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Moiré interferometry -

Technique and Application

Martin Stockmann® - Jochen Naumann*

Osszefoglalés

Moiré interferometria — Technika és alkalmazas. Szerzok roviden
dsszefoglaljak a moiré interferometria alapjat képez6 optikai interferen-
ciakép keletkezésnek elvét (1. dbra), leirjak a virtudlis referenciaracs
jellemzGit [2. és 3. 4bra, és (1) - (7) egyenletek], bemutatjak a vizsgélati
technikat: a segéd-racsetelon felvitelét (4. dbra) és a moiré interfero-
meter felépitését (5. abra), majd két példaval (6. és 7. abra) szemléltetik
a probatest feliletére felvitt segéd-etalonracs mint valds diffrakcios récs
és a kétiranyu lézerfény megvilagitassal Iétesitett virtualis referencia
racs kozott létrejové optikai interferenciakép méréstechnikai alkal-
mazasat,

Introduction

Moiré interferometry is a powerful in-plane displacement measure-
ment tool for mechanical strain analysis. It is high sensitive and applicab-
le to many research and engineering fields (see the references [1] - [3]).
The difference between geometric moiré and moiré interferometry is
schematically shown in Fig. 1. In the geometric moiré method two real
gratings (specimen- and reference-grating) interacts. The moiré fringe
pattern appears as a result of geometrical superposition.
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Fig. 1. Basic set-up of geometric moiré and moiré interferometry
1. dbra. A geometriai moiré (eltorduléssal, elmozduldssal) és a moiré
interferometria létrejottének elve

Moiré interferometry means, the fringe pattern appears as a result of
optical interference. That is, a real existing diffraction grating on the sur-
face of a specimen interacts with a virtual reference grating and forms
moiré pattern. The reference grating is generated by two crossed light
wave trains (see Fig. 1, right side). The relationship between the fringe
orders and in-plane displacement components is the same as in geo-
metric moiré, namely

u, = 1 m and u = L n 4]

where fis the frequency of the virtual reference grating.

Mathematical analysis

The generation of the virtual reference grating is shown in Fig. 2.
Two light wave trains with the field strengths

A =acos2rwt  and  A,=agosln (a) t+ %J (2)
generate in their cross zone the new harmonic wave

A=A+ A4,=acos2n (wr+¢) (3)
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Fig. 2. Generation of a virtual reference grating between A and B
2. dbra. Virtudlis rics létrehozdsa az A és B pontok kozott

with the amplitude

a= \/af + (122+2a|a200527r% (4)
and the resultant Intensity
1=af+azz+2alazcos27r% . (5)
Assumed the waves have the same peak strength follows
[=4d’ COSZIT% ) (6)

That implies in the cross-zone between the points A and B the inten-
sity distribution according to Fig. 3. with the frequency
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Tig. 3. Intensity distribution between A and B (Fig, 2)
3. dbra. Intenzitds-eloszlds a 2. dbra szerinti A és B pont kézétt

As an instance we use laser light with a wavelength A = 532 nm and
an angle of incidence ¢ = 48.15°, The frequency of virtual grating results
in this case to f = 2800 mm"-

Grating replication and optical systems

One important condition for the realisation of moiré interferometry is
the preparation of a high quality specimen grating with 1000-2000

lines/mm. The next figure shows steps in producing this grating by a
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replication process. Starting point is a high precision submaster grating
with a detachable line ore crossline structure in form of a metallic film,
prepared on the surface of glass plate. This submaster grating is pro-
vided by [4]. In the replication process (Fig. 4) the metallic film Is trans-
ferred from an original photoresist or submaster grating to the specimen.
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Fig. 4. Replication of specimen grating
4. ibra. A segéd-ricsetalon felvitele a prébatest feliilelére

Atypical moiré interferometer system with reflection grating as beam
splitter is shown In figure 5. The specimen with specimen grating s illu-
minated by two parallel Jaser beams. A CCD-camera records the moiré
fringe pattern. The complete system must be isolated to vibrations.

The particular steps are:

1 replicate the specimen grid on the disc with residual stresses
2 drill the hole .

3 measure the displacement field's uy, uy

4 calculate the deformation state

5 calculate the residual stress state
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Fig. 6. Residual stress measurement, hole drilling method
6. abra. A visszamaradé fesziiltségek mérése az aluminiumtdresdra
zsugoritolt epoxigyanta gy(riiben a lyukfirdsos médszerrel

The second example is the measurement of the strain transmission
from the specimen surface to the metallic foil of original strain gages
(Fig. 7). The aim of this investigation is the design of strain gages with
defined properties in relation to their sensitivity in longitudinal and trans-
versal direction. More details about the experiments and numerical simu-
lations are described in [5].
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Fig. 5. Moiré interferometer
5. dbra. A moiré interferométer felépftésének vizlata

Applications

The moiré interferometry is used in various fields. The following figu-
res show two examples of their application at the Chemnitz University of
Technology.

First example Is the determination of residual siress (Fig. 6). Aring of
epoxy resin is shrinked onto an aluminium disk. Comparable with the
strain gage hole-drilling method are measured the displacement fields
around the hole resulting from the drilling process.

Fig. 7. Measurement of the strain transmission in original strain gages
7. dbra, A nyildsdtvitel mérése a prébatest és a feliiletén rogzitett
nytldsméré bélyeg kozott
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