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Abstract:
High speed and high performance submerged arc 

welding (SAW) with multiple electrodes is used for the 
corner joint welding of box column for the structural 
steel fabricated in Shimizu Works. The authors have 
developed a system to control the penetration depth of 
the welding and its associated system, and have adopted 
them into commercial projects. It was confirmed that 
satisfactory and stable performance of welds, which was 
used to be highly dependent on the skill of experienced 
operators, have been achieved by the system.

1	  Introduction 

Submerged arc welding with multiple electrodes 
(multi-electrode SAW), which has the advantages 
RI� KLJK� HI¿FLHQF\� DQG� KLJK� VSHHG�� LV� ZLGHO\� XVHG� LQ�
ÀDW� SRVLWLRQ� EXWW� MRLQWV� LQ� IDEULFDWHG� VWHHO�� ZKHUH� WKH�
technique demonstrates its effectiveness. However, 
EHFDXVH� WKH� ZHOG� LV� FRYHUHG� ZLWK� ÀX[� DQG� FDQQRW� EH�
observed when using this welding method, it is not pos-
VLEOH� WR� DGMXVW� WKH� ZHOGLQJ� FRQGLWLRQV� GXULQJ� ZHOGLQJ�
LQ� UHVSRQVH� WR� WKH� SURFHVV�� DQG� WKHUHIRUH� GHIHFWV� PD\�
occur. Furthermore, because the phenomenon of welding 
EHDG� IRUPDWLRQ� LV�DOVR�FRPSOH[�DQG� LQYROYHV�QXPHURXV�
UHODWHG� SDUDPHWHUV�� WKHRUHWLFDO� FODUL¿FDWLRQ� RI� ZHOGLQJ�
SKHQRPHQD�LV�GLI¿FXOW��DQG�PHWKRGV�RI�FRQWUROOLQJ�ZHOG-
ing conditions have not been established. For this rea-
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3UDFWLFDO�6\VWHP�WR�0RQLWRU�DQG�&RQWURO�WKH�3HQHWUDWLRQ�'HSWK�RI�:HOGLQJ�E\�6XEPHUJHG�$UF�:HOGLQJ��6$:��ZLWK�0XOWLSOH�(OHFWURGHV�

3.3	 Penetration Depth Control System 

7KLV�IXQFWLRQ�DXWRPDWLFDOO\�DGMXVWV�WKH�ZHOGLQJ�FRQ-
ditions based on the penetration depth monitoring data 
and controls the penetration depth to a uniform value. 
7KLV� PDNHV� LW� SRVVLEOH� WR� UHGXFH� WKH� ZLGWK� RI� ÀXFWXD-
WLRQV� LQ� WKH� SHQHWUDWLRQ� GHSWK� LQ� HDFK� MRLQW� LQ� PXOWL�
HOHFWURGH�6$:�RI�ER[�FROXPQ�FRUQHU�MRLQWV��7KH�FRQFHSW�
of the penetration depth control method is described 
below.

3.3.1	 Estimation and control of 	
penetration depth

7KH�DUF�SRVLWLRQ�LV�GH¿QHG�DV� WKH�VXP��L + La) of 
WKH� ZLUH� H[WHQVLRQ� �L) and arc length (La), and is cal-
culated from measurable parameters (welding current, 
welding voltage, wire feed speed). Penetration is con-
WUROOHG�E\�DGMXVWLQJ�WKH�ZHOGLQJ�FXUUHQW�VR�WKDW�WKLV�HVWL-
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 
SRVLWLRQ� DQG� SHQHWUDWLRQ� ZKHQ� ZHOGLQJ� ÀDW� SODWHV��
From this, the arc position and penetration show sub-
VWDQWLDOO\� WKH� VDPH� YDOXHV�� FRQ¿UPLQJ� WKDW� WKH� UHOD-
WLRQVKLS�LV�DV�H[SHFWHG�

(2)  Figure 5 shows the relationship between the results 
of monitoring of the arc position and the shape of the 
SHQHWUDWLRQ�EHDG�RQ� WKH� EDFN� VLGH� �HTXLYDOHQW� WR� WKH�
SHQHWUDWLRQ�GHSWK��LQ�RQH�VLGH�ZHOGLQJ��7KH�H[SHFWHG�
relationship between the estimated arc position and 
WKH� VKDSH� RI� WKH� SHQHWUDWLRQ� EHDG� RQ� WKH� EDFN� VLGH�
ZDV�FRQ¿UPHG�

4.	 Study of Application to 	
Corner Joints of Box Columns

Application of the developed control method to 
ZHOGLQJ� RI� FRUQHU� MRLQWV� RI� ER[� FROXPQV� ZDV� VWXGLHG��
:KHQ� ZHOGLQJ� FRUQHU� MRLQWV�� SHQHWUDWLRQ� LV� LGHQWL-
cal to the penetration depth of the leading electrode. 
7KHUHIRUH��IRU�HOHFWURGH�FRQWURO�LQ�WKLV�W\SH�RI�ZHOGLQJ��
penetration control is limited to the leading electrode, 
DQG� WKH� RWKHU� HOHFWURGHV� DUH� RQO\� PRQLWRUHG��$V� MRLQWV�
ZKLFK� DUH� VXEMHFW� WR� FRQWURO�� FRQWURO� ZDV� LPSOHPHQWHG�
E\�VHOHFWLQJ�JURRYHV�ZLWK�D�ODUJHU�URRW�IDFH�DQG�JURRYHV�
ZLWK�D�ODUJHU�URRW�JDS��FRQVLGHULQJ�HUURU�LQ�WKH�DFFXUDF\�
of the grooves. As a result, in grooves with a larger root 
IDFH�� VDWLVIDFWRU\� FRQWURO� ZDV� UHDOL]HG� E\� DGMXVWLQJ� WKH�
current corresponding to the condition of the groove, 
and in grooves with a larger root gap, control had been 
SHUIRUPHG� E\� FKDQJLQJ� WKH� FXUUHQW� DV� WKH� URRW� JDS�
LQFUHDVHG�� 7KHVH� UHVXOWV� FRQ¿UPHG� WKDW� WKH� SHQHWUDWLRQ�
control method using the arc position during welding 




