Physics Department

SP411 Lab

U. S. Naval Academy

EJT 26 Mar 07

Beamforming using Airborne Ultrasonic Transducers

Purpose:  To demonstrate how constructive and destructive interference enables the formation of beams around 2 or 3 element arrays.

References: 

1. Handouts Lesson 13

2. Kinsler, Frey, Coppens, Sanders, Fundamentals of Acoustics, Chapter 7.

Apparatus:
Tektronix TDS3012B oscilloscope (2)



 

Wavetek Model 29 Function Generator



Stanford Research System SR560 Low Noise Preamp

Velmex  Rotating Table Positioning System

Styrofoam Transducer Mounts

25 kHz Ultrasonic Piezoelectric Transducers (2 Transmitter and 1 Receiver)

Peak Detector

Theory:
We showed that the beam pattern function around two receiving hydrophones is given by the following:
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Equation 1
The same equation describes the beam pattern around two transmitting transducers.  For two transmitting elements, the maximum value of the beam pattern function corresponds to constructive interference from the two sources.  It is found at an angle, 


[image: image2.wmf]1

max

n

sin

d

-

l

éù

q=

êú

ëû






Equation 2
Destructive interference results in a beam pattern function of zero.  This null value of the beam pattern function is found at an angle,
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         n = odd integer
Equation 3
In the following experiment we will investigate the locations of the maximum and null values of the beam pattern functions.  We will also measure the shape of the beam pattern function as a function of angle.
Procedure:
Part I

1.  Connect the rotary table to the motor controller, plug the controller into the power strip, and check that the joystick is functioning.  Time the rotation of the table for one revolution.  The time for one revolution should be about 24 seconds.  Record the actual time here:  

Rotation Period: ________________ 
2.  Place a Styrofoam holder on the rotating table with two 25 kHz transmitting transducers mounted as shown below.  Transmitting transducers are marked with a “T” while receiving transducers are marked with an “R.”  Measure the separation between the centers of the transducers.  Calculate the wavelength of a 25 kHz wave in air.  The ratio of separation to wavelength should be close to an integer.
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Transducer Separation: _______________

Wavelength: 

  _______________

Separation/Wavelength:_______________

3.  Use two BNC to wire clip cables and a BNC tee to connect the transducers to the output of the Wavetek function generator.  Tee the Signal Generator output and send the signal to Channel 1 of one oscilloscope.  Turn on the the function generator and set the output to 25 kHz.  Keep the output amplitude at the default 20 v p-p.
4.  Place a receiving transducer about a foot in front of the two transmitters.  Line the receiver up at the centered and at the same height as the transmitters.  Use a BNC to wire clip cable to connect the receiver to the input of the filter-preamp (either channel).  Ensure you are AC coupled.  Set the filter to a band pass mode between 10 kHz – 30 kHz.  Check you are in the low noise mode.  Set the gain to about 5.

5.  Tee the input to the filter-preamp and connect this output from the receiving transducer to channel 2 of the oscilloscope.   Press the output button on the Wavetek function generator.  If necessary, press the auto set button on the oscilloscope to view both the function generator signal to the two transmitting transducers (ch 1) and the signal from the receiving transducer (ch 2).  Adjust the frequency slightly to obtain the largest received signal on channel 2.  Adjust the position of the receiving transducer to obtain the largest received signal on channel 2.
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6.  Using Equation 2, calculate the location of the maximum beam pattern angles for your wavelength and transducer separation.  Record these angles here (Depending on the transducer separation, you might not need all the blanks):

Maximum 1:  ___________

Maximum 2:  ___________

Maximum 3:  ___________

Maximum 4:  ___________

Maximum 5:  ___________

7.  Using Equation 3, calculate the location of the null angles for your wavelength and transducer separation.  Record these angles here (Depending on the transducer separation, you might not need all the blanks):

Null 1:  ___________

Null 2:  ___________

Null 3:  ___________

Null 4:  ___________

Null 5:  ___________

8.  Rotate the rotary table and investigate the response of the receiving transducer (oscilloscope channel 2) near the maximum and null angles you calculated.  The rotary tables have an angle scale to assist you in positioning the transmitting transducers to the null angles.  Describe the response of the receiving transducer near the null angles.

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

9.  Now we want to view the entire beam pattern of the two transmitting transducers at angles between -90 and +90 degrees.   Connect the 600 Ohm output from the filter preamp to the input of the envelope detector.  Connect the output from the envelope detector into channel 2 of a second oscilliscope.  An envelope detector functions to eliminate the sinusoid variations from the received 25 kHz signal.  Instead it maintains only the amplitude of the sinusoidal signal.  While our envelope detectors are more complex electronically, the below sketch shows the function of an envelope detector. 


10. Change the time scale of the oscilloscope to 2 sec/division.  It will take about 12 seconds to rotate the table from -90 to +90 degrees.  This scale provides a display of 20 sec.  You will notice the trace begins at the right side of the screen and proceeds to the left over time.  Set the rotary table to an angle of -90 degrees.  Rotate the transmitting transducers to +90 degrees while acquiring the envelope signal on channel 2.  Adjust the volts/division scale so the pattern fills the screen.  It might be helpful to move channel 1 off the screen.

11. Once a satisfactory trace is obtained, press the run/stop button when the middle of the center peak of the trace is exactly over the vertical crosshair.  This will enable an easier conversion of time to angle.
12.   Copy the data from the oscilloscope to a 3.5” floppy.  Place a  floppy in the drive and press the “save/recall” button.  Ensure channel 2 is selected, then press “Save Waveform Ch2.” Finally press “To File” to begin copying the data.  It may take a minute or so to save the data to the disk.  The oscilloscope is saving 10000 samples of (time, voltage)
13.  Using a plotting program of your choice, plot the square root of the theoretical beam pattern function as a function of angle for your separation and wavelength.  On the same graph, plot the output function from the oscilloscope.  You don’t have to use MS Excel, but I will walk you through the creation of plots using that program.   To plot this data:


a.  Open the file that you just saved.  It should have a name like TEK00000. Column A contains the time coordinate.  Column B is the voltage output.

b. Convert the time scale to degrees by using the measured rotation period from step 1.  In Cell D1, multiply cell A1 by 360 degrees and divide by your rotation period.  Eventually you want to repeat this calculation for all 10000 points.  Wait on that for a moment.

c.  Find the largest value of the voltage data.  This should be the voltage the oscilloscope measured when the two transducers were pointing right at the receiver so theta = 0 degrees.  You can place the maximum value from column B in cell C1 by using the formula =max(B1:B10000) in cell C1.  Check that your maximum beam pattern data center is close to this maximum value.  If you have saved noise on the scope, the noise may give you an erroneous maximum value.  The point is that the center of your beam pattern function should have a value of 1.0.  In cell E1, divide B1 by the maximum voltage value.  This step is referred to as normalizing your data.

d.  In cell F1, write an Excel equation to calculate the square root of the beam pattern function for the angle in cell D1 using Equation 1 above.  Remember that you must convert cell D1 to radians since that is the expected angle unit for all Excel trigonometric functions.  Why are you plotting the square root of the beam pattern function to compare to your data?  Comment on the reason below:

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________


e.  Now fill down cells D1, E1, and F1 all the way down to cells D10000, E10000, F10000.  This is the data you will plot.


f.  Open the chart wizard.  Select “XY (Scatter)” and select “next.”  Open the “Series” tab.  In the Name block, type “Measured.”  In the X Values block, type TEK00000!$D$1:$D$10000.  In the Y values block, type  TEK00000!$E$1:$E$10000.   This will plot your normalized measured value.  Substitute your file name for TEK00000.

g. Repeat step f. for the theoretical beam pattern function in Column F.  Name this data “Theory.”  The X values are the same.  The Y values are $F$1:$F$10000.


h.  Select Next and Fill in an appropriate title like “Beam pattern function for a separation to wavelength ratio of  ____(from step 2).”  Fill in the axis labels being sure to include units for the angle.  The beam pattern function has no units.


i.  Select the Gridlines tab and turn on the X axis major gridlines.  Place the chart in a new sheet.

14.  How does your theoretical curve compare to the measured curve?  Comment on any differences including reasons for the differences.  Are the maximum and minimum values at the right angles?  They should be?  How about the about the amplitude at maximum angles?
______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

15.  Repeat steps 9-14 using a second Styrofoam holder with a different transducer separation. How does your theoretical curve compare to the measured curve?   How does your data compare to the first set?

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Part II

1.  Open the PC IMAT Tutorial program.  Select Acoustic>Sensor>Build an Array. 
2.  Under the options menu, ensure the units are metric.
3.  Also under the options menu, set defaults as follows:



Max Time

.075 sec



Time Step

.0002 sec



Sound Speed

343 m/s

4.  Set the Array specifications as follows:



Horizontal Line Array



Element Spacing
(your element separation x 100)



Steer Direction
270  (This is the top of screen)

5.  Set the target specifications as follows:



Number of Targets
1



Frequency

250Hz   (actual freq/100)



Direction

270

The program will not accept ultrasonic frequencies, so we divided frequency by 100 to give a wavelength 100 times actual. We also multiplied array separation by 100 to keep the array separation to wavelength ratio the same.

6.  Sketch the horizontal beam pattern function on the plot below.  Take the outer edge of the mo board to be b = 1.0.
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7.  Select the draw button to begin the animation.  Note that the target location blue triangle is over the central maximum in the beam pattern.  Describe why this angleis a beam pattern maximum using the geographic plot and the plots of the two signals seen by the two transducers. 

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Move the target location blue triangle to another beam pattern maximum by clicking the mouse on it.  How is this maximum different from the previous one?

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

8.  Move the target location blue triangle to the first null adjacent to the central beam pattern maximum pointing up to the top of the screen.  Hit the Draw button to start the animation if necessary.  How is this situation different from the maximums in the beam pattern function?  Describe below.
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

9.  Change the Array Specification > Element Spacing in meters to the value in your second run in Part I.  Plot the horizontal beam pattern function on the mo board plot below. How are these two plots related to the plots you obtained in Part I?

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Report:
1.   Write a brief abstract for this experiment.  An abstract should answer 3 questions. 


- What was done?


- On what? (describe the apparatus)


- With what results?  (How well did your measured data agree with theory?)

2.  Answer all the questions in this handout.  Submit the filled in handout.
3.  Attach the two graphs you made in part I.

4.  Only submit one lab report per group.  No more than 3 people can be in a lab group.
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