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ABSTRACT: The work aims to improve the performance of aero-engine blade against foreign object damage (FOD). The
surface of TC4 titanium alloy blade containing first-order bending vibration pitch line of a certain engine was processed by laser

shock peening (LSP) technology of thin-walled component. The position of the blade to be processed was partitioned, and the
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guided wave material was pasted on the back to prevent the deformation and spallation of blade. Then, the notches with different
stress concentration coefficients were designed at the first-order bending vibration pitch line of the blade leading edge. The
stress gradient at the root of notch changed dramatically and the maximum stress was difficult to measure. Therefore, finite
element method was used to find suitable monitoring area to characterize the stress of the notch location. According to the
analysis results of finite element simulation software and the requirements of relevant standards, the notch with a stress
concentration coefficient K, of 3.2 was prefabricated. Through several iterations between stress calibration and finite element
simulation, the relationship between stress test position and the stress at the notch risk point was clarified. According to the finite
element simulation results, the strain gauge was pasted at the corresponding position of the blade, and the measured results
further indicated that the stress at the notch could be better characterized by monitoring at other positions of the blade. The effect
of laser shock peening was evaluated by vibration fatigue test. The standard required that the evaluation criterion of the blade
was 107, On the premise of satisfying the cycle life, the test was carried out through step by step loading method with 10°as a
cycle. The fatigue strength of titanium alloy notched blade increased by 63.2% under 107 cycles after LSP. The morphology of
the fatigue fracture was observed by scanning electron microscope. The fatigue fracture of the specimen after LSP was
obviously larger than that of the un-LSP specimen, and the undulating morphology was formed in the process of fatigue crack
propagation. In contrast, the surface of the un-LSP specimen was relatively flat. The crack initiation of titanium alloy notched
blade was near the surface after LSP. Fatigue cracks often originated from the surface of components. The surface stress state
and microstructure had great effect on the fatigue performance. Therefore, the gradient residual stress was measured by residual
stress meter and the value of full width at half-maximum of corresponding position was extracted. The depth of residual
compressive stress layer reached 1.5 mm, and the dislocation density of surface layer increased by 67.5%. The deeper residual
stress layer meant that the applied stress could be effectively balanced and the crack propagation could be delayed during the
whole working process of the component. The increase of dislocation density could effectively refine the grain size, and the
effect of fine grain strengthening could also improve the fatigue performance. The gradient residual compressive stress and
dislocation multiplication introduced by LSP are the main reasons for the improvement of fatigue strength of notched blades.
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Fig.2 TC4 titanium alloy
blade of certain aero-engine

Fig.1 FOD morphology
of blade
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Tab.1 Chemical composite of TC4 titanium alloy

Alloying elements Impurities
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Al A% Ti Fe C N H (6]
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Fig.4 Finite element model of blade notch and corresponding K, value:
a) meshing of different notch sizes; b) calculation result of K
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