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The given paper is closely connected with the experimental and numerical modal analysis of the carbon composite 

plate damaged by cut. In relation to the tested carbon composite, modal analysis was performed by help of special 

measuring device Pulse 12. The mentioned device was supplied by company Brüel & Kjear and the experimental 

measurements were carried out using damaged and undamaged plate sample which were prepared from the men-

tioned material hereinbefore. The investigated and analyzed plates of carbon composite were made of six layers of 

carbon fibres and they were arranged under the angle 90º (it is like fabric material made off carbon fibres). The 
layers arranged in the given way were joined by epoxide resin MGS 285. The experimental measurement of eigen-

frequencies of carbon composite plates was carried out using the undamaged and damaged sample with proporti-

ons 78 mm x 78 mm while ten measurements were performed for each one specified site of the sample. In relation 

to the damaged plate sample, there was cut in length of 20 mm in the centre border. The finite element method in 

the software system ADINA v.8.6.2 was used for numerical analysis of the eigenfrequencies.  
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 Introduction 

The experimental modal analysis belongs to Dyna-

mics that is the special scientific field where so-called 

modal parameters of the object (e.g. eigenfrequencies, 

own shapes of the vibrations, absorption or damping pa-

rameters) are investigated. These mentioned parameters 

can be obtained in an analytical way by help of finite ele-

ment analysis (FEM) or they can be determined on the 

basis of the experimental analysis. The experimental ana-

lysis is connected with verification or completing of those 

results which were acquired on the basis of the analytical 

method. The given analysis is based on the principle 

which involves the usage of the process where the com-

plex vibration process is divided into the simple modal 

constituent vibrations or parts. Each one of these consti-

tuent parts can be characterized by its natural frequency 

or eigenfrequency as well as it has its own shape of the 

vibration [1, 2]. The sixties of last century can be unders-

tood as the beginning of the modern era of the experimen-

tal modal analysis (EMA) because of the introduction of 

Fourier transformation and development and progress re-

lating to the computer technologies. Nowadays, experi-

mental modal analysis (EMA) represents the scientific 

field which stands for some connecting point between 

signal adjustment and computational technology, theory 

of mechanics, vibrations, acoustics and signals proces-

sing [3, 6]. 

 EMA can be also used for verification of the mathe-

matical models and nowadays, it can help us to solve 

various technical problems including [4, 5, 7, 8]: 

• the determination of eigenfrequencies for any 

objects because if the excitation frequencies 

correspond to eigen frequencies, it can lead to 

excessive vibrations of the construction (reso-

nance) and it means the decrease of lifetime and 

reliability,  

• the determination of the own or natural shapes 

of the vibration and control them by exciting 

actions of the system with the aim to find the cri-

tical site of the construction where the vibration 

is the highest, 

• the verification of the authenticity relating to the 

mathematical models which were made by help 

of finite element methods and moreover, the 

change of models parameters can be done by 

help of experiments and measurements in order 

to obtain the mutual accordance (modal tuning), 

• the modification and the change of construction 

geometry with the aim to eliminate the intervals 

or zones of in-service exciting actions (structural 

modification). 

 Acceleration piezoelectric sensor 4524-b 

 

Fig. 1 Accelerometer of type 4524-B 
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The piezoelectric sensor 4524-B (see Fig.1) is the 

lightweight and three-axial sensor with three independent 

out-puts for the simultaneous measurement in three di-

rections and these directions are perpendicular to each 

other. The brief description of the given sensor is given 

in the Tab. 1 and it is the specification provided by ma-

nufacturer. 

Tab. 1 The brief description of the accelerometer 

Technical 

 parameter 

Accelerometer 4524-B 

x y z 

Sensitivity 

[mV/ms-2] 
9.963 9.882 9.924 

Frequency 

 range [Hz] 

0.2 – 

5.5 k 

0.25 – 

3.0 k 

0.25 – 

3.0 k 

Installed reso-

nance frequency 

[kHz] 

18 9 9 

Weight [g] 4.4 

 The operating environment of the eigen-

frequencies 

It has already been mentioned that the software 

PULSE enables us to carry out settings, actuation and do-

cumentation of the measurement by help of organizers 

and according to this mentioned fact, the accurate pattern 

can be made to be used for the specific project. In our 

case, the pattern MTC Hammer was used for measure-

ment of the modal analysis. The first step of the given 

pattern is connected with the settings of the fixed accele-

rometer and moving point relating to the hammer impact. 

Modal hammer and tree-axial sensor were set on the indi-

vidual channels in the configuration organizer. In relation 

to geometry configuration, the sample was created as well 

as the position of the measuring accelerometer and ham-

mer was determined and it led to the creation of the mea-

surement plan (see Fig. 2). The next one step involved the 

setting of the force of hammer impact and this set force 

was used during the whole process of the measurement. 

The individual windows were also determined and after 

the activation of the pattern, the measurement process 

was carried out. The Fig. 2 shows the position of the ac-

celerometer  which was in the centre of the sample and 

hammer impacts were carried out on four specified sites 

– in the individual corners of the samples. 

 

Fig . 2 Measurement by the system PULSE 

For each one site, the frequencies obtained on the 

basis of ten hammer impacts were recorded and they were 

subsequently averaged, evaluated and displayed in the 

graphical way by Pulse system in graphs of the frequency 

response and coherency. The software which is supplied 

together with the measurement device is used for settings, 

controlling, and collection of obtained measurement data. 

The given software contains everything which is needed 

for measurement. The measurement process as well as 

setting of the required conditions is done by help of orga-

nizers and the user can make settings of software accor-

ding to own requirements. The given settings can be 

saved and used as some pattern again during any other 

measurement. 

 Experimental measurement of the eigen-

frequencies 

The experimental measurements were performed by 

help of special device PULSE 12 from company Brüel & 
Kjear. The samples obtained from carbon composite ma-

terial were used for measurement process. The mentioned 

composites were made of six layers of carbon fibres and 

they were arranged under the angle 90º (it is like fabric 
material composed of carbon fibres). Then, the layers 

arranged in the given way were joined by epoxide resin 

MGS 285.  

 

Fig. 3 Model of rotating blade wheel 

 

The experimental measurement of eigenfrequencies 

for carbon composite was carried out using the unda-

maged and damaged samples with proportions 78 mm x 

78 mm. In relation to the damaged plate sample, there was 

cut in length of 20 mm in the centre border. The samples 

were held around the whole circumference in special fix-

ture and moreover, they were between two plates which 

were fastened by four screws.  The testing equipment for 

experimental measurement can be seen in Fig 3. For each 

one site, the frequencies obtained on the basis of ten ham-

mer impacts were recorded and they were subsequently 

averaged, evaluated and displayed in the graphical way 

by Pulse system in graphs of the frequency response and 

coherency. The software which is supplied together with 

the measurement device is used for settings, controlling, 

and collection of obtained measurement data. The given 
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software contains everything which is needed for mea-

surement. The measurement process as well as setting of 

the required conditions is done by help of organizers and 

the user can make settings of software according to own 

requirements. The given settings can be saved and used 

as some pattern again during any other measurement. As 

can be seen in Fig. 3, the position of the accelerometer for 

the undamaged sample was in the centre and hammer im-

pacts were performed for four sites – in the corners of the 

sample.  The obtained eigenfrequencies for both types of 

samples are shown in Tab.2. 

Tab. 2 Obtained values of eigenfrequencies for damaged 

and undamaged sample of the carbon composite 

Obtained values of eigenfrequencies (Hz) 

Number of 

frequency 

Undamaged 

sample 

Damaged 

sample 

1 5030.89 4796.23 

2 6160.26 5936.86 

3 8550.60 7915.60 

4 9902.33 9057.48 

5 10942.10 10 532.00 

 Numerical analysis of the eigenfrequencies 

The specific method, called “Subspace iteration“ me-
thod was used for creation of the computational model in 

the program system ADINA 2.8.6. The material constant 

parametres were used for epoxide matrix L 285 as well as 

for carbon fibres and these constant parametres, shown in 

Tab. 3, were specified by the producer. 

Tab. 3 Material constant parameters which were used for 

computational model 
Material constant 

 parameter  

Epoxide ma-

trix L 285 

Carbon 

fibre  

E [GPa] 3.45 380 

 0.3 0.33 

 [kg/m3] 1200 1950 

Numerical analysis was solved for two computational 

models:  

• for undamaged sample with the proportions 78 

mm x 78 mm and it was reinforced with six lay-

ers of carbon fibres while the fibres were arran-

ged under angle 90°;  
• for damaged sample,there was a cut in the centre 

border of the sample and the length was 20 mm. 

 

Fig.4 Computational model of the undamaged carbon 

fibre sample 

The computational model of the undamaged compo-

site as well as its first five shapes of eigenfrequencies can 

be seen in the Fig. 4 to Fig. 9. 

 

Fig.5 The first shape of the eigenfrequency 

 

Fig.6 The second shape of the eigenfrequency 

 

Fig.7 The third shape of the eigenfrequency 

 

Fig.8 The fourth shape of the eigenfrequency 
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Fig.9 The fifth shape of the eigenfrequency 

 

The computational model of the damaged composite 

sample with the cut in the centre of border of the sample 

with the length of 20 mm as well as its first five shapes of 

eigenfrequencies can be seen in the Figs. 10 - 15. The gi-

ven own or natural shapes represent the dynamic behavi-

our of the model or possible movement of the system vib-

rations and they are ordered from the lowest frequency to 

the highest one. In relation to the individual models, the 

own or natural shapes of the eigenfrequencies depend on 

the way of removal of the degrees of freedom and they 

also depend on size and shape of the defect as well as the 

location or site of the defect on the model. The first one 

shape represents the lowest frequency and the fifth shape 

represents the highest frequency. The calculated results of 

eigenfrequencies for the damaged and undamaged 

samples are introduced in Tab. 4.  

 

Fig.10 Computational model of the damaged carbon 

fibre sample 

 

Fig.11 The first shape of the eigenfrequency 

 

Fig.12 The second shape of the eigenfrequency 

 

Fig.13  The third shape of the eigenfrequency 

  

Fig.14 The fourth shape of the eigenfrequency 

 

Fig.15 The fifth shape of the eigenfrequency 
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Tab. 4 Calculation of the eigenfrequencies for damaged 

and undamaged sample 

Calculation values of eigenfrequencies (Hz) 

Number of 

frequency 

Undamaged 

sample 

Damaged 

sample 

1 5040.39 4806.31 

2 6162.01 5945.7 

3 8558.54 7928.96 

4 9905.06 9065.56 

5 10945.05 10538.01 

 Conclusion 

As mentioned above, ten measurements were perfor-

med for the each one tested site of the sample. Tab. 2 

shows the average value resulting from all ten measure-

ments which were performed for four specified sites of 

the sample. According to the obtained results based on 

measurement, it can be concluded that the frequencies of 

the damaged sample are less than the frequencies of the 

undamaged sample. The same results were obtained in the 

case of the numerical analysis which was based on the 

finite element method and it is shown in Tab. 4. The me-

asurement range of the frequencies was given up to 14 

000 Hz. According to results which were obtained on the 

basis of measurement of frequencies (Tab. 2) and results 

which were obtained on the basis of the calculation of the 

frequencies (Tab. 4), it can be assessed that increase of 

the frequency leads to the higher value of the shift in re-

lation to the comparison of the damaged and undamaged 

sample – the difference of the frequencies is noticeable. 
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