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PioTR WESOLOWSKI

Institute of Physics Technical University Budapest

Abstract

Application of reflection holography to numerical inplane strain measurement is
presented. The corner transition of hydraulic press is investigated in order to pointing
out critical points on the transition. The method makes possible examining small areas
of large structures despite of large motions of the overall object. The recording set-up
is very simple: the stability requirements for recording are drastically reduced and allow
omiting of vibration-isolation equipment. The values of strain are obtained by derivating
displacement vector field and compared with strain gauge measurement.

Introduction

Holographic interferometry has provided the engineer with powerful tool for nondes-
tructive testing, as well-as with an aid for engineering design and analysis. In typical off-axis
holographic interferometry the separation of investigated object from measuring system
causes, that the fringe patterns are not characteristic only of effects of structural deforma-
tion but contain also rigid body motions, which should be cancelled out in optical-me-
chanical [5], [6] or numerical way.

If there are small localized distorsions of interest associated with large structural
motions the problems with interferogram evaluating are very similar to mentioned above.
Neumann and Penn [2] gave at first description of a method which overcomes the drawback
of extrem sensitivity to vibration and is largely independent of the relative motion of the
object and laser source. The main idea is to attach a transparent holographic plate to the
object illuminating it directly through the plate. By double-exposure method, each of the
exposures blong to one state of loading, the fringe pattern relating to the deformation
can be obtained,

Requirements of the technique

To investigate the in-plane displacements a plateholder with a plate without antihalation
backing should be kinematically mounted to the object to be investigated in order to
assure relation between object real deformation and fringe pattern. It is preferable to
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know the character of deformation before attaching the holder to the object; otherwise
the fringe pattern obtained by double exposure method can be characteristic of any relative
motion between object surface and hologram plate that has occured between two exposures,
including rigid body motion too, beeing not characteristic of object deformation,

The stability requirements are described in [1], [2]. The most important of them are
that an interferogram good quality depends only on the stability of the distance between
the object and emulsion during exposure and is independent of changes in the distance
from the illuminating source.

Reconstruction -of interferograms takes place in collimated white light, although
reconstruction in laser light can be naturally also applied.

The model

The model of a framework of the hydraulic press for chipboards was prepared ensuring
strict mechanical conditions. In interest of that not only the characteristics of material
but geometrical similarity have also been ensured. Mechanical stress acting in the real
press and that of the model must be the same. Thus the reduction ratio of length measure-
ment is /, = 0.1892, ,, = 11.35 mm, v, = 60 mm, where v,, is the thickness of the model’s
plate and v, is the thickness of the real object’s plate. The reduction ratio of loading force
is F, = 0.03359 (the total loading of the model is F,, = 34527 nN and loading of the object
Fy = 96-10° N). B o

The symmetry of 'Ioading‘ was checked by four strain gauges placed on the arms (ur.
1, 5,9, 19). Strain gauges (KYOWA KFC 2-Cl1-11 type with measuring base of 2 mm)
were cemented in the internal edges of the frame as it is shown on Fig. 1. The range of
loading was 0 -45 MPa. Fig. 2 shows strain values obtained from strain gauge measure-
ment in range 0-30 MPa. Because of symmetry the values measured in the upper left
and in upper right corner transition are put onto the same diagram a-(Fig. 2).

Fig. 1. The scheme of the hydraulic press model and setting ‘of the strain ga{xgeéx
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Fig. 2. The strain values obtained from strain-gauges measurement

Experiment

There was used a cw He-Ne laser with output of 7 mW. The laser was mounted on
a tripod standing on the floor of workshop at distance of about 2 m from the object.
It illuminated the model from the opposite side to that beeing under strain-gauge measure-
ment. Using collimator with external lens of 100 mm diameter and set of two flat mirrors
a collimated plane wave was directed through the holographic plate normally to the surface

(Fig. 3).
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Fig. 3. The set-up for recording the holograms

The light reflected back forms the signal beam and interfers with incident light (8].
The object was painted white with diffusely reflecting paint in order to allow a large varia-
tion of the angle of view at reconstruction.

The plateholder mounting to the object is shown schematically on Fig. 4. As it was
mentioned, the plateholder must be mounted "kinematically to the object as it is shown
on Fig. 4. The fix clamping point (P2) is placed in the zero strain zone (dotted-dashed
line) to avoid noncharacteristic of object deformation-rigid body motion between plate
and the object. On Fig. 4a the balls are fixed on to the upper side of the object.

Explanation:
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A-A: the ball rest on a flat surface to slide freely in any horizontal direction.
B-B: the ball defines the position of the hologram holder
C-C: the ball rest in a slot in the form of a trench with triangular cross-section.
Two springs (RI, R2) press the plateholder to the object.
The model of press was initially loaded by pressure of 10 MPa and pressure belonging
to the second exposure was 21 MPa.

A=A B-
hotder
abject %

Fig. 4. The plateho]der mountmg to the object

Reconstruction of the interferograms

Since the fringe pattern at reconstruction is not influenced by the reconstruction wa-
velength [1] the reconstruction of the interferograms is realized in collimated white light,
which incidents normally to the hologram plate.

The investigated interferogram point was placed in ‘the middle of a circle table with
precise angle scale. Instead of varying observation directions, the whole circle table with
interferogram lying on it was rotated round the verical axe. The fringe patterns were
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Fig. 5. The scheme of interferogram reconstruction

video tape recorde
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viewed by TV camera (SONY DXC 1800 P-type) under f angle normal to the surface
of the plate (Fig. 5). Because of very fast changing of fringe patterns during varying of
angle, the whole observation was recorded on Video taperecorder (SONY U-matic, VO-5630
type) to precise reconstruction of fringe pattern variation.

Evaluation of the interferograms

Generally for evaluating displacement vector components there is a need for at least
three different fringe patterns associated with different sensitivity vectors. In this case
the fringe orders for each of investigated points were determined from twelve different
observation angles (y = 0°, 30°%, ..., 330°) (Fig. 5) to get an overdetermined set of equa-
tions for increasing the accuracy of the measurement.

Fringe counting was carried out in following way: order of a fringe passing the investi-
gated point was chosen arbitrarily. Counterclockwise direction along tangent to given
point was chosen as positive. The fringe pattern moving in opposite direction decreased it.
The correctness of fringe counting was checked after rotating the interferogram about
360 degrees. In this case the fringe pattern formed a closed loop and it resulted in total
number of fringes adding up to zero.

As it is seen from Fig. 4 the points from 11 to 5 were evaluated in polar coordinates,
where; ' '

u = ué,+ve, _ ¢))
where n denotes plane displacement vector.
The plane strain components are:

Eap = b} (U, p 115,00 )
namely:
du
Ep = 7’_“’
_1ow u
=T T

_L ou 31)__‘11)
=5\t w7

The points 4, 3, 2, 1 were evaluated in local rectangular Cartesian coordinates, for which

L
xx = ax’

v
Eyy:'g;

1 (37} a_u)
to =39 Ty )

The strain measured by strain gauges corresponds to gy OF & resnectively.
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For evaluation of displacement vector components there was applied the ,,Fringe —
counting” method [4] described by equation:

K-L= AN | )

where K is a matrix, which consists of differences of observation unit vectors, AN is 3
fringe order vector consisting of fringe order differe__nces, 2 denotes the wavelength of laser
source, L is a displacement vector. '

The fringe order number was digitized with aid of drawing digitizer connected with
microcomputer. Thus, for. fringe values differed from each other of half order there were
fitted smoothed cubic spline functions and the fringe orders in given points were inter-
polated. The fringe order evaluation of point x was evaluated in four neigbourhood points
of x: (x—24, x4, x+4, x--24). Ax, chosen experimentally, satisfied eq. 4x = 2.50 mm
on drawing digitizer. Since the photographs of each fringe pattern (y = 0°, 30°, ..., 330°)
were magnified 2 times comparing with real model, the ratio 1/2 was applied. In case
of well defined fringe pattern the accuracy was better than 0.05 fringe order, in case of
complicated fringe pattern (change of sign, fringe pattern with low- spatial frequency)
the accuracy was better than 0.1 fringe order.

The eq. 3 was solved by the least-square method [9]; in this way one can obtain displa-
cement vector components of five points lying in given interval in tangent direction. Next
these values of displacement vector components were fitted once more by smoothed cubic

spline functions. The derivative is equal ot component (~r— W); in Cartesian rectangular

. - ou 3 . u
coordinates it is equal to Ere The second component of g, in polar coordinates (7)
( » :

is to be evaluated directly from displacement vector field. Fig. 6 compares the in-plane
strains evaluated from interferogram and measured by strain — gauges.

—o—o— Nolographic
——o-—— sirain gauge

Fig. 6. Comparison of the strain values obtained from strain-gauge and holographic measurement
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Comment to the resalts

The measurement with aid of strain gauges was realized, as it is seen on Fig. 1, on
front side of the press model and the holographic experiment was conduced on the opposite
side of the model. Thus, although the symmetry adjustment on each of four press arms
was controlled very carefully, the results of strain-gauge measurement and these of holo-
graphic evaluation must be assumed as beeing obtained not exactly upon the same experi-
mental basis. The precise regulation of the manometer presented difficulties. As the two
measurements were conduced not in the same time — the results were compared in relative
scale and the strain value of point nr 11 was taken as minus unity (because of negative
strain value). ‘

Conclusions

The comparison of results presented on Fig. 6 shows great similarity for values of both
kinds of strain. Reflection holography in the way presented in this paper is time-cons-
uming method, but its great advantages are simplicity of recording and reconstruction
and non-destructive character of the method.
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Peswonme

AHAJIN3 DE®OPMAIMHN B ITNTOCKOCTH METOINOM WHTEPPEPOMETPHU
B OTPAXXEHHOM CBETE

B paore npencraBneHo MeTOX KOJMHUECKTBEHHBIX HCCHENOBAHMIA AepOPMAIMH DU NOMOILM To-
Torpachrruecioil MHTEPhEPOMETDHE B OTPAKEHHOM CBETE U HENOCDE/(CTBEHHOM KPEIUIEHHM ronorpadbu-
YeCKOH IUIMTBI HAa HCHBITHIBAEMOM OOLEKTE, MeTof jenaeT BOSMOMKHBIM HCcilefoBaHue (GParMEHTOB
Sombiunx KOHCTPYKUMIt IIPY HCIUTIOUEHHH BIMAHMA NepeMelnexuii nenoro ofbexra.
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CoCrap anmapaTyps AIE CO3AAUMA FONOrPamM OUEHE HECTIOKHBIN, KPOME STOTO 3NAUNTENEHO Orpa-
HHUCHBI TPeGOBAHH KacAIoumecs BUGPOM3OJIALMH CHCTEMEL.

B npencrapneuHoM npuMepe AedopMamtiH, ONpPEENEHBl HA OCHOBE BEKTOPOB NCPEMEINSHHI To-
YCK, COFMACHBI C M3MEPEHCMBI MCTOHOM ONOPHBIX JOLIYHKOB.

Streszczenie

ANALIZA ODKSZTALCEN W PLASZCZYZNIE PRZY UZYCIU INTERFEROMETRI
W SWIETLE ODBITYM

W pracy zaprezentowano metode ilosciowych badan odksztalcenia przy pomocy interferometrii
holograficzne] w $wietle odbitym z bezposrednim mocowaniem plyty holograficznej na badanym obiekeic.
Metoda umozliwia badanie fragmentéw duzych konstrukeji eliminujac wplyw przemieszezenia obiektu
jako caloécei.

Zestaw aparatury do formowania hologramdw jest bardzo prosty, a ponadto zostaly znacznie ograni-
czone wymagnia odnoénie wibroizolacji ukiadu. W przedstawionym przykladzie, odksztalcenia wyzna-
czope na podstawic wektoréw przemieszczen punktéw sa zgodne z mierzonymi metoda tensometrow
oporowych.

Praca zostala zlozona w Redakcji dnia 20 kwietnia 1985 roku



