Case Study: Experimental Data Analysis

[bookmark: _GoBack]Estimation of Modal Parameters from available experimental data

A three degree of freedom vibration experimental model, as shown in the Figure 1(a) here, is subjected to frequency sweep excitation. The encoders recorded the corresponding displacements of the individual masses. The associated mathematical model of the experiment is shown in Figure 1(b).
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(a)							(b)


Figure 1: (a) Experimental setup for forced vibration analysis, (b) Mathematical model for the experiment   for the experiment which means these dampers and springs were not connected, as seen in Figure 1(a).
 

The experimental data is saved in a text file “3DoFtestdata.txt” and is available to you for the experimental data analysis.

This file has five columns of data.  The first column has data corresponding to time (in sec), the second column contains excitation force data (in N) and the third to fourth columns have encoder data (sensor) which contains the displacement (in m) of three masses respectively.

In this case study you need to analyze the experimental data and extract modal parameters (natural frequencies, damping ratio and mode shapes) by presenting the results as outlined here.  

Hints:
· Use the “load(‘filnename.extension’)” to load the data file into the MATLAB workspace.  The data will be stored in a matrix format and it is important to know identify what each column represents.  Note that you may want to assign the loaded data to a variable such as “A = load(‘filename.extension’)”.
· Once you’ve found your data, open the file.  The data in the text file is stored as follows (time, force, mass 1 position, mass 2 position and mass 3 position).
· In order to extract a column of data from data matrix (your file), you can use the following command:  x5=A(:,5) extracts the 5th column from a matrix A and save as a variable x5.

(i) Plot the time vs. force and time vs. mass displacements and summarize your observations of the excitation force and the response of individual masses.
(You can use subplot command)

Place the properly labeled plot/s here





 


(ii) 
Using the FFT, create Frequency Response transfer functions between the excitation force and response . Plot the absolute values of these three frequency response functions against the frequencies (0 – 7 hz.). Also, summarize your observations on the transfer functions.

Note:  refers to transfer function between the excitation at 1st DoF and response at 2nd DoF.
Hint: For computing the frequency response function refer to Module 8 video and slides on Fourier Transform and FFT.

Place the properly labeled frequency response transfer functions







(iii) 
Based on the transfer function in part (ii) approximate the natural frequencies and corresponding damping ratios by “peak picking method”.  Show your calculations.

Hint: For FFT and damping ratio calculation from the frequency response function refer to Module 8 video and slides on Fourier Transform and FFT. 

Place the properly labeled plot here and show the computation (with formula used) to estimate the damping ratio for each natural frequency 



(iv) 
By plotting the imaginary values of Frequency Response transfer functions  estimate the three mode shapes.
Note: Mode shape discussions and estimation refer to Module 12 videos (Experimental Modal Testing and Modal data extraction from the mode shape).

Place the properly labeled plot here and list the mode shape vector 














Appendix

Show your hand calculations or formula (if any) in this space and refer them to your discussions and analysis. Also paste your MATLAB Codes here
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