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Fig. 1 Full-annulus grid of a centrifugal compressor with inlet

guide vanes
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Fig.2 Time-varying pressure on large blades of a

centrifugal impeller
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Fig.3 Blade surface pressure pulsation measurement point
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Fig. 4 Pressure pulsation spectrum near leading edge of blade
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Fig. 7 Chordwise variation of strut excitation
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Fig. 8 Chordwise variation of diffuser excitation

% 3

(a) RfIEIEH (b) FGAw L
B9 MRS RiEREE
Fig. 9 Blade trailing edge fracture
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Fig. 10 Centrifugal impeller Campbell diagram
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Fig. 11 Blade inlet measurement point
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Tab.3 Maximum stress of each order mode measured by each strain gauge
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Fig. 13 Goodman diagram of the 18th mode
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High-order high-cycle fatigue design of centrifugal impeller under unsteady

flow field excitation

FENG Yajuan"?> LI Jian'

WANG Yuehua'

XIN Jiangiang> SHUAI Shijin®

(1. AECC Hunan Aviation Powerplant Research Institute, Zhuzhou 412002, China)

(2. Institute for Aero Engine, Tsinghua University, Beijing 100083, China)

Abstract: [Objective] The study aims to analyze the causes of blade trailing edge fracture in a centrifugal impeller and

propose effective improvement measures to enhance its high-cycle fatigue (HCF) life. [Methods] Firstly, unsteady flow field

analysis was employed to identify the radial diffuser as the primary excitation source based on the relation between flow excita-

tion and blade resonance. Secondly, dangerous high-order modes within the excitation frequency range were determined through

modal analysis and subsequently confirmed by dynamic stress measurement tests. Finally, improvement measures, including

reducing blade outlet height, optimizing blade profiles, and adjusting diffuser blade angles, were implemented to mitigate vibra-

tion stress. [Results] The results of dynamic stress measurements and long-term engine tests show that the HCF reserve of the

improved impeller meets the service requirements. The peak vibration stress was reduced from 120 MPa to 70 MPa. The

proposed method provides a valuable reference for the vibration design of aero-engine impellers.

Key words: Centrifugal impeller; High mode vibration; Unsteady; Dangerous mode; Vibration stress; High-cycle fatigue
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