters and their control strategies [1],
[2], [3]. In this case we seek for advance control
technique of three-level Active Neutral Point Clamped
(ANPC) converter as an alternative way to com-
plete the project of industrial company CKD ELEK-
TROTECHNIKA on mining machine drive design.
For more details of ANPC topology see [2]. Thus we
have chosen advanced simplified Space Vector Mod-
ulation (described in detail in [4]) which is supple-
mented by active balancing of the losses as a control
technique of the ANPC inverter. This paper presents
the continuation of our work on multilevel converters
[5] and describes simple implementation solution of
converter control of three-level ANPC inverter for
medium-voltage drivers. The paper describes control
of 3-level ANPC inverter which is based on simplified
SVM with active balancing of the capacitor voltage
and equal losses distribution control. Furthermore it
describes the control implementation in our developed
control unit MLC, which is in detail described in [6].

II. DESIGN OF THREE-LEVEL ANPC INVERTER
CONTROL

The inverter control is based on simplified-SVM
for the three-level ANPC inverter. The equivalent
scheme of power circuit of the three-phase three-level
ANPC is in Fig.1. Each phase of inverter consists of
six IGBTs (S1, So, ..., Se). The total number of IGBTs
is 18.
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All phases are connected to dc-link which consists
of two capacitors (C; and Cs). The voltage of those
capacitors are actively balanced by the control algo-
rithm.
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Fig. 1. A power circuit of developed prototype of three-phase

three-level ANPC inverter (one phase of inverter) based on [2].

The simplified-SVM algorithm is suitable replace-
ment for conventional modulators types for multilevel
converter because of its simplicity and low computa-
tional demands. For more details see [4]. The input
of the control algorithm is voltage space vector in
alpha beta coordinate system (Uy, U, ). The algorithm
outputs are three vectors which define triangle in the
triangle net (see. 2) and three times for application (the
duty cycles) of those vectors which. The algorithm
has new convention where the triangle net is used to
define the area where the input voltage space vector
can appear (see Fig. 2).
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The second part of the algorithm is dedicated to
the determination of the functions floor and ceil for
all three voltage vectors V, (1), V, (2) and V. (3).
In this step the position of input voltage vector inside
of one triangle is calculated. There are two shapes
of triangles which depends on result of sum of floor
functions (fu, + foe + fea) see Fig. 3 and Table 1.

fap = floor(V); cap = ceil(Vy) (1)
foe = floor(Vy); cpe = ceil(Vy) 2)
fea = floor(V); ceq = ceil(Ve) 3)

fou + f + fy =1
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Fig. 3. Triangle selections.

TABLE 1. TRIANGLE SELECTIONS.

[ fab + foe + fea = —1 [ fab + foc + fea # —1 [
\%

Viapfpceca fabCbccea

(abbr. Vi re) (abbr. Vyoo)
Afppfoecca = Vea = fea | dfypepecea = Cab — Vab

(abbr. dyse) (abbr. dye.)

Vcabfbcfca VCabcbcfca

(abbr. Ve ) (abbr. Vi)
d“abfbcfca = Vap — fav dcab“bcfca = Ceq — Vea

(abbr. deyy) (abbr. dee )

fabebefea cabfyccca

(abbr. Vc) (abbr. Vi.se)
dfabcbcfca = Ve — foe d"abfbccca = ¢cpe — Vie

(abbr. dc) (abbr. des.)

The MLC interface is based on combination of
microcontroller and FPGA. Peripherals implemented
in FPGA are mapped in memory into address space of
used microcontroller thus they act as other peripherals
which are located on chip. This new control system
have great profit resulting from naturally parallel
structure and universality of components which are
created in FPGA. The microcontroller is the master
control device and the FPGA works as a slave control
device (Fig. 4) in our control system. Microcontroller
computes control algorithm for inverter. The two dc-
link capacitor voltages (C; and Cy) and the three
currents are also measures by microcontroller.

On the output of microcontroller there are two
voltage vectors components, which represent space
vector for inverter (U, Uy), logic representation of
condition of dc-link capacitor voltages (i.e. overvolt-
age or undervoltage of %Ud) and load currents direc-
tions. Those values are transmitted over parallel bus
to the FPGA device, where the SVPWM modulator
with active voltage balancing inverter is created.

The architecture created in FPGA can be split
into seven main entities (see Fig. 5). The first entity
en_reg_2 represents synchronous input register for
values (U, U,) which are sending by microcontroller.
The second entity transform transfers two input volt-
age vector components (U, U,) in to three voltages
(Ug, Up, U,). Each of those voltages represents mod-
ulation signal for the third entity. The entity svm_alg

calculate the Novel SVM algorithm and identify three
closest vectors of the input voltage vector and theirs
duty cycles. This three vectors defines switching in-
dex. The identification of switching index is made
by entity svm_maping. The switching indexes and
duty cycles are processed by entity time_table. This
entity creates the switching sequence for one switch-
ing period. Switching sequence gradually switch all
possible real switching combinations. For example of
real switching combinations for sector 1 see fig. 6.
The combinations which are balancing dc-link voltage
are switched on 2/3 time and the combinations which
are not balancing dc-link voltage are switched on 1/3
time. The next entity timings_ANPC ensures proper
timing of switching sequence (e.g. timing for sector 1
and area 1 is in 7) as well as active clamping control.
In this case the main difference between NPC is in
zero switching combinations where we can choose
the upper or lower clamping converter part to be
inducting. In order to keep the design of the control
as simple as possible we limited our choices to the
combinations where always only two switches are
switched on at the time (Table II). Thus when the
current commutes from the upper part of the converter
we chose the upper clamping switch to be conducting
and vice versa. Thereby when the switching sequence
contains zero switching combination, always both of
clamping ways in the converter are used and the
distribution of the losses is more balanced. The last
entity gate sets up the final control signals for inverter.

Control
MLC algorithm
interface

DSP
SVPWM modulator 12 3L-ANPC
with active balancing Inverter

FPGA

T fault

Fig. 4. Communication block-diagram

III. SIMULATION AND EXPERIMENTAL RESULTS

The active clamping control algorithm was tested
in simulations with parameters: R = 0.245[Q)], L =
0.0011[H], Vg. = 700[V], fpwnm = 800[Hz] (Fig.
9) and the results ware compared with classical
NPC design (Fig. 8). Proposed control algorithm of
three-level ANPC inverter has been implemented in
the floating-point microcontroller Texas Instruments
TMS320F28335. The SVPWM modulator with volt-
age balancing have been implemented in the FPGA
Altera Cyclone III EP3C40F240C7. Proposed control
has been tested on developed laboratory prototype of
the APNC inverter of rated power 35kVA. Fig. 10
shows steady-state behaviour of outputs of unloaded
three-level ANPC inverter. Fig. 11 shows frequency
spectrum of phase current, THD is 7.08.
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Fig. 5. Architecture of SVPWM modulator entity in FPGA

TABLE II. REAL SWITCHING COMBINATION.
[ Space vector diagram index | Real switching combination
-1-1-1
000 000
111
10-1 100
0-1-1
01-1 110
00-1
;110 010
-11-1
101 011
-100
0-11 001
-1-10
1-10 101
0-10
20-2 1-1-1
11-2 10-1
02-2 11-1
-12-1 01-1
220 11 -1
211 -110
202 111
-1-12 101
0-22 -1-11
1-21 0-11
2-20 1-11
2-1-1 1-10

Fig. 6. Switching combination for sector 1

IV. CONCLUSION

In this paper, the control algorithm for three-phase
three-level ANPC inverter ware presented. The design
of the control algorithm is very simple and easy for
implementation. Moreover as shown in the simula-
tion and experimental results the proposed control
algorithm is able to, effectively control the voltage,
balance the voltage on single capacitors and secure the
losses distribution control in the inverter. Furthermore
splitting of proposed control into two separate entities
(DSP, FPGA), brings several advantages. Control unit
presented in this paper is able to simultaneously
control two three phase circuits of full three-level

ANPC converter. Another significant advantage of this
configuration is modular composition of switching
sequence, which allows easily change the parameters
of the modulator (e.g. switching frequency, capacitor
voltage balancing control etc.).

ACKNOWLEDGMENT

This work was supported by the European Re-
gional Development Fund and Ministry of Education,
Youth and Sports of the Czech Republic under project
No. ED2.1.00/03.0094: Regional Innovation Centre
for Electrical Engineering (RICE) and project No.
SGS-2015-038.

REFERENCES
[1]

Rodrgues, J.; Pontt, J.; Lezana, P.; Kouro, S.: ”Tutorial on mul-
tilevel converters,” Power Electronics and Intelligent Control

for Energy Conservation. PELINCEC 2005. Warsaw, 2005.

T. Bruckner, S. Bernet, and P. K. Steimer, "The active npc con-
verter for medium-voltage applications,” in Industry Applica-
tions Conference. Fourtieth IAS Annual Meeting. Conference
Record of the 2005, vol. 1, 2005, pp. 8491 Vol. 1.

T. Bruckner, S. Bernet, and H. Guldner, “The active npc con-
verter and its loss-balancing control,” Industrial Electronics,
IEEE Transactions on, vol. 52, no. 3, pp. 855868, 2005.
Peng, D., Lee, F., Boroyevich, D., ”A novel SVM algorithm
for multilevel three-phase converters,” Power Electronics Spe-
cialists Conference, Annual, 2002.

[2]

[3]

[4]

[5] Janik, D.; Kosan, T.; Sadsky, J.; Peroutka, Z., "Implementa-
tion of SVPWM algorithm without trigonometric functions,”
Applied Electronics (AE), 2014 International Conference on,

pp.131-134, ISBN:978-80-261-0276-2, 2014.

Janik D., Peroutka Z., Molnar J., Komrska T., Zak J.: ”Control
of Primary Voltage-Source Active Rectifiers of Traction Con-
verter with Medium-Frequency Transformer: Advantages of
Control Unit Combining DSP and FPGA”, 15th International
Power Electronics and Motion Control Conference, Serbia, pp.
LS4a.2-1 - LS4a.2-7, Sep. 2012, ISBN: 978-1-4673-1971-3.

[6]



®
\
I-\I'I
1 1 1 1 1 1
0 0 0 0 0 0
-1 -1
1 1 1 1
0 0 0 | 0 0 0
-1 - - -
1 1
0 0 0| 0 0 0
-1 -1 -1 -1 - -1
T0 Ts0 Ts1 T0 Ts0 Ts1 T0 T0 Ts1 Ts0 T0 Ts1 Ts0 T0
6 6 3 6 3 6 6 6 6 3 6 3 6 6
Fig. 7. Timing of switching combination for sector 1 and area 1
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Fig. 8. Total losses distribution in the converter powering RL load
with input voltage V,;.=700[V] modulation index 0.95 on single
switches of the converter NPC
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Fig. 9. Total losses distribution in the converter powering RL load
with input voltage V;.=700[V] modulation index 0.95 on single
switches of the converter ANPC
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Fig. 10. Behaviour of three-level ANPC inverter unloaded

(Udc=200 V), Chl: three-level line voltage of inverter [100V/d],
Ch2: line to line inverter voltage [100V/d], Ch4: inverter phase
current [5A/d]
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Fig. 11. Frequency spectrum of phase current, THD is 7.08%




