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Abstract: In this study, a current drawn by a welter at initial, stable-state and finish modes
is examined using spectral analysis. The current shunt measurement method is utilized in
order to measure the current drawn by the welter. The study involves the examination of
welding stages of a material with the electrode of a welter. First, the current drawn by the
welter is measured in the initial mode of the welding process. Then the current value
during the stable-state mode of the welding process is measured. Finally, the current drawn
at the finishing mode of the welding process is measured. Fast Fourier Transform (FFT) of
all these measured current values are calculated and spectral analysis is performed using
these transforms. During the study, it is observed that current drawn by the welter during
these three modes of welding are different from each other. For each mode, frequency
domain analysis of the measured current is performed.
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1 Introduction

GMA (Gas Metal Arc) welding is widely used in many industrial applications for
metal joining. The GMA welding machine produces an electrical arc between a
metal electrode and the weld pool, with shielding from externally supplied gas,
which may be an inert, active or a mixture gas. The occurred arc and its heat melts
the metal surface and the metal electrode, then molten metal of the electrode is
transferred to the work where it becomes the deposited weld metal [1, 2, 3, 4, 5,
6].

All electric arc welding machines work similarly. They dissolve electrodes for
connection [8, 9, 10, 11]. In practice, there is a lot of work on the electric arc
welding machines [12, 13].

According to the application of power electronics technology, in the GMA
welding machine area, higher quality, less spatter generation and more automation
are required. These requirements can be met by using the high-frequency inverter
arc welding machine that are in this study.

Generally, the GMA Welding Machines widely used in the industrial area can be
classified into MIG (Metal Inert Gas), MAG (Metal Active Gas) and GMAW (Gas
Metal Arc Welding) welding machine types, according to the utilized shielding
gas which prevents oxidizing molten pool or globule. Especially among these
GMA welding machines, the CO, GMA welding machine is widely used because
the price of shielding gas utilized is less expensive. But it has a major
disadvantage: it generates more spatter during the welding procedure. The spatter
which is generated during welding procedure is the small article radiated to space,
nozzle and base metal. So additional work to remove this spatter is needed [14].
The machine with separate wire feeder used in this study is a professional type
water-cooled semi-automatic welding machine designed for heavy industry. It is
suitable for high quality welding seams for constructional low-carbon and
stainless steels, aluminum and their alloys.

It is important to determine the spectral properties of the current signals of welter
for current harmonic analysis, the optimization of welding process and time,
calculating of the electromagnetic field and the determination of radiation
distribution. In this study, the spectral properties of the current signals of welter
for each working mode are analyzed respectively.

One of the most effective ways is the current shunt measurement for monitoring,
acquiring and measuring applications of currents. It is also suitable for measuring
high currents such as the welter primer current.
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2 Current Measurement Method

There are basically three methods of monitoring current. Which of these three is
used will depend on a number of factors both intrinsic and extrinsic to the
application. These requirements may sometimes also be conflicting. Therefore, a
careful balancing of requirements to select the optimum method is required. These
three basic methods are resistive, optical and magnetic current measurement. The
optically isolated resistive method has a medium current range and high isolation,
but it has low accuracy and a medium-range cost. Magnetic measurement
methods, such as traditional or Hall Effect current transformer, have high current
range and medium accuracy, but their cost is very high. The resistive
measurement method has high current range and accuracy, and also its cost is very
low [15].

In this study, the resistive measurement method was chosen. The measurement of
the instantaneous primer current of the welter was carried out by a shunt current
measurement. In this method, the current to be measured passes into a resistor and
it leads to voltage of shunt resistor. This voltage is proportional to measurement
current. The shunt voltage is very low, so it must be amplified by an operational
amplifier. A sense resistor must be placed between load and source [16, 17, 18].

As a shunt resistor, the MP2060 (0.005 Q) power film resistor was preferred [11,
12, 13, 14] and the INA 146 difference amplifier (Burr-Brown Corporation) was
chosen as gain amplifier. The connection scheme of the shunt current
measurement method is shown Fig. 1 [18, 19, 20, 21].

The calculation of the output voltage of the INA 146 amplifier is given below [18,
19, 20, 21].

V. =1.R.[0.1(1+ Ry, /Ry,)] )

In this equation, V, represents the output voltage of the amplifier in V, |
represents the welding current in A, R, represents the shunt resistor value in Q,
Rs;and Ry, represent the gain adjustment resistor in Q. [0.1(1+R;, / Rg,)]

refers to the gain value of the amplifier. If R, is 100 Q and Ry, is 49.9 kQ, the

gain is 50 [6, 7, 10]. The relationship between the welding current and output
voltage is given below:
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Shunt current measurement [19]
Vv
[0]
4V, )

I — =
R.[0.1(1+Ry, /Ry,)]

If the output voltage is selected + 14.475 V (it is almost the maximum amplifier
output voltage), the maximum welding current value is calculated as +57.9 A.
This value is accepted as +1 pu for convenience and subsequent measured current
values are specified according to that value [18, 19].

3 Power Spectrum Density

A common approach for getting information about the frequency properties of a
random signal is to transform the signal into frequency domain using Discrete
Fourier Transform. For data with N-samples, the transformation at mAf frequency
is defined as the following equation [18, 22, 23, 24, 25, 26, 27].

N-1
X (MAf) =" x(kAt) > 3)
k=0

In this equation, Af and At represent frequency and resolution at the sampling
time, respectively. In this context, specific power spectral density of time series
X(t),” which is N-sample long, is given as Sxx(f) in Eq. 4.

2 f =mAf 4)

Sxx(f):ﬁ|X(mAf)
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The cross power spectral density approximation, which is defined between two
time series like x(t) and y(t), can be given in a similar way. The statistical
accuracy of the approximation given in Eq. 4 increases with the increasing number
of discrete data or increasing number of data block containing a sufficient amount
of data.

4 Data Acquisition Systems

For data acquisition, a shunt resistor was connected to the primer coil of the
welding machine. The output voltage of the amplifier was transmitted to the
computer at a sampling rate of 0.005 seconds via an Advantech 1716L
Multifunction PCI card, and data analysis was performed using MATLAB-
Simulink. This data acquisition system is shown in Fig. 2 [11, 12].

Current Measurement Welding System

Data Analysis System

System

]

" Data Acquisation
System

Figure 2

Data acquisition systems [18, 19]

The voltage values of the amplifier are saved separately for three different
operation modes of the welding machine. Respectively, these modes are the initial
mode, the stable-state mode, which corresponds to the moment reached after a
specified time has passed from the starting point, and the finishing mode. As far as
these three modes are analyzed, it is seen that the maximum current drawn is 0.92
pu (53.2681 A) and it is drawn at the initial mode. For the other two modes, the
peak value of current is observed as 0.6 pu (34.7401 A). The peak current value
decreased and is fixed around 0.025 pu (1.44 A) right after the end of the welding
[18, 19].

In this study, the welding process is applied to ST 37 type material by “rutile”
basis electrode using the Metal Active Gas (MAG) method. Some specific
properties of this welter can be listed as below [18, 19]:

e Frequency: 50/60 Hz

e  Number of phases: 3~ AC.

e Primer: 100 VA, Voltage: 440 V-220 V-240 V

e  Primer Current: 17/29 A

e Secondary: 55V (DC), 100 %:200 A - 35%: 315 A
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5 Data Analysis and Feature Extraction

Data obtained through experimental studies are examined at time-current plane.
After the analysis performed, it is observed that the instant alteration of current is
composed of high-frequency components. In order to obtain the properties of the
high-frequency components, the spectral method is utilized.
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Figure 3
Welding current at the initial mode [13, 14]

In Fig. 3, the current-time graph for the primer current is given. It can be seen that
the high current drawn after 1.7 seconds lasts until 3 seconds. At 3 seconds, it
drops down to the minimum value and then increases again. When this current-
time graph of welding machine is observed, it can be said that it is a characteristic
graph for the primer current [18, 19].

When the current-time graph generated for primer initial current of welding
machine is expressed at time-frequency plane (Fig. 4), it can be seen that in a
frequency band of 45-55 Hz at intervals there are high amplitudes of around 5
seconds. Since mains frequency is 50 Hz, this frequency operation interval can be
said to be feasible. In Fig. 4, a high-frequency region is observed at the region
labeled as 1 between 1.5-2.2 seconds. This region corresponds to the high current
arising after 1.7 seconds at current-time graph. Moreover, high frequency regions
are also observed in regions labeled as 2 and 3. These regions are related to the
instants when high currents are drawn, as can be observed from current-time
graph.

~10-
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Time- Frequency spectrum of primer initial current

Primer Stable-State
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Figure 5

Current-Time graph of stable-state mode

The primer current for stable-state instant is depicted in Fig. 5. Here, high current

can be observed starting from the starting instant. Even though it decreases at 1.7

seconds, it exhibits an increasing characteristic from that point on. When this
current-time graph of the welding machine is observed, it can be said that it is a

characteristic graph for the primer stable- state mode.

-11-



G. Gokmen et al. Spectrum Analysis of GMA Welter in Various Working Modes

When the current-time graph generated for primer initial current of welding
machine is expressed at time-frequency plane (Fig. 6).

Spectrum of Stable-State
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Figure 6

Time-Frequency spectrum of finish-mode

it can be seen that in a frequency band of 45-55 Hz, at intervals there are high
amplitudes of around 5 seconds. Here, the region labeled as 1 shows the region at
which the welding machine generates the first stable arc. Moreover, this part is the
part that builds up the high frequency components. This area corresponds to 10’s
scale at the color bar on the graph. At the region labeled as 2, there is a lower
frequency region between 1.5-2 seconds. It can be seen that the region labeled as 3
is the region at which low arcs occur; low frequency and current are drawn. Lower
currents are drawn at regions labeled as 2 and 3 when compared to the region
labeled as 1.

In Fig. 7, the current-time graph, which is damped at 0.5 seconds and exhibits an
increasing characteristic until 3 seconds, is depicted. This characteristic can be
shown as the finish-mode characteristic of the welding machine. In this study, it is
observed that the welding machine draws high currents until 2.9 seconds and then
it does not perform the welding operation until 5 seconds.

-12-
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Current-time graph of finish-mode
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Figure 8

Time-Frequency spectrum of finish-mode

In Fig. 8, the spectrum graph of the Finish mode, which belongs to the current-

time graph shown in Fig. 7, is depicted. As can be seen from the spectrum, while
region 1 and 2 can be expressed with high-frequency components, region 3 can be

expressed with low-frequency components.

~13-
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Conclusions

In this study, a data acquisition system utilizing a current shunt measurement
method for the measurement of the current drawn by welding machine is used,
and the data acquired is analyzed using the MATLAB-Simulink package program.
After the analysis, the current characteristics of the initial, stable-state and finish
modes are determined and the time-frequency spectrums of these characteristics
are analyzed.

The extraction of the properties of currents drawn by the welding machine at
initial, stable-state and finish modes and performing their spectral analysis are
used to specify the current-frequency properties for these different modes. The
findings of the analysis result show that the device has a frequency around the
fundamental frequency of 50 Hz. In this study on the electric arc welding
machine, the spectral analysis method, the source initial mode, operating mode
and ending mode frequencies are determined. In addition, this also raises the
properties of the different modes. The acquired information contains meaningful
results related to the operation states of the welding machine.
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