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The Structure

Steel Beam with hollow section

Steel beam during the test
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Scheme with position of the sensors and springs

Dimensions: 100mm x 60mm x 3mm



Modal Parameters
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* The system was considered a free-free beam to obtain the modal parameters.

* The analytical solution was obtained in MATLAB and the FEM Software ANSYS

for the first four non-zero frequencies.

Analytical
solution
[Hz]
50.67
139.56
274.04
452.82

ANSYS
[Hz]

49.19
133.88
257.00
411.64

Difference
[%]

2.92
4.07
6.22
9.09
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Modal Parameters

*  Mode shapes for the four modes from MATLAB.
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Mode shapes to respective frequencies in MATLAB
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Numerical Solution With MATLAB

* Central difference method with modal superposition.
*  Only the first 4 modes participate in the response.

Harmonic excitation with an amplitude of 10 N and frequency of 2 Hz.

Excitation (2 Hz)
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Response from MATLAB



Numerical Solution With MATLAB
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Harmonic excitation with an amplitude of 10 N.
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Increasing frequency from 20 Hz to 500 Hz in order to stimulate the natural frequencies

System response

°

of the beam.
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Numerical Simulation With ANSYS
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Computing Damping Ratio
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Computing Damping Ratio

Experimental results:
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Modal Analysis with MACEC

* Toolbox for Modal Analysis in MATLAB.

*  From measured or simulated data are obtained the modal parameters
(Eigenfrequencies, mode shapes and damping ratios).

* The simulated data was obtained from the MATLAB script.
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Modal Analysis with MACEC

model order
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frequency [Hz]

H—p s o s o i P Taid
& & & & & & vk @ & =
P & 2] 2] =] 20t @ & &
= & & 2] & vk @ &P =2
wE @ & & & o
| tsig 2 2 °
i¥ & & & & ] o @ o1}
1y 2] 2] E & &3 f
(]
v EW0re & @
v ? &
| |II||I il |I|'|.k 5 -.'I@""
/ '-.__; \\1 ."I ., JI" s l 1 . e e . . . .
) 200 400 600 800 1000 ) 200 400 o00 800
frequency [Hz] frequency [Hz]
Stabilization Plot — Measured data Stabilization Plot — Simulated Data 1
—o—— -y
$ B &P 23] 'L
20rF & & 2] ]
T o & & 4
218 © T
(=] bt
= v
E 10} v : :
@ [ @-\
| |I I I l'll .-U-..‘.
stV F\ /)N
I A ~.
{1/ \ : ,-"l i N
200 400 600 B0OO 1000

Stabilization Plot — Simulated data 2

1000

11



Bauhaus-Universitit Weimar

Modal Analysis with MACEC
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Conclusions

* The natural frequencies obtained from the analytical solution and the processed
simulated data in MACEC are very similar.

* The damping ratio stablished in the simulated data matches with the obtained in the
modal analysis in MACEC with a value of 0.2%

*  The measured data natural frequencies are relatively smaller from the other analyses,
and the difference increases with higher modes.
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Thank you for your attention!
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