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Table 1 Main chemical composition of TC17 titanium alloys (w/%)

Alloy Al Sn Zr Mo Cr Ti
TC17(a+p) 5.28 2.08 1.85 4.06 3.92 Bal.
TC17(8) 5.12 2.04 1.97 3.89 3.88 Bal.
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Table 2 Linear Friction Welding (LFW) welding process parameters

Process Frequency, f/Hz Amplitude, a/mm Friction pressure, P/MPa Forge pressure, P/MPa
LFW-1 40 1 72 72
LFW-2 40 2 72 72
LFW-3 40 3 72 72
LFW-4 40 4 72 72
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Fig.1 Macro photographies of joints under several different welding

parameters
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Fig.2 Embedded position of thermal couples under two welding

parameters
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Fig.3 Temperature curves of joints under two weld parameters
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Fig.4 OM morphologies of joints under two welding parameters: (a) a=3 mm, (b) a=1 mm, (c) high magnification of area A marked in Fig.4b
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Fig.5 Area A contact surface of the end of joint in Fig.1 (a=1 mm)
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Fig.6 Micro-defects of the joint center with amplitude a=1 mm: (a) observation location; (b) area A; (c) area B; (d) area C; (e) area D; (f) area E

#3 [ 6e PARIRA 1, 2 B9 EDS SR
Table 3 EDS results of point 1, 2 marked in Fig.6e (@/%)

Location 0O Al Ti Cr Zr Mo Sn

Point 1 5.59 4.64 77.54 3.8 2.14 3.8 2.48

Point 2 12.09 4.34 71.83 3.18 - 4.03 4.53
o 420} L P R T S S A4 a=3 mm 5311
= 400l Pk R BAERE AT AT, I 7 R, S UG X ) 55
% o0l 2179 0.6 mm, 25 A BIELLGER, DR AR
4 30| T 1 mm B, AP R e R R E 500 'C, X TCL7
.0 B G LT A, 50T A B RS R4
S 300l
S 32| —=—a=1mm 3 & ¥
= —e—a=3mm

300 : : : :

-4 -2 0 2 4
Distance to Weld Interface, d/mm

7 2 PR T ESHT HEL BIMTERE A
Fig.7 Micro-hardness distribution of the joints under two welding

parameters
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Analysis of Typical Welding Defects of Titanium Alloy Linear Friction Welding Joint

Chang Chuanchuan, Li Ju, Li Xiaohong
(Aeronautical Key Laboratory for Welding and Joining Technologies, Beijing Friction Welding Technology and
Equipment Engineering Center, AVIC Manufacturing Technology Institute, Beijing 100024, China)

Abstract: The linear friction welding experiment was carried out on TC17 titanium alloy by several different welding parameters. The distribution
of the interface temperature during the welding process was measured by embedding the thermal couple, and OM and SEM technology was
applied to analyze the typical welding defects of the joint, the distribution of the joints’ microhardness under a=1 mm and a=3 mm was measured.
The results show that a sound welded joint cannot be obtained on account of the insufficient heat input in a=1 mm. The interface temperature could
reach only around the phase transition point in a lower amplitude, however, it can reach up to 1170 °C under a=3 mm. Additionally, there are
welding defects at the interface, such as holes, residual wear particles, oxide layers and inclusions, local unbonded, at a=1 mm. The result of the
micro-hardness test shows that the microhardness of the joint weld center under a=3 mm is the lowest, whereas it reaches the maximum value
under a=1 mm due to the presence of residual oxides and inclusions.

Key words: TC17 titanium; linear friction welding; microstructure; welding detect; microhardness
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