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Review on Research of Decomposition Methods of Aero—Engine Principal Noise Sources
ZHANG _]ia*qiI , LIU Li—mei', QIN Wei—rui', XU WeifjianQ, YANG 1\/ling*sui2
(1. College of Safety Science and Engineering, Civil Aviation University of China, Tianjin 300300, China;
2. AECC Shenyang Engine Research Institute , Shenyang 110015, China)

Abstract: With the growing volume of civil aircraft operations, noise issues have drawn significant attention from airworthiness
authorities and industrial sectors.As the primary noise source of aircraft,the noise contribution of engines is directly related to flight condi-
tions.Quantitative decomposition of engine noise sources is of great significance in engine acoustic design and airworthiness certification.To
provide directional reference for the decomposition of aeroengine noise sources,and meet the demands of low—noise structural design and
noise airworthiness,the frequency—domain characteristics of main aeroengine noise sources,including fan noise and jet noise, are systemati-
cally explained. The research status, applicability, and challenges of various in—duct and far—field noise source decomposition methods,
including spinning acoustic mode decomposition,tone and broadband noise decomposition,and primary noise source decomposition based
on near—field and far—field microphone arrays,are introduced.The conclusion shows that non—uniform wall probes,compressed sensing,and
rotating rake are required in high—order mode decomposition;the time— and frequency—domain correlation is the key to achieving noise
source decomposition.Furthermore,prospects for future development trends are proposed,including developing measurement data correction
methods for high—accuracy testing requirements,enhancing the adaptability of the noise source decomposition method based on the physical
process information of noise generation,and further subdividing the noise components based on existing research.

Key words: aerodynamic noise; acoustic design; noise airworthiness certification; noise source decomposition; fan noise; jet noise;
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Sound Field Reconstruction Technology Based on Beamforming Algorithm and Equivalent Spherical
Source Method
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(1. AECC Shenyang Engine Research Institute , Shenyang 110015, China;
2. Graduate School of Chinese Aeronautical Establishment, Yangzhou Jiangsu 225000, China;
3. School of Aeronautics and Astronautics , Shanghai Jiao Tong University , Shanghai 200240, China)

Abstract: To characterize the ground noise distribution of an aeroengine and support the noise protection and active management for
ground crew and equipment, a sound field reconstruction method based on a reflection—sensing beamforming deconvolution algorithm and
adaptive equivalent spherical source model is proposed. The intensity of the sound source is obtained by reflection—sensing beamforming,
and then the accurate location of the sound source is obtained quickly by the deconvolution beamforming algorithm accelerated by the
compressed grid method. The entire sound field is reconstructed, and environmental interference factors are corrected using the adaptive
equivalent spherical source model. In an environment containing regular reflections, a ducted fan with characteristics similar to the main
noise sources of an aeroengine was used as a principle-level real sound source to verify the proposed sound field reconstruction method.
The results show that the reconstruction error of the proposed method is controlled within 1.3% for the real small-scale aerodynamic sound
source under regular reflection conditions in a complex bounded space. Compared to the traditional monopole pulsating ball sound field
reconstruction method, the error is reduced by 4.5%, significantly improving reconstruction accuracy. These research results provide robust
technical support for rapid noise field reconstruction, noise control, and optimization design in aeroengine applications.

Key words: sound field reconstruction; noise; equivalent spherical source; beamforming; aeroengine
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Simulation of High—Intensity Acoustic Wave Characteristics and Generation

Mechanisms Inside a Compressor
SUN Xin—yu', ZHAO Feng—tong', CUI Bo', YANG Ming—sui’, XU Zhi—yuan®, LUAN Xiao—chi'
(1. School of Aero—engine , Shenyang Aerospace University, Shenyang 110136, Chinaj;
2. AECC Shenyang Engine Research Institute , Shenyang 110015, China)

Abstract: High—intensity noise inside an aeroengine compressor is an important factor inducing blade vibration. The internal noise
test data of a high pressure compressor demonstrate strong consistency between rotor blade vibration and noise signals. To further
investigate the generation mechanism of high—intensity sound waves in the compressor, a numerical model of a rectangular pipe with built—
in flat cascades was established, and simulations were conducted using large eddy simulation (LES) and the Lighthill acoustic analogy
method. By varying the chord-thickness ratio and plate spacing of the flat cascade, the evolution laws of the shedding vortices were
analyzed, and the typical characteristics and generation mechanism of the acoustic resonance inside the pipeline were explored. The results
indicate that with the decrease of the chord—thickness ratio of the flat plate, the velocity of the induced acoustic resonance and the acoustic
modal frequency in the pipe gradually increase. Additionally, larger spacing between tandem flat plates leads to higher acoustic modal
frequencies in the duct, with a frequency range of 590—620 Hz. During resonance, when the sound pressure level exceeds 160 dB, the
dominant acoustic resonance mode inside the duct is primarily the § mode.

Key words: flat blade cascade; acoustic resonance; vortex wake; characteristic frequency; noise; compressor; aeroengine
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BEAEMZREADNARRBURALETHEZET AL EEYHAEARY, FHRBEBEREFTELERY, XA
FHHABEAMETH(FLAM)H E LA B R R RGN ETAEY R, I REAEEHE A BB R R TEAERHAEN
it E 2 735 (TSAM-EAL 5 3% o 3 33 #0877 3% X TSAM-EAL & 3% #8473 3, 78 b 22 4l b R F TSAM-EAL S 3 JE AT KR 36 1 % &
RN, KEFEERURRB N ER KW TSAM-EALE 57 DUE A R 5 B0, e B B /B T ¥ &g
R E WO R AR, AR R I, A Tk TSAM-EATE 3R A E o MiEEAE2~3dB, B e FIEHEAE6
~ 8 dB, k45 VT KU AT R E A S AR, LI KU B RO KT B R

SRHBIA : MU 5 B R R PR R S A AR

FESHES: V2332 SERFRIZAD : A doi: 10.13477/j.cnki.aeroengine.2025.03.004

Fan Discrete Noise Analysis Based on TSAM—-EAI Algorithm
XU Zhi*yuan1 , YANG Ming*sui] , ZHANG Jian—xin’>, WANG I\/Ieng1
(1. AECC Shenyang Engine Research Institute , Shenyang 110015, China;

2. AECC Gas Turbine Company, Shenyang 110000, China)

Abstract: Under steady—state conditions of an aeroengine fan test, rotor speed fluctuations caused by load and voltage variations lead
to frequency shifts in discrete noise signals. The traditional Frequency—Domain Linear Averaging Method(FLAM)cannot eliminate the
impact of rotational speed fluctuations on signal processing. To improve the data processing accuracy of fan discrete noise, a Time-Domain
Synchronous Averaging Method based on Equal Angle Interpolation(TSAM—EAT)algorithm was proposed. The TSAM-EAT algorithm was
verified numerically and subsequently applied to fan component test noise data analysis. Numerical and test results show that the TSAM—
EALI algorithm can eliminate the influence of rotational speed fluctuations and accurately capture the frequency and amplitude of rotor—
stator interference noise and shock noise. For the fan test article, compared with the frequency domain averaging method, the TSAM-EAI
algorithm yields approximately 2 ~3 dB higher amplitude in low—frequency noise analysis, and 6 ~8 dB higher amplitude in high—
frequency noise analysis. The method enables precise evaluation of forward—propagating fan noise modal characteristics and achieves
accurate assessment of fan discrete noise levels.

Key words: fan;discrete noise;time—domain synchronous averaging method;equal angle interpolation
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Prediction Method of Sound Radiation from Ducts with Flow Based on the Bempp—cl Open Source Library
LIU Xi—meng', WANG Zhi—de’, WANG Meng’, WANG Jian', HONG Zhi-liang’
(Sino—European Institute of Aviation Engineering', College of Safety Science and Engineering®, Civil Aviation University of China:
Tianjin 300300, China;
3.AECC Shenyang Engine Research Institute,, Shenyang 110015, China;
4.COMAC Shanghai Aircraft Design & Research Institute , Shanghai 200120, China)

Abstract: Fan noise is a primary noise source for high bypass ratio turbofan engines. The ability to rapidly and accurately predict the
in—duct propagation and far—field radiation characteristics of fan noise is of great value, both for engine acoustic design and airworthiness
compliance assessment. To broaden the engineering applicability of the acoustic boundary element method (BEM) and meet the demands of
rapid iterative noise airworthiness design, duct sound radiation prediction methods were investigated. By integrating the open—source
boundary integration library Bempp—cl, duct acoustic modes theory, and the Prandtl-Glauert—Lorentz transformation, a method for predict-
ing sound radiation in ducts with flow was developed. The primary focus lies on sound propagation and radiation in ducts under subsonic
uniform flow, with computational cases including spherical sound scattering and thin—walled duct sound propagation/radiation. The results
demonstrate that the proposed method exhibits reasonable accuracy and reliability, with computational relative errors below 3% compared
to analytical solutions. Furthermore, the method was applied to evaluate sound propagation and radiation from both monopole and modal
sources within the duct. This method can adequately consider engine nacelle acoustic propagation and radiation issues within the domain of
linear acoustics, forming an effective tool for nacelle acoustic analysis, and can fully leverage the advantages of the continuous development
and iterative updates of open—source algorithms, thereby improving computational efficiency. This is conducive to the wider application of
BEM in the field of aeronautical acoustic scattering.

Key words: duct acoustic radiation;boundary element method;sound scattering;duct acoustic modes;monopole sound source
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Stress—Strain Analysis of Thin—-Walled Ceramic Matrix Composite Structures Under Thermoacoustic Load
SUN Yuan—chi', ZHAO Feng—tong', LUO Li'*, ZHANG Li’, SONG Le—kun’, SHA Yun—dong'
(1.Liaoning Province Key Laboratory of Advanced Measurement and Test Technology for Aviation Propulsion System , Shenyang
110136, China;
2. National Key Laboratory of Strength and Structural Integrity , Xi’an 710065, China)

Abstract: To effectively address the issue of abnormal engine operation caused by thermoacoustic fatigue failure of thin—walled
structures in aeroengines, a finite element analysis (FEA) model of a plate—shaped structure was established, and constraint loads were
applied to the model based on the boundary conditions of the plate—shaped specimen tested on a high—temperature traveling wave tube
tester. The Von Mises stress at critical locations of the structure under the fundamental frequency and the strain values at gauge positions
were calculated and compared with existing experimental results to validate the accuracy of the dynamic model and calculation methodol-
ogy. Focusing on ceramic matrix composites (CMCs) thin—walled structures, a structural dynamic response model was constructed. Combin-
ing structural thermal modal theory, the mode shapes and frequencies of the structure were computed. Steady—state temperature loads and
finite—bandwidth Gaussian white noise were applied, the structural dynamic responses under the combined effects of thermal and acoustic
loads were evaluated, and the influence of varying sound pressure levels and temperatures on the stress/strain response of plate—shaped
structures was analyzed. Results indicate that at 900°C and a sound pressure level of 157 dB, the Von Mises stress values of the plate
structure peaks under both the diffusion—field loading and the traveling wave field loading at 90°. At 1500 “C and a sound pressure level of
157 dB, the strain of the plate—shaped structure reaches its peak under diffuse—field loading and 90° traveling—wave field loading.

Key words: ceramic matrix composite material; thin—walled structure; finite element method; thermoacoustic load; Von Mises stress;
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Calculation of Acoustic Excitation Vibration Response Characteristics for Thin—Walled Shell Structure in
Thermal-Flow Environment
LI Wen—wei'?, SHA Yun—dong“, TANG Xiao—ningl’z, YANG Yan—ze'?
(1. School of Aero—Engine, Shenyang Aerospace University,
2. Liaoning Province Key Laboratory of Advanced Measurement and Test Technology for Aviation Propulsion System : Shenyang
110136, China)

Abstract: In order to investigate the aeroacoustic response issues of a typical thin—-walled shell structure of blunt-body radial flame
stabilizers in the afterburner of the aeroengine, a thermal-flow—induced acoustic response model was established based on the coupled
boundary element/finite element method. The influences of incoming flow temperature, sound pressure level, and Mach number on the
aeroacoustic response characteristics of the radial flame stabilizer’s typical thin—walled shell structure were investigated. The research
reveals that the total stress of the typical thin—walled shell structure of radial flame stabilizers exhibits a symmetric distribution, reaching
its maximum at —0.43 position of the inner surface midline; as the incoming flow temperature increases, the total stress decreases, with a
reduced stress concentration zone, while the effect of sound pressure level on the stress concentration zone is relatively small. In the range
of 148 dB to 160 dB, for every 3 dB increase in sound pressure level, both total stress and Von Mises Stress peak stress increase by
approximately 1.41 times. When the incoming Mach number increases from 0.3 to 0.5, the Von Mises Stress peak shows minimal variation,
with only about a 0.10% increase. These research conclusions provide a theoretical basis for the thermal—flow=induced aeroacoustic
response analysis of typical thin—walled shell structures of radial flame stabilizers.

Key words: afterburner; flame stabilizers; thin—walled shell structure; thermoacoustic load; vibration stress; aeroengine
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WE:AXETFRANE LT AR AR, RV H—REE I ERN TR ERE G R EF, ETETHENME
REARELRET , BAFRBETFTLANNAGEFEAL X%, XAXHRAAEZ, UETHATZIED, GR T HEFRIHTFA
HEFNTM T EERUBEA, EAHEFETNTE, ETHHREAFEHE RS FEFNBEE T EW ZHATRITERA S
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PESES:V235.1 SCERERIZAD: A doi: 10.13477/j.cnki.aeroengine.2025.03.008

Review on Aeroacoustic Prediction and Optimization Methods for Contra—Rotating Open Rotor
WU Dong—lin, ZHANG Jia—qi, HONG Zhi—liang
(College of Safety Science and Engineering, Civil Aviation University of China, Tianjin 300300, China)

Abstract: Open rotor engines have emerged as an ideal powerplant choice for new generation green aircraft to realize energy conserva-
tion and emission reduction due to their high efficiency and low fuel consumption. However, under the implementation of increasingly
stringent aviation noise regulations, it is particularly critical to address the aeroacoustic issues of open rotor engines. Based on previous
research and using a literature survey approach, the aeroacoustic prediction methods and optimization techniques of contra—rotating open
rotors are reviewed. In terms of aeroacoustic prediction, hybrid methods combining computational fluid dynamics and computational
aeroacoustics are widely used to analyze the complex flow and acoustic field characteristics, and the meshless prediction models
significantly improve the computational efficiency while maintaining prediction accuracy. Regarding optimization methodologies, the
advantages and limitations of parameter sweep optimization, deterministic optimization, stochastic optimization, and surrogate—based
optimization are analyzed. Among these, surrogate—based optimization demonstrates promising application prospects in tackling
aeroacoustic problems for open rotor engines. Future research directions are envisioned to integrate intelligent algorithms with
multidisciplinary collaborative optimization frameworks for aeroacoustic prediction and mitigation, providing technical references for noise
reduction design in next—generation contra—rotating open rotors.

Key words: open rotor engine; contra—rotating open rotor; aeroacoustic prediction; noise reduction design; computational

aeroacoustics
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Digital Requirement Decomposition and Engineering Practices for Aeroengines
WU Xiong', LI Fang—juan’, HUANG Wei—na*
(1. Naval Research Institute, Shanghai 200436, China;
2. AECC Sichuan Gas Turbine Establishment, Chengdu 610500, China)

Abstract: The future system of systems operation is developing into a new pattern featuring multi-dimensionality, high complexity,
and strong interconnection, which requires the weapon and equipment development and life cycle management to be faster, more agile, and
more robust. Digitization is an important way to realize rapid and high—quality development of weapons and equipment. This paper
emphasizes the importance of requirement decomposition during aeroengine development, analyzes the limitations of the document-based
requirement decomposition method, and discusses the model-centered requirement decomposition method in the context of digital
engineering. A digital requirement decomposition methodology is proposed, forming a model-based solution for requirement decomposition,
traceability, and validation, effectively supporting the requirement transmission and management throughout the entire lifecycle of
aeroengines.

Key words: weapons and equipment; aeroengine; digitization; model-based requirement decomposition; digital engineering
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Fault Diagnosis Method of Rotating Machinery Based on EEMD and Power Spectrum Entropy
XI Jun—jie, XIE Ming—chuan, WANG Yong, ZHANG Hai—bo
(College of Energy and Power Engineering , Nanjing University of Aeronautics and Astronautics , Nanjing 210016, China)
Abstract: In order to improve the feature extraction effect and the diagnostic accuracy of aeroengine rotating machinery fault signal,a
fault diagnosis method based on EEMD and power spectrum entropy was proposed. Firstly,the original signal was decomposed by EEMD,
the power spectrum entropy was used to quantitatively analyze the information of each order of the IMFs,and some IMFs were adaptively
denoised. Secondly,all IMFs and residual items were reconstructed and input into the CNN for training and fault classification.Finally,the
effectiveness and superiority of the proposed signal processing method and the fault diagnosis method were verified by using the ideal
signal and the measured signals from the aeroengine rotating machinery fault simulation platform, respectively. The results show that
compared with the traditional signal processing and fault diagnosis methods,the SNR of the signal processed by the proposed method is
increased by more than 25%,the MSE of the signal is reduced by more than 40%,and the fault diagnostic accuracy is increased by more
than 10%,which is more conducive to the fault locating and diagnosis of rotating machinery in engineering.
Key words: fault diagnosis;rotating machinery;signal processing;ensemble empirical mode decomposition;power spectrum entropy;

convolution neural network;aeroengine
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Cost Analysis Method for Missile Turbojet/Turbofan Engines Based on
Technology Readiness Level
LI Jia—ni"?, TANG Min’, ZHANG Bao—shan*, GUO Ji—lian*

(1. AECC Hunan Aviation Powerplant Research Institute , Zhuzhou Hunan 412002, China;
2. National Key Laboratory of Helicopter Transmission Technology , Nanjing 210016, China;
3. Army Aviation Research Institute, Beijing 101121, China;

4. Aviation Engineering School, Air Force Engineering University, Xi‘an 710038, China)

Abstract: In response to the issue of low accuracy in cost analysis of missile turbojet/turbofan engines due to the unreasonable selec-
tion of indicators, various factors influencing costs were summarized. The Variable Importance in Projection (VIP) and reliability/validity
metrics were utilized to identify the deficiencies in the current cost analysis methods in terms of indicator selection. By introducing the
Technology Readiness Level (TRL) S—curve model and using relevant technical literature volume data in the Compendex database as a
basis, the TRL evaluation values of the missile turbojet/turbofan engines during the same period were calculated. These TRL values, along
with performance parameters, were then used as independent variables for regression modeling and analysis of costs, establishing a
comprehensive cost analysis model that accounts for TRL. The results show that the proposed model reduces the average error from 15.22%
to 7.20%, significantly improving cost estimation accuracy and effectively lowering sample specificity. This has practical significance for
the cost analysis of missile engines.

Key words: missile turbojet/turbofan engines; Technology Readiness Level; cost analysis; partial least squares regression
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Analysis of Blade Flutter Characteristics of a 1. 5—-Sage of Axial Compressor with Interstage Bleed
WANG Hao—zhe', FANG Shi—chuan', ZHAO Jia—yi*, LIANG Chong—zhi’, YE Wei*, LU Qing—fei'
(1. School of Aerospace , Xihua University , Chengdu 610097, Chinaj;
2. High Speed Institute , China Aerodynamic Research and Development Center, Mianyang Sichuan 622762, China;
3. Dongfang Turbine Co.,Ltd.,Dongfang Electric Group, Deyang Sichuan 618201, China;
4. AECC Sichuan Gas Turbine Establishment, Chengdu 610500, China)

Abstract: In order to study the effects of two bleed locations, the near leading edge and the near trailing edge, and different bleed
amounts on pressure ratio, compressor efficiency, and rotor blade flutter characteristics, taking a 1.5—stage axial compressor as the research
object, based on the fluid-structure interaction theory combining computational fluid dynamics and computational structural mechanics,
the transient blade row flutter calculation model suitable for the analysis of blade flutter characteristics was established. Combined with the
pressure ratio and efficiency characteristics, the distribution of aerodynamic work and Mach number were analyzed, and the influences of
interstage bleeds on rotor blade flutter characteristics were analyzed with different bleed locations and bleed amounts of 0.005, 0.010, and
0.015 kg/s. The results show that interstage bleeds cause regular changes in aerodynamic performance parameters such as pressure ratio
and efficiency of the compressor, and affect the blade flutter stability. The extent of the influence is related to the bleed amount and loca-
tion. When the bleed location is near the leading edge of the blade, the blade flutter stability is improved, the aerodynamic work acting on
the blade decreases with the increase of the bleed amount, and the blade flutter stability is increased by 5.88%. When the bleed location is
near the trailing edge of the blade, the blade flutter stability is decreased, the aerodynamic work acting on the blade increases with the
increase of the bleed amount, and the blade flutter stability is decreased by 19.26%.

Key words: flutter; 1.5-stage axial compressor; interstage bleed; aerodynamic work; aeroengine
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Effect of Pressure—Swirl Atomizer Atomizing Characteristics on Flame Structure in Combustor
CHEN Jian"*, DONG Qing—qing'*, XUE Jiu—tian'"
(1. School of Aerospace Engineering, Guizhou Institute of Technology,
2. Key Laboratory of Aero—engine Thermal Management and Intelligent Manufacturing in Higher Education Institutions of Guizhou
Province: Guiyang 550003, China)

Abstract: Liquid fuel is typically used in combustor of aeroengine , and the combustion process of liquid fuel is usually accompanied
by atomization, evaporation, and mixing. In this process, the fuel atomization quality will directly affect the effectiveness of evaporation and
mixing, thereby having a direct impact on the performances of combustion, ignition, and emission. In order to study the influence of spray
characteristics of pressure—swirl atomizer on the flame structure, the atomization measurement systems, including laser particle size analyzer,
were used to measure the flow rate, spray angle, the Sauter mean diameter (DSM) and the droplet size distribution index (N value) at different
locations downstream of nozzle. These measurements were then analyzed in conjunction with the flame structure characteristics. The results
show that with the increase of fuel supply pressure, the spray angle gradually increases, and when it reaches 0.3 MPa, the angle basically
remains a constant value; the flow rate increases and exhibits a quadratic relationship with the fuel pressure; the DSM and N values initially
decrease rapidly, after which the rate of reduction slows down. Under the same fuel supply pressure, DSM decreases with the increase of
measuring point distance, but N value decreases first (=20 mm, h=30 mm) and then increases (h=40 mm). The initial expansion angle of the
flame follows a trend similar to that of the spray angle, while the shear force between the fuel and the airflow increases with the increase of
fuel supply pressure, which enhances the secondary atomization of the fuel. This causes the high—brightness area of the flame to shift toward
both sides of the combustor, stabilizing in the shear layer, with its range gradually expanding and moving backward.

Key words: pressure—swirl atomizer; spray angle; Sauter mean diameter; flame structure; liquid fuel; aeroengine
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Numerical Investigation of the Influence of a New Type of Liquid Nitrogen Cooled Afterburner on Engine
Infrared Radiation Characteristics
SUN Xu'?, XIAO Yong—xin', CHENG Rong—hui', SHANG Shou—tang', DENG Hong—wei'?, YANG Sheng—nan'
(1. AECC Shenyang Engine Research Institute, Shenyang 110015, China;
2. School of Power and Energy, Northwestern Polytechnical University , Xi’an 710072, China)

Abstract: In order to obtain the backward infrared radiation characteristics of the engine with a new type of liquid nitrogen cooled
afterburner, the influences of parameters such as injector quantity and injection direction of 4 liquid nitrogen injection schemes on cooling
effectiveness and aeroengine infrared radiation characteristics were numerically investigated. The results indicate that the afterburner is an
important source of the aeroengine’s backward infrared radiation. After adopting liquid nitrogen cooling, the temperature of the struts and
center cone of the afterburner can be effectively reduced, and the 0°to 25” engine backward infrared radiation intensity of the engine can be
effectively suppressed. When the liquid nitrogen injection flow rate from a single strut is 62.5 g/s, the scheme, with 5 injectors and injection
direction toward the wall, has the best cooling effect for afterburner components, with an average temperature reduction of 12.69%. The 0°
to 25° average engine backward infrared radiation intensity can be reduced by 23.2%, and the maximum infrared radiation intensity can be
reduced by 25.7%.

Key words: liquid nitrogen cooling; afterburner; infrared radiation; numerical simulation; aeroengine
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Dynamic Characteristics Simulation and Analysis of Axisymmetric Thrust Vectoring Nozzle
TENG Xiao—xin"?, LUO Zhong"*?, YU Xi'?*, XU Chun—yang'
(1. School of Mechanical Engineering and Automation, Northeastern University,
2.Key Laboratory of Vibration and Control of Aero—Propulsion System of Ministry of Education : Shenyang 110819, Chinaj;
3. Foshan Graduate School of Northeastern University , Foshan Guangdong 528312, China;
4. AECC Shenyang Engine Research Institute , Shenyang 110015, China)

Abstract: Axisymmetric thrust—vectoring nozzles often fail due to high temperatures and high loads during operation. In order to
reduce the cost of troubleshooting tests, shorten the test period, and improve system reliability, the kinematic and dynamic properties of the
system were studied by numerical simulation, and a CFD-based equivalent aerodynamic load application method was proposed for the
numerical calculation of multi-body dynamics. First, the structure was modeled and the pressure distribution on the fluid-structure
interface was obtained by computational fluid dynamics analysis; then, the modal neutral files of the loaded members were created and the
flow field loads were mapped to the corresponding nodes; finally, the rigid—flexible coupling dynamics calculations were performed by
replacing the original members with modal neutral files with loads. The kinematic and dynamic response of the system to the drive mode
and clearance was analyzed. The results show that the sinusoidal drive method improves the smooth operation of the system; among all the
kinematic pairs, the cam pair bears the highest loads (up to 40 kN) and is most susceptible to wear and galling near the casing; in the
divergent regulating chain, the ball joint bears the highest load; the presence of a gap can lead to collisions and impacts in the system,
affecting the smoothness of motion.

Key words: axisymmetric thrust-vectoring nozzle; fluid-structure interaction; dynamic simulation; kinematic simulation; dynamic
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Centrifugal Fuel Pump Reliability Simulation
LIU Yang' , SUN Bo?, WU Xiao—dan', WAN Li*yong1
(1. AECC Shenyang Engine Research Institute , Shenyang 110015, China;
2. School of Reliability and System Engineering, Beihang University , Beijing 100191, China)

Abstract: In order to solve the engineering problem of reliability simulation of a centrifugal fuel pump, the main failure modes of its
key structural components were analyzed, and their related failure mechanism models were clarified. Based on the Paris model, the reli-
ability simulation of the volute unit was carried out, and the reliability simulation methods and results of key structural components were
given. A system reliability model based on the reliability block diagram was further constructed, and the mean time between failures
(MTBF) of the centrifugal fuel pump system was evaluated. The results show that the deviation of the evaluation results from the test data is
19%, which is mainly due to the influences of the secondary failure modes not considered. The proposed reliability simulation method for
centrifugal fuel pumps can support product reliability analysis during the design phase, which helps solve the technical problem of quantify-
ing the reliability of aeroengine mechanical accessories.

Key words: centrifugal fuel pump; reliability; simulation; aeroengine
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Design and Verification of Thrust Control Malfunction Accommodation Scheme for Civil Aeroengine
SI Mao—xin', YE Zhi—fengI , HUANG Xiang—hua1 , SHE Yun—fengz, XIN Chang—kun2
(1. College of Energy and Power Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China;
2. AECC Commercial Aircraft Engine Co., Ltd., Shanghai 200241, China)

Abstract: The airworthiness regulations for civil aeroengine require that single—point failures of engine control system components
should not threaten flight safety, while the component failure of an aeroengine fuel control system can result in uncontrollable high thrust.
Adding a Thrust Control Malfunction Accommodation (TCMA) system is an effective measure to ensure flight safety. A TCMA scheme
based on the fuel control system was proposed, including fault diagnosis and fault accommodation strategies. Fault diagnosis is achieved
based on threshold comparison of the actuator model output, the aeroengine inverse model output, and the fuel flow converted from displace-
ment sensor measurement results. The TCMA device is integrated into the fuel control system, and different fault accommodation control
methods were adopted based on the fault diagnosis results. For sensor failures, the primary sensor is replaced by the backup sensor. For the
metering valve stuck and differential pressure rise, the TCMA device is activated for fault accommodation control. The results of the joint
simulation of the component-level engine model and the fuel control system model show that the proposed TCMA scheme can accurately
diagnose metering valve stuck, changes in differential pressure, and displacement sensor failures in the fuel control system and achieve
fault accommodation control, verifying the effectiveness of the TCMA scheme.

Key words: thrust control malfunction accommodation; fuel control system; uncontrollable high thrust; fault diagnosis; fault accom-

modation control; aeroengine
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Wy, 3 3% J5 3 FADEC R 4t 2 4 Wb Fr o F 30t , R A 7 e e 07 3, # S FADEC R 30 F ] S AL, OF 3 Wl 3 Fh AT
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KW :FADEC 2 AR AN BE RN T EMB UL ERGELTEE, N AENERBANGS BHEBEEF R K EELH AL
BT BN SRR AE LS R, AT NG R RRAWET 2 E I RS RS T R g 6 45 | A
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hESES: V2337 SCERARIAFD: A doi: 10.13477/j.cnki.aeroengine.2025.03.018

Mission Reliability Analysis of a FADEC System with Dual-Channel Parallel-Active Architecture
WANG Jian—feng'*, ZHANG Tian—hong’, ZHOU Yong—quan', YUAN Chun—fei'
(1. AECC Aero Engine Control System Institute , Wuxi Jiangsu 214063, China;
2. College of Energy and Power, Nanjing University of Aeronautics and Astronautics , Nanjing 210016, China )

Abstract: To resolve the problem of mission reliability reduction caused by the significant increase in the number of control loops for
advanced aircraft engines, an innovative dual-channel parallel-active architecture FADEC system was proposed for the traditional dual-
channel main—backup architecture full authority digital electronic control (FADEC) system. To analyze the impact of the new FADEC
system architecture on its mission reliability and support the demonstration and scheme design of advanced FADEC system architecture,
the component reliability model was established according to the reliability modeling method, and the mechanism of dual-channel parallel—-
active architecture was analyzed and modeled, to build the mission reliability model of the whole system. The mission reliability analysis
and calculation were carried out using empirical data on component failure rate. The results show that the FADEC system can significantly
improve mission reliability by adopting the dual-channel parallel-active cooperation architecture: the input signals of the dual-channel
sensors and the normal or fault information of the control loop are transmitted to the other channel through the internal communication of
the electronic controller, achieving the sharing of the input signals and channel health status. The redundancy management strategy not
only realizes the independent control and switching of dual channels but also realizes dual-channel coordinated signal-level output. The
dual channels can complete the control functions with active cross—reconstruction capability. Therefore, the FADEC system can not only
tolerate one single fault but also ensure that the system function doesn’t degrade in the event of multiple faults in different hardware
functional modules, meeting the requirements of high mission reliability.

Key words: FADEC system; mission reliability; system architecture; dual-channel parallel-active architecture; reliability model;

aeroengine
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Modal Testing Method for Outer Surface of Thin—Wall Casing Based on CSLDV Technique
CHEN Xiang', WANG Qi', ZANG Chao—ping’, OU Xiao—quan®
(1. AECC Sichuan Gas Turbine Establishment, Mianyang Sichuan 621000, China;

2. College of Energy and Power Engineering, Nanjing University of Aeronautics and Astronautics , Nanjing 210016, China)

Abstract: To obtain continuous and complete modal space information of an aeroengine casing, a modal testing method for thin—wall

casings was proposed based on Continuously Scanning Laser Doppler Vibrometry (CSLDV). A continuous modal test method for real cas-

ings with complex structural features (variable cross—section and surface defects) and data processing technique based on Hilbert transform

were established, efficient modal testing and data processing of in continuous spatial domain of the real thin—wall casing were completed,

and modal parameters of each order of the casing were identified accurately. Modal correlations between CSLDV-measured modes and

SLDV-measured modes were analyzed. The results show that the MAC (Modal Assurance Criterion) values of the two sets of modal shapes

exceed 0.96, with small frequency differences. This validates the feasibility and superiority of the CSLDV-based testing technology for

thin—wall casings, demonstrating its potential to support aeroengine R&D programs.

Key words: thin—wall casing;modal testing;Continuously Scanning Laser Doppler Vibrometry (CSLDV );Hilbert transform; aeroengine
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Coupling and Decoupling of Vector Thrust Simulation Test Device
SUN Wen—ju', REN Zong—jin', LI Xin—yang', LIN Shan’, ZHOU Wei’, ZHANG Jun'
(1. School of Mechanical Engineering , Dalian University of Technology, Dalian Liaoning 116024, China;
2. AECC Shenyang Engine Research Institute , Shenyang 110015, China)

Abstract: In response to the problem of large interdimensional coupling error during vector thrust test in an aeroengine test cell, tak-
ing the aeroengine simulation test device as the research object, a neural network decoupling method based on the whale optimization
algorithm was proposed. Under ideal conditions, the theoretical coupling relationship of the test device was obtained through the measure-
ment and analysis of the test device, as well as isotropic analysis based on the ideal vector force calculation equation derived from spiral
theory. Vector calibration of the test device was carried out. The experiment results show that the axis offset phenomenon caused by the
force exerted on the force—measuring component leads to significant nonlinear interdimensional coupling of the test device. A BP neural
network based on the whale optimization algorithm was selected to perform decoupling analysis on the test device, and the results were
compared with those of traditional linear least squares decoupling and the BP neural network decoupling algorithm. The results show that
the BP neural network decoupling based on the whale optimization algorithm has the best decoupling effect. The coupling error of test data
is reduced from 8.822% to 2.581%, a decrease of 70.744%. This decoupling method significantly reduces the coupling error and provides
effective support for high—precision decoupling vector thrust measurement in actual aeroengine test cells.

Key words: vector thrust; simulation test device; interdimensional coupling; decoupling; whale optimization algorithm; neural

network; aeroengine
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Foreign Object Damage Test on Compressor Titanium Alloy Blades
SUN Zhen', CHEN Shao—jun', ZHAO Zhen—hua’, LI Wen—kai', JIN Hong—jiang', YAO Ting'
(1. AECC Changzhou Lanxiang Machinery Co.,Ltd., Changzhou Jiangsu 213022, China;
2. State Key Laboratory of Mechanics and Control of Aerospace Structures , Nanjing 210016, China)

Abstract: To study the influence of foreign object impact on compressor titanium alloy blades, an air gun system was used to conduct
foreign object damage tests on the titanium alloy impeller blades and leading edge simulated blades. The influence of different test
parameters such as foreign object type, size, impact velocity, and impact angle on the width and depth of the leading edge damage of the
blade was analyzed. The results show that the foreign object damage characteristics of the leading—edge simulated blade designed accord-
ing to the actual leading—edge features of the titanium alloy blade are within 3% of those of the actual blade, and the simulated blade
design method is reasonable. The bearing steel with high hardness causes the greatest damage to the leading edge of the blade, while the
steel with the same hardness but a sharp shape causes the greatest depth of damage to the blade. The size of the leading edge damage
increases with the increase of the foreign object size, and the maximum damage size appears when the foreign object size is 4 mm. However,
the glass with lower hardness has an upper limit for the depth of the damage to the blade. The size of the leading edge damage increases
with the increase of the impact speed, and the damage depth reaches 1.82 mm when the impact speed is 350 m/s. However, the damage size
is limited by the size of the foreign object. The maximum damage width of the leading edge is 1.98 mm when the impact angle is 90°, and
the damage width and depth are both minimum when the impact angle is 30°.

Key words: compressor; titanium alloy; leading—edge blade; simulation; foreign object damage test; impact velocity; aeroengine
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Fusion of Attention Mechanism and Deformable Convolution for Aeroengine Blade Defect Detection
SU Bao—hua', ZHANG Yin—long““, QI Yue—ju1
(1. AECC Shenyang Liming Aeroengine Co.,Ltd.,Shenyang 110043, China;
2. State Key Laboratory of Robotics, Shenyang Institute of Automation,
3.Shenyang Institute of Automation, Chinese Academy of Sciences,
4. Key Laboratory of Networked Control Systems, Chinese Academy of Sciences: Shenyang 110016, China)

Abstract: A defect detection algorithm integrating an attention mechanism and a deformable convolutional network model was
proposed for aeroengine blades borescope inspection to address the issues of high missed detection rates for irregular defects and poor real—
time performance in the visual defect detection. To improve the detection accuracy of irregular defects, a DCN-C3 (Deformable Convolution
Network—C3) feature extraction module was designed, which employs a deformable convolutional structure to improve the adaptability of
the defect detection network to different morphological targets. On this basis, to reduce the model parameters and improve the detection
speed, the DSConv (Depthwise Separable Convolution) module was designed for decomposing the standard convolution to reduce the
computation. To improve the positioning accuracy of small targets, a CA (Coordinate Attention) module was introduced to replace the
traditional pooling operation and enhance the attention of the detection network to the defects. The results show that the algorithm achieves
an average accuracy of 97.1% on the constructed dataset of surface defects on aeroengine blades. On embedded devices, the algorithm infer-
ence performance reaches 25 frames per second, meeting the real-time requirements for aeroengine blade defect detection.

Key words: defect detection;real-time detection;irregular defects;blade surface defect;deformable convolution;attention mechanism;

aeroengine
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[ERIE 2 e
pOELEE Intel Xeon,2.1 GHz
B Nvidia Tesla V100(32 GB)x4
WA 64 GB
BAERS Ubuntu18.04
CUDA 11.0
Python 3.7.10
torch 1.10
ks Adam
Bl 0.937
)R 0.001
ERIEN 3 0.0005
batch size 16
epoch 300
2 X PR,
1o P .+ R. (14)
1
AP:J?P(R)dR (15)
N
P.=%>A, (16)
n=1
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LN R 5 R A R R B R - R 59 R
WA R T 3R . 2. AL AR A A R R

R AT DL i R ) 2% 1 533 P, 91.6% .
4 DCN-C3 BEHR IS i #0460 24 5, B T30 1 jksz
S FR , 4 T 7Ok AN R0 5k B )RR AE AR BRRE O L P A
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(¢) Faster R-CNN (d) YOLOv5-1
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Pl 6 (a) IR, 6 (b ~ ) JRR T 4 A FLE AR
TSR A e 5 R ) B R B R 6,
HE Y DR Ho6 8 o] AT AEHO R th, P 3L
I B R DA 55 v, SSD 3 1 e BN BHAR . X |
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PUT SRR MR AG RO . o1 T YOLOVS 3745 7
WSS AR AT I A A R, SECURI

A% o Faster R—CNN 3.7 1 YOLOv7 354 2R B

SEVERA LG A SO R 0 U T S0 55 A AN AR

18126F DON-C3 R SR 3P0 CA 7 87 B
AT IA 4 7E AR BLI el FLARE 2L T3

REVEFHESEICRE S7 , ITTAT 258 1 5 67 PR A

DCN-C3 B i 3 AT EIE 8L, (134 AEhs i
ML A B E AR ARSFAE, T35 139 T

BRI RRE ) . 5 IR, CA TR I ALH A9 5]

FOREE HARIOCTERE , HE— 2 st 1 % 2 A HER

PR T LI HE B0 VE A S B

P, T SRR R A AT A b . A5k
PEREFE RS L ILER 3.

*3 AEEXMERETLE %
Tk P, R, F, P
ssp!'7! 81.5 82.1 81.8 82.6
Faster R—-CNN!'®) 91.6 89.8 90.7 90.5
YOLOv5-1"¥! 89.3 87.9 88.6 89.0
YOLOv7!! 92.8 92.6 92.7 92.6
A3 96.8 97.3 97.0 97.1

E AL F AR N AT MR
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Prediction of Off-Axial Tensile Elastic Properties of Composites Based on Random Distribution of Fiber

Monofilaments
WENG Jing—meng', ZHANG Yue—yi’, CHEN Bo*, CHANG Yi—peng’, WEN Wei—dong’
(1. Xi"an Aerospace Propulsion Institute, Xi’an 710100, China;
2. College of Energy and Power Engineering, Jiangsu University of Science and Technology , Zhenjiang Jiangsu 212003, China;
3. College of Energy and Power Engineering, Nanjing University of Aeronautics and Astronautics , Nanjing 210016, China)

Abstract: In order to accurately simulate the random distribution of fiber monofilaments in unidirectional composites, the elastic
properties of unidirectional composites can be predicted more accurately during off-axial tensile loading. Based on the initial hexagonal
distribution of fiber monofilaments and the initial random displacement perturbations of fiber monofilaments, considering the reverse
perturbations and exchange perturbations of fiber monofilaments when fiber monofilaments and boundaries cross and overlap respectively,
combined with the periodic boundary conditions, a unit cell model for predicting basic mechanical properties of randomly distributed fiber
monofilaments composites with high fiber volume fraction was established. Stretching the fiber domain and matrix domain in the cross—
section perpendicular to the fiber direction in this model along the specified direction proportionally, and stretching the extruded section
along the direction at a certain angle to the normal of the section, combined with extended periodic boundary conditions, the model for
predicting off—axis mechanical properties of composite materials can be formed. Predictions and the experimental verifications of the basic
mechanical properties, and off—axis tensile properties at 30°, 45° and 60° were carried out. The results show that the prediction errors of all
elastic parameters are less than 10%, and the prediction accuracy is higher than those in the literature, which verifies the validity of the
prediction method.

Key words: composites; fiber monofilament; random distribution; off-axis; unit cell; stiffness
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