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ABSTRACT

Harmonics are the by-products of modern electrod®gces so it is necessary to mitigate the harosoni
and offer techniques to mitigation of harmonicsslgreatly hampered by a three phase rectified asea
front-end ac-to-dc converter in many systems. Higkwer factor is achieved by injecting high-frequenc
currents into the three-phase rectifier. This stpthsents the high power factor operation of theveder
with reduced total harmonic distortion up to 47.06%he power quality up gradation is due to high-
frequency current injection, at the input of thentrend rectifier. Sinusoidal PWM technique is u$ed
controlling the output voltage. DSP is used foregating the desired gate pulses. The convertehigds
efficiency, low EMI emissions, high power packingngdity and suitable for UPS system.

Keywords: High-Frequency-Current-Injection, High-Power-FagctorSoft-Transition, Power-Factor-
Correction Circuit

1. INTRODUCTION Common Coupling (PCC) and also cause excessivigeat
in the system (Suryawanshdét al., 2012). Therefore
Most electronic equipment does not draw their aurre regulations on line current harmonics have madeepow
from the supply as a smooth Sinusoidal waveform.factor control, a basic requirement for power etadt
Electronic loads use diodes, Silicon Controlled tRec equipments (Lai and Key, 2000). Several active paaee
(SCR’s), power transistors and other electroni¢cheis to  to- dc converters are presented in (Prasaal., 1989;
either chop the supplies sinusoidal waveform totrebn  Qiu et al., 2002; Huang and Lee, 1996). High-frequency
power, or to convert 50 Hz AC to DC. They tend tavd current injection methods for power-factor control
current only at the plus and minus peaks of the IBince  Resonant converters are presented in (Maswood and L
the current waveform is not sinusoidal the curigsid to ~ 2006; Hamdad and Bhat, 2004; Belaguli and Bhat9199
contain “Harmonics”. The Uninterruptible Power Sliggp  Cross and Forsyth, 2003). Several soft switching
(UPSs) have been extensively used for criticaldmadth as  converters are presented in (Belkral., 1998; Divan,
computers used for controlling important processeme  1986; Vlatkovicet al., 1993; Tomasin, 1995; Lét al.,
medical equipment. The conventional UPS draws haicno  2001). In this study, high power factor operatidrac-to-
currents (Shipp and Vilcheck, 1996). Due to its-lioear ac converter with Zero Voltage Transition (ZVT) afeto
load, nonsinusoidal current is drawn from the tytiknd Current Transition (ZCT) is presented. The ZCT oedu
harmonics are injected into the utility lines thetadl the switching losses in the system. Here its ojmeras
Harmonic Distortion (THD) factor increases to 70% accomplished by taking away the primary device emnirr
(Chaudhary and Suryawanshi, 2006). Non Linear Leagls  prior to the switching transitions, by the resoneintuit.
the primary harmonic contributors. The harmoniasseahe = The proposed ac-to-ac converter and general block
malfunction of the equipments connected to the tPain  diagramis shown ifrig. 1 and 2.
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Fig. 1. Ac-ac converter
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Fig. 2. Block diagram of three phase rectifier with actieswork

It consists of three-phase input line bridge remtifD1- 2. PRINCIPLE OF OPERATION
D6) with Power Factor Correction (PFC) circuit, afh
bridge inverter with two primary switches (SS.,) and The PFC circuit consists of three phase inverter,

two secondary switches £SS,) and Lz-Cr resonant capacitors _Canq switched inductorstJ'he inverter is
circuit. The PFC consists of three-phase bridgeriey ~ Switched with high frequency. The High-FrequencyXH
(Si-S) with feed back capacitors §&C:s) and inductors ~ CUITent is injected at the input of three-phaselelibridge
(L#1-Lts). The Lsi-Lssis the source inductors. The diodes rectifier through capac.|torfCC:au_S|_ng quulatlon of Input
of the rectifier, primary and secondary switchedalf- voltage of the diode bridge rectifier. This for¢ke diodes

. . : of the three-phase bridge rectifier to turn-on &unh-off
bridge inverter operate at ZVT and ZCT. The switché o
: . e t th tching f th let I
three-phase inverter show ZVT, reducing switching at the switching frequency over the complete cutithe

) o ) input supply voltage. In a switching cycle, the unp
losses c0n5|der.ably. Digital Slgnal Prqcessor (DSP)current is the sum of average values of injectettotion
TMS320F2812 is used for gating the inverters. The gng in. Average value ofgy over a switching cycle is
sinusoidal PWM is used for the output voltage anintr  zero and peak value ofqi follows an envelope of the
Computer simulation is carried out for 3 kW, opgrat  input supply phase voltage. In each switching cyhls
at a switching frequency of 50 kHz. current is reset to zero. Therefore average vdlug @lso
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follows the envelope of input voltage. When nonehaf
diodes conducts then supply current flows through C

increasingg in positive direction and surplus current passes
through body diode of g and it can be turned on at If

Thus Ls operates in Continuous Conduction Mode Sy is gated at this moment then zero voltage swigchan

(CCM). Therefore the input current is always in gha
with the input supply phase voltageg,.vHence the
converter operates at high-power-factor. For CCM th
output voltage of the rectifier should be twice feak
value of input phase voltage (2).

3.ZV AND ZC TRANSITIONS

A zero Current Transition (ZCT) and Zero Voltage
Transition (ZVT) are accomplished by a circuit detisg
of a half-bridge inverter ($-S.», two secondary
switches and a resonant networlCr) (Li et al., 2001).
The basic concept is explained by a simplified uitrc
shown inFig. 3a and b (Gunwant and Suryawanshi, 2008),
the secondary switches {&,,) are switched alternately in
a definite patternTo assist the top primary switch,Sor
turn-off, an secondary switch,,.Sis turned on. The L-C
resonant circuit starts resonating and resonatimgeiat k
starts to build up and the current ip, Starts to decrease
and k reaches,l,q at . Thus the current in,3 falls to zero
and the body diode across,Sstarts to conduct surplus
current. The gate driver signal can be removetieatzéro
current condition without causing turn off loss.eTséame
concept is applicable for turn on transition aks.shown
in Fig. 3b, 1 44 initially flows through body diode of .
During turn on topological stage, the direction Sf is
equivalently changed. Prior to turning og,SS,; is turned
on for short duration. The currert starts to build up in
negative direction and reverses its direction jatThe
current through body diode of 8 decreases due to

S

m

15ml¢
(a) ==
T
Sal
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j %

be achieved. Moreoveg flows through body diode of,$

at this moment the secondary switgh¢an be turned off at
zero-current. The same principle is also applicableurn

on and turn off of &. Prior to turn on off &, secondary
switch S, is gated for short duration. The battery is chadrge
from dc link voltage. Digital sinusoidal PWM techoge is
used for output voltage wave shaping and magnitude
control. A small output filter is used to filter Hientent in

the output voltage.

4. SSIMULATION

In this simulation the prototype is designed witle t
following parameters:

Input: Three-phase, 400 V, 50 Hz

Output: Single-phase, 220 V, 50 Hz, 3kW
Inverter switching frequencyg £ 50 kHz, Source
Inductors, Is = 5mH, Feedback inductors Lf =256,
Feedback capacitors; € 2uF,

Split capacitors, C=C, = 1000uF,

Resonant componentsg E 20pH, CR = 10nF.

5.RESULTS

The computer simulation of proposed converter
(Fig. 4) is carried out and simulation waveforms are
shown inFig. 5-9.

The THD of supply current is found to be 47.06%
improved.

ZCT Primary Switch

.

5 L
ZCT Secondary Switch

t switch i

Fig. 3. Transition state of sm1 (a) turn on (b) turn off
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Fig. 4. Front end rectifier with current injection
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Fig. 5. Simulated wave forms: Current and voltage swijth S
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Fig. 6. Before current injection
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Fig. 8. Pulse pattern for turn on and turn off transitions
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with soft-switching transition and high power facis
proposed.
secondary switches are achieved thereby greatly
reducing the switching losses and EMI emissionge Th
switches have lower stresses and can be used with
high switching frequency. The proposed convertesr ha
many advantages such as high packing density, hig
efficiency and high power factor. Also better outpu
voltage control is obtained.
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6. CONCLUSION

A harmonics reduction operation in ac-ac converter

The soft-switching of primary and
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