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Abstract—Shunt-connected trilevel power inverter in '

three-phase four-wired system as an active filter or individual
current supply (peak-load supply) is studied by a novel technique: i,l é Tuyap,, TL{GD", “LQDR 43,
Three-dimensional (3-D) voltage vectors pulse width modulation § | va
(PWM). In past decades, almost all the study for PWM is limited L . T
in two-dimensional (2-D) domain,« and 3 frames, in three-phase B o= | NL -
three-wired system. However, in practical operation, there are o
many three-phase four-wired systems in distribution sites. The —
generalized study of 3-D two-level and three-level inverters is i

achieved in this paper so as to perform the basic theory of 3-D T”H[}u. Ti’quD.., -EIGD“ -
multilevel space vector switching PWM technique. The sign N
cubical hysteresis control strategy is proposed and studied with
simulation results in 3-D aspect. The 3-D PWM technique in

three-level inverters is accomplished. NonL.-}iréear
a

Index Terms—Multilevel inverter, power quality, three-dimen-
sional PWM, three-phase four-wired system.
Fig. 1. Conventional strategy to handle three-phase four-wires problem—four
arms-inverter.

|I. INTRODUCTION

OR THE high voltage power applications where nof zero component issue. In this study, the focus will be taken
semiconductor devices are available, the multilevel V$br three-phase four-wired systems in the switching manner
topologies [7], [8] are good alternatives. The multilevel struder three-dimensional (3-D) pulse width modulation (PWM)
ture not only reduces voltage stress across the switches but astnique. The two-dimensional (2-D) PWM technique will be
has many more available vectors. Therefore, it improves haxtended into 3-D one, meanwhile three-level switching patterns
monic contents of the VSI by selecting appropriate switchirgye studied. The mathematical model of the trilevel shunt con-
vectors. The most popular topology is the three-level inverteerter is addressed in detail. Based on the concept of switching
[10]. The number of vectors, which can be implemented witlunction and space vector, the mathematical model of trilevel
the three-level VSI, is 27. These can be categorized into fotwnverter model is presented. A novel prototype of three-level
different vectors: large-vectors, mid-vectors, small-vectors, andnverters is studied. The PWM of three-phase four-wired
zero-vectors. three-level converters will give more degree of freedom for
In recent decades, there are many papers discussing thtke-switching patterns so that 3-D space vector pulse width
phase three-wired systems in the application of active filtensodulation (3-D-SVPWM) will be addressed. A novel analysis
or motor-drivers. However, there are seldom papers to taik 3-D three-level inverters is achieved and the generalized
the consideration of three-phase four-wired systems [1]-[4heory of 3-D PWM including the 2-D two-level one is studied
Actually, the three-phase four-wired system is also an importaarid developed such that 2-D two-level converters is a subset of
part of the power networks. Conventionally, four arms-inverteéhe 3-D one. A new approach control method is performed and
[9] (Fig. 1) is employed to handle three-phase four-wire powealled “Sign Cubical Hysteresis Control Strategy” in three-phase
quality problems such as an active filterdbc frames and zero four-wired systems. Simulation of three-level three-phase
frame. One arm of the inverter is dedicated for compensatifwur-wired system as an individual current supply and an active
filter are also achieved. Practical consideration and comparison
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Non-linear

Load ZX = AX + BU (5)

By using the switching functions, the relation between the
terminal voltage+,, vy, v.) and the dc-link voltageic1, vaco)
can be expressed as (4)

D=

N - Vg = Sla - Vdel — S2a - Vde2
. vp = S1p - Vdel — S * Vde2 (4)
—\V‘V&Z Ve = Sic - Udel — S2c - Vde2-

A general mathematical model of the trilevel Converter in
three-phase four-wire system can be established as follows:

5

ST TS
R
ST TS
|
|

Fig. 2. Hardware of trilevel power inverter in three-phase four-wired systenfvhere

_Rc 0 0 _Sla SQa
same negative amplitude of harmonics into the load current in A= 0 —-R. O —S1 S
order to compensate the harmonic current and the in-phase cur- 0 0 —-R., —Si. So
rent into the system to reduce the peak-load power supply from
the generator [5], [6]. The losses of the switching devices and X =[lea tab tec Vaar Vae2 ]T
shubber circuits, and process of commutation are ignored so that

the equivalent switched-circuit can be obtained as Fig. 3. B =diag[1l 1 1]

The model of shunt three-phase four-wire three-level con- U= [vsq Vst Vsc]
verter is investigated in the-b-c¢ frame. Switching functions )
can be considered as the equivalent switched devices such as Z =diag [L. L. Lc].

IGBT’s, e.g., in phasetl, S, may be written as

IIl. TwoO-LEVEL AND THREELEVEL THREEDIMENSIONAL
1,  whenTy, and7s, are closedSi,) VOLTAGE VECTORS INTHREE-PHASE FOUR-WIRED SYSTEM

Sa =40, whenly, andT;, are closedSz.) (1) |n three-phase three-wire systems, two-dimensional (2-D)
—1, whenZTs, and7y, are closed Sz, ). vector control is utilized. Only 2-D control method cannot
be used to compensate all the issues in three-phase four-wire
There are three cases in one arm of the three-level Converféygtems due to the presence of neutral current (Zero_sequence
such as positive, zero or negative switching function component). This section presents equations that relate to three-
dimensional (3-D) vector control not only for the two-level
. converter but also for the three-level one. This proposed
1 ifS. =1, thenSi, =1, 520 =0, S50 =0 technique could be used to control the three-level VSI as an
2)  ifS, =0, thenSi, =0, S0 =0, S35, =1 active filter for power quality improvement.
3) if S, =—1, thenS;, =0, Sy, =1, S3, =0. The instantaneous voltagedr3—0 frame can be transferred
from a—b— frame by the matri}], such as shown in (6)
It is noticed thatS,, S, and S, can be 1, 0 and-1. In the

Fig. 3, the boundary condition &f,,,, S>, andSs, is defined as Vo Va
vg | =[P] | w (6)
Vo Ve

{Sla+52a+s3a:1 (2)
Si,=10r0, S,,=10r0, Ss, =1or0. where

It means that whe,, is equal to 1 ther$,, and Sz, must B 1 -1z -1/2
be zero. The relation among the ac-side compensating current, [P]= 3 0 V3/2 —V3/2
the terminal voltage of the inverter can be expressed as equation V2 1V2 142

(3) according to Fig. 3
The instantaneous voltage vector can be expressed as (7)

Ll _ 2
TR ¢ *teq = Vg T VUsqa VS:\/;(VSA—FCY'VSB‘FOCQ'VSC) (7)
dicp .
Lc dt == _Rc “tep — Up + Usp (3) where
dice .
Lc ! = _Rc “tee — Ve + Vse- o = Cj(Qﬂ—/g)a 042 = e—j(?ﬂ'/3).

dt
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Fig. 3. Equivalent model of trilevel inverters.
According to the switching functions defined in (1), (7) cal ) Y
be expressed in—3-0 frame as shown in (8). It is assumed the LESIEY Zaarn
Vaer = Vae2 = Ve
2 1 1 1
Vi=Vi lir/= 1 Se— =-S5, — =-S5, j— (Sy — S,
d L\/;< 5 Pt T 5 )-H\/Q(b )
—l—k(l (S.+ 5 +S)> (8)
\/3 ¢ ’ ¢ ) V ac11n Vaaiy =‘1(1-1-x> -

0On(-1-1-1)

Furthermore, (8) can be redefined as (9)

2 1 1
V, = Vie ,~\/j5a+x_5 +k—= 5 9
d 4 3 J\/§ 3 \/3 0] ()

where _ Y/
V 5¢1-1) V sa1ny
1 1
S(y :Sa— §Sb—§sp
Sg =5, — 5.

So =54+ 5, + S.. lﬂ

Fig. 4. Two-level voltage vectors allocation.

VJ(-H-I) Vs 1-1) 7211

Figs. 4 and 5 show the conventional Space Vector Alloc
tion for two-level and three-level converters respectively. Ac
cording to (9), there are four tables expressing the large-volta
medium-voltage, small-voltage, and zero-voltage space vec
allocation ina—3-0 frame, respectively, for three level con-
verters. If the network has accessible neutral wire, a zero-
guence current component can exit. It is desired that the lo? «u ! ity 7, ““(l’?f) LGED
current zero-sequence component be compensated by the 1D
tive power filter or by the unbalance current compensator. F
these cases, the zero-sequence converter current componer 7 asc10n Vospions Vasociol 7 61010
well as the other components, must be controlled. The volta R "0
vectors in Tables I-IV can be referred in Fig. 5 to express ti
actual location in«-g frame. Fig. 6 shows the voltage spact B _
vector inS,—5s—5 frame, for example172(+++) means that Vsern Y ss0im
the location of this vector will be in first quadrant inand 3
axes with positive value in 0-axis. It was shown in Figs. 7 arfdg: 5 Three-level voltage vectors allocation.

8, which have vectorsta(y 4+, Vorn(+o_) and Vs ). Ac-

tually, all vectors in three-level or two-level voltage source in3-D and three-level 3-D systems, it can be found that actu-
verters will be located in 3-D aspects for three-phase four-wiradly in two-level system, what we have are the vectors in Ta-
system. When we further have consideration between two-lebdés | and IV only. It will be obvious to conclude that a set of

V

V03010 7/ o110 v
30¢110) T o e 12010-1)

Nl
"

A

6(1-11)
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TABLE |
LARGE VECTORS
SaSulSc || So 1 Sq | S
Vo [i1]-1-1)[2 10 -1
Vol 1H-1[ 121
Vo |- 1-1]-1]2 -1
VoFH L |[-2]01
Vo ll-1]-1] 1 [[-1]-21-1
Volll-1 1| 1]-2]1
TABLE I
MEDIUM VECTORS
SaSs|Scii S. 1SS,
Vo J110]|-1]/15[1]0
Vo 101]-1]] 0 {2]0
Ve |F1]1]0]j-15{1 10
7s -0 1[[-L5]-1] 0 Vs Viao-o 6t - 4)
Ve 110]-1]1] 0 |21 0
Vo 1[-110]15]-1]0 Fig. 6. Three-level voltage vectors allocationdp—Ss—S, frame.
TABLE Il
SMALL VECTORS
SalSu|Se |l Sq [Se|Se
Vo, 1110(0f] 1 101
Vo [0-1[-1|] 1 10 |-2 v,
Voo |11 051112
Vo |l0]0]-1]]0511|-1
Ve, ||0f1]0[|-05]1 |1 [volts]
Vo |[F110[-1[}-05] 1 |-2 :
Ve, |O11]1}] -1 102
Vo, [|F110] 04 -1 |0 |-
Ve, [|010]11-05]|-1]1
Ve, ||-1i-1] 0 1]-0.5]-1]-2 o ; ; ; : : : :
|7 1101 0.5 112 10 ° 10 20 30 40 50 €0 70
xr ts - »
7. [0]-1]0][05|-1]-1 [volts] @
Fig. 7. Two-dimensional vectors in—3 frame.
TABLE IV
ZERO VECTORS
SuiS!Sc 1S, 1SS,y
Vo 1[0(0]0101010
Vw, |1|1]1(0]03
Vo lI1-1]-1] 01 0 | -3

Yo

i I
two-level 3-D voltage space vectors is a subset of three-le) [rolis

3-D system. Comparing two-level and three-level inverters fi
power quality compensator in 3-D PWM technique, however,
will be found that three-level inverter can give more better pe
formance than in two-level 3-D PWM technique by the san
control manner with the same switching frequency. In addition
to that, three-level inverter can be applied in higher power app
cation. The reason will be explained in the following sections, _
especially in Section V. Fig. 8. Vectors in 3-Dix—3-0 frame.

[volts] Va [volts]

IV. SIGN CUBICAL (OR RECTANGULAR BAR) HYSTERESIs  Sign cubical hysteresis current controller or sign rectangular bar

CURRENT CONTROLLER hysteresis current controller. The basic concept of this control
. strategy is explained in Fig. 9. The hysteresis limité\af, A3
A. Basic Control Strategy and A0 can be equal to each othek¢ = A3 = A0) so as to

In this section, the control strategy for three-level 3-Ihave cubical control technique, however, they may not equal
voltage inverter in three-phase four-wire system is described toyeach other so that rectangular bar control hysteresis strategy
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0 TABLE V
VECTORSPAIR
S.|Ssi So|| Large | Small
Vectors | Vectors
1)j+]0] - 7, an
—‘A/ﬂ' 2 [+ +1+ V'z 170”
1 + A0 3[-|+ - v, v
A 03 n
Al v il A-0= 7. [ 7.,
: . ~
| 0o o SI-[-[- 7 17,
L_ _______ * 6 ||+|-1+ Ve Ves»
/ ad TABLE VI
B > AMPLITUDE COMPARISON OFVECTORSPAIR
-Aa +Ao
. . : . Vs v
Fig. 9. Concept of sign cubical hysteresis control strategy. 0
7200 20N U AN N 1.633 0.577
«Vaz 4= Var + —~ - - - .
[—1“ V V02p’V03n’V04p )VOSn’VOGp 0.816 1.154
) 5. Selefgr/ 5| 3Level will be the control signali.so) to the controller to control the
. & PWM action of inverter.
iy o Voltage
5,1 Switching S c
onverter . . -
. Table B. Switching Table and Selection
¢ B
% 1) Vector-Pairs: The Hysteresis limit is a solid cube or rect-
i ‘ N angular bar in 3-D aspect far—3—0 frame. When all thé\i, g0
signals are larger than the Hysteresis limit in positive direction
so thatS.s0 = [+ + +]. However, if we further consider the
switch Table | (Larger Vectors) and Table Il (Small Vectors). It is ob-

vious that this sign cubical or rectangular bar hysteresis Control
method wiII have two vectors in same manner (direction) such
asVl andVOln, Vs andVOQP, Vs andVogn, Vi andV04p, Vs and
VOon, and VG andVOGP For exampIeVO andVOon, both vectors

will occur atS, < 0, Sg < 0 andSy < 0. Table V shows those

is employed. There are three voltage levéls 0, —1} in vector-pairs. There are six pair-vectors with the same directions

three-level voltage inverter so that the sign of triggering puls&&SPectively but with different amplitudes i s andwo
is an important parameter in tracking the current reference so

as to choose the correct vectors. When the difference between 2 2 1 2 1 2
i i i i V;|:Vdc gsa + 755,8 + —SO

AC Mains

Fig. 10. Control strategy.

the reference signal and actual input signal is larger than th V3
hysteresis limited value, it will trigger to positive or, vice versa,
to negative one. However, when the difference is less than 2 2

N o . =V |V, V 12
the hysteresis limit, there will be the zero level. In Fig. 10, d [ st 0] (12)
the injected current of the trilevel converter is detected aRgghere
transferred fronu—b—c frame intoa—3—0 frame. The difference

between the current reference and the actual load current would 2 2 1 2
Vag = 3 Sa | + < 5@)

be the signal to compare with the injected current signal

V2
i:go _ i:‘&é}i)@pgnce _ 'Lffgél (10) )
reference : . . . % e SO-
T 0 is the reference signal that can be obtained by instan- V3

taneous reactive power compensation techmcﬁ:{gi is the ac-
tual load current that may be distorted by nonlinear load, and
difference between the reference signal and load current sigha

Accordlng to the (12), the amplitude comparison of vector-
\r is achieved in Table VI. It shows that the large vector-pair
pay more action ina—3 frame, but it gives less action in

yv|ll be the tracking current ;,) that should be injected by theZero direction than small vector-pair. For examflg, = —1,
inverter Sg = —2andSy — 1 for o 7 butS, = —0.5, 5¢ = —1 and
Ainso = i%50 — feso: (11) So — 2 for . in this casey: will take more action than

A in zero sequence compensatlon At any time, one vector has

The difference between the tracking curreijt,¢) and the cou- to be chosen from these pair-vectors. The error amplitude of
pling current .. 30) between the inverter and the load termin (Aig)? + (Aig)? is compared withAig, the largest one will
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TABLE VII 200
SPECIAL VECTORS [volts] ¥ ©
-200

0 0005 001 0015 002 0025 003 0035 004 0045 005

S S S Possible Selection Vectors 200
o | S | S0l ° > . [volts] » af WMLy WL W
1 + 0 0 V‘ VW VO‘P an 'zggu 0005 001 0015 002 0.025 003 0.035 0.04 0045 005
2 - 0 0 v, Ve Vos s | Vosn [volts] ve DWWMMW
3 0 + I;zg Voo » I;OZ » I;OJp 'fiu 0005 061 0015 002 0025 003 0035 004 0045 005
5 5 74 5 It
a o] + | - 17s | Pwr | Vu |Varn fvelis] 5
5 0 R . V-ss Voo:r I}'“” I;OSn -mon 0.005 0.01 0.615 Go2 005 003 003 004 004 605 fsec]
6 0 - + Ve Voo [ V 06 » V os I Fig. 11. Three-level voltage waveforms.
TABLE VIl
FINAL TABLE
S.S: S, | S.S,S. S, S, S0 | SS5S. 1S, S, S
1 + + - 0 0 -1 15 0 00 000
2 + - - 0 -1 0 16 + 0 0 1 -1 -1
3 -+ + 01 0 17 - 0.0 -1 1 1
4 - -+ 0 01 18 0 + + 01 -1
s+ + 04 101 |19 0+ -1]001 -1 folts]
6 + - 0 1 -1 0 20 0 - - 0 -1 1
7 -+ 0 -1 10 21 0 - + 0 -1 1
8 - -0 -1 01 Larger V. | Larger V,
9 0 + 0 ¢ 1 -1 22 + + 11 1 11 0 [volts]
10 0 -0 0 -1 1 23 + -+ 1 -1 1 1 01
115 + 0 + 1 00 24 -+ - -1 1 -1 ]-1 0 -1
12/ - 0 - -1 0 [25 - - - s -1 1 ]-1.-1 0 Fig. 12. Voltage vectors in 2-D.
13]] 0 0 + 1 1 1 26 + 0 - i -1 -1 ]0 -1 -1
14 0 - .11 -1 27 - 0 + 111 0 1 1

be chosen so that it can be decided to activate which vec

from those pair-vectors to reduce error. Finally, Fig. 10 wi

be the control strategy for three-level 3-D voltage inverter i

three-phase four-wire system. [volts]
2) Special Vectors:According to the above described

control strategy, all the vectors can be uniquely defined exce

the listed six directions in Table VII. In Table VII, for example,

there are many selections for compensation, four possil

selective vectors are listed only. When the controller receiv:

the signals, e. gSa > 0, S@ = OandSO = 0, the vector can [volts] Vs Ve [volts]
tle selected froerl, Vlg, Vmp or an However, it is because

i = {Sm S,ﬁa SO} = [2 0, 1] from Table | Vl? =~  Fig. 13. \oltage vectors in 3-D.

{Sas S’@,So} = [1.5,1,0] from Table I, Vmp =

{54, S8, S} = [1,0, 1] from Table Il and Vo, =

{Sa, S5, Sot =[1, 0, 2] from Table II1. It can be obV|ousthat switching table of the control strategy in Fig. 10. The sign of the
those Vectors%, ‘712, Vo1p or an) can give different action >« S Sp are the important parameter to determine the voltage

in o frame, 3 frame and 0 frame respectively. The vectﬁﬁssp vector. When the sign is positive or negative, it means that the
andi’ W,i|| give improvement in frame, but they will force signal is larger than the hysteresis limit. When it is zero, the error
0ln ’

. . . - . . swnal is within the hysteresis limit. According to the Table VIl
the increase of zero axis error in positive and negative directi M logic selection, the switching command can be determined
respectively. The vectoy;, can give greater enhancement i g 9

« frame, but it will increase the error ifi frame. On the other uniquely.

hand, V; will provide highest improvement imx frame but

with the dedication of zero sequence error. Based on the above

discussion,V]L should be selected among those vectors so as to

choose the first column of possible selected vectors in Table VII. The simulation is performed by MATLAB as the individual
3) Final Table: There are totally 27 possible combinationgurrent supply unit and power quality compensator with random

in three-level converter. Table VIII will show the final logic-switching frequency and fixed maximum switching frequency.

V. SIMULATION RESULTS AND DISCUSSION
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. 150 T ) p— T
15 ) . . T .
1
05
[Amp] I
0 [Amp]
45
A
A8E, . . : . . . i, [Amp]
15 - 05 0 05 1 15
>
>
1 H -2000 0, ():OS 0. ;01 0. ;15 0. L)Z 0. ;25 0.03 [sec]
Fig. 14. Current locus im—3 frame. ‘ i i i ’ —p

Fig. 17. Current waveforms before compensation.

[Amp]

Fig. 18. Current locus before compensation in 3-D.

shows this current locus in—3-0 frame. The performance

of this three-level 3-D controller is quite acceptable with the
results shown in Figs. 19 and 20. However, in this case, the
switching frequency of IGBT is unfixed and it will depend
on the defined limits of hysteresis value. Larger hysteresis
limit will lead to have lower switching frequency and lower
switching loss but with higher total harmonic distortion (higher
harmonics contents). In this case, the performance is quite good
when the extremely high switching frequency is employed.

[sec]

Fig. 16. Current waveforms in individual current supply application.

A. Individual Current Supply Unit C. Active Filter with Fixed Maximum Switching Frequency

The simulation results as the individual current supply unit |n Fig. 10, there is a switch in the signals-path that the injected
are shown in Figs. 11-16. A R-L load is connected to thisurrent from the three-level inverter into the network can be
three-level three-phase four-wire inverter to test its perfogetected. In this case, that switch could determine the switching
mance. Fig. 11 is the voltage waveforms in phas@haseb, frequency of switching device (IGBT). The switching functions
phasec and neutral line. The voltage space vectors locus ¢§ S, S, S. can be adjusted from one state to another and the
shown in Fig. 12 in 2-D aspect. However, 3-D aspect of Voltaggeed of changing states will depend on the sampling rate of this
vectors is shown in Fig. 13. The current orbitsar/3 frame, switch. However, the performance of this system will be affected
in a—(-0 frame and time domain are shown in Figs. 14-16y the sampling rate, the inductance and resistance values of
respectively. coupling transformer, voltage difference between the terminals
of three-level inverter and the coupling point with the network
and the values of the hysteresis limit.

Another simulation is performed as an active filter for non- The simulation is performed with the fixed maximum
linear load and the results are shown in Figs. 17-21. The switghitching frequency. The sampling rate is 20 KHz. It means
in Fig. 10 (control strategy) is always closed in this case. Fig. ifat the faster speed to change the inverter from one state to
shows the current waveforms before compensation. Fig. &Botheris 1/20K s. Fig. 23 shows the load current in 3-D aspect

B. Active Filter with Random Switching Frequency



WONG et al. THREE-DIMENSION PULSE-WIDTH MODULATION TECHNIQUE

[Amp]
50 H ; ; : : ; ; ; : ;
0 0.002 0.004 0.008 0.008 0.01 0.012 0.014 0.018 0.018 0.02
[sec]
Fig. 19. Current waveforms after compensation.

[Amp] s

Fig. 20. Current locus after compensation in 3-D.

[Amp]

-250 H i H H H H H H H .
0 0.002 0.004 0.006 0.008° 0.01 0.012 0.014 0.016 0.018 0.02 [sec]

Fig. 21. Load current in time domain.

425

[Amp]

H L H ! H H H H H
° 0002 0004 0008 0008 001 0012 0014 0016 0018  0.02

[sec]

Fig. 22. Compensated current by three-level inverter.

[Amp] . ‘ R
L TUTTUTE U AU

1000 .-~ e

00 .-

450 .- 7

200 CmeTT e
0 < —‘___I :":\
; .
‘N 200 -100

[Amp] *

Fig. 23. Load current in 3-D.

[Amp]

80 _

[Amp] '« (Amp]

Fig. 24. Source current in 3-D by three-level inverter.

limit. However, in this case, it is not practical, as the maximum
switching frequency of IGBT is limited. By the way, Fig. 22, it
is obvious that the performance of this control strategy can be
affected by the above-described issues at the tirfians, 8.5

without compensation. The compensated currents are shaws, 11.8 ms, 15 ms and 18.2 ms. However, the performance
in Figs. 22 and 24. Comparing the Figs. 19 and 22, Fig. 19dan be improved at 5 ms, 8.5 ms, 11.8 ms, 15 ms and 18.2 ms if
the compensated current with random switching frequency ati@ size of the coupling transformer is reduced. Fig. 24 shows
switching frequency cannot be controlled except the Hystere#ti® compensated current in 3-D.
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200 T T T T T T T T T

[Amp]

-200 . i L

H L H i L H : [sec]
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 0.02
Fig. 25. Compensated current by two-level inverter.
{Amp] :
A S -,
100 - ‘ '
)
200
200 -200 / [Amp]

i
[Amp] #
Fig. 26. Source current in 3-D by two-level inverter.

D. Comparison with Two-Level Three-Phase Four-Wired
System

In a three-level system there are a total of 27 switching ["]
states. However, in two-level case, there are only eight states
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VI. CONCLUSION

The shunt-connected three-level converter in three-phase
four-wired system is studied with the 3-D voltage vectors
consideration. Mathematical model of trilevel converter is
addressed. The novel theory of 3-D three level voltage vectors
is proposed with the control of sign cubical hysteresis strategy.
It shows that the validity of this 3-D three-level converter
theory can be applied to compensate power quality problems
in three-phase four-wired system. The performance of this
system will be affected by the sampling rate, the inductance and
resistance values of coupling transformer, voltage difference
between the terminals of three-level inverter and the coupling
point with the network and the values of the hysteresis limit.
The 2-D two-level voltage vector is a subset of 3-D three-level
one. The basic background of three-level converter in 3-D as-
pectis performed. There is more degree of freedom in choosing
vectors by choosing three-level inverter than two-level one. The
more special vectors mean more dedicated compensation that
intends one improvement in one direction and increasing dedi-
cated error in another direction. However, two-level 3-D PWM
will give more special vectors in compensation. Two-level
hysteresis control gives worst results than three-level one in
3-D aspect by sign cubical control method. In addition to that,
three-level inverter can be applied in high power application.
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