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Abstract 

Structural damping is a vital area to be explored during the design of dynamic structures wherein, the selection of suitable structural 

material is a challenging task for the designer. Aluminium, due to its high strength to weight ratio is used extensively in aerospace 

and automobile industry. Composite materials play a vital role when it comes to strength to weight ratio. Metal matrix composites 

(MMCs) possess significantly improved properties including high specific strength, specific modulus, damping capacity and good 

wear resistance compared to unreinforced alloys. Fly ash is a by-product material from power plants and has better material 

properties such as high stiffness and brittle nature. Pure nickel is regarded as one of the best material used in damping. In this study 

an attempt has been made to evaluate damping characteristic such as damping ratio and loss factor of LM6-Fly ash-Nickel MMC.  
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

During the recent years, it has become the prime importance to overcome the mechanical vibration and its noise transmission. In 

structures like aerospace, marine and construction it is very much necessary to control the vibration from various sources that can 

lead to resonance. So far research work has been done to improve the damping of structures; the utilization of damping materials 

is the most important factor to introduce adequate damping to eradicate vibration, noise in structures, unsafe operations, operator 

discomfort and thus to increase the overall efficiency of the machine or structure. Damping is a rapidly increasing vital property 

which is considered during the design, development of structures, automotive & aviation field to drastically reduce the structural 

instability, fatigue failure. With the variation of diverse domain outcomes for example temperature, variation of frequency, fatigue 

limits, & internal application of stress, damping characteristics vary. & especially for metallic materials it is affected by size of the 

metallic grains, fatigue limit, presence of tiny holes. 

Correspondingly, researchers have made an attempt to improve the damping capacity of the materials with the use of 

unconventional material processing innovations of metals and its alloys. With the development of metal matrix composite material 

the damping capacity, physical and mechanical properties of material can be improved to a varied extend by addition of 

reinforcements into the metals and its alloy. The MMC manufacturing provides the modification of resultant properties by varying 

the volume fractions of reinforcement and geometries and selecting high damping materials as reinforcements. From recent 

researches, Metal matrix composites have got good recognition for the development of structures in aerospace, marine, construction 

ventures because of presence of rigidity, elastic modulus, adjustable heat conductivity and thermal expansion. 

MMC consists of metals or its alloy used as the matrix material and ceramics or metallic phase as the reinforcement material. 

aluminum, magnesium, iron, cobalt are the matrix material. Oxides, carbides, lead, tungsten dispersed in the matrix. 

II. LITERATURE SURVEY 

Literature survey is an important activity, which we have to do while gathering information for the project. 

The recent literature was reviewed to investigate for the findings of various researchers in the field of metal matrix composite. A 

brief summary of the literature reviewed is presented below. 

Yellappa M et al.,carried out investigation on the fabrication and characterization of metal matrix composites using stir casting 

process. It was concluded that the particulates volume should not exceed 30%. Due to difference in densities there may be gravity 

separation of the particulates. Localized collection of particulates was seen. It was not homogenous due to non-uniform particulate 

distribution. It’s a simple and low cost technology. 

S. Rama Rao et al., carried out research on LM6-boron carbide fabricated by stir casting process with varying fraction of 

particulate dispersed in metal matrix. Reinforcement was uniformly distributed when seen under scanning electron microscope and 

there was no presence of voids and discontinuity. With increase in particulate volume, density of the composite decreased. 

Vijay Kumar S Maga et al.,studied the mechanical properties of LM6 reinforced fly ash, SiC composite. From the study it was 

concluded that as the fly ash percentage composition increases tensile strength, impact strength, wear resistance, brittleness 

increases. Waste industrial fly ash can be used as reinforcement to enhance the material property. 
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A.K.Senapati et al., studied the mechanical properties of fly ash reinforced with LM6. Two types of Fly ash with different 

morphologies were taken. Results showed that impact strength, compressive strength, micro hardness was increased by increasing 

the composition of reinforcement in the matrix. 

N. Suresh et al., studied the preparation of LM6 – fly ash composite by liquid phase method called stir casting route. It was 

concluded that hardness, ultimate tensile strength increase and density, wear loss of the composite decreased with the use of fly 

ash reinforcement. 

K. Ramesh et al., studied the damping characteristics of variation of volume percentage of nickel 1%, 3% in aluminum 6061 

matrix. Damping characteristics were investigated by free vibration test. Damping plot for the 3 specimens were plotted which aids 

in calculating the logarithmic decrement for each specimen. Results showed that with increase in nickel percentage there is 

significant increase in damping ratio. Al-Ni MMC can be used as a structural damping material. 

Manjunath N Kencharaddi et al., carried out investigations on dynamic characteristics of LM6 Fly Ash Tungsten Carbide Hybrid 

metal matrix composite. Fly ash, tungsten carbide are the reinforcements. Reinforcement is varied with volume percentage and 

MMC is produced using stir casting route. And the specimens were tested for dynamic behavior. Test results showed that with 3% 

tungsten carbide and 6% fly ash highest natural frequency and damping ratio was observed. Compared to base alloy LM6 the 

composites showed better dynamic behavior. 

Sathya Prakash A et al., studied the vibration damping for aluminium and its alloys with silicon as reinforcement. LM series of 

aluminium alloys such as LM25, LM30 was taken as the matrix material and varying volume percentage of silicon as reinforcement 

was fabricated by stir casting process. Specimens were prepared in different size and length and then by logarithmic decrement 

method damping was measured. Results showed that damping of Al-Si alloys increased with varying percentage of silicon. Due to 

presence of internal void there was small variation in damping. 

Wei Liang et al., carried out investigations on damping properties for varying composite of Ni–Mn–Ga/epoxy using bisphenol-

A epoxy which was analyzed using free vibration test setup. The composite was prepared by varying volume percentage of Ni-

MnGa reinforcement mixture in bisphenol-A matrix. As the reinforcement volume increases damping coefficent of the material 

increased. 

El-Sayed Youssed El-Kady et al., studied the preparation of A356 composite with Al2O3 reinforcements. Composites 

Specimens was investigated through different fabrication conditions, using a combination of rheo and squeeze casting. Al2O3 

particulates of 60 and 200nm and varying volume percentage up to 5vol% were used. It was concluded that damping factor and 

related parameters of the composite were increased. 

III. METHODOLOGY 

 Gravity Die (Permanent Mould) 

The gravity die made of gray cast iron was used to prepare test specimens of 350x35x4mm. The mould cavity was prepared as 

shown in fig 3.1 using milling machine. 

 
Fig. 3.1: Gravity Die (Gray Cast Iron) 

 Melting & Degassing 

LM6 ingots were melted in the graphite crucible using resistance furnace shown below. Melting temperature was maintained at 

750-850°C. When the temperature of the molten alloy reached 850°C the melt was degasified, using hexa-chloro-ethane tablets as 

degasser. 



Experimental Study of Damping Characteristic of LM6-Fly Ash-Ni Composite  
(IJSTE/ Volume 5 / Issue 2 / 003) 

 

 All rights reserved by www.ijste.org 
 

22 

 
Fig. 3.2: Electric Resistance Furnace with Temperature Control Board 

 
Fig. 3.3: Furnace with Crucible 

 Test Specimens Dimensions 

The test specimens prepared were of 350mm x 35mm x 4mm. 

 

 
Fig. 3.4: Specimen Dimension 

IV. EXPERIMENTAL PROCEDURE 

In the present work, experiment is carried out with LM6- Fly ash- Nickel composites by varying the percentage of fly ash and 

nickel in the composite. 

 Composition Table of Test Specimens 

The following Table 4.1 shows the percentage composition of materials considered for the preparation of test specimens for 

damping characteristics test. 
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Table - 4.1 

Composition Table 

Base Material  

LM6 (%) 

Reinforcement (%) 

Fly Ash Nickel 

100 0 0 

92 3 5 

90 5 5 

88 7 5 

86 9 5 

92 5 3 

88 5 7 

86 5 9 

80 10 10 

 Matrix - LM6 Al Alloy 

As per British Standards: 1490 LM6 Al alloy with 12.2% Si was used as the matrix material. Chemical composition of LM6 as 

shown in table 4.2. Aluminium is the third abundantly available element inside the earth’s crust. Its weight is low compared to iron 

and steel. It has a high strength to weight ratio and has good cast ability. Hence it finds a lot of application in engineering industries, 

automobile and aerospace. 
Table - 4.2 

Percentage Composition of LM6 Alloy 

Al Si Fe Cu Mn Mg Zn 

87.172 12.2 0.32 0.002 0.62 0.065 0.021 

 Reinforcement - Fly Ash 

The fly-ash particles are of light weight and these particles usually move along the flue gases and these particles travel away from 

the high temperature region. The electrostatic precipitator’s consisting of electrically charged plates and wires to attract the fly ash 

and in the bag houses consists of fabric fillers. The size of fly-ash particles usually range from 1 to 100 microns in diameter and 

fly-ash is gray in color. The chemical composition of fly-ash is as shown in table 4.3. 
Table - 4.3 

Percentage Composition of Fly Ash 

MgO Al2O3 SiO2 K2O CaO TiO2 Fe2O3 CuO 

1.72 29.65 51.4 1.57 2.82 2.54 5.39 4.86 

 Reinforcement – Nickel 

The nickel based alloys usually have better strength, good corrosion resistance, good ductility, and good heat treatment compared 

to other metals. The color of nickel is silvery white metallic element with a golden tinge. The nickel is powdered to increase the 

reactive surface. Nickel is available in the earth crust in the ultramafic rocks in the form of tiny particles. The chemical composition 

of the nickel material is as shown in table 4.4. 
Table - 4.4 

Percentage composition of Nickel 

Ni Co Cu C Fe S P Mn Si As Pb Sb Bi Sn Zn 

99.80 0.15 0.02 0.03 0.02 0.01 0.005 

 Die Material 

Cast iron is a class of metals like steel with variety of properties. Cast iron consists of carbon as the major alloying element. Cast 

iron contains above 2% of carbon, and 1-3% Silicon. And the presence of these two makes excellent cast alloys. Dies made of gray 

cast iron are most widely used. The percentage composition of gray cast iron is shown in table 4.5. 
Table - 4.5 

Composition of Gray Cast Iron 

Iron Family 
Carbon 

(%) 

Silicon 

(%) 
Manganese (%) Sulphur (%) Phosphorus (%) 

Gray 2.5-4.2 1.0-3.0 0.15-1.0 0.02-0.25 0.02-1.0 

V. RESULTS ANALYSIS 

The logarithmic decrement plot shown in fig 5.1 was obtained by analyzing the input vibration given to the specimen 
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Fig. 5.1: Logarithmic Decrement Plots 

An enlarged view of fig 5.1 is shown in fig 5.2. 

 
Fig: 5.2: Enlarged & Peak Values Marked Logarithmic Decrement Plot 

 Specimen 1: LM6 Aluminium Alloy 

Figure 5.3 shows displacement v/s time graph of LM6 alloy 

 
Fig. 5.3: Displacement v/s Time Graph for LM6 Alloy 

 Specimen 2: LM6 with 3% Fly-ash and 5% Nickel 

Figure 5.4 shows displacement v/s time graph 

 
Fig. 5.4: Displacement v/s Time Graph for LM6 with 3% Fly-Ash and 5% Nickel 
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 Specimen3: LM6 with 5% Fly-ash and 5% Nickel 

Figure 5.5 shows displacement v/s time graph 

 
Fig. 5.5: Displacement v/s Time Graph for LM6 with 5% Fly-Ash and 5% Nickel 

 Specimen4: LM6 with 7% Fly-ash and 5% Nickel 

Figure 5.6 shows displacement v/s time graph 

 
Fig. 5.6: Displacement v/s Time Graph for LM6 with 7% Fly-Ash and 5% Nickel 

 Specimen 5: LM6 with 9% Fly-ash and 5% Nickel 

Figure 5.7 shows displacement v/s time graph 

 
Fig. 5.7: Displacement v/s Time Graph for LM6 with 9% Fly-Ash and 5% Nickel 

 Specimen 6: LM6 with 5% Fly-ash and 3% Nickel 

Figure 5.8 shows displacement v/s time graph 
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Fig. 5.8: Displacement v/s Time Graph for LM6 with 5% Fly-Ash and 3% Nickel 

 Specimen 7: LM6 with 5% Fly-ash and 7% Nickel 

Figure 5.9 shows displacement v/s time graph 

 
Fig. 5.9: Displacement v/s Time Graph for LM6 with 5% Fly-Ash and 7% Nickel 

 Specimen 8: LM6 with 5% Fly-ash and 9% Nickel 

Figure 5.10 shows displacement v/s time graph 

 
Fig. 5.10: Displacement v/s Time Graph for LM6 with 5% Fly-Ash and 9% Nickel 

 Specimen 9: LM6 with 10% Fly-ash and 10% Nickel 

Figure 5.11 shows displacement v/s time graph 

 
Fig. 5.11: Displacement v/s Time Graph for LM6 with 10% Fly-Ash and 10% Nickel 
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VI. CONCLUSION 

The damping ratio and loss factor increase with increasing percentage of fly ash keeping nickel content constant at 5%.The damping 

ratio and loss factor increase with increasing percentage of nickel keeping fly ash content constant at 5%. The increment of damping 

ratio is more predominant with increasing percentage of nickel when compared to increasing percentage of fly ash.  Loss factor 

increases from 0.23% for the base alloy to 1.22% for LM6 with 10% fly ash and 10% nickel reinforcements. 
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