Chapter 4

Results and Discussion

The intermediate steps of processing the data will be given in this chapter. Data for
transmission as a function of angle will be shown, and important results and observations will be

discussed.

Figure 4.1 shows portions of the five blocks recorded at the fourth microphone in the
array at a rotation angle of 47.5° from normal incidence. These were chosen as representative
waveforms during the experiments. The beginning of the waveform in Fig. 4.1(a) includes the
time of flight from the source to the microphones, then a transient portion of the recorded signal,
followed by the steady-state portion. The first two portions were removed in the MATLAB
processing to analyze the steady-state response of the system only. In Fig. 4.1(b), five blocks are
shown to illustrate that the phases of the waveforms are very similar, with deviations in phase
corresponding to a single time sample. Variations in phase or amplitude were averaged by

summing the five blocks for every microphone and rotation angle.
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displaying the spectra of the corresponding waveforms displayed above. A binary file is created

and written every time an block is recorded.

Once the measurement is complete, the VI will return to the “Controls” tab of the front
panel, at which time the user may press the “Reset to Zero” button to rotate the turntable counter
clockwise back to 0°. At this time, the measurement is complete, and binary files will have been
created. These files can be read into MATLAB using a program script similar to the one in
Appendix B. To start a new measurement, the user must modify the “File Name String” and any
input parameters that are different for the next measurement and press “Start Measurement”

again.
A.2 Block Diagram

This section will give a brief overview of the various parts of the block diagram. A view
of the full block diagram is given in Fig. A.2, with boxes indicating sections that will be zoomed

in and discussed in greater detail.

FIG. A.2. Screen shot of the entire LabVIEW VI block diagram.
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FIG. A.3. The turntable initialization section of the VI block diagram.
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[False), or it has detected that it is
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Reset to Zero

The first part of the VI is shown in Fig. A.3. This part checks that the turntable is

correctly connected to the computer. The top left section sets the turntable in motion. The top

while loop observes the pin on the parallel port that alternates on and off when the turntable is in

motion. If this occurs, data flow exits that loop and the second loop stops the motion when the

turntable returns to 0°. At this point, the VI moves into the main while loop execution.
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FIG. A.4. The while loop in the VI block diagram that waits for the user to begin the measurement.

When the VI moves into the main program loop, the first sub loop contains an event
structure (composed of stacked frames each executed at different times when the corresponding
button is pressed) that waits for the user to press a button. This sub loop is shown in Fig. A.4. On
timeout (if the user presses nothing), the event structure plots the source signal in the waveform
graph on the front panel. Shown in the figure is the case when the user presses the “Reset to
Zero” button, which is similar to the initialization section shown in Fig. A.3. When the user
presses “Start Measurement,” the VI initializes the variables on the right side and exits into the

DAQ initialization stage.
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Figure A.5 shows the DAQ initialization. The analog input and analog output virtual

channels are created in the middle section. The microphone sensitivities, given in units of

mV/Pa, are inserted in the orange-colored array in Fig. A.5, meaning that recorded data are in

pressures. The sampling frequency and buffer are initialized, and the chosen increment angle is

converted to a usable number (instead of a string). The very bottom section is where a

measurement log text file is created. Figure A.6 shows more about the creation of this log file.
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FIG. A.6. Measurement log file compilation in the VI block diagram.

Figure A.6 shows the diagram that sets up the measurement log text file. Every time the
“Start Measurement” button is pressed, a log file is created. The various important variables for
the measurement are imported into this portion, and each of them is converted to a string. The
entire set is concatenated into one long string, which is then written to a text file with the name
of the “File Name String” variable. Once the log file has been created and the DAQ tasks are

initialized, execution moves into the measurement loop of the VI.
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FIG. A.7. The first section of the measurement loop of the VI block diagram.

Figure A.7 shows the first part of the loop where the actual measurement takes place. The
data flow first passes through a settling time section. This is important when using a larger plate,
as time is required to dampen out the vibrations caused by rotating the turntable. The for loop
then executes once for each block being recorded. During the first step in the for loop the V1 first

creates files for each channel. The output signal is created below that, and the DAQ tasks are

started.
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The use of a foam baffle for the no-bar measurements was explored further to determine
its effect on the transmission curve. The question is whether or not the foam baffle should be
present for the measurements without the bar, making the presence of the bar the only difference
between the two cases. Measurements without the bar were taken both with and without the foam
baffle installed, and both were processed according to the sequence described previously (each
with the same with-bar data). Figure C.4 shows the comparison of the two cases. The main
difference is seen near grazing angles where the transmission is greater with the foam in place
for the no-bar measurement. For the results given in Chapter 4, the case without the foam baffle
was used because it was believed that the foam baffle did not allow for an unobstructed direct
path to the microphones for the no-bar measurements. The incident acoustic wave at grazing
incidence drags along 20 cm of foam before reaching the hole cut out for the microphones and
therefore should be attenuated some before it reaches the microphone array. However, even in
the case of the foam baffle being present for the no-bar measurement, there may be some
attenuation of the incident sound prior to its excitation of the bar, though the wave would only

have to travel 6.2 cm before reaching the taped end of the bar.
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FIG. C.4. Transmission through the 0.5 mm aluminum bar from experimental data at 45 kHz. The no-bar

measurements are different for each case in that the foam baffle was present in one and not the other.
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Below the critical frequency (24 kHz for a 0.5-mm aluminum bar), the peaks were
indistinguishable because there should no longer be coincidence peaks present below the critical
frequency. These data were therefore disregarded. Above the critical frequency, the coincidence
angle decreases from 90° towards normal incidence following the prescribed curve, with an
average mean square error of 0.96°. Better angular resolution in the measurement system could

potentially reduce this error further.

With these data, it is possible to fit the theoretical curve by minimizing the error using the
least squares method. From this, the bending stiffness in Eqg. (D.1) can be calculated. The data
were curve-fitted in Mathematica using the NMinimize method of the FindFit function, the fit
being based on a least squares approach. The experimental fitted value of the bending stiffness
was 0.829, while the calculated value of the bending stiffness, calculated using £ = 70 GPa,
h = 0.0005 m, and ¢ = 0.33 in Eq. (2.3), is 0.818. This corresponds to a 1.3% error. This error
could potentially be reduced further by increasing the angular resolution in the measurements,
investigating the boundary conditions on the bar, or taking measurements at smaller frequency

increments.

Using the experimental value for the bending stiffness, 0.005 m for the thickness and
0.33 for Poisson’s ratio, EQ. (2.3) gives Young’s modulus as 70.9 GPa, an error of 1.4% from the
70 GPa used in the other calculations. This is actually closer to the value given by Kinsler et al.?°
However, the aluminum bar is aluminum alloy 2024. Exact values for the Young’s modulus for
this bar were not measured, but various manufacturers give Young’s moduli of 72.4 GPa or 73.1
GPa for 2024 alloys. Thus the fitted value of 70.9 GPa may represent as much as 3% error. The

downside of this method is that a value for Poisson’s ratio had to be assumed.



