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Numerical simulation of dynamic thermal process during double- 

sided asymmetrical TIG backing welding of large thick plates 

Liu Dianbao，Zhao Huihui，Li Fuquan，Zhang Guangjun and Wu Lin 

刘殿宝，赵慧慧 ，李福泉，张广军，吴 林 

Abstract The dynamic thermal process during double—sided asymmetrical TIG backing welding of large thick plates(1 000 

mm x700 mm x50 mm)is numerically simulated using MSC．MARC．The effect ofarc distance on the thermal cycle in weld 

zone during double—sided asymme trical TIG backing welding is investigated． Th e results show that￡k workpiece experiences 

double-peak thermal cycle in double—sided asymmetrical TIG backing welding．On the one hand，the fore arc has the pre— 

heating effect on the rear pass，and the pre—heating temperature depends on the distance between the double arcs，the heat 

input offore arc，and the initial temperature of workpiece．On the other hand，the rear arc has the post—heating effect on the 

，o pass．The mutual effects oftwo heat sources decrease with the increase ofarc distance． 

Key words numerical simulation，double—sided asymmetrical TIG backing welding，thermal process，double heat sources 

on double sides 

0 Introduction 

Structures of thick plates have been widely applied in 

shipbuilding and pressure vesse1．And lots of attention has 

been paid to the improvement of welding production effi- 

ciency 1̈-3]
．
Recently．a technology of double—sided asym。 

metrical double arc welding(DSADAW)has been pro— 

posed in our research l 
．
In the backing welding， the 

double TIG welding arcs on double sides with constant arc 

distance are employed，and the two TIG welding molten 

pools are both in the shielding gas．Whereas in the filling 

welding，the two synchronized MAG welding arcs on doub 

le sides are used． 

In double．sided asymmetrical double arc welding，the 

welding production efficiency can be improved by several 

times due to the elimination of back chipping，which is re 

0uired in the conventional welding．However，there still 

exit manv unsolved theoretical problems in double—sided a— 

symmetrical double arc welding，such as the complicated 

thermal cycles，the multi．1ayer multi—pass welding of thick 

plate structures，and the weldability of high—strength stee1． 

In the weld of thick plates，backing weld zone has 

the worst mechanical properties．And the microstructures 

and mechanical properties of backing weld are highly de— 

pendent on the undergoing thermal process．In this paper， 

the finite element model of double—sided asymmetrical TIG 

backing welding of large thick plates(1 000 mm×700 mm 

×50 mm)is presented．The thermal cycle characteristics 

of workpiece under the double-sided heat sources and 

effect of arc distance on thermal process are investigated in 

detai】． 

1 DSADAW  experiment 

In the double．sided asymmetrical TIG backing weld— 

ing experiment，the high—strength steel with carbon content 

less than 0．1％ is employed．and the dimensions of work— 

Dieces are 1 000 mm x700 mm x50 mm．The double TIG 

welding arcs move on double sides with constant arc dis- 

tance，and the welding parameters adopted are shown in 

Table 1． 
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Fig．6 Locations of concerned nodes 
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Fig．7 Thermal cycle of node 15 739 at bottom root 
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Fig．9 Thermal cycle of node 17 139 at upper 

root location 
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Fig．10 Thermal cycle of node 59 739 on surface of 

weld on fore arc side 
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Fig．11 Therm al cycle of node 16 139 on upper fusion 

line on rear arc side 

3．3 Effects of arc distance 

Fig．8 Therm al cycle of node 16 739 at bottom root Arc distance is an important parameter in the double— 

location on fore arc side sided asymmetrical TIG backing welding process， the 
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effect of arc distance on the thermal cycle is shown in 

Fig． 
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Thermal cycle of node 57 339 in upper heat-affected 

zone on rear arc side 

Table 2 Cooling times of concerned nodes 
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Fig．1 3 Effect of arc distance on thermal cycle 

Fig．1 3．As seen，when the arc distance increases from 30 

mm to 100 mm，the mutual thermal effects of two heat 

sources decrease gradually． 

4 Conclusions 

(1)There exist two peaks in the thermal cycle of 

double-sided asymmetrical TIG backing welding process． 

The fore are has the pre-heating treatment on the rear 

pass，and the rear arc has the post—heating treatment on 

the fore pass． 

(2)In double-sided asymmetrical TIG backing weld— 

ing，the mutual thermal effects of two heat sources de— 

crease as the arc distan e increases 
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