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Abstract: In this paper the three-phase drive is fed by
single-phase power supply by using of two 1-¢
rectifiers which are connected in parallel. The rectifiers
are connected to three-phase inverter and to induction
motor. By using conventional control topology, it has
problem of harmonic distortion, fault characteristics and
switching losses. The proposed strategy having two
rectifiers is connected in parallel to inverter. The
proposed system is having fewer losses than
conventional even also having more-switches. In the
design of system, it is very important to reduce
circulating current. An efficient double-PWM technique
is proposed and simulation results are presented for
validation.

Index terms: double-PWM technique, parallel rectifier,
fault compensation.

I. INTRODUCTION
It is quite common to have only a single-phase power
grid in residential, commercial, manufacturing, and
mainly in rural areas, while the adjustable speed drives
may request a three-phase power grid [1]-[3]. The
conventional topology nothing but 1-phase to 3-phase
ac-dc-ac conversion is full-bridge type.

There are number of techniques were proposed to
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supply a 3-phase induction motors from a single-phase
supply. Proposed Parallel rectification technique is
having advantages of reliability, efficiency and power
capability [4], [5]. And it is having Applications of fault
tolerance of DFIG, UPS, and performance improvement
of APF. The transformer isolation is required for
parallel operation of converters; it increases the size and
cost of transformer, if not used reducing of circulating
currents will get difficult. The conventional full bridge
type ac-dc-ac converter is shown in fig.1.

Rectifier

Grid

(]-phase} AC Mﬂmr

(3-phase)

Inverter

In this paper, a single-phase to three-phase drive system
composed of two parallel single-phase rectifiers and a
three-phase inverter is proposed. The proposed system
is conceived to operate where the single-phase utility
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grid is the unique option available. Compared to the
conventional topology, the proposed system permits: to
reduce the rectifier switch currents; the total harmonic
distortion (THD) of the grid current with same
switching frequency or the switching frequency with
same THD of the grid current; and to increase the fault
tolerance characteristics. In addition, the losses of the
proposed system may be lower than that of the
conventional counterpart. The aforementioned benefits
justify the initial investment of the proposed system,
due to the increase of number of switches.

DYNAMIC MODELLING OF SYSYEM

Dynamic modeling of system is helps for better
understanding of system performance and behavior
under dynamic conditions. The proposed system circuit

diagram with parallel converter is shown in fig 2.
Rectifier 4
—

Grid
(1-phase) AC Motor
(3-phase)
Inverter
Rectifier B
The system is designed of input inductors

(La, Ly Ly, and L},), rectifiers (A and B), DC capacitor
links, inverter, and induction machine feeding to grid.
Rectifier A and B switches are represented as
9a1, a1, 9az, aNd Qa2 , aNd qp1,Gp1, Gp2, AN Gpy |
respectively. The inverter switches are represented as
951,951,952, Gs2, Gs3, andqg3. The switch conduction
states are noted ass, = 1, when switch open ands,; = 0,
when closed.

The voltage equations for the rectifier in proposed

YVolume No: 2 (2015), Issue No: 6 (June)

ISSN No: 2348-4845

International Journal & Magazine of Engineering,
Technology, Management and Research

A Peer Reviewed Open Access International Journal

system as follows

Vga10 — Va20 = €g — (ra + lap)ia - (ra, + l(llp)i(,l

W11
Vp10 = V2o = €9 — (1p + Lyp)ip — (rp + 1pD)ip
1.2
Va10 — Vp1o = (Tb + lbp)ib - (ra + lap)ia
1.3
Vazo — Vp2o = (g + lap)ig — (rp + 1pp)ij
1.4
lg= g+ ip=lg+ ip .15

Where p= d/dt, and r, | are represents the resistance,
inductance respectively.

The circulating current i,

o= ig— if= —ip+ ip, 1.6

Adding equations 1.3 and 1.4 and the above equations
are written as

Vo= eg— [ra+ 1a+ (la+ lplia + (a + lap)io
W17

vy = eg— [+ 1+ (p + Lppliy + (rp + Lpp)io
.1.8

+ -+ np+ (o + pplic— [a— 1+

(o= lplia+ [p— 15+ (b — ppliy .19

Where

Vg = Vg1i0 — Va20 .1.10

Vp = Vp10 — VUp20 W1.11

Vo = Va10t Vaz0 — Vb1o — Vb20 112

Relations (1.7)—(1.9) and (1.55) constitute the front-end
rectifier dynamic model. Therefore, v, (rectifier A), wp
(rectifier B), and v, (rectifiers A and B) are used to
regulate currents i, ip, and io, respectively. Reference
currents iz and i, are chosen equal to iz/2 and the
reference circulating current i is chosen equal to 0.

In order to both facilitate the control and share equally
current, voltage, and power between the rectifiers, the
four inductors should be equal, ie., ry=1,=1,=
m, = 1rpandly = I = lg = 1, = 1. Inthis casg, the
model (1.7)—(1.9) can be simplified to the model given
by

va+ 2= eg— 2(1y + lgp)ia .1.13
vp =2 = eg— 2(15 + lgp)ip .1.14
v, = — 2(1ry + lgp)i, .1.15
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In ideal case nothing but all inductors are identical,
circulating currents are becomes zero
Vo = V10 + Vazo — Vp1o — Vbzo =0 ..1.16
When
i, =0(l, = I}, 1, = l}) the system is modeled as
vy = eg— 2(0y + gp)ig .1.17

v, = ey — 201y + lgp)ip .1.18
Then, the model of the proposed system becomes
similar to that of a system composed of two
conventional independent rectifiers.

CONTROL STRATEGY (PWM)

The inverter controlling was done by pulse width
modulation (PWM) strategy for three-phase voltage
source inverter (VSI) [6]. The PWM strategy for the
rectifier will be observed in this section.

The rectifier pole voltages Vv,10, Vaz20, Vp1o AN Vpog
depends on the conduction states of the power switches,
i.e.

Vjo = w,forj = alto b2 2.1

Here v, is the total dc-link voltage.
The reference voltages can taken asvy, v, and v;, they
can be written as

* __ * *
Vg = Vga10 — Va20 2.2
* * *
vb —_ vblo - vbzo 23
* __ * * * *
Va = Va10t Va20 — Vbio — Vb2o 2.4

The reference pole voltages will be used for finding
gate signals. The auxiliary variablevy = v,,,, then
system equations can be written as

1)210 = ‘U; + ‘U; 2.5
17220 = 17; 26
X Vg , Yy Vs *
Vjjp=—+=2——+ v 2.7
b10 2 2 2 x
«  _Ya_Vp Vg X
Ub20—7—7—7+ Uy 2.8

It can be observed thatv,, v; and v/, the pole voltages
depend onv;. The limit values of the variable vy can be

calculated by taking into account the maximum % and

minimum _T"C value of the pole voltages

* _ Vc *
Vxmax = 5~ Vmax .2.9

* _ Ve *
Vemin = — 5 — VUmin ..210.
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The control block diagram of the system is shown in fig
3. The rectifier circuit of the proposed system has the
same objectives of that in Fig. 1, i.e., to control the dc-
link voltage and to guarantee the grid power factor
close to one. Additionally, the circulating current i, in
the rectifier of the proposed system needs to be
controlled.

By using the conventional PI controller the dc-link
voltage v, is adjusted to its reference valuev;. To
control power factor and harmonics in the grid side, the
instantaneous reference current i; must be synchronized
with e, voltage, as given in the voltage-oriented control
(VOC) for three-phase system [7]. This is obtained via
blocksG,_;4, based on a PLL scheme. The reference

currents iy and i, are obtained by making i; = i} =;~",

which means that each rectifier receives half of the grid

current.
Grid

e
8
lath
ar I

% I

Vit
- 9 £ Ge-ig
v, )

Rectifiers A and B

(D-sr-corH

—
=
=

The control of the rectifier currents is implemented
using the controllers indicated by blocks Ra and Rb.
These controllers can be implemented using linear or
nonlinear techniques [8]-[10]. In this paper, the current
control law is the same as that used in the two
sequences synchronous controller described in [11].
These current controllers define the input reference
voltagesv, and vy,.
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The THD of the grid current as a function of p for
different values of In [the inductances of rectifiers A
and B (l;) referred to that of the conventional
configuration (l,), ie, I, =l5/l;]. For In > 0.4 (Ig >
0.41g) the THD of the grid current of the proposed
topology is smaller than that of the conventional

topology.

RATINGS OF SWITCHES

Assuming same rms voltages at both grid and machine
sides, a machine power factor of 0.85 and neglecting
the converter losses, currents of the rectifier switches
normalized in terms of currents of the inverter switches
are 2.55 and 1.27 for the conventional and the proposed
single-phase to three-phase converter, respectively. Fig.
4(a) and (b) shows the flow of active power in the

conventional and in the proposed single-phase to three- 1.5
phase converter, respectively. For balanced system
(Ly =La = Ly = Ly =L},), voltage Vv, is close to zero, so N
_li - - [=Ys] \
that the _dc link voltage |§ equal to that required by j[he s N P p
conventional system. Since the parallel connection S T =  Proposed (Single-Carrier) A
scheme permits to reduce the switch currents and {g AN i
preserve the dc-link voltage, the rating of each power '§ » i
switch in the rectifier side is reduced. < S = e =07
a 03t
3pusleg Lpusteg E
iiiii ,,,,,,,,,,,,,,,,,,,,,,,,,,,,!,,,,1 ::’ = Proposed (Double-Carrier)
B .73pu Boua =3pu
@—-It{} — + —-IK'} — Load % 02 04 0.6 08 1
Voltage H
Source
(a)
Lpu/leg
= . . .
The harmonic distortion of the rectifier currents (i,, i,
Bni=3pu oo =34 ip, ip andi,.) is higher than that of the grid current ig.
1 ‘"{} s The adequate choice of the PWM strategy permits to
gffcg: operate with minimum harmonic distortion. We have
considered the losses as the main concern to define the

maximum acceptable harmonic distortion of the
rectifier currents.

In any case, the use of additional common-mode
inductors is a very efficient manner of reduces the
harmonic distortion of these currents. This approach

The PWM with double-carrier strategy reduces the
WTHD of the resultant rectifier voltage va,, as observed
in Fig. 4. When the input inductors of the proposed
topology (Ly) are equal to that of the conventional
topology (Lg), the reduction of the THD of the grid
current is directly indicated in Fig. 5.
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may be also employed in the present case to reduce the
total inductance required for an adequate operation of
the system.

COMPENSATION OF FAULT

The proposed system presents redundancy of the
rectifier converter, which can be useful in fault-tolerant
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systems. The

proposed
compensation for open-circuit and short-circuit failures
occurring in the rectifier or inverter converter devices.

The fault compensation is achieved by reconfiguring
the power converter topology with the help of isolating

system can provide

devices (fast active fuses—F;, j = 1 . . . 7) and
connecting devices (back to- back connected SCRs—t1,
t2, t3), as observed in Fig. 6(a) and discussed in [12]-
[13]. These devices are used to redefine the post-fault
converter topology, which allows continuous operation
of the drive after isolation of the faulty power switches
in the converter. Fig. 6(b) presents the block diagram of
the fault diagnosis system. In this figure, the block fault
identification system (FIS) detects and locates the faulty
switches, defining the leg to be isolated. This control
system is based on the analysis of the pole voltage
error.

Kectifter A

Inverter

T | 1 Jﬁ}J

Fault Compensation
Devices

Rectifier B
(a)

hysteresis detector

Yo £ Ejy
’—»?—» -hl_ |+h —| s
vio

(b)

healthy
mode

The fault detection and identification is carried out in
four steps:

1) Measurement of pole voltages (Vjo);

2) Computation of the voltage error €0 by comparison
of reference voltages and measurements affected in
Step 1);
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or not to a faulty condition; this can be implemented by
the hysteresis detector shown in Fig. 6(b);

4) Identification of the faulty switches by using €’j0.
Rect:f ler A Rectzf erA

I:,':. Inverter : Inverter

Recnf ler B Rectzf er B

@ (b)
Rectifer 4 Rectifer 4
 mew ) e
5 Y p— L
'R'e‘c‘r}fe'é'é 'je'ééz}féfié

(c) (d)

This way, four possibilities of configurations have been
considered in terms of faults:

1) Pre-fault (“healthy”) operation [see Fig. 7(a)];

2) Post-fault operation with fault at the rectifier B [see
Fig. 7(b)];

3) Post-fault operation with fault at the rectifier A [see
Fig. 7(c)];

4) Post-fault operation with fault at the inverter [see
Fig. 7(d)].

When the fault occurrence is detected and identified by
the control system, the proposed system is reconfigured
and becomes similar to that in Fig. 1.

For instance, if a fault in any switch of rectifier A has
been detected by the control system, the whole rectifier
needs to be isolated. This isolation procedure depends
on the kind of fault detected. If an open-circuit failure is
detected, the control system will open all switches of
the rectifier A. On the other hand, if a short circuit is

3) Determination as to whether these errors correspond
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detected, the control system will turn on all switches SIMULATION RESULTS
related to rectifier A, and in this case, the fuses will (= ] pm—
open, and consequently, the rectifier will be isolated. [

Considering now a fault in one leg of inverter, in this

=
)

Tuawainsgay abeyos

case the SCR related with this leg in turned on and the 0 HEE
leg bl is isolated, so that the leg b2 of rectifier B will [ L~ E §~
operate as the leg of inverter. % a %
Losses and efficiency ] % I
The evaluation of the rectifier losses is obtained through
regression model presented in [12]. The switch loss T e m L ol m L o —_—™
model includes: fpc| e o e =T
1) IGBT and diode conduction losses;
2) IGBT turn-ON losses;
3) IGBT turn-OFF losses; and
4) Diode turn-OFF energy. Lo m Lo m_L_ e m Lo

) gy 2] e N R e m
The loss evaluation takes into account just the rectifier s
circuit, since the inverter side of converter is the same / a0
for the proposed and standard configurations. Ly e |
When the rectifiers operate with a switching frequency Lok T e
equal to 5 kHz, the conduction and switching losses of e ey e [=—

the proposed topology were 70% and 105%,
respectively, of the corresponding losses of the
conventional topology. Consequently, in this case, the
total losses of the proposed topology were smaller than | ey e i ey e [o—1
that of the conventional topology. The increase of the
switching frequency does not change the conduction
losses of both topologies, but increases their switching
losses, especially for the proposed topology that has a Lol ey e [
high number of switches.

£09109 juzwainseap 6eyg,

o
Lt

The proposed system can be used in the same
applications as the conventional configuration (rural or

remote application), especially when the THD of the o P

.
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grid current, fault tolerance and efficiency of converter
are critical issues. In Brazil, it is quite common to have
a single-phase distribution system and a demand to i3 -
supply a three-phase motor. A single-phase to three- Iy
phase converter with bidirectional flux in the rectifier

circuit has been required in the distributed generation

system.
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CONCLUSION

The complete comparison between the proposed and
standard configurations has been carried out in this
paper. Compared to the conventional topology, the
proposed system permits to reduce the rectifier switch
currents, the THD of the grid current with same
switching frequency or the switching frequency with
same THD of the grid current and to increase the fault
tolerance characteristics. In addition, the losses of the
proposed system may be lower than that of the
conventional counterpart.

A single-phase to three-phase drive system composed
of two parallel single-phase rectifiers, a three-phase
inverter and an induction motor was proposed. The
system combines two parallel rectifiers without the use
of transformers. The system model and the control
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strategy, including the PWM technique, have been
developed.

REFERENCES
[1] J. Ttoh and K. Fujita, “Novel unity power factor
circuits using zero-vector control for single-phase input

systems,” IEEE Trans. Power Electron., vol. 15, no. 1,
pp. 3643, Jan. 2000.

[2] B.K. Lee, B. Fahimi, and M. Ehsani, “Overviewof
reduced parts converter topologies for AC motor
drives,” in Proc. IEEE PESC, 2001, pp. 2019— 2024.

[3] C. B. Jacobina, M. B. de R. Correa,A.M. N. Lima,
and E. R. C. da Silva, “AC motor drive systems with a
reduced switch count converter,” IEEE Trans. Ind.
Appl., vol. 39, no. 5, pp. 1333-1342, Sep./Oct. 2003.

[4] L. Asiminoaei, C. Lascu, F. Blaabjerg, and I.
Boldea, “Performance improvement of shunt active
power filter with dual parallel topology,” IEEE Trans.
Power Electron., vol. 22, no. 1, pp. 247-259, Jan. 2007.

[5] L. Asiminoaei, E. Aeloiza, P. N. Enjeti, F.
Blaabjerg, and G. Danfoss, “Shunt active-power-filter
topology based on parallel interleaved inverters,” IEEE
Trans. Ind. Electron., vol. 55, no. 3, pp. 1175-1189,
Mar. 2008.

[6] C. B. Jacobina, E. C. dos Santos Jr., E. R. C. da
Silva, M. B. R. Correa, A. M. N. Lima, and T. M.
Oliveira, “Reduced switch count multiple threephase ac

YVolume No: 2 (2015), Issue No: 6 (June)

ISSN No: 2348-4845

International Journal & Magazine of Engineering,
Technology, Management and Research

A Peer Reviewed Open Access International Journal

machine drive systems,” IEEE Trans. Power Electron.,
vol. 23, no. 2, pp. 966-976, Mar. 2008.

[7] M. Malinowski, M. P. Kazmierkowski, and A. M.
Trzynadlowski, “A comparative study of control
techniques for PWM rectifiers in AC adjustable speed
drives,” IEEE Trans. Power Electron., vol. 18, no. 6, pp.
1390-1396, Nov. 2003.

[8] P. Verdelho and G. D. Marques, “Four-wire current-
regulated PWM voltage converter,” IEEE Trans. Ind.
Electron., vol. 45, no. 5, pp. 761770, Oct. 1998.

[9] H. Abu-Rub, J. Guzinski, Z. Krzeminski, and H.
Toliyat, “Predictive current control of voltage-source
inverters,” IEEE Trans. Ind. Electron., vol. 51, no. 3,
pp. 585-593, Jun. 2004.

[10] G. Dong and O. Ojo, “Current regulation in four-
leg voltage-source converters,” IEEE Trans. Ind.
Electron., vol. 54, no. 4, pp. 2095-2105, Aug. 2007.

[11] C. B. Jacobina, M. B. de R. Correa, T. M. Oliveira,
A. M. N. Lima, and E. R. C. da Silva, “Current control
of unbalanced electrical systems,” IEEE Trans. Ind.
Electron., vol. 48, no. 3, pp. 517-525, Jun. 2001.

[12] M. C. Cavalcanti, E. da Silva, D.
Boroyevich,W.Dong, andC.B. Jacobina, “A feasible
loss model for IGBT in soft-switching inverters,” in
Proc. IEEE PESC, 2003, pp. 1845-1850.

June 2015

Page 470



