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Abstract— Effect of damping coefficient on aluminium 

composites like B390, AZ91D, AM60B, Al6061-T6 for 

their damping properties using finite Element Analysis 

(FEA) have been greater importance in analysis of materials. 

Effect of alloying for their chemical, physical & mechanical 

properties has been studied in this paper. Various parameters 

such as alloy composition, ultimate tensile stress, damping 

coefficient and ductility of Al alloys have been clearly 

analyzed. It is clear from the investigation that, there is an 

improvement in the mechanical properties by the addition of 

certain alloying elements. An attempt has been made to 

analyze the stress distribution (Von-Misses) using ANSYS. 

The results for the above alloys revealed that, the stress 

distribution and deformation decreases in aluminium 380 

alloys with damping coefficient 0.000233. In addition, 

ANSYS results confirm the experimental value. Aluminum 

(Al) die casting alloys have a specific gravity of 

approximately 2.7 g/cc, placing them among the lightweight 

structural metals [1]. The majority of die castings produced 

worldwide are made from aluminum alloys. Six major 

elements constitute the die cast aluminum alloy system: 

silicon, copper, magnesium iron, manganese, and zinc. Each 

element affects the alloy both independently and 

interactively. This aluminum alloy subsection presents 

guideline tables for chemical composition, typical 

properties, and dies casting, Machining and finishing 

characteristics for 11 aluminum die casting alloys. This data 

can be used in combination with design engineering 

tolerance guidelines for aluminum die casting and can be 

compared with the guidelines for other alloys in this section 

aim the design engineering section. The effect of Ti and Mg 

on the damping behavior of in situ aluminum composites 

damping capacity of in situ TiB2 particulate reinforced 

aluminum composites with Ti and Mg excess were 

investigated. The composites were fabricated with an 

exothermic reaction process via K2TiF4 and KBF4salts. The 

damping behavior of materials over a temperature range of 

30–300 °C was investigated by using a dynamic mechanical 

thermal analyzer. Experimental findings indicate that the 

damping capacity of composites with Ti, Mg excess, 

respectively is lower than that of Al/5 wt. % composite 

when temperature is below 180 °C and is higher than of 

Al/5 wt.% composite above 180 °C. 

Key words: Damping Factor, Aluminium, Stress Analysis, 

ANSYS, FEA 

I. INTRODUCTION 

Aluminum is a white silverish metal with very strong 

resistance towards corrosion. Being easily malleable, highly 

reflective, and machinable, this light metal relatively of 2.7 

specific gravity is known as a good conductor of heat and 

electricity. To form alloys it is often mixed with other 

metals like manganese, zinc, copper, magnesium or silicon. 

These aluminium alloys carry the qualities of both the 

elements and thereby make the alloy better than the 

constituent elements in many regards. They resist corrosion 

far effectively and are lighter as well. 

Aluminum (Al) die casting alloys have a specific 

gravity of approximately 2.7 g/cc, placing them among the 

lightweight structural metals. The majority of die castings 

produced worldwide are made from aluminum alloys. Six 

major elements constitute the die cast aluminum alloy 

system: silicon, copper, magnesium iron, manganese, and 

zinc. Each element affects the alloy both independently and 

interactively. This aluminum alloy subsection presents 

guideline tables for chemical composition, typical 

properties, and die casting, machining and finishing 

characteristics for 11 aluminum die casting alloys. This data 

can be used in combination with design engineering 

tolerance guidelines for aluminum die casting and can be 

compared with the guidelines for other alloys in this section 

aim the design engineering section. Aluminium alloy metal 

is never found existing independently in the environment. 

Owing to the fact that aluminum is a very reactive metal, it 

is always found as a compound with other elements like 

silicon and oxygen and thus has to be extracted from these 

compounds first. Then it is purified through the Bayer’s 

process to get alumina or the Aluminium oxide. After 

procuring alumina, Aluminium is extracted by the Hall 

Heroult process in which it is mixed well with a cryolite and 

is then subjected to electrolysis. A lot of energy is spent in 

this entire procedure and is a strenuous exercise for the 

Aluminium alloy manufacturers. The extraction process 

used by the Aluminium alloy manufacturers is quite 

comprehensive. The very first step requires the raw material 

to be charged in the furnace and quality control is done. 

Then, the alloying element is added to it and checked on 

spectrometer. Firstly, sample checking is done and then it 

undergoes the process of de- grassing, grain refining and the 

final sample checking. After this, it is subjected to ingot 

casting before it is color coded and thus is ready to dispatch. 

Aluminium extrusion is one of the most preferred method of 

manufacturing the complicated profile shapes to be used in 

the industry of aeronautics, construction as well as 

automotive. Under this process, the billet of aluminum is 

basically pushed in the die land in order to attain the product 

shape with the help of RAM. During this process, the most 

challenging thing in front of the manufacturers is about 

ensuring the mold cavity of the aluminum alloys in the best 

possible way, however, temperature is kept quite low. 

II. METHODOLOGY 

Selection of Aluminum (Al) die casting alloys has a specific 

gravity of approximately 2.7 g/cc, placing them among the 

lightweight structural metals. The majority of die castings 

produced worldwide are made from aluminum alloys. Six 

major elements constitute the die cast aluminum alloy 

system: silicon, copper, magnesium, iron, manganese, and 
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zinc. Each element affects the alloy both independently and 

interactively. These aluminum alloy subsections presents 

guideline tables for chemical composition, typical 

properties, and die casting, machining and finishing 

characteristics for 11 aluminum die casting alloys. This data 

can be used in combination with design engineering 

tolerance guidelines for aluminum die casting and can be 

compared with the guidelines for other alloys in this section 

and in the design engineering section [2]. 

A. Alloy A360 (ANSI/AA A360.0)  

Alloy A360 (ANSI/AA A360.0)Offers higher corrosion 

resistance, superior strength at elevated temperatures, and 

somewhat better ductility, but is more dive cult to cast. 

While not in wide use and difficult to cast, alloy 43 

(ANSI/AA C443.0) offers the highest ductility in the 

aluminum family. It is moderate in corrosion resistance and 

often can be used in marine grade applications. 

B. Alloy A380 (ANSI/AA A380.0)  

Alloy A380 (ANSI/AA A380.0) is by far the most widely 

cast of the aluminum die casting alloys, offering the best 

combination of material properties and ease of production. It 

may be specified for most product applications. Some of the 

uses of this alloy include electronic and communications 

equipment, automotive components, engine brackets, 

transmission and gear cases, appliances, lawn mower 

housings, furniture components, hand and power tools. 

C. Alloy 390 (ANSI/AA B390.0)  

Alloy 390 (ANSI/AA B390.0) was developed for 

automotive engine blocks. Its resistance to wear is excellent; 

its ductility is low. It is used for die cast valve bodies and 

compressor housings in pistons. 

D. Alloy AZ91D and AZ81  

Alloy AZ91D and AZ81offer the highest strength of the 

commercial magnesium die casting alloys. Alloy AZ91D is 

the most widely-used magnesium die casting alloy. It is a 

high-purity alloy with excellent corrosion resistance, 

excellent cast ability, and excellent strength. Corrosion 

resistance is achieved by enforcing strict limits on three 

metallic impurities: iron, copper and nickel [3]. 

E. Alloy AM60B, AM50A and AM20  

Alloy AM60B, AM50A and AM20 are used in applications 

requiring good elongation, toughness and impact resistance 

combined with reasonably good strength and excellent 

corrosion resistance. Ductility increases at the expense of 

cast ability and strength, as aluminum content decreases. 

Therefore, the alloy with the highest aluminum content that 

will meet the application requirements should be chosen.  

The following table refers to the alloying elements 

and their effects 

Alloying 

element 
Effects 

Copper, Cu 

Increase tensile strength and hardness but 

reduces ductility. its content does not exceed 

9% 

Silicon, Si 

Gives low shrinkage value, casting fluidity, 

clean sharp castings ,good ductility, better 

resistance to corrosion, good mechanical 

properties used from8-14% 

Manganese, 

Mn 

Improves resistance to corrosion and renders 

metal readily weld able. added up to 1.5% 

Aluminium, 

Al 

Light in weight and gives equal strength to 

steel when alloyed in proper proportions. 

Table 1: Different Metals Alloying Effects 

F. Test Specimen 

The test specimen used for the experimental work is shown 

in fig 1 and the dimensions of which are, length of 100µm, 

breadth of 200µm and thickness of 20µm 

 
Fig. 1: Test Specimen 

G. Finite Element Analysis 

The aim of the analysis is usually to determine whether the 

element or collection of elements, usually referred to as a 

structure, can safely withstand the specified forces. This is 

achieved when the determined stress from the applied 

force(s) is less than the ultimate tensile strength, ultimate 

compressive strength or fatigue strength, the material is 

known to be able to withstand, though ordinarily a factor of 

safety is applied in design. The factor of safety is a design 

requirement for the structure based on the uncertainty in 

loads, material strength (yield and ultimate), and 

consequences of failure[4]. Often a separate factor of safety 

is applied to the yield strength and to the ultimate strength. 

Factor of Safety = Ultimate Tensile 

Strength/Maximum allowable stress 

When performing stress analysis, a factor of safety 

is calculated to compare with the required factor of safety. 

The factor of safety is a design requirement given to the 

stress analyst. The Analyst calculates the design factor. 

Margin of safety is another way to express the design factor. 

Design Factor = Ultimate Tensile Strength / 

Maximum Calculated Tensile Stress 

  A key part of analysis involves determining the type 

of loads acting on a structure, including tension, 

compression, shear, torsion, bending, or combinations of 

such loads. 

Sometimes the term stress analysis is applied to 

mathematical or computational methods applied to structures 

that do not yet exist, such as a proposed aerodynamic 

structure, or to large structures such as a building, a machine, 

a reactor vessel or a piping system. The finite element 

method is a numerical method for solving problems of 

engineering and mathematical physics. It is useful for 

problems with complicated geometries, loadings, and 

material properties where analytical solutions cannot be 

obtained [5]. 
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FEA is a technique that discretizes a given physical 

or mathematical problem into smaller fundamental parts 

called elements. An analysis of each element is conducted. A 

solution to the problem as a whole is obtained by assembling 

the individual solutions of the elements. Complex problems 

can be tackled by dividing the problem into smaller and 

simpler problems that can be solved using existing 

mathematical tools [6]. 

III. RESULT AND DISCUSSIONS 

A model analysis determines the vibration characteristics 

(natural frequencies and mode shapes) of a structure or a 

machine component. It can also serve as a starting point for 

another, more detailed, dynamic analysis, such as a transient 

dynamic analysis, a harmonic response analysis, or a 

spectrum analysis. The natural frequencies and mode shapes 

are important parameters in the design of a structure for 

dynamic loading conditions [7]. Directional deformation for 

various metals is shown below.              

  
Fig. 2: Deformation of B390 alloy 

 
Fig. 3: Deformation of B380 alloy 

 
Fig. 4:  Deformation of AZ91D alloy 

 
Fig. 5: Deformation of AM60B alloy 

 
Fig. 6: Deformation of AL6061-T6 alloy 

A. Harmonic Response Analysis 

In a structural system, any sustained cyclic load will 

produce a sustained cyclic or harmonic response. Harmonic 

analysis results are used to determine the steady-state 

response of a linear structure to loads that vary sinusoid ally 

(harmonically) with time [8], thus enabling you to verify 

whether or not your designs will successfully overcome 

resonance, fatigue, and other harmful effects of forced 

vibrations. This analysis technique calculates only the 

steady-state, forced vibrations of a structure. The transient 

vibrations, which occur at the beginning of the excitation, 

are not accounted for in a harmonic response analysis. In 

this analysis all loads as well as the structure’s response 

vary sinusoid ally at the same frequency. A typical harmonic 

analysis will calculate the response of the structure to cyclic 

loads over a frequency range and obtain a graph of some 

response quantity versus frequency [9].  

 
Fig. 7: Harmonic response analysis for B390 alloy 
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Fig. 8: Harmonic response analysis for B380 alloy 

 
Fig. 9: Harmonic response analysis for AZ91D alloy 

 
Fig. 10: Harmonic response analysis for AM60B alloy 

 
Fig. 11: Harmonic response analysis for AL6061-T6 alloy 

The plot has been drawn which depicts the variation of 

Harmonic response analysis for different materials as 

follows 

Alloys Frequency, MHz Deformation, µm 

B380 0.41958 4182.3 

B390 1.4276 x 10-5 4205.4 

AZ91D 0.41251 5158.0 

AM60B 0.4148 5186.8 

AL6061-T6 0.2610 4213.9 

Table 2: Frequency & Deformation for Different Materials 

 
Fig. 12: Variation of deformation for different metals 

IV. CONCLUSIONS 

The work presented in this Paper was aimed at the study of 

effect of damping coefficient on the vibration characteristics 

of alloys. 

The presentation and discussion of the results of 

effects of damping coefficient on the alloys. 

From the analysis it is concluded that as the 

damping coefficient decreases deformation decreases 

linearly. 

The boundary conditions, material properties and 

load are added interactively. 

The analysis program reads the data from the input 

file processes the data and creates the output file containing 

the nodal displacements and nodal stress values of different 

stresses. 

Young’s Modulus and the ultimate tensile strength 

of the 380 alloys increase with the increase in copper and 

silicon content. 

Deformation is least with a damping coefficient of 

0.000233 in the case of 380 alloys. 

ANSYS results confirm the least deformation in 

case of 380 alloys 

Since ANSYS is a commercial available numerical 

tool it has been employed to determine the deformation 

characteristic of alloys. 
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