


Project 1


Accelerometer


(25 pts)





For this project, each group will build and test an accelerometer using the cantilever beam apparatus.  Both the strain gauge output and the pickup coil output must be used in each design.





Note: In this project write up, you will find the general questions found in all projects and also questions and information specific to this project.  Be sure that you address everything you have been asked to do.  There is a place in each section for you to add your personal comments and clarifications of the tasks to be performed.





1. Introduction -- Introduce and describe the goals of your project. (2 pts)





Application Goal: Build a functional accelerometer based on what we have learned using the cantilever beam.  Compare the performance of your accelerometer with a commercial device from Analog Devices.





Educational Goals:  Increase the level of the strain gauge output to be comparable to that seen with the magnetic pickup coil.  Find a signal proportional to acceleration, even though we have no sensor whose output is directly sensitive to acceleration. Use a differential (instrumentation) amplifier and a bridge circuit in a practical application.   Identify key issues and problems, particularly those associated with combining two electrical systems such as a strain gauge bridge and an amplifier.  (For example, problems can include noise,  power dissipation, load impedance.)  List at least two topics from this course that play a significant role in this project.





Comments:














2. Design -- Describe your project design, how it works, how you came up with this particular design, and discuss potential problems. This last item is very important. You should not expect your initial design to be a complete success. Remember that you will have the opportunity to make changes while you build and test your project. (5 pts)





Be sure that you include information (in the appendices if you wish) necessary to describe the components you are using in your design.  For example, you should have data on the frequency and amplitude of the output from the strain gauge bridge and the pickup coil.  You should also find some information on the properties of strain gauges such as the one we are using.





 Draw  a circuit diagram that you can use to build  your design.  Explain how to build it and how it will be operated once it is built.  





How will you know if it is working properly? Develop a plan for testing your design.  





What amplitudes and frequencies do you think you will be able to detect?  





The strain gauge output is supposed to be proportional to beam position, while the pickup coil output is proportional to beam velocity.  Decide how you will use these two signals to determine the most accurate value for acceleration.  There are at least two ways to do this.  It is possible to use the signals directly to determine acceleration.  It is also possible to record the signals and then process them offline to determine acceleration.  The former is better for practical application, since it can be done more simply and in real time.  However, the latter is generally easier.  You can base your design on either technique, but you must discuss them both.  Some comments on both choices are found at the end of this write up.





Once you have a complete design and a plan for testing it, have them checked by a TA or instructor and have them indicate that they have done so on the last page of this write up.  You need to be sure that you are on the right track so you don’t waste time needlessly.





Comments:

















3. Analysis – Discuss why your project should work.  Support your discussion with calculations, graphs, PSpice simulations, and common sense reasoning. (4 pts)





Do a PSpice simulation where this bridge is the input to a differential op-amp.  You did a simulation like this in Experiment 4, but now you need to use the exact components (or as close as you can get) that you plan to use in your design. Use the PSpice output to show that your design should give a reasonable signal level, if it works correctly.  Check to be sure that your output has little or no DC offset.  If you have set up your amplifier correctly, this should be the case.





 A PSpice simulation is not always the best kind of analysis to perform.  For example, there are some simple calculations that can be done by hand.  Simplify the strain gauge bridge circuit so that you can better understand what gain to expect.  For example, you can either find the Thevenin equivalent of the entire bridge circuit or the equivalent of each leg of the bridge, which ever makes it easier for you to see what the gain will be. Then, from your understanding of how the differential amplifier works, estimate the output signal level you expect to see with your design.  You should get the same answer as you did with the PSpice simulation.





Calibrate the unamplified strain gauge signal level vs. beam deflection using a simple ruler.  This is to establish the base signal level.





Simultaneously record the signals from the unamplified  strain gauge output and the pickup coil.  Using the resulting plot (print it out using HP Benchlink), show that the pickup coil output (which we assume is proportional to velocity) and the strain gauge output (which we assume is proportional to position) are roughly consistent.





Comments:

















4. Implementation (2 pts) -- Discuss what problems were encountered during the implementation of your project and how you solved them. Include advice you would offer to someone who wished to avoid these problems in the future.





This might be the most important part of any project.  If you are sure that nothing went wrong, think things through again. Provide at least two clear lessons you learned from this project.











5. Final Design and Testing (4 pts)-- Describe your final design, what needed to be changed and why. Show that the new design works with experimental data from your hardware and PSpice simulations. Include your PSpice schematics. Have your experimental data signed by a TA or instructor.





One of the best ways to show that the two signals are comparable is to produce a Lissajou pattern that is close to a circle.  Do this and describe how you set things up.  You must use the same scale factor for both scope channels to demonstrate that the signals are the same amplitude. Changing the scale factors on the ‘scope does not change the signal.





Discuss the kind of acceleration (amplitude and frequency) that your accelerometer is capable of sensing with some accuracy.  





Using your testing plan, demonstrate that it can measure some kind of an acceleration.





Comments:

















6. Personal Responsibilities – Describe what each group member contributed to the project design. (2 pts).  





When doing this and other projects, you must break down the tasks to be performed and assign each of them to specific members of your group.  For example, one person should be responsible for developing the testing procedures that you use to show that your design works.  If, in your group, you each shared equally in everything, you will get only one point for this section of the report. It is perfectly alright for everyone to work on everything, but there always has to be one person responsible for each task. At some point during class time, explain the breakdown in tasks to a TA or instructor and have them indicate that they have done so on the last page.





Comments:

















7. Appendices -- Include any background materials, such as materials from in-class experiments, that you used in preparation of your design. (1 pt)





You probably have some data from Experiments 2 and 3 that show the output from the strain gauge bridge and the pickup coil.  If  your data is not that great, you should confer with other groups to see what kind of signals they saw. You are asked to retake this data, but it is useful to look at other cases to be sure you have done this correctly.





Web Resources on Accelerometers:


�List here any web sites you found useful for this project.  You will find some examples in the Helpful Info section of the course web site under Project Information.  Be sure you look over all of these sites, especially the Lecture notes for lectures 4 and 5 from the Stanford course on sensors. Information on the Analog Devices accelerometer is also available there or directly at http://www.analog.com/pdf/ADXL150_250_0.pdf 


�
Measuring Acceleration





Either of the two methods mentioned above should produce a signal proportional to acceleration.  We have two signals, one (strain gauge output) supposedly proportional to position and one (coil output) supposedly proportional to velocity.  First we assure ourselves that the strain gauge output does indeed give a signal proportional to position by calibrating the output of the op-amp vs. beam position.  We check to see if the relationship is linear by plotting the position vs. voltage.  If it is not, we can still use the signal as long as we recall the calibration.  When you do this you should see a reasonably linear relationship because we do not all the beam to deflect very much.  





Next, we simultaneously record the strain gauge and coil signals after we pluck the beam.  This measurement is transient by definition because the coil only produces a voltage when the beam is oscillating.  Now we can confirm that the coil output is proportional to velocity by taking the time derivative of the strain gauge signal and showing that the result is similar (proportional) to the velocity. The most accurate way to make this comparison is to capture the two signals using the Waveform option in HP Benchlink Scope.  When you use this option, you are transferring the actual voltages and times from the scope to the computer.  Then the numbers are plotted. This means that you can save the numbers in a file and then read them into Matlab, Excel, etc.  In either Matlab or Excel, you can then plot what you measured and then plot the derivative of what you measured.  This may turn out to be very difficult if your signal is noisy.  Noisy signals have lots of spikes and spikes have huge time derivatives.  Taking a derivative of a signal with noise usually results in the derivative of the noise, not the derivative of the signal.  In this case, there is a simple way to get rid of the noise.  Since the signal you measure is probably a decaying sinusoid, you can find the decaying sinusoid that most closely resembles the signal you measured without the noise.  Then take the derivative of this function.  When you have completed this analysis, you should have confirmed that the coil signal is proportional to velocity.  





Note – The signals observed may not look exactly like a decaying sinusoid because some of the beams do not oscillate at just one frequency and the sensors may also affect the signal observed.  You can ignore such irregularities in the signal.





Having confirmed that the strain gauge and coil signals are proportional to position and velocity, respectively, it is now possible to find acceleration.  This can be done by taking the time derivative of the velocity or the second time derivative of the position.  Because of the noise on the signal, it is always safer to take one derivative rather than two.  Thus, it is recommended to take the derivative of the velocity to get acceleration.  





Method 1 – Real Time Measurement





The derivative of the velocity can be taken in real time using an analog differentiator circuit, like the one discussed in Gingrich, page 48 or page 111.  The first version is passive and requires only a resistor and a capacitor.  The second also requires an op-amp.  Because of the noise on the signal, it takes some time to get either one of these simple circuits to work well.  Less than 10% of the groups working on this project in the past were able to get this approach to work.





Method 2 – Offline Measurement





A simpler method to apply uses the same approach discussed above for showing that the coil output is proportional to velocity.  It is only necessary to record the position and velocity signals and then take their derivatives using Matlab or Excel to find acceleration. It turns out that this method can also be used for real time determination of acceleration if you have something like a microprocessor you can program to do the differentiation.  This has, in fact, become quite a common approach to measurement under special circumstances.





When you have made a measurement of acceleration, you should determine whether the numbers you come up with make any sense at all.  Do you expect to find an acceleration much less than or much greater than 1g, for example?  After you have convinced yourself that your measurement is at least plausible (and have written down your argument for your report), you should then build the circuit for the Analog Devices accelerometer and then do some kind of experiment that permits you to compare your output to the output from the commercial device.  Be very careful with these devices, because they are reasonably expensive.  





Building the AD Accelerometer:





The basic circuit is found in figure 15 of the specification sheet for the accelerometer.  We do not have the op-amp indicated, but we have an equivalent (actually better) op-amp from Maxim.  The Maxim op-amp


is a MAX473 (see http://209.1.238.250/arpdf/1109.pdf for the datasheet).  We must use this much more expensive op-amp because we need the output voltage to be able to cover the entire range from the negative to the positive power supply voltages.  We call this a rail-to-rail op-amp.  We do not use a negative voltage in our circuit, rather we connect it to ground and 5 volts.   The pinouts are the same as in the circuit shown in figure 15.





A second complication in using the accelerometer is that it is surface mounted and, thus, cannot be plugged into a protoboard.  We have mounted the chips on what is called a surfboard for this purpose.  You will have to be careful that you connect things correctly, since the surfboard has 16 pins and the accelerometer has only 14 (we do not use the two in the center).  There is a sample circuit available to show you how to hook it up.





A final complication is that we will probably need to use an additional protoboard to compare the cantilever beam with the commercial accelerometer.  There will be more information on this topic made available during class time and will be added to the posted version of this writeup when we find out what we can use. This should be determined sometime on Monday, 7 February.





�



Project 1





Please list the names of all group members. A TA or instructor will initial a participation box each class day you attend and participate in this project.  When you have completed the goals of the project, have a TA or instructor initial under completed.  If you are unable to attend class for any reason, you can make up the work during an open shop time. The maximum participation grade is 5 points.
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Be sure that you have all of your experimental data signed by a TA or instructor.  Also, read this document very carefully and make sure you have done everything you have been asked to do.  It is a good idea to highlight each of the tasks listed so you don’t miss any.





Initial design checked ______.


Personal responsibilities checked ______.





Names:





1. ____________________________





2. ____________________________





3. ____________________________





4. ____________________________





Grade: ___________ (Out of 20)
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