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In GMAW, process irregularities often result in weld defects and have, thus, negative effect on the weld
quality. Currently, the online detection of these irregularities in industrial production is mainly based on
the analysis of current path and voltage time curves. Arc length control, which, for example, is used in
modern welding machines, evaluats the relative changes of electric process parameters (welding current
and voltage) for detection of variations of the arc length. Superimposing interferences are, however,
complicating the unambiguous acquisition of arc length via electric parameters. Within the scope of research
project, which has been carried out in the Welding and Joining Institute, this problem has been solved by
establishing the unambiguous link between length of the arc and acoustic distortion parameters, which are
the result of using an arc as a sound converter. For the detection of process irregularities, defined modulation
of welding current has been carried out, the changes of which during welding have been acquired and
analysed. Similar as in real audio loudspeaker, distortions during reproduction are developing, which are
acquired by a directional microphone and subsequently evaluated. The parameters THD (Total Harmony
Distortion) and SINAD (Signal-to-Interference Ratio including Noise and Distortion) have turned out to
be the most reliable electro-acoustic parameters. Changes of arc geometry exert unambiguous and repro-
ducible effects on these parameters. Vice versa, it is proceeded from the assumption that, in the case of
persistence of parameters within a certain corridor, the arc has not been deformed. For the acquisition of
arc length, the modulation of arc and acoustic acquisition and evaluation offer thus an unambiguous
alternative and/or completion to the method, which has been used so far and is based on the electric
parameters. The measuring set-up and test results of this novel measuring method will be specified in detail
in this paper. 10 Ref., 6 Figures.
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In GMAW, process irregularities often result in
weld defects and have negative impact on the
weld quality. The online detection of these ir-
regularities in industrial production is, nowa-
days, mainly based on the analysis of current
path and voltage time curves. Arc length control,
which is used in modern welding equipment,
evaluates, for example, the relative changes of
electric process parameters (welding current and
voltage) with regard to a target value for the
acquisition of arc length variations. Superimpos-
ing disturbances impair, however, the unambi-
guous acquisition of the arc length via the electric
parameters. Functionality of the arc sensor sys-
tem is, moreover, based on the analysis of these
process parameters [1—4].

Since, however, the quality of welding result
is directly or indirectly dependent on temporal
behaviour of the arc, determination of the effec-
tive arc properties during GMAW is of utmost

importance [5, 6]. The weld geometry is, thus,
with high degree influenced by the type of ma-
terial transfer, heat input, arc pressure, which is
exerted on the molten pool, and flow conditions
in the molten pool, which are resulting thereof.
Moreover, type of material transfer and resulting
droplet properties, as well as burn-off of alloying
elements from the droplet, is determined by
plasma-physical conditions in the anode region of
wire electrode, plasma column temperature and
plasma composition and/or by the distance cov-
ered within the arc column. Welding defects such
as undercuts, lack of sidewall fusion and lack of
inter-run fusion are, moreover, caused by unfavour-
able arc attachment on the workpiece [7].

The model approach which has been used so
far, i.e. the assumed proportionality of one-di-
mensional geometrical arc length to arc voltage,
is insufficient, as depicted in Figure 1. At almost
the same arc length a strongly different voltage
is setting. In the present case, the 4 % reduction
of the one-dimensional geometrical arc length is
accompanied by 6 % increase of the voltage, that
is clearly contrary to the currently applied model
idea of proportionality of voltage and length of© U. REISGEN and J. de VRIES, 2013
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the arc. Against this background it is essential
to add another fundamental process parameter,
which is capable to provide further information
on length and shaping of the arc.

Acoustic measurements of the arc. Ever since
the «singing arc lamp» has been discovered at
the Erlangen University in 1897 it has been docu-
mented that the arc is, basically, usable as a
loudspeaker. It is capable to transmit frequencies
within the range of 16 Hz up to range, which is
no longer audible for human beings. This is ba-
sically possible in a very high quality, that is
proven by the fact that in very pricy audio loud-
speakers, which are on the market, the arc is used
as sound converter for the tweeter range [8].

Applied to the welding technique it is, there-
fore, obvious to couple low-frequency audiosig-
nals into welding power source and to evaluate
the resulting sound signals. It was, therefore,
required to test the hypothesis whether the geo-

metrical shape of the arc exerts direct influence
on acoustic parameters, which are capable to
quantify the «transmitter system welding proc-
ess». It stands to reason that, here in particularly,
the acoustic parameters are to be considered,
specified the non-linear distortion of the signal,
to which the signal is subjected on the path from
sound generation to the arc.

Figure 2 shows overall electric system, which
consists of contact tube, wire, arc and workpiece.
It is obvious that each subsidiary system exerts
great influence on the electric behaviour. Analy-
sis of the individual influences on resulting elec-
tric temporal behaviour is extremely complex.
However, proceeding from the assumption that
evaporation processes at anode, cathode and
droplet, and also that the developing plasma and
shielding gas flow dynamics do not cause notice-
able acoustic emissions, it is only the arc system,
which can be assumed to be a sound transducing
subsidiary system.

In preliminary tests with TIG welding equip-
ment, the proof has been delivered that the weld-
ing machine is, basically, capable to clearly re-
produce coupled test sounds despite clearly audi-
ble process noise. Figure 3 shows spectrum of
triad of three equally loud sounds of the 2, 5 and
7 kHz frequencies which have been modulated
on an inverter power source. Besides the process
and background noise, the low-pass behaviour of
used transmission system is clearly recognizable.

In preliminary tests, the THD (Total Har-
mony Distortion) and SINAD (Signal-to-Inter-
ference Ratio including Noise and Distortion)
parameters have proven to be the most reliable
electroacoustic parameters. Herewith, changes of
the arc geometry had unambiguous and repro-
ducible effects.

THD parameter is supposed to be an impor-
tant quality criterion in the generation and trans-
mission of signals. Just as every quadripole,

Figure 1. Non-proportionality of geometrical arc length and
welding voltage

Figure 2. Operative path of arc welding process with ide-
alised potential curves

Figure 3. Spectrum of triad coupled into inverter power
source
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which is made of non-linear components, welding
process also represents a non-linear system. If a
sinusoidal signal is applied to the non-ideal char-
acteristics of the process, inevitably harmonics
are developing, which are found at the integral
multiple frequencies of the base frequency (har-
monic). The THD quantifies the frequency com-
ponents of this harmonic, which is, as the rule,
unwanted. For the calculation, a relation is es-
tablished between the sum of effective value of
harmonics and the sum of effective values of fun-
damental wave plus harmonics:
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The THD is dimensionless, and is expressed
alternatively in % or, logarithmical, in dB [9].

SINAD parameter is the ratio of root-mean-
square signal amplitude to mean value of the
root-sum-square of all other spectral components,
including harmonics, but excluding DC-parts of
the signal. SINAD is the good indication of the
overall dynamic performance of system because
it includes all components, which make up noise
and distortion. Assuming signal S, noise N and
distortion D are measured with the same input
signal amplitude and frequency, SINAD is cal-
culated as follows and is expressed in dB [10]:
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In-situ-measurement during welding. For the
test set-up, welding power source Cloos
Quinto II with wire feeder has been used. Since
welding power sources are switched, the external
supply of sinusoidal signal is impeded consider-
ably. In order to circumvent this problem in the
test set-up, welding current supply signal of the
Quinto II has been tapped and coupled with a
function generator via an summer circuit. The
resulting mixed signal is, subsequently, ampli-
fied with longitudinally controlled transistor
power source ELMA 800, which is, in this case,
used as fast and inverter-ripple free power section
and supplied to the welding process (Figure 4).

Deposition tests using the spray arc with the
contact—tube—distance of 18 mm have been car-
ried out. Shielding gas of M21 class in accordance
with DIN EN ISO 14175 with 18 % CO2 was
used.

After short settling time, quasi-stationary
welding process was set. Now, sinusoidal signal,
which has been generated by the function gener-
ator, was coupled into the process. The sound,
which, thereupon, emitted by the spray arc, was
acquired via directional microphone with a distance
of 1 m, digitalised and analysed online with PC.

The tests had, in the first step, been carried
out in the audible range in order to guarantee
the immediate acoustic control of coupled sig-

Figure 4. Test set-up of welding equipment
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nals. Tests made with frequency analysers
showed, however, clearly that measurements also
in the range, which is no longer perceivable for
human beings (18—20 kHz) will be possible in
the future.

Since length and shape of the arc column are
in direct connection with the wire feed rate and

welding voltage, a series of measurements with
variations of voltage in the range 20—40 V have
been carried out in order to achieve different
geometrical shapes of the arc column at the con-
stant wire feed rate.

Results. The variation of welding voltage has
immediate effects on the arc, namely with in-
creasing voltage the arc length is also increasing
and extends thus the surface, that is effective for
sound generation.

The tests have established that the SINAD
and THD parameters are decreasing with longer
arc length. Figure 5, a shows, by way of example,
chronological sequence of SINAD depending on
welding voltage. Here, wire feed rate had been
constantly 10 m/min, welding current was
modulated with the 12 kHz sinusoidal signal.
Figure 5, b depicts chronological sequence of
THD at various welding voltage and constant
wire feed rate of 10 m/min. The frequency of
the coupled sinusoidal signal was also within the
range of 12 kHz.

Figure 6 shows variation of the arc length via
the change of wire feed rate. Welding voltage
was constantly 30 V, coupled sinusoidal oscilla-
tion had the frequency of 12 kHz. In line with
the Figures above, here also the trend of decreas-
ing distortion parameters (THD and SINAD)
with increasing arc length is observed.

Summary and perspectives. The use of arc as
a sound converter and the measurement of weld-
ing process distortion parameters, became useful

Figure 7. THD and SINAD versus wire feed rate

Figure 5. Chronological sequence of SINAD (a) and THD
at welding voltage of 26, 29 and 32 V
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addition to existing characterisation of arc with
regard to the arc length, which is based on analy-
ses of the transient current and voltage signal.
The most reliable parameters have proven to be
the THD and SINAD, and changes of the arc
geometry take unambiguous and reproducible ef-
fects.

In-situ measurement of the process with com-
paratively low technical expenditure is possible.
Just the coupling of external signals is problem-
atic in welding power sources due to their low
inverter pulse frequency. The next generation of
welding power sources will, however, be most
likely equipped with increased inverter pulse fre-
quencies since this is required for adhering to the
Nyquist Shannon sampling theorem. 

The tests have been carried out in the form
of metal deposition using the spray arc. Further
tests are planned with the inclusion of all other
welding processes in order to verify the relevancy
to practice and the robustness of method.
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