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Practical System to Monitor and Control the Penetration Depth of Welding by Submerged Arc Welding (SAW) with Multiple Electrodes 

3.3	 Penetration	Depth	Control	System	

This function automatically adjusts the welding con-
ditions based on the penetration depth monitoring data 
and controls the penetration depth to a uniform value. 
This makes it possible to reduce the width of þuctua-
tions in the penetration depth in each joint in multi-
electrode SAW of box column corner joints. The concept 
of the penetration depth control method is described 
below.

3.3.1	 Estimation	and	control	of		
penetration	depth

The arc position is deýned as the sum (L + La) of 
the wire extension (L) and arc length (La), and is cal-
culated from measurable parameters (welding current, 
welding voltage, wire feed speed). Penetration is con-
trolled by adjusting the welding current so that this esti-
mated arc position is the correct value as set in advance. 
Figure	3 shows the parameters used to predict the arc 
position.

3.3.2	 Relationship	of		
arc	position	and	penetration

(1) Figure	4 shows the relationship between the arc 
position and penetration when welding þat plates. 
From this, the arc position and penetration show sub-
stantially the same values, conýrming that the rela-
tionship is as expected.

(2) Figure	5 shows the relationship between the results 
of monitoring of the arc position and the shape of the 
penetration bead on the back side (equivalent to the 
penetration depth) in one side welding. The expected 
relationship between the estimated arc position and 
the shape of the penetration bead on the back side 
was conýrmed.

4.	 Study	of	Application	to		
Corner	Joints	of	Box	Columns

Application of the developed control method to 
welding of corner joints of box columns was studied. 
When welding corner joints, penetration is identi-
cal to the penetration depth of the leading electrode. 
Therefore, for electrode control in this type of welding, 
penetration control is limited to the leading electrode, 
and the other electrodes are only monitored. As joints 
which are subject to control, control was implemented 
by selecting grooves with a larger root face and grooves 
with a larger root gap, considering error in the accuracy 
of the grooves. As a result, in grooves with a larger root 
face, satisfactory control was realized by adjusting the 
current corresponding to the condition of the groove, 
and in grooves with a larger root gap, control had been 
performed by changing the current as the root gap 
increased. These results conýrmed that the penetration 
control method using the arc position during welding 




