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Effect of oil film clearance on dynamic characteristics of
variable speed rotor with non-concentric SFD

NIE Weijian" 2, LI Jian" ?, TANG Guang" ?, LIU Feichun" ?, YUAN Wei' *

(1. AECC Hunan Aviation Powerplant Research Institute, Zhuzhou 412002, China; 2. Key Laboratory of
Aero-engine Vibration Technology, Aero Engine Corporation of China, Zhuzhou 412002, China)

Abstract: To study the influence of different oil film clearances on the dynamic characteristicsof a non-
concentric squeeze film damper (NCSFD) variable speed rotor system, the variable speed rotor system of an
aero-engine was taken as the research object, the consistent design principle of rotor dynamic characteristics
was put forward, and a simulated rotor was designed. Analysis and experimental study on the dynamic
characteristics of the rotor under different oil film clearances were carried out. The results show that the
dynamic characteristics of the simulated rotor and the real rotor are in good agreement. Besides, it has been
found that a 0.1 mm oil film clearance is more reasonable. In addition, based on the optimized oil film
clearance, research on the wide-speed domain of the rotor system was carried out. In the range of 0.51n to
1.00mn, the vibration displacement change does not exceed 4 pm, the vibration acceleration change does not
exceed 0.04¢g, and the rotor runs stably within a wide working speed range. The study provides a reference
for the engineering design and vibration reduction design of variable speed rotors in aircraft engines.
Key words: aero-engine; NCSFD; nonlinear; oil clearance; rotor dynamic
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Table 1 Stiffness of each support
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Table 2 Comparison results of the critical speeds

ik B SRS WHR 2%
Si—Hr 0.278n 0.264n 2.50
E- 2 0.515n 0.517n 0.30
gty 1.465n 1.488n 3.98

K3 IRETHEAURR L

Table 3 Comparison results of the mode shapes
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Table 4 Stiffness of supports

e SEARRIEE/(107 N/m)

H BT B /mm = o o 5
0.05 2.59
0.10 5.00 0.32 3.50 0.01
0.15 0.10
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Table 5 Calculation results of critical speed and margin

THAE 3B S S A

] B5/mm Cim ) EBr E=Br
0.05 0.2831/44.54%  0.609/5.80% 1.859n/85.93%
0.10 0.2391/22.06%  0.443n/31.47%  1.340n/33.95%
0.15 0.2201/12.01%  0.422n/34.73%  1.3051/30.50%
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Table 6 Calculation result of vibration modes
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Table 7 Rotor experiment test parameters
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Fig.8 Rotor vibration response curve changes with speed under different oil film clearances
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Table 8 Calculation error of critical speeds

T Bt /mm A HRME HHHBRE%
0.05 0.630n 0.6097 3.21
0.10 0.475n 0.443n 7.04
0.15 0.457n 0.422n 7.62
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Table 9 Variations of rotor deflection

L23u 0.51n 0.57n 0.63n 0.69n 0.74n 0.80n 0.86n 0.91n 0.97n 1.00n
D, 220~224 103~105 79~81 93~96 99~102 97~99 108~110 115~117 114~116 119~121
PR D, 125~126 80~82 60~62 90~92 92~94 75~77 73~75 68~69 61~63 65~67
ZEEMm Dy 101~103  107~109 72~74 102~105  99~102 85~87 87~89 85~87 77~80 88~90
D, 265~268 214~217 201~203 112~114 117~120 108~110 104~106 97~100 97~99 89~93
10 PRI ImE AR A (R
Table 10 Variations of vibration acceleration
L230 0.51n 0.57n 0.63n 0.69n 0.74n 0.80n 0.86n 091n 0.97n 1.00n
A 0.13~0.16  0.16~0.18  0.28~0.30 0.10~0.13  0.19~0.22  0.15~0.18  0.20~0.23  0.24~0.26  0.33~0.35  0.33~0.35
A, 0.25~0.28 0.28~0.30  0.25~0.28 0.21~0.24  0.27~0.30  0.25~0.28  0.34~0.38  0.41~0.44  0.65~0.68  0.65~0.68
YR BN B A 0.24~0.26  0.25~0.28  0.24~0.28 0.24~0.27 0.25~0.27 0.26~0.28  0.25~0.28  0.28~0.30  0.42~0.45 0.41~0.44
A fbf/g Ay 0.17~0.19  0.19~0.22  0.17~0.20  0.14~0.17  0.20~0.24  0.23~0.26  0.24~0.26  0.49~0.51 0.75~0.78  0.59~0.61
As 0.58~0.62  0.69~0.72  0.44~0.47 0.56~0.60 0.71~0.74 0.67~0.71  0.76~0.80  0.59~0.62  0.65~0.68  0.75~0.77
Ag 0.50~0.53  0.54~0.57 0.64~0.66 0.50~0.54  0.48~0.51 0.58~0.60 0.46~0.49 0.33~0.35 0.59~0.62 0.52~0.56
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Analysis of gas turbine blade low-cycle fatigue life and reliability

JIAO Jixiang, LI Jinxing, ZHANG Di, XIE Yonghui"

(School of Energy and Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: To ensure the safe and reliable operation of gas turbines, an analysis was conducted on a specific
turbine blade to obtain the stress and strain distribution under rated conditions. A high-precision surrogate
model was built using a deep fully-connected neural network to assess the impact of multiple sources of
uncertainty on the low-cycle fatigue life and reliability of the turbine blades. The results indicate that the
maximum stress in the turbine blade is 1 024.91 MPa, located in the middle of the suction side of the blade
root platform. The mean life of the blade under material and manufacturing stochastic factors is 1.237 x 10*
cycles, while under operational stochastic factors, it is 1.146 x 10* cycles. The design life of the blade was
set at 8.0 x 10° cycles, with a reliability of 0.945 2 under material and manufacturing influences, and
0.936 8 under operational influences. The findings demonstrate the effectiveness of the proposed method in
the reliability analysis of turbine blades, providing reference data for the design optimization, performance
enhancement, and life management of gas turbine turbine blades.

Key words: gas turbine; blade; low-cycle fatigue life; reliability; deep-learning neural network (DNN)
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Test method of the real inlet conditions simulation for
compression component

LIANG Jun, LIU Xiaochen, ZHAO Rubin, XIA Lian, ZHANG Liang
(AECC Sichuan Gas Turbine Establishment, Mianyang 621000, China)

Abstract: To obtain more realistic test results for compression components compared to conventional
atmospheric inlet conditions, two kinds of compression component test equipment and methods simulating
real inlet conditions were introduced, and the test results obtained by different test methods were compared.
The results show that the use of inlet heating and gas supply pressurization can simulate the inlet conditions
of high-pressure compressors in the engine environment on the component tester, and the use of low-
temperature gas supply throttling can simulate the high-altitude, low-temperature, and low-pressure
conditions of fan/booster stage components on the component tester. The simulation of real inlet condition
test can carry out the real working condition assessment tests on the component level and research
experiments on the influence of Reynolds number on compression components. There is a certain difference
between the test results of the compressed component simulation under real inlet conditions and that of the
whole engine or high-altitude simulation test, which is related to factors such as test layout, test piece
processing, assembly, and the influence of component matching.

Key words: compression component; test method; simulating real inlet conditions; heating and

pressurization; low temperature and low pressure; acro-engine
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The calculation and application of Reynolds number in
cascade wind tunnel and experiment

NI Ming" %, WEI Zuojun" %, JIANG Zhengli’, WU Shuai®,
REN Guangming" 2, GAN Xiaohua'

(1. Department of Mechanics and Aerospace Engineering, College of Engineering, Southern University
of Science and Technology, Shenzhen 518055, China; 2. Shenzhen Key Laboratory of Wide-Speed-Range
and Variable-Density Continuous Wind Tunnel, Southern University of Science and Technology, Shenzhen
518055, China; 3. AECC Sichuan Gas Turbine Establishment, Mianyang 621000, China; 4. China United

Gas Turbine Technology Co., Ltd., Beijing 100016, China)

Abstract: The calculation formula of the Reynolds number in cascade testing was derived in detail using
different viscosity calculation methods, including the index method and the Sutherland method. The
relationship between characteristic parameters and the law of characteristic Reynolds number changing with
Mach number was obtained. The Reynolds number per unit length (Re/L) was suggested to be used as a
universal characteristic parameter of wind tunnel Reynolds number. Finally, a method to confirm the
modular size of a cascade and blade number based on the constraints of aspect ratio, Reynolds number, and
vent height was proposed. The error range of Reynolds number calculation method of the cascade wind
tunnel test is acceptable in engineering. And the method has important reference value in the fields of wind
tunnel construction, cascade experiment, and modular design.

Key words: cascade wind tunnel; cascade experiment; Reynolds number; viscosity calculation; modular

design
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Table 2 Operating parameters and Reynolds number verification results of a conventional turbine cascade experiment in a wind tunnel
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Numerical investigation on the characteristics of particle deposition
in impingement-film cooling unit structures

ZHENG Tianyi', LI Jiebo?, LIU Cunliang'”, YE Lin', LI Lin'

(1. Northwestern Polytechnical University, School of Power and Energy, Xi’an 710129, China; 2. China
Airborne Missile Academy, Luoyang 471000, China)

Abstract: When sand dust particles enter aero-engines and deposit on turbine blades, they pose a significant
threat to safe operation of aero-engines. To explore the mechanisms governing the transport and deposition
of sand dust within turbine blades, the discrete element method (CFD-DEM) was employed to conduct
numerical simulation on the sand dust deposition characteristics of an impingement-film cooling unit
structural model. The feasibility of applying CFD-DEM to sand dust deposition simulation was validated,
and the unsteady development process of sand dust deposition on the impact target surface was revealed.
The influence mechanism of the Stokes number on the sand dust deposition characteristics on the impact
target surface was further clarified. The results indicate that the transport of sand dust particles within
turbine blades leads to the formation of conical and banded deposition layers on the impact target surface.
An increase in the Stokes number significantly reduces the entrainment capacity of sand dust particles,
leading to an elevated volume fraction of sand dust particles within the flow channel. Meanwhile, the drag
force exerted by the fluid on the sand dust particles decreases, ultimately resulting in an increase in the
deposition mass of sand dust on the impact target surface.
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Stuck analysis and test verification of a double slide valve auxiliary valve

WANG Yanzhao, LI Bohai, WANG Yang, QIU Longxiang
(AECC Guizhou Honglin Aero Engine Control Technology Co., Ltd., Guiyang 550009, China)

Abstract: To solve the problem of stuck phenomenon for a double slide valve, the internal flow field of the
slide valve and the force of key parts were analyzed by the fluid-structure interaction (FSI) simulation. The
influence law of different inlet size and valve sleeve oil port structure on the flow field in the valve chamber
and the radial force of the spool were summarized, and the range of overturning angle of the spring seat
during the spool opening was obtained. The results show that the oil velocity and hydraulic impact can be
reduced by increasing the size of the inlet port and the number of holes in the valve sleeve, as well as
reducing the diameter of valve sleeve holes and the freedom of movement of the spring seat, so that the
circumferential pressure distribution of spool is more uniform, and the balance of radial force of spool can
be improved. Based on this, the valve structure was improved and verified through experiments. The
experimental results show that after the oil inlet diameter of the double slide valve is changed to 8 mm, the
number of valve sleeve holes is changed to 6, the diameter of valve sleeve holes to 4 mm, and canceling the
contact form between the spool and the spring seat point, the spool is switched at least 600 times under two
working conditions, and there is no scratch on the surface of the valve core. The improved dual slide valve
fully meets the design requirements.

Key words: double slide valve auxiliary valve; sticking of valve core; fluid-structure coupling; hydraulic

system; fault analysis
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Fig.1 Double slide valve auxiliary valve structure diagram
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Abnormity analysis of speed response time in the
semi-physical simulation test

CHEN Pengfei, QIU Xiaojie
(AECC Aero Engine Control System Institute, Wuxi 214063, China)

Abstract: For a type of aircraft turbofan engine control system, aiming at problems of inconsistency of the
engine speed response time in different semi-physical simulation testers, and that of different devices in the
same tester, the mechanism analysis of engine speed control loop was carried out, based on the basic
composition and working principle of the semi-physical simulation test of the control system. The fault tree
covering the speed control loop was established; the fault probability of each link and the difficulty of
troubleshooting were considered comprehensively; the main influencing factors are located, and a
reasonable and effective troubleshooting scheme was formulated. The results show that the model computer
multimedia timer is not accurate, which affects the operation of the model computer software and causes
abnormality in the engine speed response time. The problem of inconsistent response time of engine speed
was solved by verifying effective measures. The summary of the troubleshooting experience provides
reference for the subsequent semi-physical simulation test equipment requirements.

Key words: aero-engine; control system; semi-physical simulation test; speed response time; multimedia

timer; model computer
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Simulation research of exhaust pressure control
technology based on MPC-ESO
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Abstract: To tackle the significant nonlinearity and uncertainty in the high-altitude cell exhaust
environment simulation system, a hybrid controller combining model predictive control (MPC) and
extended state observer (ESO) was proposed. First, the modeling of the critical equipments and transient
environment changing processes for the high-altitude cell exhaust environment simulation system were
built. The ESO was then adopted to estimate the real-time system disturbances, and meanwhile, the MPC
was integrated to manage the degree of opening for the pressure control valve. Finally, a simulation
platform for the high-altitude cell exhaust environment simulation system was constructed based on the
system modeling results. Simulation experiments were conducted to validate the performance of the
proposed MPC-ESO controller, and a comparative analysis was carried out against the linear active
disturbance rejection control (LADRC) method. The results demonstrate that in the thrust transient test
control simulation, the maximum instantaneous fluctuation of the controlled pressure is reduced from 2.59%
to 0.78% and from 1.48% to 0.56% respectively in the climbing condition of equal Mach number and the
position condition of fast-moving throttle rod. These results indicate that the proposed MPC-ESO controller
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can provide excellent tracking performance, quick response, robust disturbance rejection, and swift
regulation speed, making it highly valuable for practical engineering applications.
Key words: : high altitude cell; exhaust environment simulation; pressure control; model predictive control;

extended state observer
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