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[ Abstract] A simulation system used in the arc welding short-circuit transfer process and current waveform control pro-

cess was developed in this paper. The simulation results are basically consistent with welding technical experiments. The

simulation system can be used to simulate and test the current waveform control parameters with welding variables. By

this simulation system, the influence regularities of the current waveform control parameters in the CO; arc welding

droplet short-circuit transfer process can be got. Moreover, the basic mode of reattime current waveform control can be
P p g s

also established by the simulation testing.
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1 INTRODUCTION

CO; shielded arc welding is one of the welding
technologies with higher efficiency, lower energy
consumption, less hydrogen content and high antrox-
idation ability. The short-circuit transfer is a main
form in CO; arc welding process, but it has too much
spattering, and unsatisfying weliding formation
which restrain its further application.

The current waveform control is an effective
method for decreasing spattering. But different wave-
form control models and different waveform control
parameters have great effects on spattering. Through
a lot of welding experiments, optimum waveform
control parameters and better control effect on de-
creasing spattering were got' '~ °. In order to develop
and test some new type waveform controllers, new
simulation system should be used to investigate the
droplet transfer process of arc welding. At present,
the theoretical analysis or technical experiments are
still basic research methods of the CO, arc welding
process. Some modern simulation algorithms and
techniques can be used to study and analyze the arc

[7~

welding process!” 1% A digital simulation mode for a

system consisted of inverter and nonlinear load is de-
veloped with MATLAB simulation software. The
simulation mode directly indicates the features of the
system by means of visual modeling graph. Waveform
of main state variables in dynamic process of CO; arc
welding is given by the simulation' '

Up to now, only few studies have been concen-
trated on the simulation of the current waveform con-
trol process and its arc welding short-circuit transfer
process. Thus, in the present paper, the influence
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regularities of welding parameters and current wave
form control parameters are studied by the simulation
(12~ 141 Tis ob-
jective is to show the action instant and the parame

of arc welding droplet transfer process

ters values of waveform control. Moreover, the basic
mode of realtime current waveform control of droplet
short-circuit transfer process can be also established
by the simulation.

2 MAIN CIRCUIT OF WAVEFORM CONTROL
AND ARC WELDING POWER SOURCE

Fig. 1 is a oneknob self-optimizing microcom-
puter control system and current waveform controller
of CO; welding machine! '*!.

The main purpose of the waveform control is to
improve the welding performance, reduce spattering
and adjust the dynamica characteristics of CO2 weld-
ing process through the real time control of the cur
rent waveform. As shown in Fig. 1, a new style cur
rent waveform controller is developed. The controller
is composed of two sets of waveform generator, one
of which is used for the reaFtime control of the cur
rent waveform during the short-circuit, and the other
is used for the reaktime control of the current wave
form in the short-circuit rear-time and arc beginning
instant. The controller is parallel connection to arc
and works discontinuously, which makes its loading
time shorter. Meanwhile, the width, the length, and
the time of current wave chopping can be adjusted. In
order to get an ideal control pattern of current wave
form and its parameters, the simulation technique is a
cheap method.

Fig. 2 is a simplified circuit of multiple - form
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Fig.1 Microcomputer control system and current waveform controller of CO2 welding machine
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Fig. 2 Schematic of simplified waveform control
circuit and arc welding power

waveform control system and CO; arc welding power
source' ' "' IGBT (isolated gate bipolar transistor)
and its series resistance R play a divided-flow action,
and have a multiple relation to arc welding power
source. Arc welding process can be analyzed by
studying the instant action process of IGBT. As
shown in Fig. 2, the current waveform control circuit
of the system is equal to a divided-flow controller.

The work principle of the system is as follows.
IGBT usually is located at a turn-off state. It will be
turned on in an instant controlled by microcomputer
only when the negative current pulse is generated.
Thus the energy consumption of IGBT in the wave
form controller will be lower, and the generated heat
by the device will also be lower. It will profit to pro-
tect IGBT.

In Fig. 2, I is the output current of arc welding
power source, u is the voltage between arc and elec

tric cable, [ is the current flowing through IGBT,
I, is the current of arc, L is the inductance of reac
tor, L, is the inductance of electric cable, Ry is the
internal resistance of power source, R is the resis
tance of arc and electric cable, R is the adjustable se-
ries resistance containing IGBT internal resistance,
which can be used to control the current flowed
through IGBT or the depth of waveform control. In
order to avoid the over current burn out of IGBT, R,
should be greater than 0. 05 Q.

3 PHYSICAL MODEL OF ARC WELDING
DROPLET TRANSFER PROCESS

Fig. 3 is a physical model for simulating the arc
welding droplet transfer process and waveform con-
trolling.

4 MATHEMATICAL MODEL OF ARC WELD-
ING DROPLET TRANSFER PROCESS

Based on the principle shown in Figs. 1~ 3, the
mathematical model for simulating the arc welding
droplet transfer process and waveform controlling can
be got.

When IGBT is put through, the following for-
mulas can be got:

d/
LQEZ"F IR»= I1R1= u
[1+ [2: 1 (1)

U = [R()+ ng-f-’- u
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Fig. 3 Physical model of arc welding droplet transfer process and waveform control

By derivation, we can get:

L1L2 d2[2 ROL2+ R1L1+ R2L1
U: 2+ +
Ry d: R
d/ R
L ‘4 | Rav R(Ri+ Ro)| 1 (2)

When waveform control is generated, the volt-
age and total current can be Tot:

B _RiR; dz
U= I Ro+ Ri+ R2+L1dl (3)
U
I = +
RiR;
R()+ R2+ R
1
/ U
20 —
RiR;| -
R()+ R2+
R
RiR,
exp Ro+ R+ R (4)
- t
L

When waveform control is terminated, the volt-
age and total current are

dr

U= [(R()+ R2)+ let (5)
U ’ U R

I = R (12— R)exp(— th)
_ _IL+ ([/ 3 _(L)ex (- 'B't)

Ro+ Rz 20 Ro+ Rz =R L
(6)
where
/ 1/
Iy =

R.R, * (120~

RO+ R1+ RQ

RR,
R()+
U Ri+ R»
) exp( t) (7)
R+ RiR, L
0
R1+ Rz

S RESULTS AND ANALYSES OF SIMULATION

Based on the simulation, Fig. 4 shows the results
of arc voltage and current in the arc welding droplet
transfer process and waveform controlling.
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Fig.4 Simulation results of arc voltage and
current in arc welding droplet transfer process
and waveform controlling

As shown in Fig. 4, the influence regularities of
current waveform control parameters in the CO, arc
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welding droplet transfer process is given. The simula-
tion results conform with welding experiment. [ REFERENCES]

When waveform control is generated, the arc
current is less than that when waveform control is not
generated, and is also less than the total current of
the power source.

When circuit parameters are invariable, the vart
able arc resistance R, will influence the total current
and the divided-flow action of the waveform con-
troller. Thus, the effect of waveform control is dif-
ferent.

When the waveform control width is identical,
the level of the waveform control is referable to the
waieform control location ¢, the current average vak

ue I, and the series resistance of the waveform con-
troller R;. It is in direct ratio to tg, but in inverse
ratio to the resistance R .

According to the results of simulation and weld-
ing experiment, the recommendation values of the
current waveform control parameters can be obtained,
and the influence regularities of waveform control pa-
rameters on the CO; arc welding droplet short-circuit
transfer can be got also. Moreover, according to these
results, the basic mode of reaktime current waveform
control can be also established by the simulation.
That is, the action time or position of waveform con-
trol, the width Az and the height Al of the current
negative pulse can be determined according to the
welding variables.

6 CONCLUSIONS

1) The simulation system used in the arc weld-
ing short-circuit transfer process and current wave
form control process is developed and the simulation
results are basically consistent with welding experi
ments.

2) The simulation results show that the simula-
tion system can be used to simulate and test the influ-
ence regularities of welding parameters and current
waveform control parameters in the arc welding
droplet transfer process, and can be spread to other
welding process.
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