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Abstract
A single-phase to three-phase drive system compfsiweb parallel single-phase rectifiers, a threleage inverter and an induction
motor was proposed. The system combines two phrattfiers without the use of transformers. Tlyastem model and the control

strategy, including the PWM technique, have beerldped.

The complete comparison between the proposed andatd configurations has been carried out in thaper. Compared to the
conventional topology, the proposed system penmiteduce the rectifier switch currents, the THDtloé grid current with same
switching frequency or the switching frequency wiime THD of the grid current and to increase tndtftolerance characteristics.
In addition, the losses of the proposed systembadgwer than that of the conventional counterpart.

The initial investment of the proposed system (dukigh number of semiconductor devices) cannotdiesidered a drawback,
especially considering the scenario where the céddantages justify such initial investment. Theeeixnental results have shown
that the system is controlled properly, even wiimsient and occurrence of fault

* k%

1. INTRODUCTION

Several solutions have been proposed when thetolgés to
supply a three-phase motor from single-phase aasndi is
quite common to have only a single phase power grid
residential, commercial, manufacturing, and maiimyrural
areas, while the adjustable speed drives may regudwee-
phase power grid. Single-phase to three-phase aaedc
conversion usually employs a full-bridge topologyhich
implies in ten power switches. This converter isated here
as conventional topology. Parallel converters Hagen used
to improve the power capability, reliability, effémcy, and
redundancy. Parallel converter techniques can h@osmed to
improve the performance of active power filters,
uninterruptible power supplies (UPS), fault toleranof
doubly fed induction generators, and three-phasigesir
Usually the operation of converters in parallel uiegs a
transformer for isolation. However, weight, sizeydacost
associated with the transformer may make such atigol
undesirable. When an isolation transformer is rsgdy the
reduction of circulating currents among differemneerter
stages is an important objective in the systemgdesi

In this paper, a single-phase to three-phase dsiygem
composed of two parallel single-phase rectifierd arthree-
phase inverter is proposed. The proposed syst@wmniseived
to operate where the single-phase utility gridhe tinique
option available. Compared to the conventional logy the

proposed system permits to reduce the rectifiertcwi
currents, the total harmonic distortion (THD) ofethgrid
current with same switching frequency or the sviitgh
frequency with same THD of the grid current, andnirease
the fault tolerance characteristics. In additidrg fbsses of the
proposed system may be lower than that of the atiorel
counterpart. The aforementioned benefits justifg thitial
investment of the proposed system, due to the @&sereof
number of switches.

2. COMPONENTSINPROPOSED CIRCUIT
2.1 Effect of Source Inductance

In the Fig.1, Ig’, 4, Iy, ly are input side inductors these
inductors are called source inductors. The inpde diridge
rectifier is a fully controlled rectifier. The prasce of source
inductance introduces an additional mode of opematf
when firing angle is less than certain value.

When there is an inductor in series with each inm4t, it is
necessary to find out its effect. The effects are
1. The reduction in output voltage
2. The duration of commutation overlap.
3. The relationship between the firing angle and the
commutation overlap.
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Fig 1 Proposed single-phase to three-phase drive system

2.2DC Link Capacitor

A simple analytical expression for the current stren the
DC-link capacitor caused by the load-side inveofea voltage
DC-link-converter system is derived. The DC-linkpaaitor
current RMS value is determined from the modulatiepth
and by the amplitude and the phase angle of thertew
output current assuming a sinusoidal inverter dutpurent
and a constant DC-link voltage.

Despite neglecting the output-current ripple, tesuits of the
analytical calculation are within 8% of measurersemade
from digital simulation and an experimental systewen if
the output-current ripple is relatively high asthe case of
low-frequency IGBT inverter systems. The simple |zl
expression provides significant advantages overulsition
methods for designing the DC-link capacitor of PWM
converter systems.

2.31GBT Fundamentals

The Insulated Gate Bipolar Transistor (IGBT) is ananity-
carrier device with high input impedance and lakggolar
current-carrying capability. Many designers viewBllGas a
device with MOS input characteristics and bipolartpot
characteristic that is a voltage-controlled bipatvice. To
make use of the advantages of both Power MOSFEBamd
the IGBT has been introduced. It's a functionakgration of
Power MOSFET and BJT devices in monolithic form. It
combines the best attributes of both to achievergbtdevice
characteristics.

The IGBT is suitable for many applications in power
electronics, especially in Pulse Width Modulated/\({®)
servo and three-phase drives requiring high dynamaige

control and low noise. It also can be used in Uarinfptible
Power Supplies (UPS), Switched-Mode Power Supplies
(SMPS), and other power circuits requiring high tstvi
repetition rates. IGBT improves dynamic performaracel
efficiency and reduced the level of audible nolsés equally
suitable in resonant-mode converter circuits. Ojatih IGBT

is available for both low conduction loss and lowitshing
loss.

SCR, the Triac conducts in either direction whemed on.
The Triac also differs from the SCR in that eithgvositive or
negative gate signal triggers it into conductiohud the Triac
is a three terminal, four layer bidirectional seomductor
device that controls ac power whereas an SCR dento
power or forward biased half cycles of ac in a l[decause of
its bidirectional conduction property, the Triacwglely used
in the field of power electronics for

It is wound for a definite number of poles. The diitgs are
geometrically spaced 120 degrees apart. Two typestors
are used in Induction motors Squirrel cage rotal ¥ound
rotor.

3. PULSE WIDTHMODULATION
3.1 General Description

The PWM component provides compare outputs to gémer
single or continuous timing and control signalshardware.
The PWM is designed to provide an easy method of
generating complex real-time events accurately withimal
CPU intervention. PWM features may be combined witier
analog and digital components to create custonplperals.
The PWM generates up to two left- or right-aligned/M
outputs or one centered-aligned or dual edged PWigub.
The PWM outputs are double buffered to avoid gékch
caused by duty cycle changes while running. Legrad
PWMs are used for most general-purpose PWM usehtRi
aligned PWMs are typically only used in specialesashat
require alignment opposite of left-aligned PWMs.abadged
PWMs are optimized for power conversion where phase
alignment must be adjusted.

The optional dead band provides complementary ésitpwith
adjustable dead time where both outputs are lowdmt each
transition. The complementary outputs and dead &reemost
often used to drive power devices in half-bridgefigurations
to avoid shoot-through current sand resulting damagkill
input is also available that immediately disables dead band
outputs when enabled. Three kill modes are availabl
support multiple use scenarios. Two hardware dithedes
are provided to increase PWM flexibility. The fidither mo
de increases effective resolution by two bits whesources or
clock frequency preclude a standard implementatiorthe
PWM counter.
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The second dither mode uses a digital input tacselee of the
two PWM outputs on a cycle-by-cycle basis, this masl
typically used to provide fast transient responsepower
converts. The trigger and reset inputs allow theMPW be
synchronized with other internal or external handwarhe
optional trigger input is configurable so that aing edge
starts the PWM. A rising edge on the reset inputsea the
PWM counter to reset its count as if the terminalire was
reached. The enable input provides hardware ertabtgte
PWM operation based on a hardware signal. An iapercan
be programmed to be generated under any combinefitire
following conditions. When the PWM reaches the feah
count or when a compare output goes high.

The most common use of the PWM is to generate gierio

waveforms with adjustable duty cycles. The PWM also

provides optimized features for power control, matontrol,
switching regulators, and lighting control. You calso use
the PWM as a clock divider by driving a clock irttee clock
input and using the terminal count or a PWM outasitthe
divided clock output. PWMs, timers, and counterargimany
capabilities, but each provides specific capab8itiA Counter
component is better used in situations that reghecounting
of a number of events but also provides rising eclggture
input as well as a compare output.

3.2 Space Vector PWM

The initial use of Space Vector Modulation at thpsase
voltage-source inverters has been expanded bycaypiph to

novel three-phase topologies as AC/DC Voltage Ssourc
Converter, AC/DC or DC/AC Current Source Converters

Resonant Three-Phase Converters, B4-inverter, I
Converters, AC/AC Matrix Converters, and so on. Bpace
Vector PWM generation module accepts modulatiorexnd

commands and generates the appropriate gate drive

waveforms for each PWM cycle. This section deseritie
operation and configuration of the SVPWM module.

A three-phase 2-level inverter with dc link configtion can
have eight possible switching states, which geesrautput
voltage of the inverter. Each inverter switchingtstgenerates
a voltage Space Vector (V1 to V6 active vectors,avid V8

zero voltage vectors) in the Space Vector planee Th

magnitude of each active vector (V1to V6) is 2/3c\(dc bus

voltage).
P
sly[{} sﬁug} Ssoie}
\'d:—_— b / n

~N

AC motor

Fig 2 A three-phase two-level inverter with dc link
configuration

The three-phase inverter presented in Fig 2 is Hare
considered. Fig 3 presents the appropriate outpltages
without PWM (six-step).
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Fig 3 Output voltage waveforms and state coding forctmee
Without PWM

Each state of the output voltage system leads switching
vector in the complex plane. It results 6 activatching
vectors V1 ...V6 and 2 vectors corresponding to teeoz
states. The magnitude of the active vectors i) (2. Since
the output voltages are at 2pi/3 out of phase edlbhr, the
Space Vectors system can occupy a number of pesitiath
an order multiple of three.

3.3 Principle of Pulse Width Modulation (PWM)

V2 — \

1 V. Pole voltage
V2 T .

Fig 4 Circuit model of a single-phase inverter with atce-
taped grounded DC bus

i /Vccmrc\

0L
[RENEE]E

Fig 5 Pulse width modulation
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As depicted in Figl the inverter output voltage is determit
in the following

When V control > V tri, o=V dc/2

When V control <V tri, M=V dc/2

Also, the inverter output voltage has the followfagture
PWM frequency is the same as the frequency of
Amplitude is controlled by the peak value of V cot
Fundamental frequency is controlled by the frequeric/
control

4. RECTIFIER AND INVERTER
4.1 AC to DC converter

A rectifier is an electrical device that conve alternating
current(AC), which periodically reverses direction, direct

current(DC), which is in only one direction, a process \nc

as rectification. Rectifiers have many uses includiag

components of power supplies amrd detecto of radio

signals. Rectifiers may be made of sdlidt¢ diodes, vacuum
tube diodes, mercumgrc valves, and other compone

When only one diode is used tectify AC (by blocking thi
negative or positive portion of theaveform), the differenc
between the term diode and the tematifier merely one of
usage, i.e, the term rectifier is describediae that is being
used to convert AC to DC.

4.1.1 Half-Wave Rectification

In half wave rectification, either the positive megative hal
of the AC wave is passed, while the other half liscked.
Because only one half of the input waveform reactie=
output, it is very inefficient if used for poweransfer. Half-
wave rectification can be achieved with a singleddi in a
one-phase supply, or with three diodes thrae-phase supply.

s " laa

Fig 6 Half wave rectificatio

The output DC voltage of a half wave rectifier che
calculated with the followingwo ideal equatior

v _ Vpeak
rms 2
\%
peak
Vae =T

4.1.2 Full-Wave Rectification

A full-wave rectifier converts the whole of the input wiaven
to one of constant polarity (positive or negatigae)ts output

Full-wave rectification converts both polarities the input
waveform to DC (direct current), and is more eéfiti
However, in a circuit with a ncecentre transformer, four
diodes are required instead of the one needed dlf-wave
rectification. Four diodes arranged this way aréedae diode
bridge or bridge rectifier.

ap T

Fig 7 A Full-Wave Rectifier Using Four Diod
For singlephase AC, if the transformer is cer-tapped, then
two diodes back-tdvack (i.e. anod+to-anode or cathode-to-
cathode) can form a frwave rectifier. Twice as many

windings are required on the transformer secontamybtain
the same output oitage compared to the bridge rectil

above.
0
I U
| . AAA
|
0;

Fig 8 Full-wave rectifier using centre tap transformer and
two diode:

i
N

Fig 9 A three-phase bridge rectifier

Three phase AC inp
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Three phase half wave rectifier

Three phase full wave rectifier

Fig 10 Three-phase AC input, half and full wave rectifi2@
output waveforms

For three-phase AC, six diodes are used. Typidhkye are
three pairs of diodes, each pair, though, is netslime kind
of double diode that would be used for a full wasiegle-
phase rectifier. Instead the pairs are in serigsda to
cathode). Typically, commercially available douldédes
have four terminals so the user can configure themsingle-
phase split supply use, for half a bridge, or foreé-phase
use.Most devices that generate alternating curisaoth
devices are called alternators) generate threeepA&s For
example, an automobile alternator has six diods&lénit to
function as a full-wave rectifier for battery ching
applications. The average and root-mean-squaraibutp
voltages of an ideal single phase full wave restiftan be
calculated as

2V,
Vdc = Vav = T
V
Vims = \/_p?

Where
V4. and V,, are the average and DC output voltage.
V,, is the peak value of half wave.

The extreme of this approach is to dispense wighréservoir
capacitor altogether and put the rectified wavefatmaight
into a choke-input filter. The advantage of thiscuit is that
the current waveform is smoother and consequertily t
rectifier no longer has to deal with the current aadarge
current pulse, but instead the current ctrical cevihat
convertsdirect curren{DC) toalternating currenfAC), the
converted AC can be at any required voltage anquéecy

with the use of appropriateansformers, switching, and
control circuits.

Solid-state inverters have no moving parts andusetl in a
wide range of applications, from smalWitching power
suppliesin computers, to largelectric utility high-voltage
direct currentapplications that transport bulk power. Inverters
are commonly used to supply AC power from DC sosirce
such assolar panel®r batteries. There are two
main types of inverter. The output of maodified sine
waveinverter is similar to aquare waveutput except that
the output goes to zero volts for a time beforetadving
positive or negative. Thus it is compatible with &C
electronic devices. This is the type used in geduiverters.
Its design is more complex, and costs 5 or 10 timese per
unit power. The electrical inverter is a high-powdctronic
oscillator. It is so named because eankgchanical AC to DC
convertersvas made to work in reverse, and thus were
“inverted”, to convert DC to AC. The inverter pemfecs the
opposite function of aectifier.

5.MODELLING AND CASE STUDY
5.1 System Modédl

The system is composed of grid, input inductors

(Lg, L'y Ly, L). Rectifiers (A and B), capacitor bank at the
dc-link, inverter, and induction machine Rectifieksand B
are constituted of switchesy,; G41,9,, and q,, and
dp1 qp1, 9p2 ANAGp,respectively. The inverter is constituted of

SWitCheﬂsl ,qslt GIsz, 6_152' qs3 andqs?,-

From Fig.12, the following equations can be deriedthe
front-end rectifier

Va10 — Va20 = €g — (g +1gp)ig — (v’ + Ugp)i'y (1)

Vp1o = Vbzo = &g — (1p + Lpp)ip — (7' + Upp )i (2)

Vato — Vb0 = (1p + Lpp)ip — (15 + lap ig 3

Vazo0 = Vb2o = (e + Ua)i'a — (7'p + Upp )i’y 4)

ig :ia+ib :i,a+ilb (5)
Where p = d/dt and symbols liker and | represent the
resistances and inductances of the input
inductord.,, L'y, Ly, L",.

The circulating current, can be defined froiy, i',i, i'.

lg=lg— iy =—ip+i (6)

Introducingiyand adding (3) and (4), relations (1)—(4) Become
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Va = eg - [(ra + r'a)—l'(la + l,a)p]ia + (r'a + l,ap )iO
(7

v, = e, — [(1p + ')+l + Up)plip + (7' + Uy i

(8)

vo=—[(r'g + 7))+ + l:b)P]io '

, _'[(ra -r a)+(la - la)p]ia +
[(rp =7 p)+Up + L)y 9
Where
Va = Va10 — Vazo (10)
Up = VUb1o — Ub2o (11)
Vg = Vg10 T Vaz20 — Vb1o — Ub2o (12)

Relations (7)—(9) and (5) constitute the front-emdttifier
dynamic model. Therefore, (rectifier A), v, (rectifier B), and
vo(rectifiers A and B) are used to regulate currdpis$,, i,
respectively. Reference currenfsand ijare chosen equal to

lg/z and the reference circulating currégis chosen equal to
0.

Rectifier
—

AC Motor
(3-phase)

W—J
Tnverter

Fig 11 Single-phase to three-phase drive system

In order to both facilitate the control and shagaadly current,
voltage, and power between the rectifiers, the faductors
should be equal, i€, =1, =7r,=n=rjandl; =1, =

l'; =1, =1l'y. In this case, the model (7)-(9) can be simplified
to the model given by

Additionally, the equations foy,i', andi’,can be written as

Vap= —V“J; b =e, — (r’g + l’gp)ig (16)
va—”z—‘):eg —2(r'y + Uyp)i'y (17)
Vot =eg = 2(rly + Ugp)l' (18)

In this ideal case (four identical inductors), tbieculating
current can be reduced to zero imposing.
Vo = Va10 + Vaz0 — Vb1o — Vp20=0 (19)
When i,=0 (i, =iy, i, =1i') the system model (7)—(9) is

reduced to

Vg = ey —2(ry+yp)ig (20)

vy = ey —2(1;+gp)ip (21)

Rectifier A
—

- Eg
Grid
(1-phase) AC Motor
(3-phase)

Inverter

Rectifier B

Fig 12 Proposed single-phase to three-phase drive system

5.2 PWM Strategy

The PWM strategy for the rectifier will be presehtdhe
rectifier pole voltagesr,1¢, Vaz20, Vp10and vy,odepend on the
conduction states of the power switches, i.e.

Vjo= (2sq,.-1)§ , forj=al to b2 (22)
Wherev, is the total dc-link voltage. Considering thav;,

andvjdenote the reference voltages determined by thermur
controllers.

17_0 e —_ ’ ’ r
Vgt 2 €g Z(T'g + lgp)la (13) '17651k = U;;lo - U;zo (23)
Va = 172_0 ~€ Z(r'g + l,gp)ib (14) Vp = V1o ~ V2o (24)
vo=—2(r'y + U';p)io (15) Vo = Vaio + Vazo ~ Vh1o ~ Vb2o (25)
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The gating signals are directly calculated from teference
pole voltages; o, Vaz0, Vp1o@Ndv;,,. However, (23)—(25) are
not sufficient to determine the four pole voltagasquely
fromv,,v; andsg. Introducing an auxiliary variabley=v;,,,
that equation plus the three equations (23)—(25)stitnite a
four independent equations system with four vaesbl
(Va10) Vazor Vh10@Ny50). Solving this system of equations,
we obtain

Va10=Va + Vx (26)

Vaz0= Vx (27)

Vhio = 2+ L=t vy (28)
vy v, vy "

szo—ja_f_f"‘vx (29)

From these equations, it can be seen that, begiggsandg,

the pole voltages depend on also,0fThe limit values of the
variable vycan be calculated by taking into account the
maximum v} /2 and minimum-v;/2 value of the pole
voltages.

*

v

Vymax = ?C ~ Umax (30)
* v* *
Uxmin = 75 ~ Umin (31)
Where v;is the reference dc-link voltage®,,,,= max 9

andv,;, = ming, with 9= {v;,0,vi/2+v;/2—
vy/2,v,/2 — vy /2 —v5/2}.

Introducing a parameter (0 < x < 1), the variable;can be
written as

‘U; = #v;max + (1 - #)v;min (32)

Whenu = 0, = 0.5, andu = 1 the auxiliary variablesHas
the following values vy= vi,in, Vi= Vsave = Vimin
Himax)2and vi= vin.., respectively. Whemw;= vy, Or

Uy = Vymin @ CONverter leg operates with zero switching
frequency. The gating signals are obtained by comgaole
voltages with one i, ), two (v,and,,) or more high-
frequency triangular carrier signals. In the ca$edauble-
carrier approach, the phase shift of the two trigaugcarrier
signals ¢,;and,,) is180°.The parametex changes the place
of the voltage pulses related #gandv,. Whenvy= v,,., (¢

= 0) Orvs= Vemax (u = 1) are selected, the pulses are placed in
the begin or in the end of the half perida| of the triangular
carrier signal On the other hand, wheirv,,,.the pulsesare
centered in the half period of the carrier signal.

The change of the position of the voltage pulseddealso to
the change in the distribution of the zero instaatas
voltages (i.e.p,= 0 andv,= 0).Withx = 0 oru = 1 the zero
instantaneous voltages are placed at the beginmirgt the

end of the switching period, respectively, whilghwi = 0.5,
they are distributed equally at the beginning anthe end of
the half period. This is similar to the distributiof the zero-
voltage vector in the three-phase inverter.

5.3 Control Strategy

Fig.13 presents the control block diagram of theteay in Fig.
12. highlighting the control of the rectifier, tomtrol the dc-
link voltage and to guarantee the grid power fadiose to
one. Additionally, the circulating currei§in the rectifier of
the proposed system needs to be controlled.

Grid
K O

» ia ib io

77
V*_ i
a

* ] 91
vE4 ]g —'g -~
: @ R, Ge-ig S

9
. pr| 2 3
v, L b: 2 N
[ a | 9 5\{
I | §
T
5
Q
~
%
M

Fig.13 Control block diagram

In this way, the dc-link voltage,is adjusted to its reference
valuev;using the controlleR..which is standard Fuzzy logic
controllers. This controller provides the amplitudé the
reference grid currenti; To control power factor and
harmonics in the grid side, the instantaneous eafar current
izmust be synchronized with voltage, as given in the
voltage-oriented control (VOC) for three-phase aysiThis is
obtained via blocksGei,, based on a PLL scheme. The
reference currentsi; and i; are obtained by making
ia=ip=iz/2.Which means that each rectifier receives half of
the grid current. The control of the rectifier @nmts is
implemented using the controllers indicated by kéoc
R,andR,. These controllers can be implemented using linear
or nonlinear techniques.

The homo polar current is measureég) @nd compared to its
reference ig= 0). The error is the input of Fuzzy controller
R,that determines the voltagg . The calculation of voltage
vgisgiven from (30) to (32) as a function pf selected. The
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motor there phase voltages are supplied from tiverier
(VSl).

Block VSI-Ctr indicates the inverter and its cohtrdhe
control system is composed of the PWM command and a
torque or flux control strategy.

5.4 Harmonic Distortion

The harmonic distortion of the converter voltages fbeen
evaluated by using the weighted THD (WTHD). It is
computed by using

A2
WTHD (p) = % P,(%) (33)

13
Where a,the amplitude of the fundamental voltage iszjs
the amplitude ofith harmonic andp is the number of
harmonics taken into consideration. Fig.5.4. shthesWTHD
of voltages generated by rectifiegg = (v, + v,,)/2 for the
proposed configuration andv, = vgq — V420 for the
conventional one] at rated grid voltage asa fumctibu. Note
that the parameter determinesv;from (30) to (32). The
resultant voltagev,,generated by rectifieris responsible to
controli,, which means that this voltage is used to regutate
harmonic distortion of the utility grid.

1.5

= a
= ~ Conventional or -
== = Froposed [Single-Carrier) o

e ;
=

=
==

W
=
=

o .
0 0.2 0.4 0.6 0.8 1
n

Fig 14 WTHD of rectifier voltage as a function pf

When the single-carrier PWM is used, the behaviod HD

of the proposed system is similar to that of cotieaal one

for all x4, as observed in Fig.5.4. When the double-carrier
PWM is used withy = 0.5, theWTHD is also the same for
both configurations. However, for the other valwésu the
WTHD of the proposed system is lower than that of the
conventional one.

The WTHD of the proposed topology (double-carrier witkr
Oor u = 1) is close to 63% of that of the conventional
topology(with x = 0.5). The study has also shown that it is
possible to reduce the switching frequency of theppsed
system in 60%and still have the sav@HD of the standard
configuration.

‘Singlc u=1) Single (=0.5) Double (p=1) Double (u=0.5)
I t T3 T~ T
‘/Val() vabo * ko Lo A‘/‘)a!() v&o Tk Vb
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117,\ b’ Vv VI?\\ v,
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/21 Y%/2 /2 /2
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Ve/2 rd 220, 12 B 0l50 v 2l e ve/2| B0 vibo
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Vp10 1 ey V1 /2 2 Wpib /2 [V
Vo2 | vz| R ve/2 A ver2 /e
Y20 V2 V520
ves2| N ve/2 e Ver2 ver2 —i Vo
2 “Ve/2 V2 L w2 =
Ve i Ve a Ve Vb\_ Ve L
v Jab Ve Jatl > b Ve Jab
Ve/2 L
2y
ot v,
o s K o Lo
]
-2v.

(a) (b) ©) (d)

Fig. 15 Variables of rectifiers A and B. (a) Single-carneth
u=1
(b) Single-carrier withx = 0.5. (c) Double-carrier with = 1.
(d) Double carrier with =0.5.

The WTHD behavior in Fig. 14 can be explained from Fig.
15.That figure depicts the pole voltages;(, Vaz20 » Vb10:Vb20)
and their referencesviio, Vaz0, Vp10 Vi2o)s the triangular
carrier signalsi,,, v, ), the resultant rectifier voltage,)
and the circulating voltage(). Fig 15 (a) and (c) shows these
variables with single-carrier (with = 1) and double-carrier
(with x = 1), respectively.

For the double-carrier see Fig. 15 (c) the voltagghas
smaller amplitude and better distribution along thalf
switching period than that of single-carrier seey.Fi15
(a),which means a lowaVTHD(as observed in Fig. 4 for=
1).

On the other hand, far = 0.5 see Fig. 15 (b) and (d) the
distribution of voltagev,,along the switching period is the
same for both cases, i.e., single-carrier and doaairier have
the samaNTHD. Besides the total harmonic distortioFHD)

of the grid curren}, associated to theVTHD of the
voltagey,;,,, the harmonic distortion analysis must also
consider the currents in the rectifiers. This is important
issue due to losses of the converter.

The harmonic distortion of the rectifier curredg,{',, iy, i)
with double-carrier is higher than that of the geigtrentig .
When the parallel rectifier with double-carrier used, the
THD of all these currents are reduced for 0 oru = 1 and
increased forx = 0.5. On the other hand, theHD of the
circulating current is also smaller with= 0 ory = 1. Fig. 16
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shows currents,, i’y, and iyfor double-carrier with: = 1 and
1 =0.5. It can be seen that the mean values ofippées of all
currents are smaller wher= 1 is selected..
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Fig 16 currents,, i’y, and iyfor double-carrier with:
=landu=0.5

In conclusion the optimal rectifier operation istaihed with

double-carrier making = 0 oru = 1. A four-carrier approach
may also be used.

5.5 Ratings of Switches

Assuming same rms voltages at both grid and madhies ,a

machine power factor of.8 and neglecting the converter

losses, currents of the rectifier switches nornegiin terms of
currents of the inverter switches aré2 and 127 for the
conventional and the proposed single-phase to -inase
converter, respectively. Fig (&) and (b) shows floev of

active power in the conventional and in the prodosiagle-
phase to three-phase converter, respectively. Fdanbed
system [’y =L, =L, =L, =L"), voltage v,is close to
zero, so that the dc-link voltage is equal to tleguired by the
conventional system. Since the parallel connecgoheme
permits to reduce the switch currents and presewealc-link
voltage, the rating of each power switch in thdifiec side is
reduced.

6. SMULATION MODELING AND RESULTS
6.1 Simulation Modeling for Transient Condition

In this chapter the work carried out on matheméativadel of
the system using MATLAB/SIMULINK software. The rdtu
of simulation have been discussed.

i

Fig 17 Simulation model of single phase to three phase dr
system using two parallel single phase rectifiers

i : -
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Fig 18 (a) Control Block Diagram
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Fig 19(c) Currents of rectifier A (ia and ia’) and circureg
current

co |

T T |

-+
‘ '|' l‘j ;':1.
I.

| (ib)

l 0

Fig 18 (b) Space Vector PWM Diagram

6.2 Simulation Resultsfor Transient Condition

Fig 19(e) Line to line voltage of load

6.3 Simulation Modeling Faulty Zone at Rectifier
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Fig20 Fault Identified at rectifier B

6.3.1 Simulation resultsfor fault at rectifier B
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Fig 21(a) Grid voltage and grid current

Fig 21 (d) Currents of rectifier (ia and ia’)

6.3.2 Output Wave Form Explanation for Transient
Condition.

1. Figure 19(a) represents grid voltage and current at
transient condition. grid voltage is 110V,grid ant
is 8A. At the transient condition grid current hayi
some distortions, after some it will reaches t@dye
state condition. Time taken for steady state 25 @n
sec.

2. Figure 19(b) represents the DC link Capacitor
voltage. At steady state capacitor value is 100V.

3. Figure 19(c) represents rectifier A currentand }'.
The current shared by rectifier A is 4A. it is thalf
of grid current. Circulating current is represented

4. Figure 19(d) represents rectifier A current and
rectifier B currents at transient condition. When i
reaches to steady state value the currents offiegcti
A and B is 4A.

5. Figure 19(e) represents line to line voltage ofiloat
transient condition it is low value. At steady stlihe
voltage of load is 125V.

6.3.3 Output Wave Form Explanation for Fault At
Rectifier B

1. Figure 21(a) represents grid voltage and currents.
From the figure up to 0.2 m sec rectifier A andsBni
healthy condition then current sharing is equalewh
fault occurred in rectifier B the total grid curte®A
is shared by Rectifier A.

2. Figure 21(b) represents the capacitor voltage. The
capacitor voltage 100V. when fault occurred reetifi
B capacitor voltage decreases and again it reaohes
100V.

3. Figure 21(c) represents the rectifiers currents nwhe
fault at rectifier B. The total grid current is sbd by
rectifier A is started at 0.5m sec.

4. Figure 21(d) represents rectifier currents ia aaid i
The current magnitude of these two currents is

CONCLUSIONS

A single-phase to three-phase drive system compofdo
parallel single-phase rectifiers, a three-phaseriev and an
induction motor was proposed. The system combimes t
parallel rectifiers without the use of transformerhe system
model and the control strategy, including the PWehhique,
have been developed.

The complete comparison between the proposed andastd
configurations has been carried out in this papempared to
the conventional topology, the proposed system perto
reduce the rectifier switch currents, tAi@iD of the grid
current with same switching frequency or the switgh
frequency with sam@&HD of the grid current and to increase
the fault tolerance characteristics. In additidvg tosses of the
proposed system may be lower than that of the ctiorel
counterpart.

The initial investment of the proposed system (tluehigh
number of semiconductor devices) cannot be corsilder
drawback, especially considering the scenario whtegecited
advantages justify such initial investment. The exipental
results have shown that the system is controllegety, even
with transient and occurrence of fault

FUTURE SCOPE

It is quite common to have only a single phase payviel in
residential, commercial, manufacturing, and maimyrural
areas. At the solar power plant and industries itdnvenient
convert single phase supply to three phase suphig.system
is very useful for agricultural to run three phasator.
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