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Abstract

Purpose: This work presents a method of diagnosing the technical condition of turbofan engines using
hybrid neural network algorithm based on software developed for the analysis of data obtained in the
aircraft life. Methods: allows the engine diagnostics with deep recognition to the structural assembly in the
presence of single structural damage components of the engine running and the multifaceted damage.
Results: of the optimization of neural network structure to solve the problems of evaluating technical state of
the bypass turbofan engine, when used with genetic algorithms.
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1. Introduction

One of the purpose of a high level of safety and
efficiency of aircraft is the development and
introduction of effective systems for evaluation of
technical condition of complex technical objects,
such as aircraft jet engines (turbojet), which is of
particular relevance to their operating technical
condition in business aviation.

Existing methods and means of identifying the
vehicle turbofan on functional parameters with
subsequent localization of the fault to the structural
assembly of the engine are running the probabilistic
nature of the diagnosis. The task of increasing the
reliability of the technical diagnosis for turbofan
remains relevant in relation to the existing space
features stochasticity and engine states. Improving
the accuracy of determining the vehicle engine is
complicated by the need to include in the process of
diagnosing a significant number of features that
reflect the interaction of various structural
components and elements of the flow, which in turn
leads to a complication of algorithms, software and
hardware support process.

The construction of efficient algorithms for
diagnosis is only possible through the use of

statistical models that reflect the behavior of the
object identification in different states. Simulation of
complex objects (systems), such as turbofan,
complicated problem of inaccurate or incomplete
descriptions of the object being studied [1].

In the method of parametric diagnostic turbofan
process is based on a comparison of the
mathematical model of the specific engine model
with standard (serviceable) model of engine.

Artificial intelligence techniques, including on
the genetic algorithm, are becoming more common
in various areas of research and are gradually being
introduced in the diagnosis of complex technical
systems. Thus, there is a need to develop new
approaches to the technical condition classification
of aircraft.

Currently in addressing a wide range of
applications more and more attention is paid to the
use of hybrid technology, implementing an
integrated use of hybrid algorithms and artificial
intelligence techniques developed within the
framework of the theory of fuzzy sets theory of
genetic algorithms (GA), theory of neural network,
theory multisets [2].

The article discusses the possibility of applying
the approach for solving diagnostic tasks using
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intelligent automated systems using the hybrid
algorithm.
2. Research method

The neural network has a set of neurons that are
interconnected in such a way that there is an
interaction between them. The method determines
the connections of neurons neural networks
architecture [3].

Genetic algorithms originally applied to solve
problems of adaptation of mathematical models of
the object under study. In [2] Recombination was
introduced in evolutionary strategies. GA Principles
are based on the terms borrowed from genetics. The
formulation of the problem involving multiple
criteria (target functions and performance criteria),
which must be optimized simultaneously.

Advantages GA consist primarily in the
possibility of sharing with other optimization
techniques, developed numerous hybrid GA [3]. The
most common approach is to include local
optimization along with genetic operators in a
classic block diagram of a simple GA. In this case,
local optimization is applied to each result obtained
algorithm (child) to "move" towards a local
optimum before implementing it in a new population
(obtaining new values). This GA is used for the
global expansion of the search space, while heuristic
methods are used to find the closest possible
solutions.

The GA could solve applied problems by
encoding their solutions in the chromosome. The
deviation of the new solution of the classification
problem of optimization goals, defined in the length
it allows adaptation measures to influence the future
course of selection decisions to a new population of
the GA. In this interpretation it can be seen that the
GA - is a virtual reflection of the real semblance of
life processes of a living organism in an effort to
preserve its unique character and its identity and
thus save themselves from external mutagenic
effects. This factor ensures the stability of the
classification expert system, built using GA, and the
selection of unnecessary information data in
association with the input features Sensor detection
solution at the outlet.

One promising area of hybrid systems is the
sharing of technologies such as artificial neural

networks, genetic algorithms, fuzzy systems, various
modifications of the optimization algorithms.

Using genetic algorithm to train the neural
network has the following advantage - the
opportunity to study the search space by a plurality
of solutions. This has a significant effect when
searching for global minimums adaptive reliefs.
Genetic algorithms are insensitive to the growth of
the dimension of the optimization of the set. At the
same time there is a significant drawback of using
genetic algorithms - serious computing, and
therefore time-consuming. Also, genetic algorithms
contain elements of heuristics method therefore have
all the disadvantages of heuristic methods.

3. The method of a hybrid algorithm

The essence of hybrid algorithms is a combination
of a genetic algorithm with some other search
method for solving the problem. At each stage of the
GA each received "descendant" is optimized by this
method, and then made the usual genetic algorithm
for action. This type of development is called
Lamark's evolution, in which individual (inherent
data) can be trained, and then to record their
property in their own genotype, to then pass to their
descendants. Although this method impairs the
ability of the algorithm to seek a solution by
selection of hyperplanes, but from a practical point
of view, hybrid algorithms are more efficient than
traditional ones. The hybrid algorithms, there is a
strong likelihood that one of the individuals fall into
the area of the global maximum and after
optimization will be the task.

It has great potential use of hybrid schemes
using GA and neural networks (NN). This issue has
recently dedicated many works of such scholars as:
J.-T. Kuo (4), Saemi M.[5] and others. These
algorithms are based on hybrid technology or
surrogate modeling metamodeling, involving the
replacement of full-scale model of the research
object at a much less resource-intensive model,
approximately reproducing the response of the
original model. Theory metamodeling developing, in
particular, scholars such as E. Lotfi [6], D. Goldberg
[7], G. G. Wang (8), etc.

To use hybrid algorithm it is necessary to train
the neural work. It uses 3 sets (data), describing the
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considered: training, control and test. In this study
and control the initial data are obtained, as a rule, the
methods of numerical experiment using a
mathematical model turbofan engines [9].

Mathematical model of engine must have a
system of nonlinear equations to describe:

- structural characteristics of the elements and
nodes;
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- conditions of teamwork structural engine
components;

- Engine control laws at steady state operation.

Mathematical model of turbofan engines made
in a modular fashion, presented in the form of
software modules. Fig. 1 shows an example of an
effective hierarchy of hybrid GA [10].
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GA - network |
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d |
I ' Evolutionary search /|
|
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Fig. 1. Scheme of hybrid algorithm using GA and neural network

Viewed hybrid neural network genetic algorithm
(GA + neural network), in which the radially basic
neural network approximator performs the function
of the objective function. A distinctive feature of the
algorithm is integrated into the GA series of neural
network circuit is formed on each iteration of neural
network approximation of the objective function,

which is used to construct the prediction of optimal
solutions using another GA.

The three-stage hybrid algorithm introduced the
neural network as part of the learning algorithm of
neural network circuit. Different application of the
first stage of clustering algorithm with automatic
detection of the number of clusters, which allows to
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determine the number of hidden neurons and RBNS
first approach positions corresponding centers radial
basis functions. In the third stage of training error is
further reduced by adding new hidden neurons in
accordance with the architecture of the cascade
correlation of C. Fahlman.

4. Conclusions

The use of this algorithm in the diagnosis turbofan
allows:

- Adapt the mathematical model to diagnos
object (bypass turbofan engine);

- Effectively solve the problem of optimizing the
distribution and flow of information in the face of
uncertainty.

We note one joint application GA and neural
network - is setting membership functions of fuzzy
and neuro-fuzzy systems [5]. Currently, neural
networks and genetic algorithms have passed from
promising methods for solving problems in the
available and widely used methods. The main
direction in the development of both new techniques
and to solve practical problems related to the search
for method research to the time-consuming and
increase system performance. One of the approaches
discussed in the article - the search parameters of the
neural network using the genetic algorithm.
Applying this approach to simplify the position with
search engineer developer of neural network
structure, such as search inputs, the number of layers
and neurons in them, the method of training, etc.

These methodological procedures allow a
sequence to form a common data set for describing a
technical condition engine and a complete set of data
for neural network training. Determined the
architecture of the hybrid algorithm with neural
network and GA.

In the course of studies designed basic technique
for the diagnosis of bypass engines with intelligent
automated systems.

These methodological provide

opportunities for further development of methods and

foundations

techniques of evaluation of the technical condition of
the flow of the turbojet in the parameters of the
working process with the depth of diagnosis to a
structural assembly with both the split end of the
working body, and in the case of mixed streams.
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Mera: IlpencraBmeHo MeTOA MiarHOCTYBaHHS TEXHIYHOIO CTaHy TypOOPEaKTUBHOIO JABOKOHTYPHOTO
IBUTYHA 3 BUKOPHCTAHHAM TiOpPUIHOTO HEHPOCETEBOrO aJropuTMy Ha OCHOBI PO3pOOJIEHOIO MPOrPaMHOTO
3a0e3MeyeHHs Ul aHalli3y JaHUX OTPUMAaHUX B eKcIuTyaTtamii. MeToam: 1aHUi METOJ HO3BOJISIE BUPOOIATH
IiarHOCTHKY JBUTYHA 3 TIMOMHOIO PO3Mi3HABAHHS 10 KOHCTPYKTHUBHOTO BY3J1a IPU HAIBHOCTI SIK OAMHOYHHUX
MOLIKO/PKEHb KOHCTPYKTHBHHX BY3JIiB NMPOTOYHOI YACTHHM [BUIYHA, TaK 1 0araTorpaHHUX YIIKOIUKEHb.
Pe3yabTaT: peacTaBiIeHi pe3yIbTaTH ONTUMI3alLii CTPYKTYpH HEHPOHHOI MepesKi AJisl BUPIIICHHS 3aBIaHb
OLIHKM TEXHIYHOTO CTaHy MPOTOYHOI YacCTMHU TypOOPEaKTHBHOTO [BOKOHTYPHOTO JBHUTYHA, IIPH
BHUKOPHUCTaHHI i1 CHIIBHO 3 TEHETUYHUMH ANTOPUTMAMH.
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KuroueBble ci1oBa: qUarHOCTUPOBAaHUE; UHTENJIEKT; MPOTOYHAS YacTh; TYpPOOPEaKTHUBHBIN JIBYXKOHTYPHBIN
JBUTATEIIb.

Potapov Valentin (1989). Graduate student.

National Aviation University, Kyiv, Ukraine.
Education: National Aviation University, Kyiv, Ukraine.
Research area: diagnostics of gas turbine engines.
Publications: 2.

E-mail: valentine.potapov@gmail.com




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /UKR ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


