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Development of the Index for Estimating the Arc Status
in the Short-circuiting Transfer Region of GMA Welding
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Abstract

In GMAW, the spatter is generated because of the variation of the arc state. If the arc state is
quantitatively assessed, the control method to make the spatter be reduced is able to develop.
This study was attempted to develop the optimal model that could estimate the arc state
quantitatively. To do this, the generated spatters was captured under the limited welding
conditions, and the waveforms of the arc voltage and of the welding current were collected. From
the collected waveforms, the waveform factors and their standard deviations were produced, and
the linear and non-linear regression models constituted using the factors and their standard
deviations are proposed to estimate the arc state. The performance test to the proposed models
was practiced. Obtained results are as follow. From the results of correlation analysis between the
factors and the amount of the generated spatters, the standard deviations of the waveform factors
have more the multiple regression coefficients than the waveform factors. Because the correlation
coefficient between T andT., and s(T)and s(T.) was nearly one, it was found that these factors
have the same effect to the spatter generation. In the regression models to estimate the arc state,
it was found that the linear and the non linear models were also consisted of similar factors. In
addition, the linear regression model was assessed the optimal model for estimating the arc state
because the variance of data was narrow and multiple regression coefficient was highest among the
models. But in the welding conditions which the amount of the generated spatters were small, it
was found that the non linear regression model had better the estimation performance for the
spatter generation than the linear.
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Table 1 Correlation coefficients between the components of welding current and-arc voltage
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Table 2 Significant probability of constitution factors in linear regression model (1)

Interceptf T T, L I
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Probability
Value
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Table 3 Significant probability of constitution factors in linear regression model (2)

Intercept{ T

Ts

L I I s(T.)

Probability

Value 0.1366

1.27E-38

1.4E-30

0.0064 |6.25E-51|1.28E-26|5.27E-08
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Table 4 Significant probability of constitution factors in normalized linear regression model{4)

Intercept| T T,

L I I s(T.)

Probability
Value

1.06E-85{1.27E-38| 1.4E-30

0.0064 |6.25E-51(1.28E-26/5.27E-08

Table 5 Significant probability of constitution factors in non-linear regression model(7)

Intercept{ InT | InT, | In1, In I,

InI |Ins(T) |Ins(T)|Ins@) |Ins(L) |Ins(L) | Ins(D

Probability

Vel [2-57E-06] 0.0365

0.001 0.2088

0.0002

7.85E-06| 0.0003 [3.64E-05 0.3555

0.6594 | 0.4794 | 0.0019

Table 6 Significant probability of constitution factors in non-linear regression model (8)

Intercept{ InT | In T,

Inl, | InI |Ins(T)|Ins(T.J|In's(]

Probability

Value 177E‘10

0.0307 | 6.4E-07

4.86E-07} 2.5E-06

8.5E-07 |1.59E-06|3.67TE-14
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Fig. 4 Relationship between the estimated arc stability index and the weight of spatters for

various regression models
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