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Aeroengine Component Life Modeling Based on Mixed Weibull Distribution
YUAN Zhong—da', CHENG Xiu—quan', WANG Da—wei’
(1. School of Aircraft Maintenance Engineering , Guangzhou Civil Aviation College , Guangzhou 510403, China;
2. College of Aeronautical Engineering, Civil Aviation University of China, Tianjin 300300, China)

Abstract: In response to the difficulties in estimating the service life and failure rate of important components during aeroengine
maintenance, the service life data of important aeroengine components were collected, including the fuel metering valve, the integral drive
generator, and hydraulic mechanical components. Life models of these components were established by using mixed Weibull distribution
and single Weibull distribution respectively. In the process of solving the model, the classical three—parameter correlation coefficient
optimization method was used to find the reliability, failure rate, and failure probability density function of these components. The results
show that the linear correlation coefficient r, of the mixed Weibull distribution model is larger than that of the single Weibull distribution
model. Meanwhile, the K-S hypothesis test results show that the observed statistical values D, of the mixed Weibull distributions are all
less than the critical value D, ,,. The above results show that compared with the single Weibull distribution, the mixed Weibull distribu-
tion model can more accurately characterize the life data of important engine components, thus effectively improving the estimation
accuracy of life parameters. The mixed Weibull distribution model, owing to its reliability, is helpful for engine management engineers to
make condition—based maintenance plans and can be used in guiding the determination of the number of spare parts which is worthy of
extensive application.

Key words: aeroengine; component life; mixed Weibull distribution; reliability model; life modeling
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Component Life Modeling of Civil Aeroengine Bleed Air System
YUAN Zhong—da', CHENG Xiu—quan',ZHANG Yong’
(1. School of Aircraft Maintenance Engineering, Guangzhou Civil Aviation College , Guangzhou 510403, China;2. Institute of Mechanical
and Automotive Engineering, South China University of Technology, Guangzhou 510640, China)

Abstract: Aiming at the problem of high failure rate of the engine bleed air system in the aircraft maintenance work ,based on the life
data analysis, the reliability of the aeroengine component was quantitatively evaluated by the Weibull distribution model ,and the component
reliability life model of the bleed air system of the civil aeroengine was established. Taking the V2500 engine bleed air system as an
example, the reliability data of the system was collected ,and the unscheduled replacement of the components was analyzed. In the process of
data calculation,the component life data of the bleed air system were fitted by using the Weibull distribution model with 3 parameters. The
hypothetical test results show that the mathematical model established by Weibull distribution accords with the objective law when the life
reliability analysis of the components is carried out,and good fitting effect can be obtained. According to the calculated reliability
characteristic quantity of the component,the reliability status of the component was evaluated quantitatively. The results show that the
Weibull distribution model is of great application value in evaluating the reliability of complex mechanical and electronic systems.

Key words: civil aeroengine ; bleed air system ; component life ;reliability model ;unplanned replacement ; maintenance
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Research on Component Life Modeling of Aero—engine Fuel System
YUAN Zhongda' CHENG Xiuquan' WANG Dawei’
( 1.Aircraft Maintenance Engineering College Guangzhou Civil Aviation College Guangzhou Guangdong 510403

China; 2.College of Aeronautical Engineering Civil Aviation University of China Tianjin 300300 China)

Abstract: In order to solve the problem that reliability of fuel system components is difficult to estimate the working time data of
fuel pump components hydraulic mechanical components fuel flow sensors and fuel nozzles were collected. Weibull probability charts
were drawn respectively for the working time of different components. Three —parameter correlation coefficient optimization method was
used to estimate the parameters of Weibull distribution model.The reliability functions failure efficiency functions and failure probability
density functions of different components were obtained according to the parameter estimates. Finally reliability evaluation and analysis
of fuel system components were carried out.The results show that: as a complex mechatronic system Weibull distribution model can be
used to effectively evaluate the aero—engine fuel system components service life and can be used to analyze the reliability of aero—en—
gine fuel system components.

Keywords: aero—engine; fuel system; component life; Weibull distribution; reliability model
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Aircraft Fault Inspection System Based on Machine Vision
YUAN Zhongda',CHENG Xiuquan' , WANG Dawei’
(1. Aircraft Maintenance Engineering College , Guangzhou Civil Aviation College , Guangzhou Guangdong 510403,
China;2.College of Aeronautical Engineering, Civil Aviation University of China,Tianjin 300300, China)

Abstract : Aiming at the current aircraft maintenance inspection with manual visual inspection, low efficiency and human factors,a
nondestructive inspection system of aircraft parts surface based on image recognition and machine deep learning was designed.The ima-
ges of aircraft fuselage and engine parts taken by the first—line aircraft maintenance personnel of an airline company were collected and
sorted out.The image set was preprocessed ,including channel extraction,Sobel filtering and binarization.Finally, Blob analysis was used
to make the features extraction and analyze for the processed images.The system runs fast,has high accuracy and can recognize the im-
age continuously automatically.Using machine vision technology to carry out nondestructive testing on the surface of aircraft parts can not
only improve the production efficiency,but also remove the influence of human factors on aircraft flight safety,so as to further improve
the flight safety of aircraft.The practice shows that the system is stable and reliable ,and has high application value.

Keywords : machine vision technology ;image processing;aircraft parts ; nondestructive inspection
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Life Modeling of Turbine Blades for Civil Aviation Engine Based on MATLAB
YUAN Zhongda',CHENG Xiuquan', WANG Dawei’

(1. Aircraft Maintenance Engineering College , Guangzhou Civil Aviation College , Guangzhou Guangdong 510403,
China;2. College of Aeronautical Engineering, Civil Aviation University of China,Tianjin 300300, China)
Abstract ;: Aiming at the high failure rate of engine turbine blades in the maintenance of civil aircraft,the reliability data of turbine

blades of a certain type of civil aviation engine were collected ,and the reliability life model of turbine blades of this type of engine was
established by using the three—parameter Weibull distribution.In the numerical calculation process of solving the model, in order to en-
sure the calculation accuracy of the model,the classical Newton iteration method and the three—parameter correlation coefficient optimi-
zation method were used to carry out fitting analysis and calculation of the life data of turbine blades.At the same time,in order to re-
duce the calculation workload and improve the participation of artificial intelligence in the process of numerical calculation,a calculation
program was written based on MATLAB software for the above numerical calculation method.Finally,the calculation results were tested
by K-S hypothesis.The results show that:in the reliability analysis of turbine blade life data,the mathematical model established by
using Weibull distribution accords with the objective law.At the same time, the effective use of Newton iteration method , three—parame-
ter correlation coefficient optimization method and MATLAB calculation program ensures the accuracy of the calculation results.

Keywords : turbine blade ;life modeling; Newton iteration method ;three parameter correlation coefficient optimization method
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YUAN Zhongda CHENG Xiuquan LIU Yitao et al.Creep life calculation of high-pressure turbine disk of aeroengine
based on UG finite element model J .Machine Tool & Hydraulics 2021 49( 6) : 137-141.
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Creep Life Calculation of High-pressure Turbine Disk of Aeroengine
Based on UG Finite Element Model
YUAN Zhongda' CHENG Xiuquan' LIU Yitao' ZHANG Yong’

( 1. School of Aircraft Maintenance Engineering Guangzhou Civil Aviation College Guangzhou Guangdong
510403 China; 2. Institute of Mechanical and Automotive Engineering South China University of
Technology Guangzhou Guangdong 510640 China)

Abstract: The finite element model of hig-pressure turbine disc of aeroengine was established by using UG software and it was
plotted into grid with ANSYS software. The stress and temperature fields of the components in each state were calculated and analyzed
the most dangerous position was determined. On the basis of heat intensity parameter equation the creep lives of high—-pressure turbine
disc under different working conditions were calculated and the load spectrum of its creep life was obtained. The creep life load spec—
trum of high-pressure turbine disc was extracted and the creep life of high-pressure turbine disc was equivalent calculated based on the

linear superposition principle of creep life consumption. The research results provide a basis for predicting the creep life of high-pres—

sure turbine disc.

Keywords: Aeroengine; High-pressure turbine disc; Finite element model; Load spectrum; Creep life
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Preparation of waterborne finishing fire-retardant paint and study on its fire retardancy

YUAN Zhongda ! *, ZHANG Xiaofeng ?

1. School of Aircraft Maintenance Engineering, Guangzhou Civil Aviation College, Guangzhou 510403, China
2. Ingtitute of New Materials, Guangdong Academy of Science, Guangzhou 510650, China

Abstract: [Introduction] The composition of fire-retardant paint has great effect on its performance. [Method] A
waterborne finishing intumescent fire-retardant paint for steel structures was prepared from styrene acrylic emulsion
and silica sol with a composite flame-retardant system comprising ammonium polyphosphate, pentaerythritol, and
melamine, titania as pigment/filler, sodium hexametaphosphate as dispersing agent, tributyl phosphate as defoaming
agent, and carboxymethylcellulose as thickening agent. The effect of the mass fraction of each component on the
properties of the paint was studied by big panel combustion test. The microstructure of the char layer formed after
combustion was characterized by scanning electron microscopy (SEM). [Result] The optimal composition of the paint
was determined as follows: styrene acrylic emulsion 20.0%, silica sol 4.0%, ammonium polyphosphate 27.0%,
pentaerythritol 22.0%, melamine 21.0%, titania 4.0%, and auxiliary agents 2.0%. The paint prepared features the
longest refractory time and a compact char layer after combustion. [Conclusion] The paint has good fire retardancy.
Keywords: waterborne styrene acrylic emulsion; silica sol; finishing fire-retardant paint; fire retardancy; char layer;
microstructure
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Nondestructive testing of curved surfaces of electroplated aircraft parts based on machine vision

YUAN Zhongda " *, LIU Aotian ', ZHANG Xiaofeng 2, LI Shijie }, WANG Dawei *

1. School of Aircraft Maintenance Engineering, Guangzhou Civil Aviation College, Guangzhou 510403, China
2. Institute of New Materials, Guangdong Academy of Science, Guangzhou 510650, China

3. Maintenance Engineering Department, Fuzhou Branch, Xiamen Airlines Co., Ltd., Fuzhou 350003, China
4. College of Aeronautical Engineering, Civil Aviation University of China, Tianjin 300300, China

Abstract: [Introduction] In order to solve the algorithmic complexity of machine vision in nondestructive inspection
of curved surfaces, as well as to overcome the limitations of traditional light sources in curved surface inspection, a set
of nondestructive inspection system for curved surfaces of electroplated aircraft parts based on grid light was
developed. [Method] The nondestructive testing system images the curved surface of electroplated part with grid light
followed by image analysis including image import, preprocessing, and Blob analysis. [Result] The nondestructive
testing system can quickly and accurately detect the defects on the curved surfaces of electroplated parts with high
efficiency, stability, and reliability. [Conclusion] The initial engineering application of the nondestructive testing
system to aircraft manufacturing enterprise and airline maintenance have shown promising results, indicating the
potential for further adoption.

Keywords: aircraft part; electroplating; curved surface; nondestructive testing; machine vision; grid light
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Automatic recognition of thermal barrier coating damage in aero-engine based on machine vision

YUAN Zhongda > *, HU Nengye 2, GONG Xiaofeng 2, LIU Aotian

DOI: 10.19289/j.1004-227x.2025.06.020
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1. School of Aircraft Maintenance Engineering, Guangzhou Civil Aviation College, Guangzhou 510403, China
2. Pudong Maintenance Base of China Eastern Aviation Technology Co., Ltd., Shanghai 200335, China

Abstract: [Objective] To address the inefficiency and human subjectivity in current visual inspection of borescope
images of thermal barrier coatings on aero-engines, a borescope image recognition system was designed based on image
processing and deep learning. /Method] The borescope images of CFMS56 aero-engine turbine blades and combustion
chamber were captured by aircraft maintenance technicians of an airline company were collected and sorted out to
establish a borescope image data set of aero-engine hot-section components. After preprocessing, blob analysis was
applied for feature extraction and systematic evaluation. [Result] The system achieved rapid and high-accuracy
identification of thermal barrier coating defects and enabled continuous automated image analysis. [Conclusion]
Automated borescope image recognition technology enhances inspection efficiency while eliminating human-error risks,
significantly improving aviation safety.

Keywords: machine vision; aero-engine drilling; thermal barrier coating; nondestructive inspection
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Influence Rule of Process Parameters on Residual Stress Cave Induced by
Laser Shock

CHENG Xiuquan', YAN Chang’, CHENG Sizhu', XIA Qinxiang’
(1.School of Aircraft Maintenance Engineering, Guangzhou Civil Aviation College, Guangzhou 510403, Chinaj;
2.School of Mechanical and Automotive Engineering, South China University of Technology, Guangzhou 510640, China)

Abstract: The concepts of relative cave depth, relative cave width and stress loss ratio of residual stress cave
were introduced by establishment of the residual stress cave math model. The effect of shock energy (1.0—3.0 ]),
spot diameter (1.0—3.0 mm) ., shock number (1—5 times) and spot overlap ratio (30% —70%) on residual stress
cave was quantitatively analyzed by finite element model verified by experiment. The results show that stress loss
ratios caused by residual stress cave were all very small, which were all less than 3% ; relative cave widths were all
less than 20% ; the variation range of relative cave depths was large, which was 0—70%, and relative cave depth
was the main factor to affect the uniformity of surface residual stress. In order to improve the uniformity of surface
residual stress, when the relative cave depth of single residual stress cave was more than 10%, the spot overlap
method should be used to shock peening. and the distance between two neighbouring spot center should be equal to
the opening radius of the residual stress cave.

Key words: laser shock; surface peening; residual stress cave; stress loss ratio; quantitative analysis
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The linkage method of four—axis robot and pulse laser device used for the laser shot peening

CHENG Sizhu®™, CHENG Xiuquan *, XIAN Zilou®, XIA Qinxiang®

( @School of Aircraft Maintenance Engineering, Guangzhou Civil Aviation College, Guangzhou 510403, CHN;
(2)School of Mechanical and Automotive Engineering, South China University of Technology, Guangzhou 510640, CHN)

Abstract: In order to realize on—line laser shock hardening of components with fixed position and complex shape

surface, the linkage method of laser peening system composed of four—axis robot and pulse laser was
studied. By analyzing the communication mode, signal output and receiving mode between the robot
and the laser, the requirement of signal receiving and sending which can be set up for equipment iden—
tification is analyzed, RS232 serial communication is proposed to realize the linkage of laser shot pee—
ning system. According to the signal requirement of four—axis robot for external communication, the
corresponding signal conversion circuit, voltage drop circuit, single — chip square wave generating
circuit and so on are designed. The relevant 10 interface switch control program and RS232 serial asyn—
chronous communication program are compiled, with hardware circuit and connection method devel-
oped, and the four—axis robot is realized. The signal interaction with the pulse laser achieves the satis—

fied effect of linkage.

Keywords: on—line laser shot peening; four—axis robot; pulse laser; linkage method; RS232 serial communication
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Design and Development of the Information Management System for the
Die Electrode Processing Line

CHENG S-zhu', LUO Yong-kang®, XIAO Gang-feng?, CHENG Xiu-quan', LYU Jia-sui’

(1. Aircraft Maintenance Engineering College, Guangzhou Civil Aviation College, Guangzhou 510403, China; 2. School of
Mechanical and Automobile Engineering, South China University of Technology, Guangzhou 510640, China)

ABSTRACT: Aiming at the problems that the equipment of die electrode processing line cannot share information and the effi-
ciency of manual management is too low in the process of processing, the functional requirements of the information manage-
ment system are analyzed based on the business process of the die electrode processing line. The system architecture is designed
by using B/S architecture mode. Four system function modules are proposed and designed, which are user login module, infor-
mation query module, information editing module and equipment monitoring module. Select SQL server as the system database
to design it logically; Java is chosen as the back-end development language, and the functional modules of the system are de-
veloped, and the front-end interface of the system is developed by using HTML, CSS and JavaScript front-end technologies. Fi-
nally, the equipment information management system is tested to meet the needs of the enterprise. The use of the system greatly
improves the efficiency of the electrode processing and the utilization of equipment and raw materials

KEY WORDS: mold electrode; production line equipment; B/S architecture; SQL server database; information management
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Modeling of the Aircraft Engine Nose Cowl Thermal Anti-ice Valve and

Simulation of the Typical Faults
LIU Yitao' LIU Chao' LI Sen” CHEN Yaxin®
( 1. School of Aircraft Maintenance Engineering Guangzhou Civil Aviation College Guangzhou Guangdong
510403 China; 2. School of Power and Energy Northwestern Polytechnical University
Xi’ an Shaanxi 710072  China)

Abstract: The structure and principle of the aircraft engine nose cowl thermal anti<ice ( NCTAI) valve were introduced. Based
on each component” s mathematical model the whole model of the NCTAI valve was built in AMESim software. Taking an aircraft
engine NCTAI valve as the object the performances of the pressure regulator and the butterfly valve were simulated. The results show
that the model meets the engineering requirements. The NCTALI valve typical faults of the plugged orifice caused by contamination were
simulated and analyzed. The result shows that the plugged orifice may cause over pressure downstream the butterfly valve and cause the
system malfunction. This research conclusions can provide reference for airline company to maintain aircraft and for civil aircraft manu—
facturer to design related systems.

Keywords: Aircraft engine; Nose cowl; Anti-ice valve; System modeling; Fault simulation
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Fully Indecomposable Bases of Primitive Non—-Powerful Sign Pattern Matrices

L

HUANG Yufei'”"  LIU Bolian®
( 1.Guangzhou Civil Aviation College Guangzhou 510403  China;
2.School of Mathematical Sciences South China Normal University Guangzhou 510631 China)

Abstract: The definition of indecomposability for generalized sign pattern matrices is extended firstly in this paper.
The fully ambiguous indecomposable generalized sign pattern matrices and partly ambiguous decomposable general—
ized sign pattern matrices are then defined. Moreover the ( strict) fully indecomposable base for a primitive non—
powerful ( generalized) sign pattern matrix is put forward which is the generalization of the ( strict) fully indecom—
posable exponent for a primitive (0 1) matrix. Meanwhile the graph depicts for ( strict) indecomposable base is
given and some upper bounds for the ( strict) fully indecomposable base of primitive non—powerful sign pattern
matrices are obtained. Furthermore the definitions of fully ambiguous indecomposable generalized sign pattern ma—
trix and ( strict) fully indecomposable base to w—ambiguous indecomposable generalized sign pattern matrix and
( strict) w—indecomposable based are generalized respectively.

Key words: primitive; non—powerful; ( generalized) sign pattern matrix; ( strict) fully indecomposable base
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Bounds on the Structural Indices of Primitive Non—powerful

Generalized Sign Pattern Matrices

HUANG Yufei"
( The School of Humanities and Social Sciences Guangzhou Civil Aviation College Guangzhou 510403 China)

Abstract: In view of the special effects of “loop” in the study of structural index problems two classes of special
generalized signed digraphs are defined: primitive non—powerful generalized signed digraphs with intersecting cycles
structure and that with distinguished intersecting cycles structure respectively. With restriction on primitive non—
powerful generalized signed digraphs with intersecting cycles structure and those with distinguished intersecting cy—
cles structure upper bounds on the structural indices e.g. kth local t—base kth same t—base kth lower 7 —base
kth upper 7 —base and w—indecomposable base are discussed by imitating the digraphs analyzing the ambiguous
reachable set and using the properties of Frobenius numbers respectively.

Keywords: primitive; non—powerful; ( generalized) sign pattern matrix; ( generalized) signed digraph; structural
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On the Modified Sombor Indices of Some Aromatic Compounds

HUANG Yufei”  LIU Hechao®
(1. Department of Mathematics Teaching School of Humanities and Social Sciences Guangzhou Civil Aviation College Guangzhou 510403 China;

2. School of Mathematical Sciences South China Normal University Guangzhou 510631 China)

Abstract: The family of Sombor indices( Sombor index reduced Sombor index modified Sombor index etc.)

show satisfactory predictive and discriminative potential in modeling entropy and enthalpy of vaporization of alkanes.
The results of testing the predictive potential of the family of Sombor indices indicate that these descriptors may be
successfully applied to modeling thermodynamic properties of compounds and have important value for chemical ap—
plication. The expected values of the modified Sombor indices of four kinds of common polycyclic aromatic com—
pounds—( random) hexagonal chains ( random) polyphenyl chains ( random) phenylene chains and ( random)

spiro chains are studied with recursive calculation. Furthermore the extremal values and extremal graphs of the
modified Sombor indices for these four kinds of polycyclic aromatic compounds are characterized respectively.

Keywords: modified Sombor index; aromatic compound; expected value; extremal value; extremal graph
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Inspection Requirements for Structure Corrosion of Transport Aircraft

XU Hairong' , HUANG Changlong'**
(1. Guangzhou Civil Aviation College, Guangzhou 510470, China; 2. Guangzhou Aviation
Safety Technology Co., Ltd., Guangzhou 510850, China)

Abstract: During the service of transport aircraft, corrosion must be checked in time according to the requirements of
aircraft structure corrosion inspection to avoid catastrophic damage caused by structure corrosion. Based on the structure
corrosion data during the service of a type of mature transport aircraft in a typical corrosive environment, the main influencing
factors and distribution rules of the structure corrosion of the transport aircraft were determined. According to the
airworthiness requirements of transport aircraft, the corrosion inspection position, corrosion inspection mode, corrosion

inspection method, first inspection period and repeated inspection interval were defined.

Key words: corrosion location; corrosion type; detecting method; first inspection period; repeat interval
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