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Abstract

The paper has been intended to propose an objecidredestructive method to assess a degree oheatng of
gas turbine blades material. The method has besadan the opto-electronic recognition of imageblafle surface
layers to extract characteristics thereof for batherheated and serviceable blades. Any image dh@debsurface
layer is analysed within the Fourier plane by meafisa computer-generated version of a matrix ofyrimedge
detectors. A ring-wedge detector enables good teffghen used to assess health/maintenance stawyasafrbine
blades. Results of examining microstructures ofhboterheated and serviceable blades are the coafiom.
Findings can give grounds for a method of diagngsmwhat degree blades in operation suffer ovetinga
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1. Introduction

The diagnostic examination is usually aimed at rieit@dng health/maintenance status of an
engineering object. In the case of complex strestuthe diagnostics plays an important part in the
assessment of real time of failure-free operatigrtremely varying operating conditions of
particular components and sub-assemblies of engigeebjects are factors of great importance
that affect operating conditions. While operatinyidine engine, no matter whether an aircraft, a
marine or a traction one, various failures to eagaissemblies occur. The most common ones are
the blade’s material overheating and thermal fatidtlimination of this kind of failures is always
carried out as a major engine repair, which resnlteemendous cost [1, 5].

A decision on whether the repair is necessaryksnay a diagnostician who can diagnose
condition of individual components with a visual thed, using e.g. a videoscope (Fig. 1). The
recorded image of the surface layer of a componeder examination gives grounds for the
assessment of the component’s condition. It is @B to standard images of similar
components, both fit and unfit for use, e.g. tuediades.

This kind of condition assessment proves very s, since it depends on the
diagnostician’s knowledge and vision. Light thalsfaon the surface is reflected and, therefore,
objects can be observed. Shapes and colours @icesrbf metal objects become distinguishable.
Although a skilled and efficient diagnostician adistinguish over a wide range of colours (ones
within the scope of 400 through 700 nanometerstisgawith violet to dark red), any mistake due
to his subjective assessment can result in ackmigivig an unserviceable (overheated) blade for a
fit-for-use one, and vice versa. In the first caseengine failure may happen in a short timehen t



second one — an expensive major repair of the engmay be effected. Therefore, the
diagnostician’s decision is verified with a destive method. The component under examination
is subjected to analysis of microstructure of therasection [5, 7].

Fig. 1. A commercial videoscope (a), and a jet Bagiombustor on the videoscope screen (b)

In the case illustrated with Fig. 2, one cannotliekly determine whether the surface of at
least one of the presented blades indicates thermabverheating. Furthermore, according to
criteria in force until now, nothing can be saidoabthe degree of overheating. No objective
criteria have been determined to explicitly andainon-destructive way assess the degree of the
blade’s material overheating [3, 4].

Fig. 2. A gas turbine with visible changes of cotoon blades surfaces [4]

2. Methods of analysis of light signals reflecteddm a metallic object’s surface

Dynamic development of technique of acquiring insadmth monochromatic and colour ones,
facilitates extensive and easier use of informatnmiuded in recorded images to satisfy needs of
the diagnostics. From the diagnostician’s poinviefv, the correct colour assessment proves of
great significance in many cases [4, 6]. It isoftsed in numerous diagnostic procedures in areas
such as cartography, chemical industry, aviationde&ision is made by comparing a standard
colour with that/those of recorded images. In [H2],advisory system has been suggested to assist
objective colour assessment as a method to deterp@tioleum products that affect corrosion of
metals. In the postulated system, methods of flagic are used to assess and classify colours.
Authors of [10 - 12] present also methods of cating a membership function of the analysed
point of a colour image to determine colour (a@@jording to the classification of colours based
on the CIE chromaticity diagram, the so-called oolwiangle.



In the present-day diagnostics, integrated imagdyaars (image matrices) are more and more
common. They are used in various image recordiadyamg techniques aimed at acquisition of
the quantitative and qualitative information onastigated states and phenomena represented by
means of images [10]. Among various assisting nmahaonorphological methods of image
conversion are of particular interest. They are mgnoéhe most significant methods in the
computer-image analysis, since they are a prelimiséep to create more complex operations
connected with analysing shapes of objects and plesitioning to each other.

Images of uniform structures, commonly called ‘tegs’, build up a characteristic group.
They are of great importance in many areas of seieand technology, e.g. metallography,
crystallography, tribology, etc. Extraction of thesharacteristics (e.g. statistical parameters,
Haralick’'s parameters) would enable to classifynthand then to infer on characteristics of
materials, objects, and processes representedexitlre images [9].

A method that makes use of laser technology [#nisnteresting non-destructive solution to
assess (diagnose) condition of rotor blades thatad@otate. Properties of laser radiation are used
in the course of investigation. Examined are d#fferes between the incident and reflected
radiations. The diagnostic testing work with dynaraxcitation engaged provides interferograms
that determine forms of blade vibration at diffdreesonance frequencies. This is a source of
information on the blade’s dynamics, and hencemechanical properties, design condition, etc.
of this blade.

Sarnecki J. [8] applied a ring-wedge detector togaise images of tribological-wear-effected
products to diagnose types of wear of bearing syste

3. Methodology of image acquisition — of luminancérightness) and chrominance (colour)
of surface layers of gas-turbine blades

The jet's gas-turbine rotor blades made ofZ8& alloy (Fig. 3) are subject to tests. The blades
have been covered with alitised layers (consistingluminium and other elements) for protection
against high-temperature gas affecting them.
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Fig. 3. Surface layers of gas-turbine blades in/gmr (KN — edge of attack)

Colour and intensity feature light — the visiblediegion (a part of the electromagnetic
spectrum), which are recorded with human organgbitsin case of a digital camera it is the built-
in optics that focuses light rays and plays a péthe ‘organ of sight’, and the electronics, i.e.
a light-sensitive sensor. An image in front of tanera lens is mapped against surface of matrix
provided with detectors furnished with tri-coloultGR filters (RGB — three primary colour
constituents, i.e. red - R, green - G, blue - Bjchwtenable detection of particular colours.

To simplify, the acquired information on the intéypf colour distribution in case of colour
images, and of shades of grey (grey scale) in cAsmonochromatic images is recorded on
a memory card in the form of points called pixalkjch form an image [9].

Modern methods of image analysis have found apgpmies in broadly understood technical
diagnostics. As a primary advantage of this typedi@ignosing one should mention the non-



destructive nature of the method to acquire infdiomaon health/maintenance status of a given
object. The described non-destructive method ematidermination of the condition of a given
surface, i.e. of a surface layer discerned as lange (brightness) and chrominance (colour) that
reach a recording device, i.e. a camera. The ghapbing and the recording of images were both
carried out on a test stand (Fig. 4).

Diaphragms to provide
uniform light scattering

Kodak Easy
Share 7590DX
on a tripod, at

40 cm level

Conditions of image

acquisition:

- light source — light in the
visible spectrum;

- angle of incidence of light rays
- 459,

- angle of image detection - 909

- acquistion of images in the
same resolution and zoom

- sensor: matrix 5.360 MPx
(effective pixels 4.977 MPX),
size CCD 1/2.5",

manmal T A D

Light source — 4 milk
light bulbs (4 x
250W)

'

Photographed surfach
of a specime

Fig. 4. Test stand to acquire images of surfacerayf turbine blades

Repeatability of results was proved by photographitades under the same conditions, with
suitably matched parameters of the digital camApgplication of diaphragms ensured uniform
reflection of light from the metal surface to prde®iuniform light scattering. The diaphragms
eliminated light reflections that cause over-expesaf obtained images. Identical photographing
conditions enabled comparisons of changes in celousurface layers of blades showing different
health levels. The image recording format was adgiso satisfy needs of image compression
according to Exif 2.2 standards. In order to mami@s much information about the recorded
image as possible, compression was set to the tdexed acceptable.

4. Analysis of images of turbine blade surfaces

1. Image acquisition
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6. Examination of usefulness and verification ahgd parameters
that describe the degree of overheating of gasrerlades

Fig. 5. Acquisition, and computer colorimetric asykectral analyses of signals from blade surfaces
— a diagnostic model



Some representative regions of blade surfaces ggedr ROl — regions of interest) were
chosen to explicitly describe the blades. The R@BWw image is a model that results from
receptive properties of the human eye and is basethe fact that the sensation of almost all
colours by the eye can be effected by mixing -ame pre-set proportions — only three selected
light beams of some suitably matched spectral baittde: In the RGB model of colour
identification there are only three constituents: ied, G - green, and B - blue. Therefore, itnis a
additive model, where each colour is obtained byamseof combining three primary colours.
Hence, each channel is analysed separately. Cahloages were analysed using the Matlab
software (Image Processing Toolbox).

A colour image was converted into a monochromatie, a.e. one, for which information on
colour distribution is negligible. Using the Matlabftware (Image Processing Toolbox), a colour
image was converted into one representing the geale (256 grey levels). It was investigated
whether the ‘black-and-white’ information is suféat to describe changes in colours due to high
temperature affecting the blades.

A ring-wedge detector was used to analyse images. & circle-shaped instrument, which
comprises two parts: the first one includes coneefdcated rings, whereas the second one is
formed with wedges that join in a common vertexthe middle of the detector. Each of the
regions is a surface photodetector that transfamtensity of the incident light into a signal
proportional to intensity of this light. A compuigenerated hologram (CGH) shows shape
identical to that of the ring-wedge detector, andiliso composed of areas of rings and wedges.
Therefore, the CGH acts as an extractor of feat{otesracteristics) from images in the domain of
frequency. Results of analyses of colour imagesittine blades, and those within the grey scale
are presented in Fig. 6. Values of rings and wedgeslades no. 4 and 5 evidently stray from
those for the remaining blades.

5. Microstructure of turbine blades

Mechanical and technological properties of anyyaliee closely related to its microstructure,
which in turn strongly depends on the sort of hiaatment applied. Affected with multiple
temperature fluctuations, the alloy is subjectitermal fatigue. High temperature affects also the
surface layer. The turbine blades are made of td@giperature nickel-base all®86. They are
covered with alitised layers to increase their Higimperature creep resistance.

Metallographic microsections of blade specimensewmepared with standard methods to be
then etched with a reagent of the following chemmamposition: 30 g Feg¢l+ 1 g CuC} +
0.5 g SnC] + 100 ml HCI + 500 ml BD. The microstructure was observed by means aoffd li
microscopy, and SEM - the scanning electron miapgc

Examination of microstructures of the alitised lagad theZS6 alloy shows that the effect of
exhaust gas of high temperature on turbine bladdsruexamination resulted in decohesion of the
alitised layer and modification of the strengthenphasey (Figs 7 and 8). Fig. 7 shows regular
(correct) structures of the alitised layer andAB86 alloy of turbine blade no. 1 (see Fig. 6), where
as Fig. 8 shows overheated microstructures of litisea layer and th&S6 alloy of turbine blade
no. 5 (see Fig. 6). The alitised layer sufferedIbmge pop-offs also occurred, and even worse,
cracks were initiated due to thermal fatigue (B). The image of microstructure of thi86 alloy
shows secondary precipitates of fine-dispersiors@ha(Fig. 8b), effected with exhaust gas of
high temperature. The phagenorphology proves that after having exceeded alitemperature,
the alloy suffers overheating and any turbine blealenot be considered serviceable (fit for use)
any more.
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Fig. 6. Values of rings and wedges for particularbine blades



According to A. Dudziski [5] and A. Poznaska [7], any modification of this kind of the
strengthening phasg proves susceptibility to brittle cracking. Furtimere, A. Dudziski states
in [5] that any blade made of a very similar all6y-929, subjected to a creeping test should be
recognised overheated after exceeding temperali@@ K. The acquired images of microstructure

of blade no. 5 can give good grounds to assesgraeef overheating of gas-turbine blades made
of theZS6 alloy.

a) b)

Fig. 7. Regular (correct) microstructure of a tumii blade: a) of the alitised layer, x 450, andhi® ZS6 alloy, x 4500

a) b)

Fig. 8. Overheated microstructure of a turbine l#ad) of the alitised layer, x 450, and b) 86 alloy, x 4500
6. Summary

Findings of experimental work on high temperatuifecing gas-turbine blades made of the
7S6 alloy have been presented in the paper. Thetskeblades of aircraft jet engine were subject
to examination. A ring-wedge detector was usedntyse images of surfaces of blades showing
different health levels. Results of blade-microstiwe examination have entitled a statement that
blade no. 1 shows regular (correct) structure, edeblade no. 5 — the overheated one. Comparing
these results to those of analysing images of dadaces, the following can be stated: blades no.
1 to 3 show correct condition, since values of siagd wedges remain comparable. On the other
hand, blades no. 4 and 5 are overheated, becalis=s\ai rings and wedges differ considerably



from those for blades mentioned above. Therefaeetation has been shown between the blade-
surface image and condition of microstructure dbine blades made of ti%S6 alloy and covered
with the alitised layers.

The intended aim of applying both a visual non+detive method used in the diagnostics of
engineering objects and the methodology of analysilade-surface images acquired in visible
light spectrum was to gain some cognitive informatiof great importance. In practice, this
information could be used to assess changes imitr@structure, i.e. the overheating and thermal
fatigue of components and sub-assemblies of engmpe®bjects affected with variable high-
temperature heat loads.
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