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Abstract: 
The vibration attenuation and damping characteristics of carbon fiber reinforced composite laminates with different thicknesses were 

investigated by hammering experiments under free boundary constraints in different directions. The dynamic signal testing and 

analysis system is applied to collect and analyze the vibration signals of the composite specimens, and combine the self-spectrum 

analysis and logarithmic decay method to identify the fundamental frequencies of different specimens and calculate the damping ratios 

of different directions of the specimens. The results showed that the overall stiffness of the specimen increased with the increase of the 

specimen thickness, and when the thickness of the sample increases from 24mm to 32mm, the fundamental frequency increases by 

35.1%, the vibration showed the same vibration attenuation and energy dissipation characteristics in the 0° and 90° directions of 

the specimen, compared with the specimen in the 45° direction, which was less likely to be excited and had poorer vibration 

attenuation ability, while the upper and lower surfaces of the same specimen showed slightly different attenuation characteristics to the 

vibration, the maximum difference of damping capacity between top and bottom surfaces of CFRP plates is about 70%. 
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Introduction 

Carbon fiber reinforced polymer (CFRP) have been 

widely used in aerospace, automotive and defense 

industries 
[3-6]

 due to their high specific strength and 

specific stiffness 
[1-2]

. Due to the unique weight reduction 

advantages of carbon fiber composites, the application of 

large thickness CFRP is also becoming more and more 

common, such as a series of Airbus aircraft with large 

thickness CFRP joints and central wing boxes. In addition 

to meeting various mechanical properties, the vibration 

damping properties of CFRP are also very important, 

which affect the performance, safety and reliability of 

parts and systems 
[7]

. As the most widely used marine 

propulsion device, the noise and vibration generated by 

ship propeller cannot be ignored. At present, there have 

been a lot of research on composite propellers to 

eliminate violent vibration 
[8-9]

. 

Damping can be defined as the energy dissipation of 

a structure that generates vibrations 
[10-12]

. The damping 

mechanism attenuates the vibration by converting the 

energy generated by the vibration into other forms of 

energy. While CFRP belongs to fiber reinforced resin 

matrix composites, its damping properties are 

significantly anisotropic as well as mechanical properties.  

Gibson 
[13]

 and Zou 
[14]

 have made great 

contributions to the analysis of vibration testing methods 

by investigating modal testing techniques, including 

frequency response methods and time domain analysis as 

well as frequency domain analysis, to further analyze and 

study the response of structures subjected to excitation. In 

terms of experimental tests, Adams 
[15-16]

 and others used 

free beam bending vibration experiments to study the 

dynamic properties and damping of unidirectional 

composites at different temperatures. Pei and Li 
[17]

 used 

hammering experimental methods to study the effect of 

fiber orientation on the modal and damping ratios of 

unidirectional carbon fiber composite laminates. Riccardo 
[18]

 investigated the modal damping parameters of 

composite laminates by an experimental method of 

point-by-point excitation single-point test. Rueppel 
[19]

 

and others applied logarithmic decay method and DMA 

analysis to analyze and study the damping properties of 

CFRP laminates and obtained the relationship between 

lay-up angle and damping properties. Pereira 
[20-21]

 used a 

combination of numerical calculations and experiments to 

preliminarily verify that variable angle lay-up can one 
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adjust the laminate frequency and damping, and further 

investigated the multi-objective optimization to improve 

the fundamental modal frequency and the corresponding 

specific damping capacity of the laminate. In the study of 

the damping energy dissipation mechanism of CFRP, 

Tang 
[22]

 reviewed the damping mechanism of 

fiber-reinforced resin matrix composites. It can be seen 

that the research on CFRP materials is mainly focused on 

the overall damping characteristics in depth, while the 

research on the attenuation law and damping 

characteristics of vibration in different directions within 

CFRP laminates is very little at present. 

This paper focuses on the damping characteristics in 

different directions on a large thickness CFRP laminate. 

Hammering experiments are used to analyze the 

attenuation of vibrations within large thickness CFRP 

laminates (the thickness is greater than 3mm) of different 

thicknesses in different directions on the upper and lower 

surfaces by means of frequency and time domains. 

1 Experimental preparation 

1.1 CFRP Specimen preparation 

Two specimens were prepared by Resin transfer 

molding (RTM) process using T300 grade 0° /90° 

plain weave carbon fiber woven fabric. And E-51 resin is 

selected, which is produced by Wuxi Qianguang 

Chemical Materials Co. LTD. Different layers of the 

woven fabric were applied and the final CFRP specimens 

with thicknesses of 24 mm and 32 mm were obtained. 

1.2 Experimental methods and apparatus 

The hammer pulse method is based on frequency 

response functions and is widely used to describe the 

dynamic properties of vibrating systems 
[23]

. 

The vibration test system is shown in Figure 1. The 

specimen is suspended on the experimental stand by a 

rubber elastic rope with certain stiffness to ensure free 

boundary conditions. The acceleration sensor is fixed at 

the measurement point with 502 binder and the output 

signal is sent to the data acquisition analyzer 

(INV3062-C1), and then the response signal is analyzed 

by the Coinv DASP V11 software. 

 

Figure 1  The vibration test system for CFRP laminate 

The vibration sensor measurement point 

arrangement diagram is shown in Figure 2. The CFRP 

specimen was struck using an INV9310 impact force 

hammer to make the specimen vibrate freely and return to 

rest with damping, and six sets of experiments were 

conducted in six directions. Each experiment sensor was 

arranged at the center and end points of one of the 0°, 45° 

and 90° directions on the top surface (TS) and bottom 

surface (BS), respectively. Three taps were performed for 

each set of experiments, and the data were averaged to 

ensure the accuracy of the analysis. 

 

Figure 2  Arrangement of measurement points of 

acceleration sensors in different directions 

(a) TS-0° (b) TS-45° (c) TS-90° (d) BS-0° 

(e) BS-45° (f) BS-90° 

2 Results and discussion 

2.1 Analysis of inherent frequency  

The magnitude of the first natural frequency (i.e. 

fundamental frequency) of the laminate is a key indicator 

of the vibration characteristics of the structure. The 

acceleration output signal collected by the collector is 

processed by the software as a spectrogram, and the 

spectrogram is used to identify the first-order intrinsic 

frequency. The spectrum analysis of the collected data 

was carried out by Fast Fourier Transform (FFT). 

 

Figure 3  Spectra of the end points of the specimen with 

thickness of 24mm in each direction 
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Figure 4  Spectra of the end points of the specimen with 

thickness of 32mm in each direction 

The comparative analysis of Figure 3 and Figure 4 

shows that the two specimens exhibit the same 

vibration law in the 0° and 90° directions on the 

upper and lower surfaces, and the same intrinsic 

frequencies can be calculated in these four directions. 

While in the 45° direction of the upper and lower 

surfaces showed a slight difference. Through the 

self-spectrum analysis of the specimen in 0° and 90° 

directions, it can be seen that the first-order inherent 

frequencies of the specimens with thicknesses of 24 

mm and 32 mm are 1425.0 Hz and 1925.7 Hz, 

respectively. With the increase of the specimen 

thickness, the fundamental frequency of the specimen 

increases, which is closely related to the overall 

stiffness of the plate, and the specimens with better 

stiffness are less likely to resonate. While, the 45° 

directional curves of the two specimens with 

thicknesses of 24 mm and 32 mm calculated a slight 

increase in the intrinsic frequency with a boost of 3.16% 

and 2.59%. This shows that the transmission of 

vibration in the 45° direction is different from the 0° 

and 90° directions. Since the experimentally used 

CFRP is an anisotropic material with different strength 

and stiffness in either internal direction other than the 

fiber direction, and the stiffness in the 45° direction 

is increased relative to the fiber direction, the slightly 

higher fundamental frequency analysis results are 

identified and calculated. 

2.2 Analysis of Logarithmic decrement  

In the time domain waveform analysis, as shown in 

Figure 5 and Figure 6, the acceleration waveforms at the 

end points in each direction decay exponentially. Therefore, 

the free vibration decay method is the most intuitive and 

simple method to represent the vibration decay and 

damping performance of the end points in each direction. 

 

Figure 5  Time domain waveforms at the end points in each 

direction for a 24 mm thick specimen: (a) Full time domain 

diagram, (b) Time domain diagram of the start-up phase 

 

Figure 6  Time domain waveforms at the end points in each 

direction for a 32 mm thick specimen: (a) Full time domain 

diagram, (b) Time domain diagram of the start-up phase 

Logarithmic decrement (δ) is commonly used as a 

parameter to characterize the damping properties of a 

material and is calculated as 

δ =
1

m
ln

An

An+m
                 (1) 

where An  and An+m  are the nth and (n+m) th 

amplitudes on the decay curve, respectively. 

 

Figure 7  Logarithmic decrement and damping ratio of 

each direction of the two specimens 
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As can be seen in Figure 7, the specimen with a 

thickness of 32 mm has a higher logarithmic attenuation 

rate than the 24 mm specimen in all six directions 

measured, i.e., the 32 mm thickness specimen has a better 

attenuation effect on the vibration in these directions. In 

addition, when combined with Figure 5 and Figure 6, the 

two specimens were subjected to the same excitation 

force to generate vibration, the 32 mm CFRP plate 

recovered its initial stationary state in a shorter time. 

Moreover, combined with the time-domain waveforms, it 

can also be seen that the 45°direction has significantly 

lower vibration acceleration amplitude than the 0°and 

90°directions at the onset of vibration. The reason for 

this is that CFRP has higher stiffness in the non-fiber 

direction of 45°, and has lower sensitivity and higher 

stability to shock and vibration. 32mm specimens show 

less susceptibility to excitation and more rapid abatement. 

There are certain patterns and differences in the 

logarithmic attenuation rates in different directions of the 

same specimen. Compared with the 45°direction on both 

surfaces, the vibration attenuation ability is better in the 0°
and 90 ° directions. 24mm specimens have better 

vibration attenuation ability in the 45°direction on the 

lower surface, while 32mm shows the opposite pattern. 

2.3 Analysis of damping ratio 

The damping ratio makes a dimensionless measure 

relative to the amplitude decay rate and represents the 

form of decay of the vibration of the specimen after being 

excited. The relationship between the logarithmic decay 

rate and the damping ratio is shown in Equation 2. 

δ =
2πζ

√1−ζ2
≈ 2πζ                (2) 

Therefore, the damping ratio of each direction of the 

specimen can be calculated by Equation 3. The 

calculation results are also shown in Figure 7. 

ζ =
δ

2π
                    (3) 

The trend of the damping ratio in each direction of 

the two specimens in Figure 7 shows that the 32mm 

CFRP specimen has better damping performance than the 

24mm specimen, and this characteristic is especially 

shown in the specimen for vibration transmission in the 

in-plane. For example, the damping ratio in the 0°
direction on the upper and lower surfaces is 69.78% 

higher than that of the 24 mm specimen, while the 

damping ratio in the 0°direction on the lower surface is 

only 7.40% higher than that of the 24 mm specimen. 

For the same specimen, the vibration dissipation 

ability is very similar in the 0°and 90°directions, both 

directions are fiber directions, and the stiffness is the 

same in the in-plane. And the damping is lower than in 

the 45°direction for the upper and lower surfaces, which 

indicates that the vibration dissipation ability is relatively 

poorer in that direction. For the upper and lower surfaces, 

in the 0°and 90°directions, the energy dissipation 

ability of the lower surface is slightly higher or close to 

the same direction of the upper surface, which indicates 

that the damping performance of the thickness direction 

also plays a certain role when the vibration is transmitted 

to the lower surface under the same hammering force 

knocking situation, but its role is very limited, while in 

the 45°direction, the damping ability of the upper and 

lower surfaces is not much different. 

3 Conclusion 

Single-point impulse hammering experiments were 

conducted on two CFRP specimens with different 

thicknesses. The time domain analysis and the 

self-spectral analysis curves calculated by FFT were 

obtained by arranging acceleration sensors at the center 

and end points of 0°, 45° and 90° directions on the 

upper and lower surfaces of the specimens to study the 

attenuation and damping characteristics of the vibration in 

different directions on the two surfaces. 

(1) The increase in thickness increases the overall 

stiffness of the CFRP laminate. The specimen with a 

thickness of 32 mm has a significant increase in the first 

natural frequency compared to the specimen with a 

thickness of 24 mm, and is also less likely to be excited. 

(2) The results of the intrinsic frequencies of the 

specimens obtained by the self-spectral analysis curves 

differ in the 45° direction and other directions, and the 

calculated results in the 45° direction are slightly higher. 

Combined with the maximum amplitude of the end-point 

vibration in each direction on the time domain analysis 

curve, the 45° direction also shows a lower level. Both 

confirm that the CFRP plate has higher stiffness and 

insensitivity and stability to vibration and impact in the 

45° direction on the upper and lower surfaces of the 

CFRP laminate. 

(3) By comparing the results of logarithmic 

decrement and damping ratio at the end points of different 

directions, it can be found that the logarithmic decrement 

and damping ratio in the 45° direction are significantly 

lower than those in the other directions, which also 

indicates that this direction has higher stiffness and thus 

leads to worse damping performance in this direction, for 

the 0° and 90° directions (fiber direction) of the top 

and bottom surfaces of the specimen, the damping 

performance shows consistency. 
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