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Abstract. Plane vibrations of a two dimensional elastic structure are investigated in this paper.
Vibrations taking place according to the eigenmode are represented by using the method of
stroboscopic geometric moiré. Selection of number of gaps when using the superimposed moiré
technique is investigated and recommendations for choosing of their number are provided.
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1. Introduction

Plane vibrations of a two dimensional elastic structure are investigated in the paper. Vibrations
taking place according to the eigenmode are represented by using the method of stroboscopic
geometric moiré. In this paper the superimposed moiré technique is used and selection of the
number of gaps when using the superimposed moiré technique is investigated. Recommendations
for choosing of the number of gaps are provided.

This paper is the continuation of investigations presented in [1]. Similar problems are
investigated in [2-14] and other related papers.

2. Theoretical investigation of the stroboscopic measurement of vibrations

One dimensional problem is investigated. In the previous paper when investigating the one
dimensional model it was assumed that moiré lines are in the status of equilibrium and in the
deflected state. But when performing stroboscopic measurement of vibrations taking place
according to the eigenmode usually the images of the structure at both positions of extreme
deflections are used. Here the one dimensional model corresponding to this problem is
investigated.

Moir¢ lines in the deflected in the negative direction state are represented as:

I, = cos? % (x—u), (1

where x is the coordinate, 4 determines the width of moiré lines, I is the intensity of the image,
u_ is the displacement. In the investigation it is assumed that when deflection is in the negative
direction:

u_ = —kx, 2

where k is a constant.
Moir¢ lines in the deflected in the positive direction state are represented as:

T
I, = cos? 7 (x —uy), 3
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where I, is the intensity of the image, u, is the displacement. In the investigation it is assumed
that when deflection is in the positive direction:

u, = kx. “)
Intensity of the stroboscopic image is represented in the usual way:

I +1
Isz%. %)

Here gaps between moiré lines are assumed. In the previous paper the following special
function was introduced:

1 x 1
0, -+ A+)j<z=<z+i+Q+Dj, j=0=+1,%2,..,
F(i,A,%) = 2 A2 ©)
coszzx, elsewhere,
where i =0, 1, 2,... is the width of the gap.
Moiré¢ lines in the deflected in the negative direction state are represented as:
I = F(i,Ax —u_). 7
Moiré¢ lines in the deflected in the positive direction state are represented as:
I, = F(i,A,x — u,). (3)

Further it is assumed that A = 0.8 and k =0.1. I, I, and [, for i =0,1,..., 4 are presented in
Figs. 1-5.
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Fig. 1. I;, I, and I fori =0
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Fig.2.I;, I, and I; fori =1
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Fig.3.1;,1, and I; fori =2

As seen from the results for i = 0 envelope of the stroboscopic image has 13 maximums inside
the analyzed interval. From the results for i = 1 it is seen that the envelope of the stroboscopic
image has 7 maximums inside the analyzed interval. From the results for i = 2 it is seen that the
envelope of the stroboscopic image has 5 maximums inside the analyzed interval. From the results
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for i = 3 it is seen that the envelope of the stroboscopic image has 4 maximums inside the
analyzed interval. From the results for i = 4 it is seen that the envelope of the stroboscopic image
has 2 maximums inside the analyzed interval. Thus from the presented results it can be concluded
that with the increase of the width of the gap the intervals between the maximums of the envelope
of intensity of the stroboscopic image increase. This enables to interpret the displacements from
moiré images with gaps.
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Fig.4.1,,1, and I fori =3
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Fig.5.1;,1, and I; fori =4
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3. Conventional stroboscopic geometric moiré images of vibrating elastic structure for
different numbers of gaps

Square elastic structure with fixed lower boundary is analyzed. Stroboscopic geometric moiré
images for the two conventional directions of fringes for the first eigenmode are shown. When the
gap width is i = 1 the images are shown in Fig. 6. When the gap width is i = 2 the images are
shown in Fig. 7. When the gap width is i = 3 the images are shown in Fig. 8. When the gap width
is i = 4 the images are shown in Fig. 9.

a) The first dlrectlon of fringes b) The second direction of fringes
Fig. 6. Stroboscopic geometric moiré images when the gap widthis i = 1
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Fig. 7. Stroboscopic geometric moiré images when the gap widthis i =2
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a) The first direction of fringes b) The second direction of fringes
Fig. 8. Stroboscopic geometric moiré images when the gap widthis i =3
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a) The first direction of fringes b) The second direction of fringes
Fig. 9. Stroboscopic geometric moiré images when the gap width is i = 4

4. Superimposed moiré images of vibrating elastic structure for different numbers of gaps

Superimposed stroboscopic geometric moiré images for the first eigenmode are shown. When
the gap width is i = 1 the images are shown in Fig. 10. When the gap width is i = 2 the images
are shown in Fig. 11. When the gap width is i = 3 the images are shown in Fig. 12. When the gap

width is i = 4 the images are shown in Fig. 13.

Fig. 11. Superimposed stroboscopic geometric

Fig. 10. Superimposed stroboscopic geometric
moiré image when the gap widthis i = 2

moiré image when the gap widthisi =1

Fig. 13. Superimposed stroboscopic geometric

Fig. 12. Superimposed stroboscopic geometric
moiré image when the gap width is i = 4

moiré image when the gap widthisi =3
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From the presented results it is seen that with the increase of the number of gaps there is a
smaller number of moiré fringes and the accuracy of measurement deteriorates. But in order to be
able to interpret both systems of moiré fringes simultaneously there are to be sufficient gaps. From
the presented results the gap width i = 2 is recommended.

5. Conclusions

The superimposed moiré technique is used to represent both moiré images for the analysis of
plane vibrations of two dimensional elastic structures at the same time. From the presented
investigation it is seen that with the increase of the number of gaps there is a smaller number of
moiré fringes and the accuracy of measurement decreases. But in order to be able to interpret both
systems of moiré fringes simultaneously there must be sufficient gaps. From the presented
investigations the gap width i = 2 is considered to provide the best results.

The recommendations for the choice of the number of gaps using the technique of
superimposed moiré for the analysis of plane vibrations of two dimensional elastic structures are
applicable for the investigation of vibrations of precise mechanical devices.
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