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Laser-Arc Hybrid Welding of Titanium Alloy and Stainless Steel with
Copper Interlayer
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Abstract The TC4 titanium alloy and 304 stainless steel are welded by laser-arc hybrid heat source with copper
interlayer. Macrostructure and microstructure of cross sections, main compositions, mechanical properties and
fracture positions of welding joints are examined. The results show that the transition zone is characterized by Ti-Cu
intermetallic, solid solution of copper, and Fe-Cu eutectic mixture. With the increase of laser power, the thickness
of Ti-Cu intermetallic near the Ti-Cu interface increases, which has harmful effect on mechanical properties.
Fracture of joint mainly happens at the interface between titanium alloy and copper when laser power is higher. The
mutual diffusion depth and density of elements, such as copper and iron near the interface between copper and
stainless steel, also increase, which is beneficial to enhancing mechanical properties. Fracture of joint mainly
happens at the interface between the copper and stainless steel when laser power is lower. The key point to achieve
favorite welding joint is the control of Ti-Cu intermetallic and Fe-Cu eutectic mixture.
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Table 1  Main chemical compositions of TC4 Ti alloy and 304 stainless steel (mass fraction, %)

Fe Al Vv Ti

TC4
<0.30 5.5~6.8 3.5~4.5 else
C Cr Ni Fe

304
<0.08 18.0~20.0 8.0~10.5 else
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Fig. 1 Sketch map of laser-arc hybrid welding for TC4 Ti alloy and 304 stainless steel
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Table 2 Welding parameters of laser-arc hybrid welding process

Laser power P /W TIG current I /A Defocus /mm D,,/mm Speed v /(mm/min)
390~630 90 2.5 2 1100

3 RS0
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R B A RS 5 A AR 2 S vl [ )22 AL B 90 14 0 A 2 %o 422 3k 1) 0 S PR B P A R i ekt 4 Sk BT
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B 2 AT LLVE . SR G 4 v ) J2 0T DS BB A 85 4 110 1A 38 42 0O — WL O AE 5 AL 4 A0 4 B i
I SRR U L R R AL BB . A A TP EE IR T AR A e S NN B B R AR
G SN AW E T Ti-Fe Matk 4 Ja RG99 7= A . R4 b 52 At 2tk BB A &7 l0t -
A A PEAE R 58 kb, i 550 A 4 v 802 0006 4 & 2 IR S8 B0 38 422 5 7 7 AN 495 B0 A 1 A L R 9 L
- IR AE R 58 2054 AR G5 05 G 1 T OR R T B AR L TR B O R A A i Ak AR R R
S50 1 B T A B B A T R YO g B

Bl 2 BRG 4 BOANGE I G A5 e 1 S B AT 1 28 O 31
Fig. 2 Macrostructure of cross section of laser-arc hybrid welding joint for Ti alloy and stainless steel
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Fig. 3 Microstructure of weld zone at Ti-Cu interface Fig. 4 Microstructure of weld zone at Cu-SS interface
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Table 3 Primary composition of marked positions in Fig. 3 (atom fraction, %)

Point Ti Cu Zn Al Phase
A 28.49 54.64 12.29 4.58 Ti-Cu
B 2.24 74.20 23.56 0 Cu(sss)
C 0.78 75.25 23.97 0 Cu(s,s)
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Table 4 Primary composition of marked positions in Fig. 4 (atom fraction, %)

Point Ti Cu Zn Fe Cr Ni Phase
D 0.67 66.09 32.20 1.04 0 0 Cu(s,s)
E 1.28 27.23 9.21 44.61 13.40 4.28 Fe-Cu eutectoid phase
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Fig. 5 X-ray diffraction pattern of the fracture surface of Ti-Cu joint
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Fig. 6 Relationship between tensile shear load and laser power
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Fig. 7 Distribution of element Ti with varied laser power Fig. 8 Distribution of element Fe with varied laser power
near the Ti-Cu interface near the Cu-SS interface
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Fig. 9 Comparison of different fractures under different laser welding powers
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