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Fig.1  Schematic diagram of sampling direction: (a) direct

transition and (b) 3 transition layers
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Fig.3 As-deposited microstructure of directly transited TC4/TC11 materials: (a) TC4 alloy, (b) TC11 alloy, and (¢) TC4/TC11 transition zone
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Fig.4 Microstructure of transition zones in gradient materials with 3 transition layers: (a) the first layer, (b) the second layer, and (c) the third

layer
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Fig.5 Annealed microstructure of gradient materials by laser

deposition: (a) direct transition and (b) 3 transition layers
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Table 3 Parameters of the fatigue lifes of two materials

Transition method Gra/MPa Number of Logar.ithmii mean o oed devia tion, s Coe.fﬁf:ient of Median fatiglée life,
specimen, n life, X variation, Cy Nso/x10
Direct transition 550 6 3.303445 0.109142 0.057945 20.1
800 6 1.994287 0.069592 0.034896 0.99
3 transition layers 350 6 3.663636 0.141385 0.038591 46.1
800 6 2.254517 0.132557 0.058796 1.8
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Fig.6 Macro fatigue fracture of TC4/TC11 gradient material: (a) 550 MPa, 3 transition layers; (b) 550 MPa, direct transition; (c) 800 MPa,

direct transition
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Fig.7 Microcosmic morphology of fatigue source zone: (a) 3

transition layers, N=7.34 X 10° and (b) direct transition
N=3.96X10°
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Fig.9 Micro-morphology of the short-break zone: (a) low stress and (b) high stress
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Microstructure and Fatigue Properties of TC4/TC11 Gradient Materials
by Laser Deposition

He Bo', Lei Tao', Sun Changging®, Yang Guang'”
(1. Shenyang Aerospace University, Shenyang 110136, China)
(2. Shenyang Institute of Engineering, Shenyang 110136, China)
(3. Key Laboratory of Fundamental Science for National Defense of Aeronautical Digital Manufacturing Process,

Shenyang Aerospace University, Shenyang 110136, China)

Abstract: In order to study the microstructure and fatigue properties of laser deposited TC4/TC11 gradient materials, directly transited and
gradiently transited TC4/TC11 composite materials were prepared by laser deposition manufacturing technology. The microstructures of
composite materials by different transition were observed, the fatigue properties of these two composite materials under stresses of 550 MPa
and 800 MPa were tested, and fatigue fractures were analyzed. The results show that the interface of the microstructure of the gradient material
with 3 transition layers is not obvious, and microstructures of TC4 and TC11 are integrated more tightly in the transition zone than that of the
directly transition composite materials. The fatigue life of the gradient material with 3 transition layers under either stress is higher than that of
the direct transition, which is relatively increased by 129.3% under low stress and 81.8% under high stress. The direct transition composite
material cracks along the bunch of a-sheet during crack propagation, with a large sliding surface and a short fatigue life. The cracks of gradient
material with 3 transition layers grow along a single a-sheet, the slip plane is small, and the crack propagation path is more tortuous, which
prolongs the fatigue life.
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