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Table 1 Laser deposited repaired process parameters

Spot diameter/mm Laser power/kW Scanning velocity/mm s Powder feeding rate/g min™ Scanning pitch/mm Layer thickness/mm

2.5 1.7~-2 5~7

2~4

2

0.7

T2 TALL KEEMRILERS
Table 2 Chemical composition of TA15 Ti alloy powder (/%)

Al Si \%

Zr Fe

C

O N

Ti

6.7 1.7 0.02 2.3

2.1 0.04

0.01 0

A1 0.01
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Fig.1 Processing schematic of fracture toughness specimens: (a) body-repaired and (b) surface-repaired
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Fig.2 Processing schematic of room-temperature tensile specimens: (a) body-repaired and (b) surface-repaired
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Fig.3 Overall morphologies of fractured samples for fracture toughness: (a) substrate, (b) laser deposited, (c) body-repaired, and

(d) surface-repaired
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Fig.4 Overall morphologies of fractured samples for RT tension:

(a) substrate, (b) laser deposited, (c) body-repaired, and

(d) surface-repaired
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Table 3  Room-temperature tensile properties of laser 6a FT s ) FE A4 (R BT 10 885 A 260, 6b AT~ I
deposited repaired TA15 titanium alloy Fe Ut EERT OB Y2 /N S B, W7 B AR M AN

Type of sample  Tensile strength/MPa  Yield strength/MPa F, FEVFZ ML, BA W RBOCITRRHE. W&l 6c
Substrate 991 956 A=l NS )

?J S

/ s

7l %
N

Laser deposited 1108 1046
Body-repaired 1019 976
Surface-repaired 1048 983

R4 BANREE TALL KESWMHEWE
Table 4 Fracture toughness of laser deposited repaired
TA15 titanium alloy

Type of sample Average of Standard deviation of

Kic/MPa m*? Kic/MPa m*?
Substrate 94.69 4.65
Laser deposited 73.74 12.81
Body-repaired 78.11 4.11
Surface-repaired 80.14 4,53
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Fig.6  Fracture macro morphologies of fracture toughness samples: (a) substrate, (b) laser deposited, (c) body-repaired, and
(d) surface-repaired
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Fig.7 Fracture morphologies of instantaneous fracture zone of fracture toughness samples: (a) substrate, (b) laser deposited, and (c) body-repaired
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Fig.8 Fracture morphologies of instantaneous fracture zone of surface-repaired fracture toughness samples: (a) overall morphology;

(b) repaired zone, and (c) substrate zone
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Fig. 9 Relationship between fracture toughness Kc and

proof-ultimate strength difference Ao
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Fig. 11 Local crack propagation routes of fracture toughness samples: (a) substrate, (b) laser deposited, (c) body-repaired, (d) substrate

zone of surface-repaired, (e) heat affected zone of surface-repaired, and (f) repaired zone of surface-repaired
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Fracture Toughness Properties of Laser Deposited Repaired TA15 Titanium Alloy

Zhou Song', Zha Tao', Hui Li?% Wang Lei®, An Jinlan®
(1. School of Mechanical and Electrical Engineering, Shenyang Aerospace University, Shenyang 110136, China)
(2. Key Laboratory of Fundamental Science for National Defense of Aeronautical Digital Manufacturing Process,

Shenyang Aerospace University, Shenyang 110136, China)

Abstract: The technology of laser deposited repair was used to repair TA15 alloy forgings, and the fracture toughness of substrate, laser
deposited sample, body-repaired sample and surface-repaired sample were investigated. Microstructure, fracture surface and longitudinal
section morphology of sample were examined by OM and SEM. The results show that the substrate presents duplex microstructure, the
repaired zone presents basket weave microstructure, and the heat-affected zone shows continuous microstructure transition from duplex
microstructure to basket weave microstructure. The fracture toughness of laser deposited sample, body-repaired sample and
surface-repaired sample are lower than that of substrate, which are 73.7%, 82.5% and 84.6% of substrate, respectively. The fracture
toughness increases with the increase of the proof-ultimate strength difference. When the increase of the proof-ultimate strength difference
is the same, the fracture toughness of repaired samples increases more significantly than that of substrate, and the increase of the laser
deposited sample is the most significant. The cracks propagate along the equiaxed primary a phase and g transformation matrix in the
duplex microstructure. The cracks of body-repaired sample expand in the heat affected zone, and the cracks of surface-repaired sample
simultaneously expand in duplex microstructure, basket weave microstructure and microstructure of heat affected zone.

Key words: laser deposited repair; titanium alloy; fracture toughness; fracture analysis
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