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1. Introduction

Adsorption of vibration energy by mechanical damping is a significant problem in many
engineering designs. High damping materials are used to reduce vibration in aircraft and
other machinery. The benefits of damping treatment are advanced durability, reliability and
service life of components, reductions in weight, noise and costs (Chung, 2001).

By invoking the properties of nanostructures it may be possible to control the shock wave
propagation in the material and thus, significantly enhance the impact energy dissipation;
however, only limited research papers concern about damping composite structures and
shock resistant of nanomaterials.

If one goes to the nanoscale, the damping levels/dynamics of structures are mostly
unknown and require extensive investigations. This chapter traces the experimental and
analytical investigation methods for damping capacity and its application to
nanocomposites.

A couple of works were published about investigation of damping capacity in different
material (Koizumi et al., 2003; Gu et al., 2004; Srikanth & Gupta, 2005; Zhang et al, 2005;
Botelhoa, 2006; Kireitseu et al.,, 2007; Yadollahpour et al., 2009). These works were
summarized in Table 1. The first part of this chapter deals with an overview of experimental
procedures for investigation of energy dissipation capacity in materials.

Carbon nanotubes (CNTs) have superior mechanical properties with an elastic modulus up
to 1 TPa and a tensile strength up to 150 GPa and, as well as excellent thermal stability and
electrical conductivity (Ci et al., 2006). Their exceptional mechanical properties make CNTs
ideal candidates as reinforcements in composite materials to increase both stiffness and
strength, while contributing to weight savings (Esawi & Morsi, 2007). Larger portion of the
researches have been focused on the development of CNT reinforced polymer, ceramic
based composites, and only a few studies have been concerned with the manufacture of
CNT reinforced metal matrix composite (George et al., 2005;Chunfeng et al., 2007). It has
been confirmed that the mechanical properties of metal matrix composites were improved,
when an appropriate amount of nanotubes were added (Deng et al., 2007a). Beside
considerable reinforcement effect of CNTs, fabrication of MMCs with nanostructured
matrices may also provide excessive properties due to their greater mechanical
characteristics compared to coarse-grained counterparts.
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Table 1. Works on damping capacity of materials

2. Experimental measurement methods for damping capacity

As shown in any vibrations textbook, the parameters describing the vibration response of a
single degree of freedom (SDOF) spring-mass-damper system may be used in reporting
damping test results (Thomson, 1972). Single degree of freedom damping parameters may
be estimated by curve fitting to the measured response of material specimens in either free
vibration or forced vibration if a single mode can be isolated for the analysis. Approximate
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relationships between the loss factor from complex modulus notation and these SDOF
damping parameters exist for lightly damped systems, (Soovere & Drake, 1985) and such
relationships will be used frequently in the following subsections.

2.1 Free vibration methods

Observations of the free vibration response of a damped system are often used to
characterize the damping in the system. If the specimen is released from some initial static
displacement or if a steady-state forcing function is suddenly removed, the resulting free
vibration response (Fig. 1a) may be analyzed using the logarithmic decrement, a SDOF
damping parameter. The logarithmic decrement is given in Eq. (1)

Azllnx—o
n o x

1)
n

Where xo and x, are amplitudes measured n cycles apart. Eq. (2) is based on the assumption
of viscous damping, but for small damping, the loss factor from complex modulus notation
may be approximated by Eq. (2) (Soovere & Drake, 1985).

Q'= 2)

A
7
Commonly used modes of testing include torsional pendulum oscillation, and flexural
vibration of beams or reeds. Errors may result if more than one mode of vibration is
significant in the free vibration response, or if the data are taken at large amplitudes where
air damping is present.
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Fig. 1. (a) Free vibration decay curve (b) stress-strain hysteresis loop (c) typical frequency
response curve

www.intechopen.com



796 Advances in Nanocomposites - Synthesis, Characterization and Industrial Applications

2.2 Forced vibration methods

Forced vibration techniques are often more useful than free vibration techniques when control
of amplitude and frequency is desired. Excitation may be sinusoidal, random, or impulsive,
and response may be analyzed in either the time domain or the frequency domain.

The simplest forced vibration technique involves the measurement of uniaxial hysteresis
loops during low-frequency sinusoidal oscillation of a tensile specimen in a servohydraulic
mechanical testing machine. The elliptical hysteresis loops are the Lissajous patterns formed
by plotting the sinusoidally varying load (or stress) versus the corresponding strain (Fig.
1b). The energy dissipation ability of the composite material is evaluated by the ratio of the
dissipated work by the material (AW) to the maximum of elastic energy stored in the cyclic
loading process (W), and we use y to represent the ratio in Eq. (3) and the loss factor (Q-1)
can be calculated from Eq. (4).

, W
w ©)
and
-1 _ l
ol -L @

With the forced vibration techniques discussed above, data are obtained at the frequency of
oscillation of the exciter in the testing machine, which may or may not be a resonant
frequency of the specimen. If the forcing frequency is tuned to a resonant frequency of the
specimen, the relationship between the input and the response takes on a special form--this
is the basis of the so-called resonant dwell method (Granick & Stem, 1965).

By varying the forcing frequency, the so-called frequency response curve (or response
spectrum) for the specimen can be swept out in the frequency domain, as shown in Fig. 1c.
The peaks in the curve represent resonant frequencies, and SDOF curve fitting techniques
such as the half-power bandwidth can be used at these frequencies (Thomson, 1972, Soovere
& Drake, 1985). The loss factor here is equal to:

Q—l Wy — (5)

Wy

Where 1/Q is the damping factor and wn is the peak frequency in the response curves
(natural frequency). Parameters wl and ®2 are referred to as half-power points which are
measured at 1/2 of peak amplitude.

3. Material preparation and characterization

Al2024 is one of the most widely used Al alloys in aerospace and automobile industries due
to their high strength and specific stiffness. To prepare nanostructured Al2024 matrix, Al-
41 wt.%; Cu-1.9 wt.%; Mg-0.5%Si (Al2024) prealloyed powder was milled in a planetary
ball mill (Fritsch P7 type) under argon atmosphere. The milling media consisted of five
20mm diameter balls confined in a 120 ml volume vial. Ball milling was carried out with
ball-powder mass ratio of 10:1 and rotation speed of 500 rpm for 30h. 0.5 wt.%. Stearic acid
[CH3(CH2)16COOH] was used as process control agent (PCA). Scanning electron
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microscopy (SEM-Philips XL30) was used in order to evaluate the morphology changes of
Al2024 powder particles through the ball milling process for 30h.

Multi-wall carbon nanotubes (MWCNTs) (provided by Research Institute of Petroleum
Industry) were produced using catalytic chemical vapor deposition (CCVD) technique with
purity of ~90%. To eliminate the catalyst particles and to disperse MWCNTs, they were
immersed in concentrated nitric acid for 12h. MWCNTs were then washed with distilled
water and dried at 120°C. MWCNTs sample were characterized by transmission electronic
microscope (TEM) (Philips CM12). After that, MWCNTs were added to the ethanol and
dispersed using an ultrasonic shaker for 1h in order to maintain uniform distribution. Then,
as-milled Al2024 powders were added to the MWCNTs-ethanol solution and the mixture
was dispersed using ultrasonic shaker for another 30min. Subsequently, the mixed powders
were dried at 120°C in vacuum (~10-2Pa). In order to improve the dispersion of MWCNTs in
the nanocomposite powders, ball milling was executed on nanocomposite powders for 4h.
In this study, 1, 3 and 5 volume percent of MWCNTs were mixed with 30milled-Al2024
powders. Morphology of nanocomposite powder particles was then examined by SEM.
Final Al2024-MWCNT nanocomposite powders were compacted at 500°C under 250MPa in
a uniaxial die and then cooled in air, in order to produce disks with the size of 50x10mm.
The duration of hot pressing was 30 min.

The XRD patterns of as-received Al2024 powders, 30h-milled Al2024 powders and
consolidated Al2024-MWCNTs nanocomposite samples were recorded using a Philips
diffractometer with Cu Ka radiation (A =0.15406 nm). The Al grain size in as-milled Al2024
and consolidated Al2024-3vol% MWCNTSs samples were estimated from broadening of XRD
peaks using Williamson-Hall formula (Williamson & Hall, 1953). Hardness tests were
conducted on bulk nanocomposites at a load of 10 kg. The Archimedes technique was used
to measure the bulk density of consolidated samples.

Fig. 2. a) As-received Al2024 powder b) 30h-milled Al2024 powder morphology

As-received Al2024 powder particles (see Fig. 2a) were irregular in shape and had non-
uniform size ranging from 50 to 300pm. According to Fig. 1b, after 30h most powder
particles were equiaxed with an average size of ~10um. This decrease in powder particle
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size is a consequent of stearic acid which diminishes cold welding of powders as well as
work hardening effects of A12024 powders during milling (Jafari et al., 2009).

Fig. 3a shows a TEM image of the purified carbon nanotubes. According to Fig. 3a, it can be
found that the MWCNTSs have outer diameters of 30 to 40nm and large aspect ratio. Also, it
is evident that most MWCNTs enwind with each other, which apparently has a negative
effect on dispersing them in the composites. In order to improve the dispersion of MWCNTs
in the matrix, the A12024-MWCNTSs nanocomposite powders were mechanically milled for
4h. The SEM image of the nanocomposote powder after milling is shown in Fig. 3b. It is
evident that the MWCNTs have been shortened so that the length of most of them has
become less than 1um.

Fig. 3. a) TEM image of purified MWCNTs b) SEM micrograph of 4h-milled Al2024-3%vol
MWCNT nanocomposite powders

The XRD patterns of as-received Al2024 powders, 30h-milled Al2024 powders and
consolidated Al2024-MWCNTs nanocomposite samples are demonstrated in Fig. 4.
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Fig. 4. XRD patterns of as-received Al2024 powders, 30h-milled Al2024 powders and bulk
Al2024-3vol %MWCNTs nanocomposite
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According to Fig. 4, the structure of as-received powder includes CuAl2 and CuMgAI2
intermetallic compounds. After 30h of ball milling, the intermetallic peaks completely
disappeared on XRD patterns owing to the dissolution of CuAI2 and CuMgAI2 intermetallic
compounds in Al lattice as well as grain boundaries (Jafari et al., 2009). It can also be
assumed that these intermetallic compounds are dispersed into the Al as ultrafine isolated
particles which are virtually undetectable by XRD (Tavoosi et al., 2008).

The Al grain size of 30h-milled Al2024 was estimated from broadening of XRD peaks using
Williamson-Hall formula (Williamson & Hall, 1953). Due to the mechanical deformation
introduced into the powders, Al grains refine so that after 30h of ball milling, Al grain size
reaches a value of ~30nm.

XRD pattern of hot-pressed Al2024-3vol%MWCNT includes MWCNT (002) XRD peak
appeared at 26.2° in the 2e value, indicating the presence of MWCNTs in the compound.
Several peaks of CuAl2 intermetallic compound can be found in nanocomposite XRD
pattern. The Al grain size in bulk Al12024-MWCNT was estimated ~42nm, using Williamson-
Hall formula (Williamson & Hall, 1953).

4. Modal testing and analysis

The damping factor of the specimen was determined by use of modal testing (DTA, 1993,
2000; Ewins, 2001). The measurement principle consists of recording the free vibrations of
the specimen excited by tapping it with an appropriate hammer, as shown in Fig. 5. The
amplitude decay as a function of time and the vibration modes were detected by an
acquisition data system from B&K Company and recorded using ICATS software (ICATS,
2003) and also by analytical relations.

The test specimen was located on soft foam and tested in a free-free condition. The
experimental data were obtained via hammer testing using a B&K Pulse analyzer connected
to a PC. One B&K piezoelectric accelerometer (Endevco. 2222¢) was attached to the structure
by using wax to measure the amplitude decay of the response (Fig. 5).The test parameters
were: analyses range of 0-20,000 Hz; acquisition time of 320 ms; rectangular observation
window and frequency resolution of 3.125 Hz. Following the testing procedure, two types of
curves were obtained: damping free vibration and frequency response function profiles.

)

—g—

Computer
Soft foam 00

Signal Analyzer

Fig. 5. The experimental set-up for modal testing of the specimen

The vibration test gives the free vibration damping decay and the frequency response
function (FRF), simultaneously as a result. Considering a linear system of a single degree of
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freedom, the FRF response is the decomposition of the natural frequencies of a structure or
specimen, which corresponds to a typical fingerprint identity of the vibration modes. The
number of vibration peak frequencies (vibration modes) and the shape of the FRF response
are a direct result of the material damping.

In the second stage, the experimental FRF data were analyzed using a global multi-FRF
analysis method and the results were also checked using available analytical relations. The
global multi-FRF technique is based on a complex singular value decomposition of a system
matrix expressed in terms of measured FRFs, and then on a complex eigensolution which
extracts the required modal properties (Imregun & Ewins, 1995; ICATS, 2003). The data were
analyzed by applying 3 runs on each FRF. Typical measured FRF is plotted in Fig. 6.

5. Results and discussion

The values of hardness and bulk density of Al2024 containing 1, 3 and 5vol% MWCNTs are
summarized in Table 2.

Considering the data given in Table 2, it can be concluded that with small amounts of
MWCNTs addition (less than 3vol. %), the relative density of the composites remains at
approximately identical value of ~98%, mainly due to the uniform dispersion of MWCNTs
within the Al2024 particles. Consequently, hardness of the composites increases with
increasing MWCNTs content. However, large amounts of MWCNTSs (~5vol. %) reduce the
relative density and hardness of the composites, since MWCNTs tend to tangle together
which results in preventing the appropriate densification of the specimens (Deng et al.,
2007b).

Relative density

Material (Standard deviation of 0.5%) Hardness (HV)
Al2024-1vol %MWCNT 98 22045
Al2024-3vol % MWCNT 97.5 238+4
Al2024-5vol % MWCNT 93.5 19546

Table 2. Hardness and bulk density values of A12024-MWCNTs nanocomposites

60

— 1 Wal% CNT
— 3 Vaol% CNT
— 5 Wal% CNT

a0+

Armplitude (dB)

R L L 1 1 1 1 1 1 1
0 1000 2000 3000 4000 5000 GOOO 7000 ©0O00 9000 10000
Frequency (Hz)

Fig. 6. Measured frequency response function from excitation of the specimens
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The damping capacity was also measured and the results of FRF test are presented in
Fig 6. Natural frequency and damping factor are tabulated in Table 3. It comes out true that
the natural frequency decreases as the volume percent of MWCNTs reinforcement increases.
For damping factor, the trend is the same as hardness value to some extent. In other words,
the damping factor increases as the MWCNTs volume percent increase from 1vol. % to 3vol.
%. But further increase to 5vol. % causes reduction in damping factor. This phenomenon can
be explained in the following way that the MWCNTSs reinforcement causes increase in
damping capacity but in 5vol. % specimen the cavity content play a more important role and
cause reduction in damping factor.

Natural Damping factor Damping factor
FRF Frequency (HZ) (Eq. 20) ICATS
(LINE FIT TECHNIQUE)
(1% vol CNT) 7302 0.031 .035
(3% vol CNT) 6268 0.052 0.057
(5% vol CNT) 5464 0.0105 012

Table 3. Natural frequency and damping factor of A12024-MWCNTs nanocomposites

6. Conclusion

Using a free vibration damping set up, the damping capacity of MWCNTs reinforced metal
matrix nanocomposites was measured. It was observed that the damping capacity increases
by increasing the vol% of the reinforcement. But as an undesirable feature of production
process, increasing the vol% of reinforcement to 5 vol% causes a relatively large amount of
porosity in the material which reduces the damping capacity.
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