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ABSTRACT - This paper describes for reducing
harmonic distortion in CO2 welding machine with
nonlinear load characteristic using single-switch three-
phase AC/DC  converter. The low-order harmonic
component amplitude of the phase current of single-switch
three-phase discontinuous mode is calculated,
Experimental results show that CO2 welding machine
with single-switch three-phase AC/DC converter is
effectively controlled with power factor correction for
phase current during welding time.

1. INTRODUCTION

Recently, because of the increasing of nonlinear loads
in the utility systems, the power quality has drawn many
attentions like as three-phase and single-phase system. The
low power factor and large harmonic phase currents
generated by unconirolled rectifiers are well-known
problems that can lead to voltage distortion, increase
losses in the utility systems[1]. Generally, inverter CO2
welding machine with nonlinear load characteristic has
diode rectifier for AC/DC conversion. Therefore phase
current with low-order harmonics which has a harmiful
effect on power distribution system and cause incorrect
operation on the other equipments.

To overcome the above problems, active current
waveshaping techniques have been developed to provide
nearly sinusoidal source current. Several simple topologies
that operate in discontinuous current mode(DCM) and
require only single-swilch have been studied to reduce the
converter cost and avoid the complcxity of full bridge
three-phase AC/DC converters. Due to its simplicity and
relatively good performance, the single-swilch three-phase
AC/DC converter is the most popular topology[2-3).

In this paper, power faclor correction(PFC) for CO2
welding machine with nonlinear load characteristic using
single-switch three-phase AC/DC converter is described.
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Expcrimental results show that CO2z welding machine
using single-switch three-phase AC/DC converter is
effectively controlled with reduced harmonic components
during welding time for phase current.

2. SYSTEM OPERATION ANALYSIS

The CO2 welding system with single-switch three-phase
AC/DC converter as shown in Fig. 1 are proposed to
reduce the low-order harmonic components about phase
current. The circuit can be divided into twa parts. The first
part is a pulse-width-modulated discontinuous current
mode single-switch three-phase AC/DC converter which is
composed of filter inductor Lf, filter capacitor Cr, boost
inductor L, switching device S, rectifier diode, output
capacitor. The second part is half-bridge inverter including
transformer secondary side, which is composed of full
bridge rectifier, filter inductor.

Fig. 1. The CO2 welding machine system with single-
phase three-phase AC/DC converter

Principle of AC/DC converter operation

The power circuit configuration of single-switch three-
phase AC/DC converter is shown in Fig. 2. The principlc
can be easily understood by assuming that the switch § is
operated at conslant frequency £, and with a fixed duty

ratio 4 . Since disconlinuous current mode operation is

assumed, all three phase currents are zero at the beginning
of a switching period and change linearly at a rate
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proportional to the corresponding phase voltage when §
is turned on.
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Fig. 2. The single-switch three-phase AC/DC converter

Therefore, each phase current rcaches a peak value
proportional to its phase voltage at the time when § is
turned off, then falls down due to the fact that the output
voltage v,  is higher than the amplitude of phase
voltage 6 v, . v, being the rms phase voltage. All phase
currents return to zero before the cnd of the switching
cycle [3-4].

Phase Current Harmonics
Using the local model, low-frequency
harmonics of the phase current can be determined[4-6].

average

Vic
M= o ey
The total harmonic distortien(THD) of phase current
decreases with increasing a7 . For THD to be lower than
10%, M must be larger than 1.7. For m =5, we have
approximately purcly sinusoidal current
Vv, Dbeing relatively high compared to 6V, the
demagnetization of boost inductor 1 will need only a
minor part of the switching cycle. For pm <1.25, high
amplitudes of the low frequency harmonics of phasc

currenl occur.

Supposc that each phase voltage is as follows :

shape. Due to

v, = «/_Z-Vﬂ cos wt (2)
v, = \EV" cos( @t — 27 [/ 3) (3)
v, = a/2—V" cos( wt - 4 [3) 4)

The normalized phase currcents as averaged over each
switching cycle are calculated to be [3].

2
d ﬁn[M cos wi + sin( 2wt -~ /3)] (5)
ng [M +~3sin(t—7/6)| M - cos( wt-7/6)]

i (1) =

2
i (wt) = 47 Jamm cos( 27 /3 - wt) (6)
a n M+‘\/3_Sill(a)t—7r/6)
@t} - d 2 21 M cos( et + -25’”-) - %-sin( 20t ~ 7 {3)] (7

“ng M +sin(@r -7/ )M —cos( @t -7 /6)]

where n, = f,/ f; is the ratio of switching frequency to
the line frequency.

Referring to (5)-(7), since each phase current is
proportional to 4? and the 5th, 7th, .., (6ixl)th
harmonics, it can be expanded using Fourier series as

i,(wt) = —i—_alcos Wt + E Ei—_am:I cos( 6i = Vet (®)
5 R,

where a, and g, are constants that depend on M only.

By the Eq. (8), It contains several side-band harmonics
besides the fundamental modulation.

The operation principle of half-bridge inverter
including welding load

3

Fig. 3. The half-bridge inverter including welding load

The half-bridge inverter including welding load is shown
in Fig. 3. In the half-bridge inverter, as compared with
full-bridge inverter, the number of switches is reduced to
two by dividing the dc source voltage into two parts with
capacitors. Each capacilor has voltage Vuo/2 across it.
When 857 is closed, the transformer primary vollage is
+Viae/2 - Ve, When $2 is closed, the transformer primary
voltage is —Vae/2 - Ve. Thus, a square-wave is produced in
the transformer primary side. The voltage across an open
switch is twice the transformer primary voltage. As with
the full-bridge inverter, dead time for the swilches is
required to prevent a short circuit across the source, and
anti-parallel diodes are required to provide continuity of
current for inductive loads. Also, To avoid the DC current
bias, the small DC blocking capacitor is placed in series in
the primary. When looking into the operation of the half-
bridge inverter including transformer secondary side
during welding time , its operation can be devided into
four modes as shown in Fig. 4.
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(d ) Mode 4( Swilch Sz Turn Off, S2 Turn OfI )

Fig. 4. The operation of half-inverter including welding load

3. EXPERIMENTAL RESULTS

The total CO2 welding system with single-switch three-
phase AC/DC converter including control part as shown in
Fig. 5 has been implemented to reduce the low-order
harmonic components about phase current.

Control part can bc divided into two, which arc
composed of DC link output control of AC/DC converter
and welding current control during welding time.

The system parameters are as follows:

* Rated output power: 30 kW

* Rated input vollage: 3¢ 220V
* Boost inductor: 40 uH

» Filter inductor: 100 uH

* Blocking capacitor: 40 uF

* Switching frequency :10 kHz

Decision of boost inductor value

The RMS cutrent value of boost inductor is determined
by rated output power, rated input voltage. Therefore, the
peak current of boost inductor is two times the value of
RMS current for duty ratio 50%.

. - PU
Lok = T 02 ©)

where, ipe « 18 peak value of input current, p  is rated
output power and v,_, is rated line to line of input voltage.
Therefore, boost inductor value can be designed as follow;
dr_, (10)

dl v i, peak

L =

where, g is maximum on-lime of switching cycle, g; is
peak value of input current for on-~time and Vi peak 18 peak

value of input voltage.

To avoid the DC current bias, the DC blocking capacitor
is placed in scries in the primary. Selection of the
magnitude of the capacitor is done as follows;

C o = i, 04T (11)
dv

where, ipﬁ is the peak equivalent flat-topped primary

current pulse of transformer, 7 is switching cycle and
dv is permissible drop value for on-time.
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Fig. 5. The total CO2 welding machine system

The performance of the system is compared with that of
conventional diode rectifier only and PFC using single-
switch three-phase AC/DC converter. Fig.6 shows welding
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current and phase current about conventional method,
when welding conditions arc wélding wire 1.2¢,
welding reference current 180A, welding voltage 30V,
respectively. The welding current waveform show during
short circiit in load side and phase current is flowed with
large low-order harmonic componenis. Fig. 7 shows FFT
analysis of phase current about Fig. 6. By viewpoint of
Fig. 7, it contains low-order harmonic components in
phasc current. Fig. 8 shows welding current and welding
voltage during short circuil. As shown in Fig. 8, when it is
shorted between pieces and torch, it is increasing in
welding current and welding_voltagc is dropped at the
same time. - -

Fig. 9 shows phase current about single-switch three-
phase AC/DC converter when converter dc vollage is
controlled with 600V in resistive load(10kW). As shown
in it, phase current and voltage of system are in phase.
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Fig. 6. Output current and phase current wavcforms
during welding time.(300A/div :upper, 20A/div :lower)
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Fig. 7. Phase current FFT analysis aboul Fig. 6.
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Fig. 8. Welding cufrént-& voltage during welding time.
(300A/div :upper, 5V/div :lower)

,ﬂ:Enes_(H])—

e -

L W e BN
/ LN /.

. T R -

~ M\Lﬁ A
“\\m’_,l___ \'\\J/ ra

Fig. 9. Phase voltage, and phase current waveforms about
single-switch three-phase AC/DC converter in resislive
load. (100V/div :upper, 20A/div :lower)
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Fig. 10. Phase current FFT analysis about Fig. 9.

Fig. 10 shows FFT analysis of phase current about Fig. 9.
Compared with Fig. 7 and Fig. 10, low-order harmonic
components arc reduced by using single-switch three-
phase AC/DC converter. Fig. 11 show phase voltage and
phase current wavelorms about single-switch three-phase
AC/DC converler when welding conditions are welding
wire 1.2¢, welding reference current 100A, welding 20V,
respectively. Fig. 12 show phase current FFT analysis
about Fig. 11. As shown in Fig. 11 and Fig. 12, phase
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voltage and phase current are in phase, Also, low-order
harmonic components are reduced in phase current. Fig.
13 shows experimental systeni for power factor correction
of CO2 welding machine using single-switch three-phasc
AC/DC converter.
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Fig. 11. Phase voltage, and phase current waveforms
aboul single-switch three-phase AC/DC converter during
welding time.(70V/div :upper, 20A/div :lower)
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Fig. 12. Phase current FFT analysis about Fig. 11.
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Fig. 13. Experimental
machine with single-switch three-phase AC/DC converter.

system for PFC of COo2 we]dig

4. CONCLUSIONS

“1'o reduce low-ordér harmoni¢ cornponents in phase
current, the CO2 welding machine with nonlinear load
characteristic using single-switch three-phase AC/DC
converter is presented in this paper.

The low frequency harmonic components amplitude of
the phase_current of single-switch three-phase discontinue
maoade is calculated.

Experimental results show that AC/DC converter with
single-switch  three-phase rectifiers is  effectively
controlled with low-order harmonic components in phase
current,
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