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Vibration analysis and modification design of partial
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Abstract  Aiming at the problem of fatigue cracks at the root and back areas of the free standing blade
turbine disk of a liquid rocket engine after many test runs, the three-dimensional elastoplastic finite ele-
ment method was used to calculate the static strength of turbine disk and obtain the static stress of blade,
considering the Kick effect generated by partial admission. Considering the influence of prestress caused

by multi-field environment, the modes of turbine disk were calculated, and the natural frequencies and
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main vibration mode of the turbine disk were obtained. The dynamic response and dynamic stress of tur-

bine disk under partial admission were calculated by using the full-loop model. On the basis of analyzing

the cause of crack, the turbine disk was modified by adding integral-shroud at the top of the blade, and

the turbine disk with integral-shrouded blade was analyzed. The results show that the static stress of the

blades decreases by 50 % after the modification, and the dynamic bending stress of the blades under the

action of airflow force decreases by 65 % . The coupling effect between blades and disk is obviously en-

hanced, and the natural vibration mode of turbine disk changes, which avoids the forced vibration of

blades near the resonant frequencies. After the modification, the static stress and dynamic bending stress

of turbine disk are significantly reduced, and the risk of crack generation is reduced.
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Fig.1 Finite element model of free blade turbine disk
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Fig.2 Airflow force load of blade in one cycle
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Fig.3 Spectrum diagram of airflow force
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Tab.1 Static stress results under combined loads
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Tab. 2 Natural frequencies at each pitch diameter of
turbine disk
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Fig.4 Vibration mode of turbine disk
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Fig.5 Displacement cloud of turbine disk
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Fig.6 Displacement curve of blade tip
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Fig.7 Equivalent stress of inlet edge at blade bottom
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Fig.8 Disk with shroud after modification
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Tab.3 Stress calculation results of turbine

disk after modification
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Tab. 4 Natural frequency under each pitch diameter

of modified turbine disk
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Fig.9 Vibration modes of modified turbine disk
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Fig.10 Displacement of modified turbine disk
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Fig.11 Displacement at blade tip after modification
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Fig.12 Equivalent stress of inlet edge at bottom of

turbine disk after modification
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Tab.5 Dynamic stress at each position of turbine disk
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