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Table 1 Main composition of 6061 aluminum alloy (w/%) W P VB S VA VR R T AT IS T A B . SR R T
Si Mg Cu Cr Fe Ti Al #1000 W ) LWS-1000 % Nd: YAG 3#: #% A1 5 K f

0.4~0.8 0.8~1.2 0.15~0.40

0.04~0.35 0.36 0.15 Bal.
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Fig.1 Microstructure of SiC,/6061-T6Al MMCs
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Table 2 Welding parameters of laser-TIG hybrid welding

Arc current/  Gas flow rate/ Welding speed/  Laser power/ Laser pulse Arc pulse Defocusing
A L min* mm min w frequency/Hz frequency/Hz amount/mm
200 15 700 403~605 30 50 1
Laser beam

Welding direction
— e

TIG torch

S gt & 4 e B o e e el

Ti layer

403 W

Insufficient fhelting of Ti foil _lmm
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SiC,/Al MMCs
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Fig.2 Schematic diagram of low-power laser-TIG hybrid

welding
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Y Fig.3 Macro morphologies of the joints at different laser powers
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Table 3 Welding heat input at different laser powers

Laser power/W 403 454 504 554 605

Heat
) N 161.3 1635 165.6 167.7 169.9
input/J mm
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Fig.4 Microstructures of the joints at different laser powers:
P,=554 W (a~d); (a) weld profile, (b) barren area of SiC

particles, (c) segregation zone of SiC particles, (d) fusion

zone; (e) P1=605 W weld zone; (f) P1=454 W weld zone
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Fig.5 SEM image (a) and EDS mappings of Al (b), Ti (c), Si (d),
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Table 4 Main composition of each position marked in Fig.5 (at%)

Position Al Ti Si C Mg  Possible phase
A 0.6 0 434 56.0 0 SiC
B 712 224 6.4 0 0 TiAls
C 835 138 1.2 135 0 Al+Al,Cs
D 652 192 59 9.5 0.2 TiAl;
E 195 290 35 449 31 TiC+Al4Cs
F 639 207 6.3 9.1 0 TiAl;
G 84.1 6.1 45 5.4 0 AI+TiC
TiAl, +Si=Ti(Al,Si); +Al (5)
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Fig.7 Resistivities of the joints at different laser powers
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Fig.8 Tensile strengths of the joints at different laser powers
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Table 5 Composition of each position marked in Fig.9d (at%)

Position Al Ti Si C Mg Possible phase

A 314 299 0.7 376 0.5 Al+TiC
B 448 250 1.0 288 0.4 Al+TiC
C 571 174 46 189 1.9 Al+TiC
D 644 228 4.0 83 0.5 TiAls
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Microstructure and Properties of SiC,/6061-T6AI MMCs Joint Manufactured by
Low-Power Laser-TIG Hybrid Welding Technology with Ti as Interlayer

Ba Xianli!, Gao Zeng®, Wang Zhenjiang®, Qiu Dechao®, Niu Jitai**?, Qiu Yujie®
(1. School of Materials Science and Engineering, Henan Polytechnic University, Jiaozuo 454000, China)
(2. State Key Laboratory of Advanced Welding and Joining, Harbin Institute of Technology, Harbin 150001, China)
(3. Henan Jingtai High-Novel Materials Ltd. of Science and Technology, Jiaozuo 454000, China)

Abstract: Using Ti foil with thickness of 0.1 mm as the interlayer, SiC,/6061-T6Al MMCs was welded by employing low-power
laser-T1G hybrid welding. After welding experiment, the macro morphology, microstructure, phase, resistivity, tensile strength and fracture
morphology of the joint were analyzed. The results show that laser power has significant influence on the formability of welding seam. Ti
foil can basically suppress the formation of needle-like Al,Cs in weld seam. Meanwhile, some new phases such as TiC reinforcement phase
and strip-like TiAl; generate in welding seam. The microstructures of weld zone and fusion zone are equiaxed crystal and columnar crystal,
respectively. The microstructure in heat-affected zone does not change obviously. The joint resistivity increases with the increasing of
laser power and the value of joint resistivity is significantly higher than that in base material. The joint tensile strength achieves 196.98
MPa, which is equal to 54.71% of base material, when laser power of 554 W is applied. There are almost no pores in joint fracture and the
second phase particle in dimple is mainly composed of TiC. The joint displays the characteristics of brittle-ductile mixed fracture which is
dominated by brittle fracture.

Key words: SiC,/6061-T6Al composite material; laser-TIG hybrid welding; Ti foil intermediate layer; microstructure; performance
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