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Modal analysis and test verification of moving blades of the compressor
in a heavy-duty gas turbine

ZHOU Lili, ZHANG Shanzi, ZHAO Lianhui

(Shanghai Electric Gas Turbine Co., Ltd., Shanghai 200240, China)

Abstract: The first stage blades of a heavy-duty gas turbine compressor are newly independently developed and
designed, which use the advanced 3D modeling technology to design high-performance blade profiles. It is
necessary to master the blades’ vibration characteristics to verify the reliability of the blades. The finite element
method was used to analyze the vibration frequency of the blades under dynamic frequency testing conditions and
actual operating conditions. Meanwhile, the radio telemetry technology has been introduced to verify the dynamic
frequency of the blade. The dispersion effects caused by blade material and processing tolerances, as well as
assembly tolerances were also considered. The results indicate that the theoretical analysis of blade vibration is
consistent with the test characteristics, with a deviation of no more than 1.2%. The theoretical frequency avoidance
margin of compressor blades under operating conditions can meet the deviation between numerical analysis methods
and experimental testing methods, as well as the frequency influence caused by material, processing, and assembly
factors, and still have a large safety margin. The research results provide guidance for the development of gas turbine
compressor blades, as well as the upgrading, improvement, and vibration monitoring of blades throughout their
entire lifecycle.
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Fig.1 Geometric model of the first stage blade of the
compressor
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Fig.2 Grid model of blade-disk sector of the compressor
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Fig.3 Low order mode diagram of the compressor blades
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Fig.4 Campbell diagram of the compressor blade
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Tab.1 Frequency analysis results and safety margin of the
compressor blades under operating conditions

HE3/(r mint) I Hz —

H—br oty =k

2850 120.6 270.9 323.9

3000 124.2 275.3 324.2

3090 126.4 278.0 3243
AR 16.9 9.1

TR 18.4 155 10.3

F 2 IR DR T ESHLBIMRSAE S ISR
Tab.2 Frequency analysis results of compressor blade under
dynamic frequency test condition
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Fig.8 A certain order resonance spectrum of the blade
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Tab.3 Dynamic frequency test results of the compressor
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Bk T HES R (35T Suwin
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e 802 80.2 794 794
514 77.1 509 76.4

2674 267.4 2 658 265.8
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1606 240.9 1596 239.4

1163 232.6 1157 231.4

2787 325.2 2778 324.1
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1501 325.2 1489 322.6
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Fig.9 Comparison of frequency test results and
theoretical analysis results of the compressor blade during
the process of increasing and decreasing speed
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Tab.4 Comparison of theoretical frequency and test
frequency of blades at design speed
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