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Research on laser deposition repair aircraft vertical tail beam
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Abstract: Researches on the laser deposition repair of aircraft vertical tail beam with mis —machined
damage were investigated. According to the mechanical characteristics while its serving, the samples of
mechanical properties were designed and the tensile properties at room temperature of laser deposition
repaired sample and substrate sample were analyzed. Besides, microstructure characteristic, microhardness
distribution were also analyzed. The results showed that there was a dense metallurgical bond between
repaired zone and substrate. And the laser repaired zone experienced a continuous microstructural
transition from duplex microstructure with equiaxial o and lamellar a/f in substrate to the epitaxial
coarser columnar (3 with basket weave «/f3 through heat —affected zone. And the repaired zone was
characterized by a fine o/f lamella microstructure without defects. Distribution of microhardness from
substrate to repaired zone showed an increasing trend, and the average microhardness of repaired zone

increased by 12%. Whether the tensile specimens with holes or not, laser repaired samples tensile strength
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were slightly higher than substrates, but the ductility were lower than substrate. Based on the optimized

process parameters, the causes of edge collapse defect on the repaired sample were analyzed at the same

time and the ideas to reduce defects were given to enhance the deposition quality.
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Tab.1 Main chemical composition of BT20 titanium alloy powder

Al Mo v Zr Fe

C N H o Ti

6.53% 1.53% 1.47% 1.78%  0.13%

0.033%

0.012% 0.014% 0.005% 0.11% Balance
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Fig.1 Damaged position of the vertical tail beam
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Fig.2 Regularization processing of damaged position
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Fig.3 3D model and sliced data of damaged part and scanning path
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Fig.4 Edge collapse defect of LDR sample
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Fig.5 Sketch of tilting melt pool on the edge of sample
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Fig.6 Effect of defocus distance on height difference
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Fig.7 Photo of LDR vertical tail beam
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Fig.9 Microstructure of LDR sample
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Fig.10 Microhardness curve of LDR sample
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Fig.11 Shape and size of tensile sample(Unit: mm)
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Fig.12 Photos of the tensile sample after fracture
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Tab.2 Comparison of tensile properties between LDR

samples and substrate at room temperature

e o s i B
a,/MPa
1 983.6 80.574 16.7% 0
2 987.9 80.057 15.2% 0
Substrate 3 995.1 80.327 15.3% 0
(No.1-6) 4 10674  60.672 - 6
5 1059.5  60.727 - 6
6 1 066.0  60.804 - 6
7 1 078.8  87.080 9.2% 0
8 1018.3  81.465 7.6% 0
LDR 9 1047.1  85.863 9.1% 0
sample
(No.7-12) 10 1 071.6 63.128 - 6
11 11181  63.995 - 6
12 10856  61.052 - 6
TB/T 3621-2007 930-1130 - 8%-10% -
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