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TC4钛合金电子束焊与 TIG焊焊接接头的组织性 

能对比研究 
张凤英 ，邓娟丽 ，姜超平 。张学敏 

(长安大学材料科学与工程学院，陕西 西安 710064) 

摘 要：针对 TC4钛合金电子束焊及 TIG焊焊接接头的凝固组织、微观相结构及接头静载室温拉伸性能进行了对 

比研 究。结果 发现 ，TIG焊接头热影响区内为较粗 大的等轴 晶 ，焊缝区 内凝 固组织为粗大柱状 晶，柱状晶粒生长方 向由 

最初的垂直于焊缝一热影响区界面逐渐转为垂直向上生长。电子束焊接头组织形态同样是热影响区为等轴晶粒形态．而 

焊缝区内为柱状晶粒，等轴晶和柱状晶粒的尺寸较 TIG焊均明显减小 ，且柱状晶生长方向始终垂直于焊缝一热影响区 

界面。TIG焊焊缝区原始卢晶内的微观组织由魏氏 板条、针状马氏体 ’以及 基体组成，而电子束焊焊缝原始 晶 

内的微观组织由大量细长针状马氏体 ’ 基体组成。力学性能测试结果表明，电子束焊焊接接头的强度略高于 TIG 

焊，塑性显著优于TIG焊。 
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Study on Microstructure and Mechanical Properties of Electron Beam W elding 

and TIG W elding Of TC4 

ZHANG Fengying，DENG Juanli， JIANG Chaoping，ZHANG Xuemin 

(School of Materials Science and Engineering，Chang’an University，Xi’an 7 1 0064，China) 

Abstract：The morphologies of the prior-grains，the phase structure in the prior-grains and the room temperature 

mechanical properties of electron beam welding of TC4 and TIG welding of TC4 were investigated．It was found that the heat 

affected zone of the TIG welding TC4 was dominated by the large equiaxed grains an d the weld seam was dominated by the 

large columnar grains．The growth direction ofthe columnar grains was perpendicular to the boundary between the weld sealn 

an d the heat affected zone firstly,and then changed to the vertical upward direction．The sample obtained by electron beam 

welding was also dominated by columnar grains in the weld seanq nad the equiaxed grains in the heat affected zone，and the 

grains sizes were all smaller than that ofthe TIG welding sample．Meanwhile，the growth direction ofthe columnar grains was 

always perpendicular to the boundary betw een the weld seam and heat affected zone．The microstructure in the prior-8 grains 

ofthe TIG welding TC4 is composed bythe Widmanstten lath，the martensite ’and the phase．Th e microstructure in the 

prior-／3 grains of the electron beam welding TC4 is composed by large quantities of ma~ensite ’and the 8 phase．The 

performance test results show that the strength ofthe electron beam welding TC4 is a little higher than that ofthe TIG welding 

TC4，and the plasticity was much higher than that ofthe TIG welding TC4． 
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TC4(Ti一6AI一4V)钛合金因具有比强度高、热强 

性好、耐腐蚀、生物相容性好等一系列优点，近年来 

在航空航天、石油化工、造船、汽车、医药等部门得到 

了越来越广泛的应用[ 。在 TC4钛合金的各种连接 
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方法中，焊接技术因具有材料利用率高、减轻结构重 

量、连接成本低等方面的技术优势而被广泛采用。 

TC4钛合金在保护良好的条件下可以采用 TIG 

焊、MIG焊、等离子弧焊(PA、 及电子束焊(EBW)等 

多种方法进行焊接。其中电子束焊接技术由于具有能 

量密度高、焊缝和热影响区窄、焊接变形小、焊缝深宽 

比大等一系列技术优势而引起更为广泛的关注回。国 

内外相继有研究者针对真空电子束焊接 TC4钛合 

金技术展开研究。Saresh等嘲以 17．51TI1TI厚 TC4板 
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