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Abstract- A vertical-position welding process is the one of challenging positions because the gravity force would be 
affected to the metal transfer during the welding process which may be decreased in welding quality due to the welding fault. 
Recently, the methods that used to detect the welding fault have still been based on off-line method which would be wasted 
time and increased production cost because detecting of the welding fault could be done after the welding process finished. 
In order to solve the problem, this study proposed a new algorithm based on Mahalanobis Distance (MD) method for on-line 
monitoring system. Three different settings of arc voltage were chosen 23, 25 and 27 V to carry out the experiment to find 
out the optimal arc voltage. From the experiment results, it confirmed that the developed optimal algorithm could be 
achieved the highest quality of weld with the optimal arc voltage setting at 23 Vwhereas the welding quality was obtained 
98.65% and 99.73%. Furthermore, the additional experiment has been verified that the developed algorithm using optimized 
arc voltage obtained good welding quality. 
 
Keywords- Vertical-position welding , Welding quality, On-line monitoring system, Mahalanobis distance, Welding fault. 
 
I. INTRODUCTION 
 
The welding process plays an important role in the 
engineering application which has significant 
contribution in joining metal process that difficultly 
replaced by other methods. Even if there isextremely 
useful method in joining metal, this welding process 
has many difficulties. The difficulties of the welding 
process depend on which position is used to weld the 
metal, whereas each welding position has different 
problems. However, the positions in welding process 
are among horizontal and vertical positions. 
Moreover, the vertical-position welding process is 
much more difficult than welding in the horizontal 
position.  
 
The vertical-position welding process has commonly 
been done in either upward or downward positions. In 
term of application, the vertical upward or vertical 
downward welding directions have different 
applications. The vertical downward is suitable for 
welding of the light metal because it has shallow 
penetration, and hence the possibility burning through 
the metal is diminished. Furthermore, in production 
works, the vertical downward welding is significantly 
important due to faster welding speed. In the vertical-
position arc welding, the welding current setting 
should be less than those used for the same electrode 
in the flat position. The welding current setting for 
the vertical downward welding is slightly lower than 
for the vertical upward welding on the same plate. To 
produce good weld on vertical upward welding 
direction, the proper angle between the electrode and 
the base metal must be maintained. The welding 
angle between electrode and base plate in the vertical-

position welding with upward direction should be 
kept at 90 degrees. Furthermore, in the vertical-
position welding, the gravity force affects to the 
metal transfer during the welding process so that the 
welding fault seemingly occurred more intense than 
in the horizontal position.  
 
Generally the welding fault in arc welding process 
can be observed only after the welding process 
finished because the common method to detect the 
welding fault is used an off-line detection method in 
which it lead to uncontrolled the welding quality 
during the welding process as well as decrease the 
productivity. And hence, the on-line welding fault 
detection method is urgently required. In addition, 
this method could be used to control the welding 
quality by manipulated the input parameters.  
 
Controlling the input parameters gain good quality of 
the weldlead to an efficient work which included 
reducing cost of production, time saving as well as 
reducing a number of workers. Manipulating the 
input parameters by applying the optimized input 
parameters to a welding automation system is very 
important to keep the desired welding quality. 
Recently, it widely appliedthe high degree welding 
automation system in welded joint appearance, high 
in first-time welding pass rate, fast in welding speed 
and low in labor intensity [1-7]. However, the main 
challenging in the welding automation system is 
optimizing of welding parameters, the accurate seam 
tracking and precise pipeline alignment [1]. The 
welding parameters optimizations have been focused 
on achieving the uniform and good bead geometry. 
Moreover, different welding position will lead to 
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different bead formation due to effect of gravitational 
force although using same welding parameters [8]. 
And also, the welding quality that represented by 
bead geometry is effected by the input energy 
dissipation in the workpiece, as well as the 
amountand the distributionsof input energy on surface 
area of the workpiece [9]. 
 
The input energy is affected the amount of arc 
voltage which influence the mechanical properties as 
well as weld bead formation. As the increasing arc 
voltage produces the hardness value increased while 
the ultimate tensile strength and yield strength 
decreased [10]. On the bead formation during 
welding process, the arc voltage determines the 
fusion zone shape and weld reinforcement. The 
welding with high arc voltage produces flatter, wider 
and shallower penetration than lower arc voltage [11]. 
It is very important to monitor the on-line welding 
quality automatically in order to improve the welding 
quality and reduce production cost [12]. Therefore, it 
is significantly necessary the implementation of an 
automatic on-line monitoring system to control the 
welding process. To ensure the welding quality as 
well as to avoid the weldingfault on the workpiece, a 
real-time welding quality monitoring and controlling 
systems have been applied in recent years [13]. The 
transformed welding current and arc voltage derived 
from on-line monitoring system has been focused 
onrecently. 
 
MD developed by Mahalanobis an Indian famous 
statistician in 1936 is the robust and simple method 
which might be employed to quantify the welding 
quality. There are few studies related to the welding 
quality by analyzing the welding current and arc 
voltage distributionsfrom on-line welding process 
based on MD [9,12-14].Kim et al.[9]  performed the 
welding quality of pipeline in overlay welding 
process  by analyzed  the welding current and arc 
voltage waveform to find the welding fault used MD 
method. Feng et al. [12] used MD method to find 
welding fault in GMAwelding process by performing 
the qualitative  quantities analysis.  
 
The reviewed literatures [9,12-14] mostly 
investigated on-line detection of welding fault and 
welding quality were limited on horizontal welding 
position. Therefore, this study takes into account to 
develop the optimal algorithm of arc voltage on the 
vertical-position welding processes by analyzed the 
transformed welding current and arc voltage obtained 
from the on-line monitoring system using the MD 
method. The transformed arc voltage and welding 
current data were derived from the experiment that 
each data gained during the vertical-position welding 
processwas 2500 data per second. The obtained 
variations of arc voltage and welding current 
waveforms from the experiment were analyzed in 
order to find the optimal arc voltage setting by 

achieved best quality of the weld. To quantify the 
welding quality, the transformed welding current and 
arc voltage were analyzed using MD method. To 
verify the developed algorithms,the optimized arc 
voltage setting has finally been done through the 
additional experiment.  
 
II. EXPERIMENTAL PROCEDURES 
 
This study employed bead-on-plate GMA welding 
process which was carried on SS400 steel plates of 
size 40x40x10 mm3. The chemical compositions for 
base metal and filler wire are presented in Table 
1.Not only the constant current power source was 
used, but also the shielding gas has been chosenCO2. 
Sheets were cleaned with fresh steel wire brush 
followed by acetone swabbing just previous to 
welding process[15]. 
 
Table 1: Chemical composition for Base metal & 

filler wire 

 
 
Table 2 presents the experimental data for the 
welding parameters using the three different setting 
of arc voltage. 
 

Table 2: Experimental data 

 
 

The experiment was started with setting up the 
equipment (as shown in Figure 1), and then the 
square steel plate was positioned vertically. To 
minimize the welding distortion during the welding 
process, the plate was held in fix jig (see Figure 
2).The welding current and arc voltage were set 
manually at the welding inverter and the digital data 
acquisition system measured it during the GMA 
welding process. A specifically designed power 
supply was used to record the data. Initial trials are 
performed to establishing adequate operating 
condition. During GMA welding process, electrode 
move to downward direction with the welding speed 
has been programmed.  
 
The arc voltage and the welding current waveforms 
that obtained during the experiment were calculated 
the quality of the weld using MD gained. 



International Journal of Mechanical And Production Engineering, ISSN: 2320-2092, Volume- 4, Issue-9, Sep.-2016 

A Study of ARC Voltage Optimizing on Vertical-Welding Position Using Mahalanobis Distance Method by the Quality Prediction 
 

24 

The welding quality was calculated from the number 
of the welding fault per second. The welding fault 
was determined using following steps; firstly the MD 
threshold value (휎)	was set up. Secondly, using the 
threshold value 3휎[9] , the welding fault was 
determined. Thirdly, the welding fault was calculated 
in every 0.25 second. Ultimately, the welding fault 
percentage is calculated to determine the welding 
quality of the vertical-position welding process. 
 

 
Figure 1.A schematic diagram for experimental setup 

 

 
Figure 2.Welding fixtureof base metal and welding torch 

 
III. RESULTS AND DISCUSSION 
 
3.1.Development of optimal algorithm forarc 
voltage setting. 
To take the experimental data, the specimen is 
prepared in Figure 3 which indicated the measured 
position to determine the optimal arc voltage by 
quantifying the welding quality. There are two 
sections gained from dividing the specimen (the start 
section and middle section) that indicated by marked 
1 and 2 respectively. 
 
The experimental data were selected 2 seconds after 
the start for the start section and middle section at 11 

seconds after the start, since welding quality at base 
metal are generally unstable for the initial and the end 
section area [13,14]. The reference was employed the 
experimental data from start position of each arc 
voltage setting, and the quality was quantified in 
every 0.25 second.   
 

 
Figure 3. Measured position on weld base metal during welding 

process 
 

Figure 4(a) shows the arc voltage waveform with 
many fluctuations in wave length which spread 
during the GMA welding process. It can be observed 
that the fluctuations are caused by decreasing the arc 
voltage. In Figure 4(b), it can be found that waveform 
of welding current has very little fluctuations in wave 
length and also stable waveform compared to arc 
voltage in Figure 4(a). Figure 4(c) shows arc voltage 
waveform of the middle position which is more stable 
compared to arc voltage waveform in Figure 4(a). 
The fluctuation in wave length happened mostly 
around 1.75 to 2.5 second. It can be indicated in 
Figure 4(d) that welding current has stable waveform 
with no high distance of wave length. 
 

 
Figure 4.Arc voltage and welding current waveform of arc 

voltage setting at 23V 
 
As shown inFigure 5(a),the waveform of arc voltage 
of start position oscillateswith fluctuations in wave 
length spread during the welding process. It also can 
be seen that fluctuations of wave length is affected as 
arc voltage decreased. Figure 5(b) indicates the 
welding current waveform at the start position which 
is less fluctuation in wave length compared to arc 
voltage waveform in Figure 5(a). The waveform of 
arc voltage at the middle position in Figure 5(c) 
presents slightly oscillates with many fluctuations in 
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wave length which accumulate around 0.75 to 1.75 
seconds. Compared to waveform of arc voltage at the 
start position (Figure 5(a)), it has lesser fluctuations 
in wave length. As shown in Figure 5(d), the 
waveform of welding current at the middle position 
slightly oscillates with little fluctuations in wave 
length. Compared to welding current at the start 
position in Figure 5(b), the waveform of welding 
current at the middle position in Figure (5d) is more 
stable which also has lesser fluctuations in wave 
length.  
 

 
Figure 5. Arc voltage and welding current waveform of arc 

voltage setting at25 V 
 
Figure 6(a) represents the waveform of arc voltage at 
the start position which has little fluctuation in wave 
length. But the waveform is not uniform between 0 to 
2 seconds and 2 to 4 seconds. The length of 
waveform of 0 to 2 seconds is wider compare to 2 to 
4 seconds. The fluctuations in wave length mostly 
accumulate from about 1 to 2 seconds.  
 

 
Figure 6.Arc voltage and welding current waveform of arc 

voltage setting at27 V 
 
The welding current waveform at the start position in 
Figure 6(b) shows has similar tendency with the 
waveform of arc voltage in Figure 6(a) that the wave 
length from 0 to 2 seconds is wider compare to wave 

length from 2 to 4 seconds. The high distance 
fluctuations occur slightly in the waveform. It can be 
discovered in Figure 6(c) that the arc voltage 
waveform at the middle position is more stable and 
fewer fluctuations in wave length compared to the 
waveform of arc voltage at the start position in Figure 
6(a). Figure 6(d) indicates the welding current 
waveform at the middle position slightly oscillates 
with small fluctuations in wave length. Compared to 
the waveform of welding current at the start position 
in Figure 6(b), welding current waveform at the 
middle position has lesser fluctuations in wave length 
and also more stable. 
 
Figure 7(a) represents the comparison result of 
welding quality of three different arc voltages setting 
at the start position. It shows the average quality of 
23 V setting is 98.65% and the lowest quality is 
92.96% at 0.5 second. The average welding quality of 
25 V setting is 97.69% whereas the lowest quality is 
93.75% at 3.75 seconds. For the setting of 27 V, the 
average quality is 98.68% and the lowest quality is 
94.88% at 0.5 and 3.5 seconds. It can be concluded 
thatthe best welding quality at thestart position is the 
arc voltage setting 27 V which the average quality is 
98.68% that is slightly higher from 23 V arc voltage 
setting whereas the quality is 98.65%. 
 

 
Figure 7. The comparison of welding quality among arc voltage 

at 23, 25, 27 V 
 
Figure 7(b) shows the comparison of three different 
setting of arc voltages at the middle position. It 
discovered that the arc voltage setting at 23 V has the 
average quality 99.73% and the lowest quality is 
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98.4% at 0.25 and 2.56 seconds. Whilst the average 
welding quality of 25 V setting is 98.56% with the 
lowest quality is 96.16% at 1.75 seconds. And then 
the arc voltage setting at 27 V has the average quality 
98.69% and its lowest quality is 88.16% at 1.25 
seconds. From these data, the middle position of the 
arc voltage setting at 23V achieved 99.73% which is 
the highest welding quality.  
 
Figure 8 shows the comparison of the average 
qualities of three different arc voltage settingsat the 
start and middle positions. It can be observed that the 
average qualities at the start and middle positions of 
thearc voltage setting 23 V are 98.65% and 99.73% 
respectively. Also it can be seen that the qualities of 
the arc voltage setting 25 V which the quality of the 
start position is 97.67% and the quality of the middle 
position is 98.56%. The last setting is 27 V which the 
quality at the start and middle are 98.68%, 98.69% in 
series. From the observation, it is clearly shown that 
23 V setting is the optimal setting compared those 
two others, although the start position of 23 V setting 
is slightly below the start position of 27 V setting, but 
it has highest welding quality at the middle position. 
 

 
Figure 8. Welding quality comparison of arc voltage at 23, 25, 

27V 
 
3.2 Verification of the developed algorithm for 
optimal arc voltage 
The developed MD algorithm might be applied for 
quantifying the welding quality on the vertical-
position welding process using the optimal arc 
voltage setting at 23 V. The data positions for 
analysis are shown in Figure 9. To calculate the 
quality of the weld, the data were taken 4 second in 
every position (point 1 as the start position and point 
2 as the middle position) which was 2 second before 
and after.  
 
Figure 10 shows the quality of the weld gained from 
MD analysis by investigating the transform arc 
voltage and welding current that the welding quality 
was quantified in every 0.25 second. The welding 
qualities average at the start and middle position are 
98.01% and 99.36% in series that exhibited by dash 
line in Figure 10(a) and (b).  

The welding current and arc voltage have significant 
effect on welding quality whereas the waveform 
fluctuationsin wave length of both welding current 
and arc voltage cause to decrease the quality of the 
weld. Much more high fluctuation in wave length will 
lead to the weld quality more decreased. It means that 
when, the more wave length caused to the more 
welding fault at the same time,the welding quality 
decreased. Therefore it is very important to control 
the welding parameters especially welding current 
and arc voltage to achieve the desired welding quality 
from on-line monitoring system.  
 

 
Figure 9. The positioned of data selection for analysis 

 

 
Figure 10.Welding quality, arc voltage and welding current 

waveform of arc voltage setting at 23V 
 
To detect the welding fault during on-line monitoring 
system, it must involve both the welding current and 
arc voltage in welding quality analysis at one time. It 
cannot be analyzed individually for each parameter. 
And thus, the algorithms that can analyze two input 
parameters at one time are really needed.  
 
Since MD technology provides a solutionto find the 
optimalwelding parameters (the arc voltage and 
welding current) at one time,the analyzed data during 
the vertical-position welding process can be used as 
feedback to control the input parameters in order to 
achieve the desired welding quality. Moreover, the 
verified results proved that the developed algorithm 
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has significantly important in welding fault detection 
process during the on-line monitoring system on 
vertical-position GMA welding. 
 
CONCLUSIONS 
 
The new algorithm using the MD technology to select 
the optimal arc voltage in GMA vertical-position 
welding process and to quantify the welding quality 
has been done in this study. Following conclusions 
have been drawn from the analysis:    

(1) The optimal arc voltage is 23 V which gained 
the highest quality of the weld whereby the 
welding quality is 98.65% for start position and 
99.73% for the middle position. The welding 
quality of the arc voltage at the start and middle 
position at 25 and 27 V are 97.67, 98.56, 98.68 
and 98.69% respectively. 

(2) The optimal arc voltage predicted using the 
developed algorithm could be achieved good 
weld quality in which the average qualities are 
98.01% at the start position and 99.36% at the 
middle position.  

(3) On GMA vertical-position welding process, the 
developed algorithm is an effective technology 
to apply as a core of welding control to 
manipulate the welding parameters in order to 
achieve the expected quality.  
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