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Objectives 
 

The objectives of this laboratory are to use three-different types of motion transducers to measure the 

dynamic characteristic and the elastic material properties of a cantilever.  The motion transducers will be 

calibrated to determine transfer function characteristics.   
 

For each motion transducer, vibration data will be analyzed to:  
 

1. Determine the vibration amplitude, velocity, and acceleration in various units of measure; 

2. Determine natural frequencies; 

3. Measure and express damping characteristics as logarithmic decrement and percentage of critical 

damping; 

4. Compare measurements with analytical and/or computational models of a cantilever; and 

5. Determine elastic modulus of a cantilever via vibration measurements. 

 

Background 
 

Health monitoring is the process of studying and assessing the integrity of structures, which is crucial 

for preventing failure and for achieving reliable designs.  Health monitoring can be done by dynamic or 

static analysis, or a combination of both.  For dynamic analysis, dynamic characteristics of the 

structures, including natural frequencies, modal shapes, and damping factors, are determined via modal 

analysis.  In static analysis, deformations or changes in the orientation of structures, due to application 

of loads, or unexpected damages, are determined via comparisons with reference models.   

 

In either static or dynamic health monitoring, the utilization of appropriate transducers is required to 

provide accurate measurement of structural responses in both frequency and time domains.  

Conventional devices utilized for health monitoring are based on piezoelectric transducers.  These 

transducers are usually large in size, require high actuation power, and have narrow frequency 

bandwidths, which reduce their accuracy, versatility, and applicability to study smaller structures.  The 

advanced developments of IC microfabrication and microelectromechanical systems (MEMS) have led 

to the progressive designs of small footprint, low dynamic mass and actuation power MEMS inertial 

sensors.  Due to their high natural frequencies, these MEMS inertial sensors provide wide frequency 

bandwidths and high measuring accuracies. 
 

Equipment 
 

Motion transducers to be used: 
 

1. Strain gages; 

2. Piezoelectric accelerometers & power sources; and 

3. MEMS (Microelectromechanical Systems) accelerometers. 
 

Structure of interest and fixtures: 
 

1. Aluminum beam; and 

2. C-clamp. 
 

DAQ: 
 

1. NI-SCXI modules, screw terminals, and LabView software; 

2. 2310 Signal Conditioning Amplifier. 
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Tasks 
 

Strain gages: 
 

Refer to Laboratory #3: Strain and Pressure Measurements.  Similar calibration and measurement 

procedures will be utilized.  Recommended procedure is: 
 

1. Derive analytical solutions to determine: 

a. Stresses and strains of a cantilever subjected to a concentrated load; 

b. Fundamental natural frequencies and damping factors of a cantilever; 
 

2. Using a C-clamp, mount cantilever to the edge of the bench and attach one strain gage.  Make 

sure to attach gage at a location on the beam which has as maximum strain level as possible; 

check with your analytical solutions; 
 

3. Calculate the necessary output gain for the gage; use a 10 V bridge excitation; recommended 

filter level is 100; setup an analog input channel to the range of [-2,2] Volts. 

 

4. To determine an appropriate output gain consider loading the beam under static situation and 

with a known load; 

 

5. Pluck the end of the cantilever and record the vibration decay curve; 

 

6. Use and modify suitable LabView VIs to record time & frequency data; 

 

7. Using the recorded data, determine modal parameters (i.e., natural frequencies and damping 

factors) and material properties of the cantilever; 

 

8. Compare your results with analytical/computational models of a cantilever; and  

 

9. Do uncertainty analysis on the determined modal parameters. 
 

 

Piezoelectric accelerometers: 
 

Piezoelectric accelerometers require a constant current source to power their internal electronics.  This 

creates a DC bias voltage upon which the acceleration signal rides.  Hence the accelerometers cannot be 

used to measure static acceleration because when placed in a static acceleration environment the output 

will gradually drift to zero.  Recommended procedure is: 
 

1. Using a C-clamp, mount cantilever to the edge of the bench and attach the piezoelectric 

accelerometer; 
 

2. Connect the accelerometer to a suitable power supply and the output signal to an appropriate 

analog input channel for the DAQ and VI; 
 

3. Make sure to identify and verify output level of the accelerometer, given in milliVolts/g  (g  = 

9.81 m/s
2
), and setup appropriate voltage range for the analog input channel for the DAQ; 
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4. Pluck the end of the cantilever and record the vibration decay curve; 

 

5. Use and modify suitable LabView VIs to record time-frequency data; 

 

6. Using the recorded data, determine modal parameters (i.e., natural frequencies and damping 

factors) and material properties of the cantilever; 

 

7. Compare your results with analytical/computational models of a cantilever; and  

 

8. Do uncertainty analysis on the determined modal parameters. 
 

 

MEMS accelerometers: 
 

In this laboratory, the Analog Devices ADXL276 (AD22237) dual-axes accelerometer will be utilized.  

The ADXL276 MEMS accelerometer is currently being used in a wide range of consumer, industrial, 

military, and automotive applications.  The ADXL276 accelerometer has a measuring range of ±35 g (g  

= 9.81 m/s
2
) and it provides analog output signals with sensitivity on the order of 55 mV/g.  It requires 3 

V to 5.25 V for operation and is capable of operating in a wide range of temperatures.  Recommended 

procedure is: 

 

1. Using a C-clamp, mount cantilever to the edge of the bench and attach a MEMS accelerometer; 

make sure to take into account sensitivity axes of the device; 
 

2. Connect the accelerometer to a suitable power supply and the signal output to an appropriate 

analog input channel for the DAQ and VI; 
 

3. Make sure to identify and verify output level of the accelerometer, given in milliVolts/g  (g  = 

9.81 m/s
2
), and setup appropriate voltage range for the analog input channel for the DAQ; 

 

4. Pluck the end of the cantilever and record the vibration decay curve; 

 

5. Use and modify suitable LabView VIs to record time-frequency data; 

 

6. Using the recorded data, determine modal parameters (i.e., natural frequencies and damping 

factors) and material properties of the cantilever; 

 

7. Compare your results with analytical/computational models of a cantilever; and 

 

8. Do uncertainty analysis on the determined modal parameters. 
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Report 

 

Your report must include: 

 

1. For each motion transducer, computation of the natural frequency and damping of the 

cantilever/accelerometer system from the measured vibration decay curve.  Provide the results in 

units of Hz, circular frequency, log decrement, and percent of critical damping; 
 

2. Tables of results giving the maximum acceleration, velocity, and displacement of the cantilever 

using the data from the test.  Give your answers for acceleration, velocity and displacement in 

both English (use inches or mils) and SI units (millimeters).  In addition, report maximum 

acceleration in units of gôs.   Finally, specify the values in terms of RMS, peak, and peak-to-peak 

(1 mil = 0.001 inches); 

 

3. Table providing summary of the modal parameters and elastic material properties obtained with 

each motion transducer.  In the same table, also provide analytical and/or computational results.  

Make sure to indicate percentage differences. 

 

4. Uncertainty analyses on the determined modal parameters.  Make sure to identify uncertainty 

parameters in order of importance. 
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Sample calculations for a low-carbon steel cantilever 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 



Page 8 of 9 ME-3901.  Lab #4 

Basics about MEMS accelerometers 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 


