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Abstract：A device for superimposing vibration on workpiece in both horizontal and ve~ical directions during tungsten．arc inert gas 

(TIG)welding was developed．with maximum power output of 2 kW at frequency of l 5 kHz．Az3 1 sheets with thickness of 1 and 3 

ITlna were used in the vibratory welding．Microstructures along with the mechanical properties of the weld{oints under different 

vibrating conditions(vibration direction．vibration amplitude and groove angle)were examined．It is observed that the grain size in 
welding zone decreases remarkably with the application of vibration，while the amoun t of second phase Mg17Al1，within the zone 

decreases slightly；meanwhile，microhardness of the weld ioints，macroscopic tensile strength and elongation of the weldment 

increase．Vibration。especially the one along vertical direction，has more impact on the performance of the thick weldments．Influence 

of vibration on mierostructure and mechanical properties of weldments is affected by wave energy transferring in the melt and 

depends on the processing and geometric parameters including amplitude and direction of vibration，thickn ess，an d groove angles． 
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1 Introduction 

Welding methods of magnesium alloys inc1u【de TIG 

welding[卜3]，MIG welding[4]，friction welding[5]， 

laser welding or laser-TIG hybrid welding[6，7】，electron 

beam welding【8]，resistance welding[9]，and so on． 
Among these technologies，rIG welding is the most 

widely used one due to large penetration an d small 

consumption of electrodes．During TIG welding of Mg 

alloys，clean surface of the plate can be obtained by 

destructing，evaporating and removing the oxide film 

with cathode spots．In general，however,due to the 

。 inherent properties such as strong affinity with oxygen 

and nitrogen， low melting point， high thermal 

conductivity and expansion coefficient，welding of Mg 

alloys is more diffi cult than that of the ordinary steels． 

Oxidation burning，porosity,crack，wide heat—affected 

zone(HAZ)and large welding deformation，etc．，are 
prone to occur in the welding course，and it is difficult to 

obtain weld ioints that can match the performances of 

base metal『2—4】．In the indus仃ial environment，it is 

important to develop proper welding methods of Mg 

alloys． 

For a long time，Vibration，either at 1ow or high 

frequency,has been utilized in the field of welding for 

specific purposes such as developing particular welding 

processes and improving quality of the welding 

structures．To date，numbers of researches have been 

carried out on the topic，for example，the utilization of 

vibration on welded parts to release the residual stress 

[10]．Vibration can also be used as energy input for the 

direct 1oining between sheets of similar or dissimilar 

materials [11—14]．Recently,PATEL et al[15，16] 
investigated the influence of ultrasonic spot welding on 

microstructure in a magnesium alloy． 

Generally,there is insufficient energy available for 

activation of the microstructura1 changes when vibrating 

after the welding．whereas vibration has significant efflect 

on the microstructure and properties of metal if it is 

applied during the solidification of melt[17—19]．Based 

on the knowledge，vibratory welding or vibratory weld 

conditioning(VWC)，which makes the w0rkpiece vibrate 
during the welding process via superimposing periodic 

external foroe on the workpiece．was developed to reduce 

welding residual stress and to improve the quality of 

weldment[20—23]． 
Nevertheless，as an emerging techn ology,vibratory 
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The improvement of mechanical properties of weld 

joints is mainly a result of grain refinement．Besides， 
vib·ration would speed up the convection of melt in the 

weld pool and hence，bubbles and impurities are easy to 

rise and removal of hydrogen is thorough during the 

crystallization．Consequently,such defects as porosity 

and slag are reduced an d macro segregation in the fusion 

zone decreases due to the wider turbulent layer． 

4 Conclusions 

1)With the application of vibration，microstructure 

0f the AZ3 1 TIG welding joints is markedly refined． 

Average diameters of the grains within the joints 

decrease from 49．4 I．tm (welded without vibration)to 

27-3—34 um(welded with varying vibration conditions)． 
M eanwhile，the amount of the second phase within the 

fusion zone decreases slightly,and the microhardness of 

the joints，macroscopic tensile strength and elongation of 
the weldrnents increase． 

2、The degree of microstructure refining increases 

with increasing the amplitude of vibration． 

Corresponding to the microstructure． mechanical 

properties of the welded samples reach the largest at 

welding groove angle of 20。under V—Vib due to the 

highest cooling rate．The efrect of vibration on the 

microstructure and mechanical performances of weld 

joints is more obvious for thick plate． 

31 As a whole，the influence of vibration on 

microstructure and mechanical properties of weld joints 
is intrinsically related to the thermal condition and 

solidification behavior of the molten meta1．It is affected 

by the wave energy transferring in the molten pool and 

depends on the processing and geometric parameters 

such as vibration amplitude， vibration direction， 

thickness and groove angles of the sheets． 
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高频振动对 AZ31镁合金 TIG焊接接头 

微观组织与力学性能的影响 

温 彤，刘诗尧，陈 世，刘澜涛，杨 臣 

重庆大学 材料科学与工程学院，重庆 400044 

摘 要：设计一套能对焊件在水平和垂直方向进行频率 15 kHz、最大输出功率 2 kW 激振的TIG焊装置。在此基 

础上，对厚度 3 1Tim和 1 mm的 AZ31镁板在不同激振方向、激振振幅以及剖 口形式下进行焊接，对 比分析不同 

条件下焊接接头的组织与性能。发现激振使得 AZ31 TIG焊缝熔合区的组织显著细化，第二相 一Mgl7A1l2的析 出 

减少；另外，焊缝区域显微硬度及试样的整体抗拉强度和伸长率提高；振动对厚板焊缝的影响更大，且垂直方向 

激振的影响更明显。振动对AZ31 TIG焊接接头组织与性能的影响，取决于焊接熔池金属凝固行为以及超声波激 

振能量的传递状态等因素，与激振振幅、方向以及焊接剖口角度和板厚等密切相关。 

关键词：镁合金；TIG焊接；振动；微观组织；力学性能 
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