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Abstract -

A technique is proposed whereby the moiré methods are extended to

general two dimensional dynamic problems.




Introduction

The use of moiré fringe method for the determination of dynamical strains
has the following advantages: that being an optical method it has no drift
nor lag in response; that it can be applied to actual material; and that the
moiré information is sufficient for whole-field determination of strains.

The last two abilities are lacking, for example, in the technique of dynamic
photoelasticity. In applying moiré method to static problems one usually
prints a cross grating on the specimen and uses a unidirectional grating for
master and obtains the u-field and v-field patterns by rotating the master
grating 90°. This procedure of course cannot be applied to dynamic problems.
Moiré workers are reluctant to use cross-grating as master because the
resulting moire fringes are usually so entangled together that it isdifficult
or even impossible to distinguish the u and v families. As aresult, the
problems that are accessible to moiré methods so far are problems involving

symmetry. In such cases either a unidirectional grating is sufficient for

the complete determination of strain field [1] or one can use two unidirectional

gratings with perpendicular orientation printed on two halfs of the specimen

[2]. This of course puts a severe limitation on the applicability of moiré

methods t o dynamic problem. Furthermore, the technique of using the unidirectional

gratings also runs the risk of having larger shear errors if.the two sets of
lines are not exactly perpendicular T3l

In this paper the technique of optical spatial filtering is extended to
dynamic moiré patterns whereby cross gratings can be used both as model and
master gratings and the resulting dynamic moiré patterns are optically
filtered to yield u-field and v-field fringes individually. Thus the

ambiguities of cross-fringes are completely eliminated, so is the possibility




of shear errors due to misalignment. With the proposed technique, the moiré

method can then be used to solve general two-dimensional dynamical problems.

The Experimental Set-up

The problem chosen for the demonstration of the technique was a flat plate
under the impact of a falling weight. The model was made of urethane rubber
and one face of it was printed with a cross-grating of 300 1pi. The master .
grating (also of 300 1pi cross) was erected in front of the model with a gap
of about 1/8 inch. The reason for introducing a gap in between the gratings
isthe following: traditionally master and model gratings are in close contact
to yield moiré patterns of deformation. While this approach is perfectly sound
for static problems, it raises questions as to its applicability to dynamic
problems because of the fact that frictions between two gratings may strongly
influence the characteristics of the propagating wave. The use of lubricating
oil between the gratings will reduce the friction but not completely eliminate
it. Wth the introduction of a gap friction is completely eliminated and the
initial moiré pattern thus created corresponds to a compressive |linear mismatch
[4, 5, 6] which can be utilized advantageously for the interpretation of moiré
patterns [7, 8].

The camera was then focused on the master grating and the aperature was
set such that the model grating was within the depth of field. (The film
and the lens system should be of such quality that the lines of the master
grating can be recorded.) The schematic of the experimental set-up is shown
in Fig. 1. The wave was captured by microflashes and a series of pictures

showi ng the waves at different stages of propagation is shown in Fig. 2a.




Separation. of Dynamic Moiré Patterns

The spatial optical processor described in reference [9] )!as used for
the separation of the dynamic moiré patterns. The negatives of the picture
shown in Fig. 2a was inserted at the object plane of the processor and
filtering was performed at the first image plane by placing a mask with
a small hole to | et through the first order along the horizontal axis of
the diffraction spectrum to yield the u-field fringes and then the first
order along the vertical axis to yield the v-field fringes. The resulting
patterns are shown in Figs. 2b and 2c, respectively. It is interesting to
note the striking difference in quality between the patterns so obtained and
that shown in Fig. la. The original patterns are of poor contrast (partly
due to the gap effect) although they were printed on No. 5 paper; and
the fringes are not well defined especially near the loading point. The
filtered version however not only possesses good contrast (printed in
No. 2 paper) but also have sharply defined fringes. Without filtering one
would hardly be able to estimate correctly the positions of the twisted
fringes especially near the loading point and to assi gn them correctly to
their respective families. Although the fringes near the loading point do

not necessarily have significant meaning in the analysis of the present problem

they do however demonstrate the powerful potential of the presented technique

in clearing out the ambiquities of moiré patterns.

Discussion

From the patterns in Figs. 2b and 2c, the displacement components u and
v are given at each and every point in the field and they are sufficient for
the complete determination of strains. As aresult it is no longer necessary

to resort to the symmetry of a problem and obtain u and v individually from
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corresponding points at different parts of the model.

The key, point of the technique is the ability of the film to resolve
the lines of the master grating which is necessary for the diffraction of
the light. This of course puts a limitation on the ratio of object to image
size. Turthermore, the tolerance of the relative movement between film and
object during exposure is also smaller than that required in conventional
high speed phetography, because excess relative movement can easily smear the

image of grating lines while it may not influence the image of the fringes.

Conclusion
It may be concluded that the proposed technique has extended the applica-

bility of moiré methods to general two-dimensional wave propagation problems.

Acknowledgment
The work is sponsored by Natlonal Science Foundation Grant No. 31-570A.
The assistance of R. Khctan and C. Webber in setting-up the experiments is

al so acknowledged.

A R




1.

References

Sciammarella, C.A., and Chiang, F.P., "Dynamical Stresses and Strains in
Propellant Grains", presented at the 6th Annual Mechanical Behavior Working
Group Meeting of the ICRPG, Army-Navy-Air Porce-NASA held at JPL, Pasadena,
Calif. Dec. 5-6, 1967, CPIA Publication No. 155, Vol. A, Oct. 1967, pp.
218-232.

Riley, W.F., and Durelli, AJ., "Application of Moiré Methods to the
Determination of Transient Stress and Strain Distributions”™, J. of
Applied Mechanics, Vol. 29. March 1962, pp. 23-29.

Post, D., "The Hoiré Grid-analyzer Method for Strain Analysis", Experimental
Mechanics, J. of SCSA, Vol. 7, No. 4, April 1967, pp. 154-159.

Sciammarella, C.A. , and Chiang, F.P., "Gap Effect on Moiré Fringes",
presented at the 1st Canadian Congress of Applied Mechanics held i n Quebec,
Canada, May 22-26, 1967. Published in LAMP, Vol. 18-2, 1968, pp. 326-333.

Chiang, F.P. , and Ranganayakamma, B., '"Some Experimental Evidence for the
Validity of Moiré Gap Equation", Experimentval Mechanics, J. of SESA, Vol.
10, No. 7, July 1970, pp. 294-296.

Chiang, F.P., and Rdnganayakamma, B., " Deflection Measurements Using
Moiré Gap Effect", Experimental Mechanics, J. of SESA, Vol. 11, No. 7,
July 1971, pp. 296-302.

Chiang, F.P., "A Method to Increase the Accuracy of Moiré Method", J.
of Eng. Mech. Div., ASCE, Vol. 91, No. EMI, Feb., 1365, pp. 137-149.

Chiang, F.P., "Determination of .Signs in the Moire¢ Method", J. of Eng.
Mechanics Div., ASCE, Vol. 95, No. EM6, Dec. 1969, pp. 1379-1391.

Chiang, F.P., "Techniques of Optical Spatial Filtering Applied to the
Processing of Moiré Fringe Patterns', Experimental Mechanics, J. of
SESA, Vol. 6, No. 11, Nov. 1969, pp. 523-526.




dN-L3S TYLNIWIYIIXT THL 40 ODILYWIHOS | 'Old

VI3IWVYI

dV9 —| |—

iR

ONILYHD " & \

HILSVIW

LHOIFMA
ONITTIV4

SEREEH

pog

bese

13G0oW




S e e e . i ot

R e v——

Optical Separation of Displacement Fields from Dynamic Moiré i
Patterns | , : e i s
(a) Combined U-and-V field Moiré Fringes
(b) U-field Fringes only ‘
(c) V-Field Fringes only.
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