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Abstract

Digital holography (DH)which is the technology of acquiring and processimgasurement data via a C
camera is spreading to industrial applicationsidinvide employment in engineering problems of estnc
investigation. In this paper, a simple digital hgiaphic system, comprising a H& laser source, CCD cam
and analyzing software, is used for testing surfeteess and detecting the presence of a propagatack o
the surface plane and the effect of the crack emttighborhoodPhase variations across the surfaces plan
extracted to represent the surface deviation fraeference plane. The analysis methods differ aliggrto the
interference fringes in the recorded holograms.hBfitnge tracking and Fourier traosm with phas
unwrapping methods are used in the interpretationterferometric fringe patterns.
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1. Introduction

Non-destructive technique such as digital hologyafibH) is widely used for delivering
information about a component’s deformation. Tleishhique measures the phase across the
plane using two-beam interference to record thedraim that carries information about the
phase which corresponds to the relative differdmetveen the test and the reference wave
front. The phase variation across the plane vanatan represent the component quality.

DH is a useful technique in which the wave frordtsered the object can be tested against
a reference wave front. One of the main reasonghfiinterest in DH is removing the most
stringent limitation of classical interferometriye., that the object under investigation be
optically smooth. So, the advantages of interferbimeneasurements high sensitivity and
non-contacting field of view can be extended to the investigation of numeroatenals,
components, and systems outside the scope of bptiody. Many interesting results have
been achieved in DH due to the improvement in kiogrand analysis methods [1, 2] in
which the stringent requirements of vibration isiola and dark room can be minimized to a
considerable extent to make the technique suifablesting and measurements.

The present paper uses a simple DH technique $ongethe surface quality corresponding
to the flatness errors and another surface wittopggating crack using an electronic detector
“CCD camera” which is more compact and provideshhggnsitivity and accuracy of
measuring interference phase with high spatialluéisa [3]. Also simple image processing
techniques of fringe tracking and Fourier transf@m used for analyzing a single hologram
with a feasible accuracy to meet the requiremehisdustrial testing fields without the need
of expensive complicated systems.
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2. Analysis of hologram:

In DH, the ideal interference fringes are describgd
=1, +1,+2{l], coslp,—¢,), (1)

where: p1—¢,) is the phase variation across the surface of@ateThe accuracy of measuring
phase variation is limited by the resolution of sw@&ng intensityl, andl, vary due to the
Gaussian profile of the laser beam. In addition,ititerference equation may suffer a random
phase term due to the speckle effect. Many proesdarre required to analyze the hologram,
such as smoothing, thinning, noise removal, friigeking, and phase unwrapping-8j.

In the present paper, fringe tracking and Fourandform are used to extract phase
information from the recorded hologram. In fringacking, high accuracy information can be
extracted from the fringe pattern including theca#dtion of aberration coefficients by using
the CCD camera interfaced with the computer to mmeasand process the intensity
distribution in the interference pattern. The shapthe fringe will be modified by the errors
of the test wave front.

Some holograms require Fourier transform phase ajpung to obtain a continuous phase
map. This method is used in the case of existingsh@racks, very dark, or very bright areas
as in the present case. The number of fringes bmutdirge enough to enable separation and
filtration of the spectral orders at the spatiaqinency of the fringes. The inverse Fourier
transform is performed and the phase informatiatoded in the interferogram is obtained by
the arctangent function of the real and imaginanysoof the inverse Fourier transform.

3. Experimental results and discussion

The optical system used to record holographic fietegrams of the test specimen is
shown in Fig 1. The beam from a He-Ne laser wasesed and filtered and divided by a
beam splitter into a reference beam directed &fexe@nce mirror and the other part is directed
to the object. Both of the reference beams andc¢h#ered beams of the object are directed to
a CCD camera (Cohu 3810 model) interfaced with dbmputer. The different recorded
holograms are stored and analyzed.

Mechanical stability and vibration isolation wergheeved by mounting the test specimen
and optical components on an optical Newport Platfo
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Fig. 1. The scheme of the holographic technique.
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3.1. Testing surface flatness

The flat surface is placed in the holographic syste be tested. After recording the
hologram, high-accuracy information can be extiddtem the fringe pattern including the
calculation of Zernike circular polynomials.

Fig. 2 shows surface errors of an object’s flatnesorded by digital holography and
analyzed by the fringe tracking method. The objetested by the Zygo laser interferometer
(Fig. 3) to provide evaluation of the holograplachnique.

Surface Errors in Nanometers
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Fig. 3. Analysis of surface flatness by laser ifigiemmeter.

3.2. Investigating crack propagation

The presence of a surface crack in the objectaailise some localized perturbation in the
surface quality. If this perturbation is of a saint magnitude to cause a corresponding
discontinuity in the fringe pattern, digital holagghy can be used to detect the presence of the
crack and to observe its effect on the surfaceeplan

Digital holography is used to study deformation meiacks and fracture mechanics by
interpretation of interferometric fringe patterns.

Each point on the object surface re-emits the laghta source of spherical wave. The
complex amplitude of the scattered light is given the sum of the amplitudes of the
contribution from each point on the object surfatke crack location is identified by the
discontinuities in the fringe patterns. Figs 4a, dgiow the cracked surface and the
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corresponding hologram. Processing of surface malogusing Fourier transform and phase
unwrapping allows studying surface variation (Fg.and 4d).

a) b) C)

Fig. 4. a) Crack on a steel object; b) the recofttddgram; c) the unwrapped phase; d) crack effecturface
plane.

0.25 micron

0.25 mieron

c) .

Fig. 5. Surface variations at a) crack propagatrgrack end; c) crack split.
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The effect of the cracking can be fairly localizadhe neighborhood of the crack, or else

yield abrupt changes of fringe curvature at thelctacation.

5.

Some magnified areas near crack propagation, @itk and crack end are shown in Fig.

The cracked surface is studied by the laser im@mieter to provide additional evaluation

to the holographic technique (Fig. 6).

Fig. 6. Analysis of the cracked surface by a laserferometer.

4. Conclusion

The paper discussed that it is feasible to tesaserflatness and to investigate the crack

propagation and its effect on the surface planeguaisimple digital holographic technique in

order to meet the industrial requirements withdwat meed to employ expensive complicated
systems. The recorded holograms are digitally aealyfo determine the surface errors using
both fringe tracking and Fourier transform with gdaunwrapping methods. In the

experimental work, the holographic technique apgddo be comparable in accuracy with

Zygo laser interferometer inspection.
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