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1. Introduction – The goal of this investigation is to determine the modal behaviour of a composite 

material specimen with different damage conditions resulting from a tensile loading. Two specimens 

made of glass fiber reinforcing epoxy resin are used for the tests. The first one is a small plate with 

250x25x5 mm dimensions; the second is with the same surface area but with 3 mm thickness. The two 

specimens are studied under 4 cases. Three cases are where the tensile load caused different extensions in 

the specimen, and the fourth case is the unloaded condition as a reference case.  For the first specimen, 

three tensile loading conditions caused three extensions as 2.5 mm, 5 mm, and 7.5 mm. The second 

specimen extensions are 2 mm, 4 mm, and 6 mm. The current paper shows the results of the first 

specimen (the 5 mm thick) as the results of both specimens demonstrate the same ideas.   

 

2. Experimental - The specimens are put onto a TIRA TV 50009 

electrodynamics vibration test system (shaker). The shaker can provide a 

9 N excitation force as maximum and is interconnected with a PCB 

288D01 impedance head. With the impedance head the exciting force and 

the vibrational acceleration at the exciting point could be measured. 

Roughly 90 mm from the middle of the specimen, a reflective patch is 

fixed on the probe surface to measure the vibration with laser doppler 

vibrometer: Ometron VH-1000 (B&K 8338). The measured signals 

(force, acceleration, velocity) are connected to a 4 channel DAQ (B&K 

Photon +). Image 1.  

The measurement software creates the desired functions for the further 

analysis which are the frequency response functions (FRF) and the 

coherences between force and acceleration, respectively force and 

velocity.  

 

3. Results and Discussion - The FRF functions, inertance, and mobility are represented in diagrams. The 

curves are showing the resonance frequencies (Image 2). Additionally, a FEM model of the specimen is 

created and FEM calculations are performed in order to determine the mode shapes for each resonance 

frequency. The results are showing that the damage of the material due to external tensile loading has a 

significant effect on the resonance frequencies of the specimens. It means that they behave less stiff as in 

unloaded condition. This behaviour can be explained through the damage of the matrix or the glass fibre. 

 

4. Conclusions -  

The investigations have shown that low frequency vibration analysis (bellow 20 kHz) i.e., modal analysis 

is able to detect possible fault in material microstructure. Further test must be done (computer 

tomography) to correlate the results of vibration measurements with the type of the material damage.  

 

 

 

 
 

Image 1. The test set up 

Table I. Differences between the resonance 

frequencies of the unloaded and the max. 

loaded conditions.  
No. Unloded  Max. Loaded Difference 

1. 323 Hz 311 Hz 12 Hz 

2. 1635 Hz 1615 Hz 23 Hz 

3. 4054 Hz 3910 Hz 144 Hz 

4. 7525 Hz 7128 Hz 398 Hz 

5. 11466 Hz 10938 Hz 528 Hz 

6. 15915 Hz 15280 Hz 635 Hz 

  

 

 

 
 

Image 2. The resonance frequencies of the first specimen (5mm thick) 

 

 

 

 

Image 1. Example of an image 
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