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Project Statement

The goal of our project was to compare analytically generated data to experimental data for modal techniques.  Currently, there is no conclusive evidence that would verify the validity of analytically generated data for modal tests.  Therefore, this project was designed to conduct some simple experiments in which the data gathered could easily be generated analytically for comparison.
Project Location and Mentors


Through out this project we have been associated with the Structural Dynamics Test Engineering Section (SDTE) of the Goddard Space Flight Center.  Our mentors here at NASA were Brian Ross of the SDTE section and Donald Hershfeld a subcontractor associated with SDTE.  This section of the GSFC is responsible for determining the mass properties and modal characteristics of payloads, and provides engineering for the conduct of functional demonstrations such as dynamic deployment of payloads devices.

Background
This project dealt primarily with modal and signal analysis techniques. Modal analysis is defined as the study of the modal characteristics of a structure, such as the natural frequency, mode shapes, stiffness, and the damping.  Through vibration, impact, and other forms of testing the characteristics of a structure can be determined, allowing an adequate representation of a structure's displacement under a known vibration to be defined.  It is very difficult to recreate a modal test in an analytical model, because in modeling there are some assumptions that are made that cannot be achieved in an actual modal test.  These inaccuracies cause analytical models to not be representative of the actual structure.

A large quantity of the data that engineers deal with is in the form of electrical signals.  This is especially relevant in the field of modal analysis where the information gathered during a test is in the form of electrical signals.  These electrical signals are then processed through software, which in turn displays a graphic representation of the data.  The most important part of signal analysis is the interpretation of these graphic representations, which if used properly will display the frequencies of the modes of the structure.  In order to analyze the data from a modal test properly, the techniques of signal analysis must be used. 

Methodology

Initial experiments were accomplished by either exciting a small beam attached to a shaker or by exciting the beam with a modal hammer.  The data generated by these various experiments were then interpreted and the modal characteristics determined.  Finally, the experimental data was compared to analytically generated data to validate the model.

After the simple beam experiments we moved on to the analysis and testing of a spring mass structure.  The purpose of these experiments were to provide us with a simple model that we could easily gather analytical and experimental data.  This experiment setup can be seen in Figure 1. We began first by determining the mass properties of the system and subsequently calculating the natural frequency, via the equation w=2*PI*((k/m)..  
The next step was to set up an experimental method for determining the natural frequency of the spring mass system.  This was accomplished first by exciting the structure by hand and recording the generated power spectrums with a laser vibrometer and accelerometers.  From these the natural frequencies could be determined by choosing the highest peaks.  To gather further data, a modal shaker was used to excite the structure with a known sine wave, subsequently frequency response functions FRF's could be generated and used to again determine the natural frequency.  The data gathered in the previous step was for specific points located on the top of the structure.  This data was then in turn imported into the program IDEAS where a model representation of the displacement of the structure.   
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Figure 1- The Setup of the Spring Mass Experiments

With the completion of the experimental portion of our project we moved on to the analysis of the SSID algorithm.  The first step involved the interpretation of the basic concepts of the algorithm as well as the construction of a Matlab code, which could determine the modal characteristics from an inputted FRF.  A final modification to the code allowed multiple FRF's to be input
Results 
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The results from the simple beam experiment illustrated that it is possible to obtain accurate data from analytical methods. One example of this is that the natural frequency that was determined analytically was found to be 29.58Hz, compared to 30Hz for the simple beam determined experimentally.  This frequency was further verified by an impact test.  Again a frequency of 30Hz was found by locating the highest peak on figure 2, located below.     

Figure 2- Power Spectrum from the Hammer Test of the Simple Beam

With the completion of the simple beam experiment we moved on to the analysis of the spring mass structure.  We began by calculating analytically the natural frequency of the system in the vertical direction, which resulted in a frequency of 12.66Hz.  Through experimental procedures a natural frequency of 14Hz was determined, which can be seen in figure 3 below.  The discrepancy in the two results is most likely due to inaccuracies incurred in the measurement of the spring constant, which was used to calculate the analytical natural frequency.  The other modes contained in this plot are representative of modes in other directions.  This was concluded since their amplitude was less then the 14Hz, which was in the direction of excitation.
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Figure 3-Power Spectrum of Spring Mass Structure

 
Additionally, the data gathered during the tests that involved the use of the shaker was inputted into the program IDEAS and analyzed.  IDEAS is able to take all of the FRF's and determine which modes are the strongest, what the damping coefficients are and curve fit the data. IDEAS chose three modes as the strongest, at frequencies of approximately 14, 28, and 34.  Part of the analysis involved the use of a modal assurance criteria program (MAC), which illustrated the level of dependence of each mode on the other modes.  The purpose of this matrix was to inform us if any of the modes are dependent on another mode and not entirely caused by the structure.  As can be seen in figure 4 below, none of the modes rely on each another.  The MAC illustrates this by displaying high peaks in a diagonal row indicating a high dependence upon itself.  Additionally, there is only 1 high peak per row indicating that the modes are not dependent upon each other. 

[image: image3.wmf]Figure 4- Visual Representation of the Modal Assurance Criteria Matrix


Once we determined that the FRF's sufficiently represented the modes of the structure we moved on to the animation of the modes, which involved the construction of a representative structure in IDEAS.  This structure was then in turn animated as can be seen in figure 5.  This animation illustrates the level of displacement at specific points that the data was taken on the structure.
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Figure 5- Visual Representation of the Third Mode of the Structure

3.1 MATLAB-Single and Multiple Degree of freedom Analyzer


In MATLAB, a program was written to take a single degree of freedom (SDOF) FRF, and determine the mass, damping, and stiffness.  This was done using the same process as in the SSID.  At first, this process was attempted using analytically generated data, where we would input a single value mass, stiffness, and damping, and create the FRF using the equations

(-m*w² +i*c*w +k)*A= F

H= A/F=1/ ( -m*w² +i*c*w +k)

where 'w' is the circular frequency, 'A' is the acceleration, 'F' is the inputted force, and 'H' is the FRF.  The resulting mass, stiffness, and damping are returned in the form of two matrices, 

As
= [c    m]


Bs
=[k     0]

   [m    0]



  [0   -m]


The analytical data went through the program without fail and the answers that were returned correlated to those that had been entered in.  However, when the experimental data was entered into the program, it did not work as well as expected.  Some of the reasons for the difficulty with the experimental data can be attributed to such things as the effects of the boundary conditions or the effect of noise on the data.

This process is the same for multiple degrees of freedom program.  The only difference arises when instead of using a single value, a matrix is used for the analytical data.  Now, instead of single value multiplication, matrix multiplication must be used.  Unfortunately, due to time constraints, this program was not perfected.  If it had been perfected, it would take an entire FRF, not just a single peak, and perform the same functions as the single degree of freedom.  In the end, it would produce matrices for the mass, damping, and stiffness.

Conclusion


Through our research it has become apparent that currently most analytical models available today fail to accurately model the data that would be gathered during and actual experimental run.  This was illustrated to us through our simple spring mass system.  Even with this fairly simple structure, inaccuracies were easily incurred into the calculation of our analytical data.  These inaccuracies were even more apparent when our mentors exposed us to more complex structures, where finite element models were used to predict the locations and frequencies of the modes of the structure. 


However, our initial work with the Substructure System Identification (SSID) algorithm has led us to believe that the accuracy of analytical models may be improved.  Through experimentation with our Matlab code we were able to obtain accurate results for the modal characteristics from an analytically generated FRF.  However, small problems developed when an experimentally generated FRF was entered into the program.  Still the success of the initial runs has lead us to believe that modifications to our program, and to the SSID, would result in successful runs with experimental FRF's.  The SSID is a good start to being able to better model structures analytically.


For the future, it is recommended that further work be done using the SSID algorithm.  An in-depth investigation into the role that the reaction forces play may result in the elimination of some inconsistencies between finite element models and experimental results.  By measuring the reaction forces and using the SSID algorithm a more accurate finite element model could be built from the experimental data.  Further more, comparisons between finite element models and experimental data from more complex structures may yield a greater understanding of these problems.  

� EMBED Word.Picture.8  ���











1
8

[image: image5.wmf] 

0

 

5

 

10

 

15

 

20

 

25

 

30

 

35

 

40

 

45

 

50

 

0

 

200

 

400

 

600

 

800

 

1000

 

1200

 

1400

 

1600

 

1800

 

freq (Hz)

 

Ac

cel 

(g)

 

Natural Freq. at 30 Hz

 

_1001072349.doc


0







5







10







15







20







25







30







35







40







45







50







0







200







400







600







800







1000







1200







1400







1600







1800











freq (Hz)







Accel (g)







Natural Freq. at 30 Hz












