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Abstract— Nowadays we have seen various AC-AC converters
using IGBTs (Insulated Gate Bipolar Transistor) wh&arious
number of IGBTs switches are used. This type ofert#vis
connected grid to the connected load. There arestargount of
losses if a large number of IGBT switches is usedind)
reduced-switch-count converters in power electronyistems is
necessary for the numerous advantages such as Isty loav
weight and volume, and high reliability offered Iwem. In this
thesis paper, we proposed a Three-Phase to ThreedP(aC-
AC) Converter which we used minimum number of switches.
Here we use few active switches and few diodes and nwinca

out the lowest number of active switches among thhese to
three-phase AC/AC converters that offers sinusoidpalit and
output, unity power factor and more importantly, low
manufacturing cost. Due to minimize the voltagelepof the DC

link the analysis of sizing of the DC link capac#tés performed
and capacitor sizes are chosen. The analysis andilations
demonstrate the effectiveness of the proposed AGIAer.
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I. INTRODUCTION

Converter systems with either a voltage or curre@tlibk are
mainly used today. In the case of the voltage D&;lthe mains
coupling can be implemented by a diode bridge. Bespe fact
that this configuration features low cost and kd8aoperation
due to using diode rectifier, it suffers some digadages such as
highly distorted input current, low input power iacand lacking
the capability of working in regenerative or dynantiraking
modes.

To accomplish braking operation of the load, a @uasntrolled
braking resistor must be placed in the DC-link oraati parallel
thruster bridge be provided on the mains side.TiReswitch

three-phase to three-phase AC/AC converter is depintBig. 1.

As it can be seen in the figure, it has two legdhwhree power
switches in each one.The proposed structure is amabfe to a
B4 rectifier as the active front end of a three-ghBg inverter
though a row of switches is shared between theno fimases of
the three-phase AC source and two phases of tee-fitrase AC
load are connected to the two converter legs aadémaining
phase of the source and load is connected to thiegbthe split
capacitor bank. In Fig. 4, the four upper switchesk as a B4
rectifier and the four lower switches work as a B#erter.

Compared to its counterpart in Fig. 2, the propagadcture not
only retains all the desirable features, but aleduces the
number of required switches by 25% and hence pronese

attractive in low voltage and power ratings applass. Two

modes of operation are defined for the proposedrerer: 1-

Variable frequency (VF) mode in which frequency amaplitude
of the inverter output and rectifier input voltages be different
and 2- Constant frequency mode (CF) in which frequefigrid

and load is similar whereas the amplitudes of tipaii or output
voltages may vary. The amount of DC link capaciteoffage are
dependent on three factors of a, b and c. Thesiiciests are
determined so as to provide balanced three-phapetswithout
any DC offset.
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Figure 1: Proposed six-switch AC/AC converter

1. INSULATED GATE BIPOLAR TRANSISTOR
(IGBT) BASICS

A. IGBT Fundamental

The Insulated Gate Bipolar Transistor (IGBT) is a onity-
carrier device with high input impedance and latgpolar
current-carrying capability. Many designers viewBIG as a
device with MOS input characteristics and bipolantpot
characteristic that is a voltage-controlled bipalavice. To make
use of the advantages of both Power MOSFET and B,
IGBT has been introduced. It's a functional inteigmra of Power
MOSFET and BJT devices in monolithic form. It conésnthe
best attributes of both to achieve optimal devibaracteristics
[2].The IGBT is suitable for many applications irover
electronics, especially in Pulse Width ModulatedV{®) servo
and three-phase drives requiring high dynamic ramaggrol and
low noise. It also can be used in UninterruptibtevBr Supplies
(UPS), Switched-Mode Power Supplies (SMPS), anderoth
power circuits requiring high switch repetition eat IGBT
improves dynamic performance and efficiency anduced the
level of audible noise. It is equally suitable @sonant-mode
converter circuits. Optimized IGBT is available footh low
conduction loss and low switching loss. The mainaadages of
IGBT over a Power MOSFET and a BJT are:

= It has a very low on-state voltage drop due to
conductivity modulation and has superior on-state
current density. So smaller chip size is possibk the
cost can be reduced.

= Low driving power and a simple drive circuit duethe
input MOS gate structure. It can be easily cordrblis
compared to current controlled devices( thyrisBlT)
in high voltage and high current applications

= Wide SOA. It has superior current conduction
capability compared with the bipolar transistoralgo
has excellent forward and reverse blocking captadsli

B. Basic Structure

The basic schematic of a typical N-channel IGBT Hageon the
DMOS processes as shown in figure 2. This is onsewkral
structures possible for this device. It is eviddmt the silicon

cross-section of an IGBT is almost identical to thfa vertical
Power MOSFET except for the P+ injecting layer.skares
similar MOS gate structure and P wells with N+ seuregions.
The N+ layer at the top is the source or emittet tie P+ layer
at the bottom is the drain or collector. It is afeasible to make
P-channel IGBTs and for which the doping profileegich layer
will be reversed. IGBT has a parasitic thyristor poising the
four-layer NPNP structure. Turn-on of this thyristas

undesirable.

—Emitter

_— Body region

_—Callector drift region

_—Buffer layer

_—Injecting layer

Figure 2: Schematic view of a generic N-channel IGET

Some IGBTs, manufactured without the N+ buffer fayare
called non-punch through (NPT) IGBTs whereas thoite this
layer are called punch-through (PT) IGBTs. The preseof this
buffer layer can significantly improve the perfomma of the
device if the doping level and thickness of thigelaare chosen
appropriately. Despite physical similarities, thgemtion of an
IGBT is closer to that of a power BJT than a powedSFET. It
is due to the P+ drain layer (injecting layer) whis responsible
for the minority carrier injection into the N--drifegion and the
resulting conductivity modulation.

=
B =g 8 i =4
TOFET
=
MO SEFET ~NErT
TR
[

Figure 3: Equivalent circuit model of an IGBT [2]

Based on the structure, a simple equivalent cinttlel of an
IGBT can be drawn as shown in Figure 3. It contAlf@SFET,
JFET, NPN and PNP transistors. The collector of ”INP is
connected to the base of the NPN and the colledttire NPN is
connected to the base of the PNP through the JFR&.NPN
and PNP transistors represent the parasitic thyristhich
constitutes a regenerative feedback loop. The togsi®RB
represents the shorting of the base-emitter oNR8I transistor
to ensure that the thyristor does not latch upclvhiill lead to
the IGBT latch up. The JFET represents the cotistnicof
current between any two neighboring IGBT cells.slipports
most of the voltage and allows the MOSFET to bevavoltage
type and consequently have a low RDS (on) value.irduit
symbol for the IGBT is shown in Figure 4. It haset terminal
scaled Collector (C), Gate (G) and Emitter (E).
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Figure 4: IGBT Circuit Symbol

IGBTs, which have equal forward and reverse breakdo
voltage, are suitable for applications. The PT IGBihich have
less reverse breakdown voltage than the forwardikoi@vn

Voltage, applicable for DC circuits where devica® not

required to support voltage in the reverse directio
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Figure 5: Structure (a) NPT-IGBT and (b) PT-IGBT [2]

Table 1: Characteristic comparison NPT and PT IGBT

NPT PT

Medium Low

Long, low amplitude | Short tail current

tail current. Moderate| Significant increase in
increase in Eoff with | Eoff

Switching Loss

temperature with temperature
Conduction loss Medium Low
Increases with Flat to slight decrease
temperature with
Temperature
Paralleling Easy Difficult

Optional sorting
Recommend share
heat

Must sort on VCE(on)

Short circuit rated Yes Limited
High gain

C. Transfer Characteristics

The transfer characteristic is defined as the tiarieof ICE with

VGE values at different temperatures, namely, 283&5pC, and
-400C. A typical transfer characteristic is showrFigure 6. The
gradient of transfer characteristic at a given terafure is a
measure of the trans conductance (gfs) of the dewicthat
temperature.
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Figure 6: IGBT Transfer Characteristics

A large g¢fs is desirable to obtain a high curremindiing

capability with low gate drive voltage. The chanmed gate
structures dictate the gfs value. Both gfs and RDS(@m

resistance of IGBT) are controlled by the chanaebth which is
determined by the difference in diffusion depthstieé P base
and N+ emitter. The point of intersection of thegent transfer
characteristic determines the threshold voltage E{t) of the
device.
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Figure 7: Tran’s conductance Characteristics ofGBTI
D. Switching Characteristics

The switching characteristics of an IGBT are verychsgimilar

to that of a Power MOSFET. The major differencenfrBower

MOSFET is that it has a tailing collector currenedo the stored
charge in the N--drift region. The tail current rieases the
turnoff loss and requires an increase in the digagl between the
conduction of two devices in a half-bridge circtihe Figure 8
shows a test circuit for switching characteristiosl the Figure 7
shows the corresponding current and voltage turarzhturn-off

waveforms. IXYS IGBTs are tested with a gate voltagéched

from +15V to OV. To reduce switching losses, itasommended
to switch off the gate with a negative voltage 15
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Figure 8: IGBT Switching Time Test Circuit
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The turn-off speed of an IGBT is limited by theetime of the
stored charge or minority carriers in the N--drégion which is
the base of the parasitic PNP transistor. The isaset accessible



physically thus the external means cannot be appbtiesweep
out the stored charge from the N-drift region topiove the
switching time. The only way the stored charge lsarremoved
is by recombination within the IGBT. Traditionalefime killing

techniques or an N+ buffer layer to collect the onity charges
at turn-off are commonly used to speed-up recontisingime.
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Figure 9: IGBT Current and Voltage Turn-off Waveforms

The turn-on energy Eon is defined as the integfdiCo.VCE
within the limit of 10% | Cerise to 90% VCE fall. Tlaenount of
turn on energy depends on the reverse recoverwimehat the
freewheeling diode, so special attention must be ipdhere is a
freewheeling diode within the package of the IGBTo{
Pack).The turn-off energy Eoff is defined as thegnal of IC
.VCE within the limit of 10% VCE rise to 90% IC falEoff
plays the major part of total switching losses@BT .

E. Latch-up

During on-state, paths for current flow in an IGBfe shown in
Figure 10. The holes are injected into the N--agffion from the
P+ collector form two paths. Part of the holes disa@ppky
recombination with electrons came from MOSFET clghnn
Other part of holes are attracted to the vicinitythee inversion
layer by the negative charge of electrons, traatrlly through
the P-body layer and develops a voltage drop in dhmic
resistance of the body. This voltage tends to fodwaias the
N+P junction and if it's large

enough, substantial injection of electrons from émeitter into
the body region will occur and the parasiric NPAhgistor will
be turned-on. If this happens, both NPN and PNRagitir
transistors will be turned-on and hence the thygrisomposed of
these two transistors will latch on and the latphcandition of
IGBT will have occurred. Once in latch up, the gai@s no
control on the collector current and the only wayurn-off the

IGBT is by forced commutation of the current, ekadhe
conventional thyristor.
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Figure 10: ON-state current flow path of an IGBT

If latch up is not terminated quickly, the IGBT llile destroyed
by the excessive power dissipation. IGBT has a marim
allowable peak drain current (ICM) that can flow tvaitit latch

up. Device manufacturers specify this current leuel the

datasheet. Beyond this current level, a large encdaggral

voltage drop will activate thyristor and the latgh of IGBT.

F. Safe Operating Area (SOA)

The safe operating area (SOA) is defined as theectiwoltage
boundary within which a power switching device tenoperated
without destructive failure. For IGBT, the areadifined by the
maximum collector-emitter voltage VCE and colleatarrent IC
within which the IGBT operation must be confinedpimtect it
from damage. The IGBT has the following types of ASO
operations: forward-biased safe operating area (FBSO
reverse-biased safe operating area (RBSOA) and sinouit
safe operating area (SCSOA).

1. CARRIER-BASED PWM SCHEME FOR THE
AC/AC CONVERTER

The carrier based pulse-width modulation schemethef
proposed converter can be seen in Fig. 11. In Emghthere are
two modulating waveforms, one for the rectifieresigi/xr) and
one for the inverter side (Vxi), (x=A, B). The keypipt in the
modulation of the proposed converter is that therfarence
ofthe rectifier and inverter reference waveformsowt be
avoided, i.e. Vxr > Vxi. This is achieved by additvgo offset
signals to the reference signals of both sides lemiting their
modulation indices to prevent over-modulation [1Zalculating
the suitable offset values and adding them to tiverter and
rectifier side reference waveforms, the two moduogat
waveforms of each leg are obtained. The modulatiageforms
are then compared with a common triangular casiggmnal. Gate
signals of the upper switches (Sland S4) are mBzbuitom
comparing the rectifier modulating signal with ttegrier signal.
Gate signals of the lower switches S3 and S6) laeeldgical
NOT of the values obtained by comparing the inverte
modulating signals with the carrier signal. Gatgnais of the
middle switches (S2 and S5) are generated by Ib¥iO&R of the
upper and lower gatsignals in each leg. Applying this scheme,
there are always two ON switches in each leg. Towverter
acceptable switching states and the resultant owpd input
phasevoltages of the proposed converter are shown irleTab
Since the two phases of thieee-
phase AC source and the two phases of the three pbad are
connected to the converter legs and the third nemgiphase of
them is connected to the joint of the split camachank, the
voltage references of rectifier and inverter shdaddchosen so as
to achieve three-phase balanced voltage at the epadi output
terminals of the converter. Assume that the thiesp voltages
of source are given in a balanced set as

Vas LIVmsino, t 1)
Ves [JVmsino, t 21/3 @)
Ves CVmsine, t 273 .3



whereV,, and w, are respectively the source voltage amplitude
and its angular frequency. The final modulating efavms of
rectifier should be (1) and (2) to achieve threagghbalanced
voltage at the input of rectifier.

V*Ar [Jm, sinw, t §,0ffset 4)
V¥*Br [Jm, sinw; t &, goffset (5)

where m, and offsef are respectively the rectifier reference
amplitude and its offset valug, is the phase difference between
the voltage references of rectifier and three-phasltages of
source andp, is the phase difference between voltage reference
of the rectifier.

]
© e [k Pk

Figure 11: Carrier-based PWM modulation scheme @f th
proposed converter

Considering the similarity of the triangles in Fig), the
switching time can be calculated as:

Ty Y2 (1-Vin) (6)

T2 Y2 (1- V) @)

Using Table 2, the average of the input phase gela, over
one switching period is calculated

as:

Var ={(Ta T2 )(@Vp/3)+(T, & Ty)(2a+b+c)(Vpc/3) -
Ti(b+c)(Vod/3)HTs (8)

=Vpe [V* (@ /3 + bI3 +C/3 )- Vg(a 16 + bl6 +c/6 ) + a 16 —
b/6EC/6 ]

Following the same method for the other two phadtges Vg,
andVc,) and replacing* 5, andv*g, with their equivalents from
(4) and (5), yield the fundamental values of tretifier input
phase voltages (9-11).

Var =Vgc [(@ /3 + b/3 +¢/3) m sin,t+d, ) — (a /6 + b/6 +cl6 )
m sint+d,—p, ) + a /6 —b/6 — c/6+(a /6 + b/6 +c/6 ) offskt

)9

Ve =Vg[-(@/6 +b/6 +c/6) msint+d,) + (@ /3 + b/3
+c/3 ) m sin(,t+d6—p, ) + a6 —bl/6 —c/6 + (a/6 + b/6 +c/6)
offsef] (20)

Ver = Vg [-(@/6 +b/6 +¢c/6) msin(,t+d, ) — (@ /3 + b/3
+c/3 ) m sin(t+6—p, )-a /6 —bl6 —c/6—(a /6 + b/6 +c/6)
offsef] (112)

Considering the above equations, in order to prochatanced
voltages, there should be, =n/3. Moreover,a, b and c
coefficients are determined so as to remove DC pff§ehe
input voltages of rectifier. For instantadffset=0.5, thena =1/4
,b =1/2 andc =1/4. Fig. 12 illustrates the DC link voltage
coefficient values versus rectifier offset variatio
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first strategy

Assuming the DC component being eliminated, rectifiput
voltages would be:

Var = V3/6 m Vg Sin(,t+d; + /6 ) (12)
Var = V3/6 m Vg Sin(t+d; -n/2 ) (13)
Vor = V3/6 M Vy sin(;t+d; + 57/6 ) (14)

For the inverter side of the proposed convertesiragsing the
similarity of triangles in Fig. 13 and assuming tlodtage
references to be as (15) and (16), switching tianesobtained as
(17) and (18).

V*5  =m sin(;t) + offset (15)
V*g,  =m sin(wit+g;) + offset {16
T3 = T2 A+ V*) a7)
T, = T2 (1+ V*g) (18)

With applying the above method to the inverter sifiproposed
converter and assuming be equal tor/3 and theDC component
being eliminated, the fundamental values of theiter output
phase voltages would be:

Vai = V3/6 m Vg, sinfit+ /6 ) 19j

Ve = V3/6 m Vg sin(it Ba/2) 20}

Vei = V316 m Vg sin@it + 57/6 ) (21)

IV.OPERATION MODESOF THE AC/AC
CONVERTER

Two modes of operation are defined for the propazet/erter.
Each mode employs two different strategies for ielating DC
component from output voltage; the first strate@gults in
constant DC link voltages and the second makes tham
according to rectifier and inverter modulation teEs. These



modes and their particular strategies are describedhe
following and pros and cons of each one are distliss

A. Mode of operation

Input and outputs of the proposed converter cae kiferent
frequencies and amplitude in this mode indepenfient each
other. To eliminate DC component and to obtain @ddrinput
and output, two strategies are suggested:

A.First strategy
To prevent rectifier and inverter modulating waveterference

and also to avoid over-modulation, rectifier andeirter offsets
should always fulfill the following criteria

0 <offset= 1 (22)
"1 =offset =0 (23)
offset [ offset (24)

Furthermore, considering (8) to (11) and (24), limieate DC
component from input and output of the converteghauit using
extra capacitors, DC link voltage coefficients astedmined by
(25) to (27).

a [(1loffsetr) / 2 (25)
b Doffset (26)
c L(loffset) / 2 (27)

This figure illustrates the DC link voltage coefénot values
versus offset variation in the first strategy
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Figurel3: Dc link voltage coefficients versus rietioffset, first
strategy

Second strategy

This strategy is in fact a method for enhancing D€ wtilization
by increasing the maximum limit of modulation ind&or this
purposepffset andoffset are determined according to rectifier
(28).This factor specifies the rectifier utilizatiof DC link
voltage.

mr

o=

(28)

TR + i

Limits of offset, offset, mr andmi and also DC link voltage
coefficients are tabulated in Table 2 or both styis.

First strategy Second strategy

D link a = (1—affser;)/2 a = —affser, /2
voltage b = offset, bh=1/2
e k= a—afser,n/2 c = affser, /2
Rectifier and affset, +affser; =1
inverter affset, =1— o
offset imits offser, =

R, S|q( T,

Modulation e <1 —|o
indices limits e =

m, <1—|afizer | m, =1

Table 3. Operation Details Using Two StrategieD6f
Component lamination VF Mode

B.CF mode of operation

In CF mode, the voltage amplitudes of input ancgoubf the
proposed six-switch converter can change indepelydérough
they must have similar frequency and phase diffeAgain, to
eliminate DC component from input and output vols&gevo
strategies are employed. Operation details of tilsésgegies in
CF mode are tabulated in Table 4.Using the firsttagy in CF
mode, variation of, b andc coefficients versus offset value are
depicted in Fig. 13.

First strategy Second strategy
De link a=(1—affser;)/2 a =(1—affser, )2
voltage b = offser, b =1+ (offser, —affter,)/2
coefficients e = (1—offser,)/2 c = (affser; —1)/2
R‘e:::;ier affser, =1—m,
inver_telt affser, =m; —1
offset limits . ‘
Modulation | [77- —7:| = |efser, | +|agser| m, =1
indices m, = 1—|9_1’-{79.ﬁ |
limits m, =1—|affer | my <1

Table 4 : Operation Details Using Two StrategieBGf
Component Elimination, CF Mode

C. Sizing of the DC-Link Capacitors

In this paper, a method for minimizing the DC-lwddtage ripple
of the proposed converter is presented. Using rtiethod, the
size of DC-link capacitors are determined so asituimize DC-
link voltage ripple. It is possible to calculateetthree capacitor-
currents as a function of input and output currefitthe
converter.

ic1 [ dyaias OiziagOadips dagimg . (29)
ic2lliciics (30)
ics Liczico (31)

Where,
ixs (x=A,B,C)=input currents of the converter
ixo (x=A,B,C¥output currents of the converter

dij (i,j=1,2,...,6 and#j)=duty cycle for switch Sand
switch §

di{(i=1,2,...6) =duty cycle for switchiS

Considering the similarity of the triangles in Figl, the duty
cycles in (30) can be expressed as

dyi= Z(1+V* (32)



di= S(1+V*) (33)
dag= E(l"'V*Ar) 34)

dss= %(1+V*Ai (35)

If the grid currents are controlled to be sinusbatal also in
phase with the phase voltages of the grid as

iae= Ismsinw,t (36)
is= Ismsin(w,t 21/ 3) (37)
ice= Ismsin(w,t 21/ 3) (38)

and the output currents of the converter to bessiiial and
phase-lagged in relation to output phase voltagéseoconverter
by the angley as

ia=lom sin(wi; 76p) (39)
is=lom sin(wi 72 ) (40)
ico=lom sin(wit 5 1/6 @) (41)

Then, the three capacitor-currents can be calaibd€42) to
(44)

ic; =— 1/2 (1+ offset) Iy, Sin(w,t +27/3)+ 1/2 (1+ offset) lom
sin(;t + 5716 —p ) +V3/4 M lgnsin(d, +27/3) —V3/4 M lom COS
d (42)

ico = — 1/2 (offset—1) ky, sin(w,t +27/3)+ 1/2 (1+ offset) lom
sin(;t + 516 —p ) +V3/4 M lgmsin(d +27/3) —V3/4 M lom COS
@ (43)

ic3 = ica—leo — 1/2(0ffsgt—1) k, Sin(w, t +27/3)+ 1/2 (offset—
1) lom SiN(; t + 57/6 —¢ )+V3/4 M lgmSin(J +27/3) =V3/4 M lom
cos® (44)

In the case of power balance between the inputcamput side
the following have to be fulfilled

N3/4 M lgmSin(d +27/3) -V3/4 M lom COSP = 0
m lgmSin(d +22/3) = m |y, COSD (45)

Integrating the voltages across the capacitosspbssible to end
up with equations for the voltage acr@s, Cy, andCyz as

Vear = (Ism/2Cy1 o) (1+ offset) coso, t +27/3)- (lom /2Cya @)
(1+ offset) cos (vt + 57/6 ) +[(N3/4 Ciy) My IsmSin(d;
+27/3) -(N3/4Cy) M lom COSD]t + V cg4(0) (46)

Veaz = (Ism/2Cy2 @) (offset-1) cosgort +27/3)- (lom 12Cy2 1)
(1+ offset) cos fv;t + 52/6 -0)+[(V3/4 G ) M lgmSin(d, +27/3)
-(N3/4G) M lgm COSD]t + V cgA0) (47)

Veaz = (Ism/2Ci3 @) (offset-1) cosgort +27/3)- (lom 12Cy3 1)
(offsef—1) cos it + 57/6 —)+[(V3/4 Gz ) M lgmSin(d, +27/3)
-(N3/4Cym) M lom COSP]t + V 440) (48)

WhereV¢41(0), VegA0), Veg3(0) = initial voltage across the
capacitors

The total DC-link voltage ripple adds up

AVpe = AVegr+ AVego+ AVegs = (Ism/20:)(1/Cyy — UG —
1/Cysz + offset (1/CGy1 + 1/Cyp + 1/Cy3)) COSfo, t +27/3)

- (lom /26(),)(1/Cd1 - 1/Q2 - 1/Q3 + Of'fset(l/Cd1+1/Cd2 +1/Cd3
)) COS (ot + 57/6 —¢) (49)

As it can be seen in (47), the total capacitoragst ripple has
two component with the input and output frequendytite
converter. Considering (49), the capacitor sizadiffierent offset
values should be chosen so as to minimize the BIColtage
ripple. For instant by consideringffsetr=0.5 andoffseti-0.5, if
Cd1=Cd3=2Cd2 then total DC link voltage ripple is eliminated.
This method gives the possibility to reduce theacitpr sizes
significantly. Fig. 14 shows the measured wavefoohthe DC
link voltage and voltage ripple in proposed conmerSimulation
parameters are tabulated in Table IV aif$etr and offset are
respectively 0.5 and -0.5. As it is apparent in figare, the
proposed voltage ripple cancellation method redtices/oltage
ripple even if the capacitor sizes are chosen small

gq=1500UF, C 4 =TSOUF, C 4 =1 500U F (Froposed)
——m Cy=1500UF, © |, =1500UF, =1 S00UF
——— Ty 2O00UF, C 4, ~2000UF, C 4 -2000uF
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Figure 14: Waveforms of DC link voltage of proposediverter
in different capacitor sizes

V.CONTROL OF THE AC/AC CONVERTER

The structure of the control system is shown igsFil8 and
19.The control system is composed of two partsCaptrol of

the three-phase rectifier, 2) control of the thpbese inverter.
Since the modulation signals of the inverter ardtifier stages
are produced independently, all the existing methaaf

controlling the DC bus voltage in three-phase riecifand three-
phase inverters are applicable to the proposedtstes Control

of the VSC is realized by DSP and FPGA systems. Dutne

nature of a typical discrete time system, one cbmqteriod delay
is inevitable. As a result, delay effecompensation is an
important factor of an acceptable converter colgrollo solve

this problem, dq0 currergontrol method is

proposed for controlling the rectifier and inverteart of the

converter.



method in section V is used for calculating the IMR-capacitor
sizes.

A. Normal operation of proposed system

In order to evaluate the performance of the proposestem,
simulation is first performed in normal operatioondition. Fig.
17 shows DC link capacitors’ voltages. It can benstémat the
voltages have low ripple and have followed theirresponding
commands, i.eVCd1= (1/4) VDC, VCd2 (1/2) VDCandVCd3=
(1/4) VDC. Total DC link voltage of the converter was shown i
Fig. 7 in this caseAs Fig. 18 shows, the input reactive power is
almost zero which means the reactive power compiensés
achieved and the input power factor is correctdus Tan also be
seen fromFig. 19 in which the voltage and the current o$tfir
phase of grid are in phase. In Fig.18 the activegucextracted
Three-Phuse Loud from the grid is slightly higher than the activenmw delivered to
the load due to the power losses of the proposadetter.Fig.
20 shows the grid currents and spectra of gridecirwvith a
fundamental frequency of 60Hz. Its total harmongtattion is

Figure 15: Block diagram of control method for et side of
proposed converter

""3 S _4.23%.Fig. 21 shows the_ simulated waveforms of réntifier
. % v input voltageVagr and the inverter output voltadhg. The three
e e phase load currents are shown in Fig. 22. It isagggt in the
:%% S |H“’ figure thatic is more distorted than the other two phase cwsrent
) I " It is because thadt is produced bycswhich has higher ripple
thanVasandVgs.
Figure 16: Block diagram of dgq0 current control nagtifor oo
inverter part of proposed converter 100 ‘ | A : . X
vomol b TWewe L
A. Control of the three-phase rectifier el E e Tt B e e S
] T e Bt e e
The control method of the rectifier side is the sams that o : T ﬂl’}{_\;i: :: :i': T : T : T
analyzed in [17]. According to this method, actased reactive B e
power control can be achieved by controlling dirextd o8 o= * e ey 1= 1 1s
quadrature current components, respectively. DCageltis set
by controlling active power (Fig.16). The advantgef this Figure 17: Capacitor voltages of DC-link
method are constant switching frequency, low THDimgut
current, fast dynamic and unity power factor. ::: [ ) H P | L ik
F | I i i

so0o e —— — 4 —— — — + —— — —— e 4 — — — — - —— —

B. Control of the three-phase inverter

Elalulal

f=taTulal

With applying the transformation method from thpeases 2000

system abc to rotating frame dq and using the bidielgram 1000 [Emrem e e

shown in Fig. 16 we can control three-phase loadeoti and o

therefore this algorithm can be easily implementedcontrol o= o o= e 1= 1
induction motors using vector control and direaqtee control.

The gate signal for mid switch is logic value geted by the Figure 18: Active and reactive power extracted fignd and
logical XOR value of the gate signals for upper doder active and reactive power delivered to load
switches.

Grid votage

VI.SIMULATION RESULT

To verify the performance of the proposed six-swittree phase
to three-phase AC/AC converter, several simulatioststere
performed by simulink ®software .The simulationgraeters are
listed in Tables 4. Because the input grid frequescgifferent
from the output frequency variabfeequency operation mode is
selected. Furthermore, the modulation space isllgqdaided
between therectifier and inverter sides and hencfset and

offsef are set to 0.5 and -0.5, respectively and the D& lin Figure 19: Grid voltage and extracted current ftbengrid
coefficients are set t@=1/4, b=1/2 andc=1/4. The proposed
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B. System operation under grid voltage sag

e
o

To verify dynamics of the proposed system, the valae of the
grid line to line voltage has been varied from\386 270V in
t=0.8 sec. The previous simulation was repeatedemurgtid
voltage sag operation. Fig. 23 shows DC link voltadech is
almost constant. As seen in Fig. 24, the grid geltaag has not
affected the delivered power to the load Moreoteg, reactive
power is a gain compensated. To compensate forsaigged
input voltage, the magnitude of input current hageased (Fig.

—y
(=]

[

Grd Currants (&)
n o
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| | | | 25).The load currents which have remained intaspitie the grid
2005 0'51 0:52 0'53 0:54 i voltage sag is shown in Fig. 26.
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Figure 25: Grid voltage and extracted current from grid under

Figure 21: Rectifier line voltage and inverter lwadtage (\sa) grid voltage sag
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VIl. CONCLUSION

In this thesis paper, a three-phase to three-pHsGHAC
converter with six active switches was proposetatt the lowest
number of active switches among three-phase toe tiptease
AC/AC converters. The proposed converter topology was
introduced and itsnodulation scheme was developed. Due to
minimize the voltage ripple of the DC link the arsgyof sizing

of the DC link capacitors is performed and capacgiaes are
chosen It also led to the possibility of makindaabe reduction

in the size of DC link capacitors. Compared to thevemtional
reduced switch count AC/AC converter which uses 8vact
devices, the number of switches in the proposedrarter is
reduced by 25%. The number of switches and henoee dr
circuits is reduced.

Despite higher voltage stress, manufacture cosstitn
Become lower especially in low voltage designs.
High reliability

Unity input power factor

Less size and weight

Y VYVYVYVY
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