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Tab.1 Laser deposition process parameters
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Fig. 1 (a)schematic diagram of repaired components; (b)design of fatigue test specimen(unit: mm)
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Fig. 2 Flow chart of experiment Fig. 3 Fatigue optical measurement system
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Fig. 6 Axial residual strain field in different regions of the specimen surface after 330000cycle of fatigue
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Fig. 7 Crack initiation on specimen surface
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Fig.8 Transverse residual strain fields on different surfaces after 341500cycle of fatigue
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Fig.9 Shear residual strain fields on different surfaces after 341500cycle of fatigue
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Fig. 10 Axial residual strain fields on different surfaces after 341500cycle of fatigue
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Study on fatigue damage characterization method of laser repair
nickel-based alloy based on digital image correlation

ZHAO Jianyu., XIE Huimin
(AML, School of Aerospace Engineering, Tsinghua University, Beijing 100084, China)

Abstract: Fatigue tests on nickel supper alloy repaired by laser is of great significance to study the
fatigue behavior and conduct failure analysis for the repaired materials. During the fatigue process,
local damage of material may lead to the reduction of mechanical properties of materials. In order to
meet the needs of fatigue failure analysis of laser repairing materials, how to establish the relationship
between the measured deformation field and damage parameter has drawn great attention in the field of
experimental mechanics. Aiming at this issue, a fatigue testing system based on single camera 3D
digital image correlation is established, and an integrated tensile specimen including nickel supper
alloy, repaired material and interface is designed and manufactured to measure the full-field
deformation of the three regions simultaneously. By using the developed measurement system, the in-
situ full-field deformation of the specimen during a tension-tension fatigue process is measured. The
displacement field and strain field at different fatigue cycles are characterized. A fatigue damage
analysis method with the residual strain of specimens after different cycles as the damage parameter is
proposed. The evolution rules of residual strain field during fatigue of laser repair nickel-based alloy
are analyzed. From these results, we find that there is a strain concentration zone during the fatigue
process, and the strain concentration amplitude increases with the number of cycles, which is far more
than that in the non-strain concentration area. The proposed method can offer an effective prediction
for fatigue time and location of crack initiation.

Keywords: laser repair nickel-based alloy; 3D digital image correlation; residual strain; fatigue crack

initiation



