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ABSTRACT

Diode rectifier has been widely used as the
preregulator of inverter arc welding
machine(IAW). As it is linked to power utility, a
disorder of other instruments can be burst out.
The adoption of voltage source PWM converters
can be considered, and which must catch the
compromise of between performance and cost.
So, in this paper voltage source PWM converiers
which have single(ie. SMR) and six(ie. PWM
converter) control swiich respectively, are
analyzed and evaluated through digital simulation
and experiment. In addition the improved input
characteristics of JAW are shown and compared
to those of conventional one.

1. Introduction

An TAW consists of preregulator part, inverter
part , transformer and postregulator. Because
conventional Inverter welding machine uses diode
rectifier as preregulator and then Joad varies
remarkably, it results in low power factor and
unstale  inverter Among  many
problems, low-order harmonics and oulput
voltage tipple must be considered deliberately
because these problems detericrate utility quality
and total system performance. As
countermeasure, the control techniques optimizing

utility condition and improving dynamic response
i-61

operation.

can be cansidered™™®, So, it is proper to apply a
voltage fed PWM converter with single and six
control  switch respectively, A tradeoff is
established hetween cost and performance. In
this paper IAW adopting single or six switch
PWM converter is reviewed in terms of power
factor. Additionally the comparison of two kinds
of TAW have been reported for si'ze, welght and

cost.
2. Load Characteristics

The drooping characteristic is dominant over the
arc-Ipad. The optimal relaiion of arc voltage and
arc currenl is ohtained from Eg. (1). The effect
according to welding conditions is depicted in
Fig.(2). Though the variations of arc condition,

the slope of arc-power 15 constant
apoproximately.
df 1 '
F— — —_
V=1,+ml = V= m (1)

where
V : arc voltage [ arc current
Vo © initial value of arc voltage

m . optimal slope

The arc power versus arc voltage is given by
following:

d
dV

(VD)= I+ V% —+Ly {2)

m

As the perlurbation of arc length has no relation
with welding heat, the Iline with drooping
characteristics is expressed as Eq. (3), When we
set a welding condition (7, V), the optimal

slope{m) is —J}i.
1

|3
71 (3}

i

V=1, —

As a result, the operating point that meets the
arc characteristics and the welding source has
constant slope as welding power increases. In
welding process, arc-regeneration Is repeated
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with 20(HzI(200A). To supply de-power safely, a
50% rated power must be considered as the load
variation {Fig.3)

welding <source claracterisl ies

are characleristing

optieal wlope of souren
welding condition {1),(3)

1

Fig. 2 Effect according to welding conditions
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Fig. 3 Instantanecus power variation of IAW.

3. Voltage Source PWM Converter

3.1 three phase SMR

3.1.1 operation

Like in Fig.4, a SMR constitutes input filter(Lf -
Cf), boost reactor, switch(Sb) and Dblocking
diode{Db ). Based upon the theory of DC-DC
beost converer, the SMR can obtain excellant
filtering  perfarmance  with  less  reactive
component by harmonic conversion from low
order to high order.

The operation is divided by On-Time state and
Of[-Time state. State equations on On-Time
state are given hy

iy gy g V=L %y

Veo=—L=y @t i

el

(b} control block diagram
Fig. 4 Proposed TAW(I).

Also, during Switch Off-Time, state equations
are expressed as Eq,(5) respectively,

L di,
Vo= V=1
Vio= Vi Voo L-200 ()
e e
Vo~ V.=—L T

Reflecting on  Eq.  (3){(4)(B), the variables
affecting power {actor are boost inductor and
voltage gain(M) under constant frequency and
load. Eg. (6}, and Fig.5 shows the boundary of
duty dependent on selected voltage gain{M).

T
[0 <ai¢ 6]

____ sin{wh VaTé
1= M- dsinlah 21T )

=y X
[6 =wtd 3

Msin( wf) + —?]" sin (2ot — % ) V,,T%,!

[V 8M—3sinlwt+ “23—7: M= smiwt+ —g— y] 2LTsw

Msin{ wf) + sin{Zwe+ % ) Vungg

e p— - -
[¥34+ 3 sin Cat-+ -2 1T~ st + Zyp T

)

X _ V, (dc link valtage)
where M= V3V (peak value of L—1L woltage) (9)
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Fig. % Input current of 3-phase 5MR

It is clear from Fig.5 that high value of M
vields Continuous Conduction Mode(CCM). On
the confrary low wvalue of M  yields
Conduction Mode {DCM).
Through input current analysized by numerical
method. one knows that higher value of M
causes the more sinusoidal waveform in Fig.6.

Discontinuous

dy = 1——111,_, (10}

where o * boundary duty of CCM and DCM

numercal
waractical

L .
o a1 ] CE]S ox o o6 o7

Fig. 6 Boundary condition of 3-phase SMR
3.1.2 voltage conircller

State eguation considering de link input-output
power is as follows,

dv, . . P. P,
at TRV, T,

c (1

where
P, dc link input power, P, dc link output power

Also, the linealized model of dc output port is as
follow.

PO
v
Pu_, S0 2
Pg=‘.:__

Fig, 7 Linearized dc side model

Because there is not a current controller in
SMR, just a voltage controller is designed with
PI controller.

. fy . :
Pz’;z: (km+T J( V:_ Vc) + T-ICED {12)

The transfer function of voltage controller is as
follows.

y Pekw , Pk
. c ¢ (13)

Vi 2, Pekw _ FPeku
S+Cs+c

where £k, propotional gain, #k; @ integral gain

3.2 three phase PWM converter

3.2.1 aperation

3Fhaze PWM Lonvert.

i S 8, A, -
| -

r@ & 1. % 2 e
| S ARl e

oy e |
L — Ty 1 caem
B N T €

\ ij:* EH 51 ; [}

Eq. (15}

.
——-y——-—)d

(b) cotrol block diagram
Fig. 8 Proposed IAW. (II)

A  PWM converter has a function of
bi—directional power {low. To balance power
supply, a voltage controller using PI or IP
controller produces current reference signal
voltage. Input power supplied from source can
be represented as the sum of lcad and system
loss.
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Table 3. Comparisons of volume, weights and costs of IAWs.

inductor capacitor controller power !tota[ volume | total weight cost
[em’l [om®] lem®] lem’l ¢ [eml [ka]
conventinal TAW 3067 196,34 500 7406 70000 50 low
IAW with SMR 5067 392,63 628 2410 75000 53 medium
IAW with PWMJ 5587 06.34 920 8310 77500 60 high
4. Simulation & Experiment
Pm:PL+ Pros (14)
4.1 simulation
where P,  input power
Table 1. Constants selecticonr for SMR.
P, . load
Pr.,  system loss source(rms) 220(V]
beest induclor & resistor 0.1[mH] , 0.1[&]
R 1 .
e - o -—— 0 ¢ s de capacitor 33000F]
|:P‘tqj|: L @ rqj|_,_ L J—vq _eq}
Pi5 e _% i 0 _% | v (15) reference de vollage 400{V]
vollage ceonlroller constant
where P: differential operator (C, W) 0707 -, 30

A input reference current given by the relation
of complex power can be expressed as

zlfie :—az_iﬂ Vrre _V;2 P (16)
[z’f] 3{V;+Vf)[1/f vy ][ Q]

il
iq

If Q iz set zero, g-axis current required from
source is obtained. This result shows the control
ol g-axis current leads to de-link voltage.

2P il
3y
0

(17

322 Pl controller in rotating cordinate

A Pl controller in rotating cordinate can be
designed as follows.

(28 =) — alif+ V7 (18)

V;'=_(K@+—m)(,:;'ﬁ el Ve (19)

Assuming source voltages are balanced, input
variables can be translated into dc wvalues.

Table 2. Constants gelection for PWM converter.

inpul vollage(rms) 2200V

mpul mductance &
31(mH] , 0.2[2]
resislance

sampling Lime B[kHz]
TI'T cala sample number 2048
de capacilpor 3300{2F]
de vollage 4000V
current, controller constants

Q707 , 600
(g w)
voltage conlroleer constants

0707, 30
( gy- Wy

A simulation is accomplished by PSIM(Power
Simulation) and ACSL(Advanced Continuous
Simulation Language)  which  have  rapid
calculation  speed  using  ideal and simplified
model, and that wverify thecretical approach.
Maximum power and load characteristics of
inverter arc welding machine are approximated

Input/Output  waveforms  and
spectrums by

as Fig3
harmonics simulation are
represented to  well it with theoretical
expression. The constants used at simulation are
like Table 1 and 2.
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{a) input waveform operating in DCM
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{b) input waveform filtered
Fig. 9 Input waveforms of proposed IAW{I)
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Fig. 10 Input waveforms of proposed IAW(II)

|

-
9

42 expernment

I __\a
N i sl B D Y
el L ™ il ‘\wqi
— | | ]
[ P
FatlLILY I i1
ArA_LJJ\ . ”_T,PijﬁALP_ATTTﬂ__L_LL“HT7TJ
/ "*‘1 hY N
I

BT M A

{b) FFT analysis of input current
Fig. 11 Input characteristics of conventional IAW
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(a) input voltage/current
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(b) FPFT analysis of input current
Fig. 12 Input characteristics of proposed IAW(I)
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(h) FFT analysis of input current
Fig. 13 Input characteristics of proposed IAW(II)




(b) power factor
- —
T mVolage ippie(cs) | —y ]

s . —

{c} votage ripple
Fig, 14 Compariscn cf input characteristics of
TAW

Operation  and performance of the proposed
IAWs  are illustrated by the following
experimental results. Fig.ll shows waveforms
obtained from the conventional YAW, Comparing
Fig.11, 12 and 13, it can be seen that low-order
harmonics are eminently reduced in a IAW with
the SMR or the PWM converter. The reduction
of low-order harmonics results in power factor
correction. Since the cost of JAW with the PWM
converter is higher than that of IAW with SMR,
it is reaspnable to consider a trade off between
cost and performance. The computational time of
the current control is 125us when the DSP
TMS320C31 is employved in PWM converter,
Output voltage is selected as 400V considering
the voltage rate of inverter and transformer. The
Table 3. shows the comparisons of volume,
weights and costs of JAWs. Also the
performance comparison of IAWs is shown in
Table 4.

Table 4, Comparison of experimental results

conventional|] TAW TAW ‘
1AW with SMR | with PWM

T.HD[%]) 9175 20 283

PF. 0.69 0.91 0.983

voltage ripple |

(%] 4,26 5.1 055
welding shart metal transfer

state {arc vollage: 23V, arc current’ 150A)

5. Conclusion

[AWs with vitage source PWM converters have
been described to evaluate thé enhanced input
characteristics in this paper. A comparison of
mnput performance between TAWs has  been
performed on the base of THD, PF, voltage
ripple volume, volume and cost. The results of
the experimental evaluation have shown that the
proposed IAWs can significantly reduce THD
and correct power factor, Voltage source PWM
converters are suitable for IAW, and that are
anticipated to enhance system performance even
though additional control switches. However in a
sence of dc ripple, a feedforward compensator
must be designed to enhance dynamics
characteristics. Research on the dynamics should
be the abject of future work.
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