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TQ EXTRACT QUANTITATIVE DATA °F ETE CCMFPRESEZCR JLADE

CYMAMIC GSTRESE O0OUT OF HOLOGRARPHIC INTERFEROGRAMS

Pavydov A.N..,krainyukov N.I.,Khramov A.G.,Shaposhnikov Yu.N
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Problem of calculation of aircraft GTE ccmpressor and
turbine blades dynamic =ztress fielde according tco
holometry data is discussed.Optical scheme cf
interfercmeter and structure of cemputer—-aided =vetem
are giver. Mathematiczl m=thods cf hclographic
interferograms crocessing ard approoriate algorithms
uvsed for calculation are described. The resultant
Jata are the bacsic ones to calculate =tress in

firal elemert klade model.
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tigation of aircraft cas turbine encire vnits resonans
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wencice znd vibraticn modes was sigrnificantly ziaplifisd

methods cf holcgrarchic interferometry appear=sd. Inter-—

ferograms got z= the re=zult cof the investigaticn procescses

ain irformaticrn both cf vibratior mode of ewplicit Find ard

of strazcs-ctrained sbject ztate in the form of interferencs

two
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ne process of such informatiorm extraction is subdivided irmto

irdempendent tasks: (1) calculation of displacements field

he bacsics cof interferogrami (2) caculation of distortin and

stress of investigated sbject on the basis of the results of
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iatiorn of Llxdo vibration amplitude giwven in this
SIooitt ol zz2¢ on Ernes method /1/.  For more precise and

54 wibrational displacsmert wveacior it iz

necessery tc tave three rather cifferent zensitivity vector

of

2very pcint of thke surface. H gquit2 simple optical schem
hclcoraphic interfercmeter was cdeveloned which preovided using

imexltanecucly throe

u

oniy ore Freenel hologram ir order = have

neitivity wvectore. The

irterferograms with different

dirpctions are zzllinmear in *hiz
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om one pcint

to computar il

vibraticnal displazerent field=z % iz

corvenient to take &5 coerdinates system am orthegers! tlade

tors

[ =}

cwn aftar physical measurament

sutusl ir every fringe patterm wztched
it iz coordinatze of *hig

zoecrdinate svstem of every pattern hence the

orientation of =wvery zensitivity vector.
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The problem of interferograms analysis is to restore
vibration amplitude field according to the watched inter-
ferogram .The investigation showed that the most reliable
and resistand to noise and distortions approach to the problem
solving is the following one. First of all using methods of
digital image processing extrema line; are isolated in
interferograms.To find displacement vector field one should to
fringe equation add an equatior connecting coocdinates on the
surface of an investigated object with points coordinates on
interferogram image. Besides one should consider equation
describing the surface of the investigated object.Solution of
csystem of those equations permits to calculate vector field of
displacements in the points corresponding tc extrema lines on
interferogram.The value of displacements field in the other
points can be get by means of various methods of three
variables function interpolation.

The first stage of the considered method is the most
difficult from the ooint of view of time-consuming processing
because it requires isolation and numeration of extrema lines

on interferogram image.The difficulty of extrema lines
isolation is due tc presence of significant nroise and
distortion while interferogram recording (non-linearity of
unit for image input to computer memory, non-uniformity of
contrast, cspeckle-roise and so on).For extrema lines isolation
the method cf local quadratic approximation is proposed /2/.

Finite element method was used for calculation of stresses
field according to known displacements.To solve the set task
there were considered two approaches defined as "kinematic
loading” and "loading by force".

As it is known from experiment at "kinematic loading” there
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should be vibratioral displacements of some blade final element
model nodes.But there are none of them.Rigid "kinematic loading"”
is applied then. In this case in order to get satisfactory
solution one should select location and number of nodes with
displacements to be happend. The main drawback of this
"kinematic loading"” is the subjectivity of such selection that
makes calcuiation formalization difficult.

At "loading by force” inertia forces proportional to displa-
cement, relative nodal mass and square of frequency are applied
to all finite element model nodes.It is the "by force"
character of loading that provides evenness and stability of
solution in this case allowing blade model strain to be in
accordance with the shell theory under nodal loadinds.

A series of computation of source objects strained state
were made for varicus vibraticn modes to prove the proposed
approaches.The results of computation and tencometry were
compared. It was found that "loading by force” results correlate
more better with tensometry data.

References
1.Ennos A.E., J.Sci.Instrum. ! (1968), p.771
2.Elenevsky D.S.,Krainyukov N.I.,S5haposhnikov Yu.N.,Khramov A.G,

Opt.and Laser in Ing. 15 (1921), p.357

Davydov A.N. - Engineer
Krainyukov N.I. - Engineer
Khramov A.G. - Candidate of Engiﬁering

Shposhnikov Yu.N. - Candidate of Physics & Mathematics
Box T17, 443016 Samara, Russia

Telephone: (8462) S50-70-483 S0-16-56





