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ABSTRACT

MEASUREMENT/ MONITORING OF VIBRATIONS USING DIGITAL SPECKLE

PATTERN INTERFEROMETRY

In the present thesis we have investigated various parameters including a filtering scheme
to improve signal to noise ratio (SNR) in digital speckle pattern interferometric (DSPI)
fringes. DSPI system is constructed for measurement of out-of-plane deformations/
vibrations. To make the system more robust and compatible to industrial environment, a
program for recording and displaying the DSPI interferograms with high SNR has been
developed. The program has the capability to take care of small rigid body displacement/
rotation of the object, the direction of illumination and low frequency fluctuations in the
lighting conditions. By using newly developed filtering scheme the DSPI vibration
pattern can be analyzed with better accuracy. The filtering scheme is based on average/
median filtering followed by Symlet wavelet filtering. In comparison to the Daubechies
wavelet filtering scheme, the Symlet wavelet filtering is also effective at the edges of the
fringes. If the number of speckles in the fringes is more, a combination of median
filtering and Symlet wavelet filtering is found to be more effective. If the number of
speckles in the fringes is moderate, a combination of average filtering and Symlet
wavelet filtering is more effective. We have also developed a graphical program in
LabVIEW environment to draw a line profile for analyzing the filtered DSPI fringes.

Information about fringe spacing and the position of maxima and minima are obtained

from the line profile.
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In the present thesis, DSPI is applied to study the vibrations in four different objects.
Vibration mode shapes were recorded for a loudspeaker diaphragm, which is analogous
to a circular plate, fixed at outer edge. Further exhaustive studies were made to study
vibrations in rectangular and square plates. Effects of change in excitation frequency,
excitation force, stiffness and boundary conditions on the mode shape of vibration of the
plates were also investigated. Using DSPI fringes amplitudes of square/ rectangular plates
at different points under resonance and other dynamic deformation conditions were
evaluated. By using the calculated amplitude data, the deformation maps were generated.
These maps can be used to interpretate nodal lines and high deformation zones. The
results were verified with the measurements using accelerometer and laser Doppler
vibrometer at certain points of interest. The amplitudes measured by DSPI system,
accelerometer and laser Doppler vibrometer were in good agreement. DSPI based
experimental investigations reveal that the frequencies of the normal modes for
transverse vibration in the structures are in general not harmonically related.
Furthermore, DSPI has been appli‘ed to record the fringe patterns due to vibrations on the

surfaces of a bracket of an electric motor and of a hard disk drive of a computer.

The thesis is organized in five chapters:

Chapter 1 provides a brief introduction to vibration in structures. This chapter also
presents a brief description of various electro-mechanical and optical techniques for

measurement of vibrations.



Chapter 2 deals with a new filtering scheme based on Symlet wavelet filtering which has
been investigated and implemented to improve the SNR of DSPI fringes obtained for

vibrating objects.

Chapter 3 deals with the study of out-of-plane or transverse vibrations in a square plate.
In this chapter, large number of fringe patterns are shown for square plate with two
different boundary conditions. Experimentally obtained resonance frequencies for the
square plate for the boundary condition one edge fixed and other edges free, the
resonance frequencies obtained from DSPI show good agreement with that obtained from

classical theory for thin plates.

Chapter 4 deals with study of out-of-plane or tranéverse vibrations in rectangular plate. A
large number of fringe patterns are shown for a rectangular plate with two different
boundary conditions. Experimentally obtained resonance frequencies for the rectangular
plate for the boundary condition one edge fixed and other edges free, the resonance
frequencies obtained from DSPI show good agreement with that obtained from classical

theory for thin plates.

Chapter 5 deals with the measurement/ monitoring of vibrations of a surface of computer

hard disk drive.
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