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Abstract 

          In this paper, commercially available 

Al 6063 alloy will be subjected to multi 

axial forging. The evolution of ultrafine 

grain structure will be investigated at a 

various strain levels. The Optical 

microscopy and Transmission electron 

microscopy will be used to determine these 

changes. Rolling will be performed up to 

true strain 2.4 and the mechanical properties 

and micro structural changes will compared. 

At lower strain level the micro 

structure reveals formation of dislocation 

cells along with sub grain structure. 

Formation of elongated sub grain structure 

with high angle grain boundaries through 

dynamic recovery will be observed with the 

increase strain in shear bands. Micro 

structure observed in rolled sample is more 

homogeneous with low angle grain 

boundaries. The improvement in mechanical 

properties will be observed in all the 

samples.The effect of deformation on the 

tensile strength, toughness, hardness, 

and electrical resistance of Al 6063 alloy. 

Cast samples will be cold rolled in the range 

of 0-30 percent thickness reduction and 

subjected to mechanical (static, dynamic) 

and electrical resistance tests. Results show 

significant improvement in hardness and 

electrical resistance properties of the alloy. 

The nature, amount and distribution of the 

secondary phase, Mg2Si, particles 

precipitated within the matrix which was 

influenced by the extent of cold-work, are 

responsible for the observed behavior. There 

is no change occur in the range of 8 to 14 % 

of thickness reduction so the study will be 

done to examine why this occur in this 

range. 

 

1.Introduction 

          The hardness and electrical resistance 

will increase when pure aluminium is 

subjected to deformation and the 

conductivity will decrease when the amount 

of deformation increased. Aluminium 6063 

alloy processed by press forging at ambient 

temperature has shown that the hardness 

increase as the range of thickness reduction 

suffered increases from 0 to 30 percent 

while the ductility decreases an indication of 

a low strain hardening exponent. Cold 

working of metal causes grain distortion and 

introduces imperfection in the crystal 

structure which affects the electrical 

property of the alloy. When cold working is 

combined with heat treatment, it serves the 

purposes of controlling final 

physical/mechanical properties by 

significantly improving structure 

homogeneity. Physical properties such as 

ductility, strength and toughness are much 

better in a forged matrix than in the base 

metal due to random orientation of crystals. 

This accounts for preference to some level 
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of deformation on alloy in order to achieve 

improved mechanical properties. 

 

3.Experimantal work 

There are strong interactions between the 

solute atoms and defects in aluminium 

alloys that results in structural instabilities , 

variations in solute profiles and changes in 

solute diffusion rates. Mobile dislocations 

are pinned by enhanced solute diffusion 

during tensile straining due to Portevin-Le-

Chatelier (P-L) effect. This phenomenon 

appears in aluminium alloys over a range of 

temperatures above and below room 

temperature. Plastic deformation not only 

increase and these clusters act as nucleation 

sites for subsequent strengthening 

precipitates at temperature well below the 

conventional aging temperature. This thesis 

investigates the effect of varying levels of 

cold work on the mechanical and electrical 

properties of Al 6063 alloy. 

         Plastic forming by cold forging is a 

production process where high strength 

aluminium alloys can be produced with 

close tolerances. It might have several 

additional advantages including simplified 

tooling and improved concentricity. The 

process is therefore particularly suitable for 

parts with narrow geometrical tolerances , 

smooth surface finish , and for near net 

shape products. Often,  combination of 

forward and backward forging make the 

process route in order to create products of 

complex geometry. When parts for advanced 

technological use are produced , the need of 

several consecutive forming operations 

becomes of importance. Due to strain 

hardening in the material, the need of soft 

annealing between thee forming operation is 

required. Also lubrication is very important 

in cold forging. Sticking between the tool 

and the work piece must be avoided. As for 

the soft annealing, the lubrication process 

must be performed several times to secure 

no friction at every production stages. This 

might lead to a time consuming and 

expensive production route of the part. In 

cold work production, the work piece is 

inserted into the container at room 

temperature. However, during the 

deformation process, the temperature can 

increase to above 100° C as a result of local 

geometrical and frictional conditions. This 

means that what is called cold forging , 

actual is forging with an increase in 

temperature during the forming process. 

Anyway ,this increase in temperature is nor 

considered to have influence on the 

mechanical properties on the final product.  

         A compression test determines the 

characteristics of materials under crushing 

loads. The sample is compressed and 

deformation at various loads is noted. 

Compression Tests are of extremely high 

importance, because it helps to calculate the 

different material properties that are 

applicable to hot as well as cold metal 

forging employed for different metal 

forming applications. It becomes important 

to find the suitable load to carry out the 

operations. Load depends on the materials 

and flow stress. Flow behavior of aluminium 

at different strain rate can be determined by 

establishing a relationship between flow 

stress, strain and strain rate. When a 

compressive load is applied on a specimen, 

the deformation may take place for brittle 

http://www.ijetjournal.org/


International Journal of Engineering and Techniques - Volume 6 Issue6,Nov 2020 

 

 ISSN: 2395-1303http://www.ijetjournal.org Page 3 

 

materials it may be crushing or fracture and 

for ductile material it may be due to elastic 

or plastic. 

              To improve the fuel efficiency of 

automobiles and automotive parts the 

reduction of the weight of automotive parts 

is required. In order to increase the fuel 

efficiency and parts strength ,the wall 

thickness should be reduced as to the weight 

ratio. This method has already been applied 

to the frames, outside sheets etc. of 

automotive parts. The forged aluminium is 

applicable to the undercarriage and engine 

parts with higher strength. If the material 

distribution of a forged part can be estimated 

with fair accuracy it should be possible to 

determine the weakest point of the part. 

Aluminium alloy is heated to a temperature 

at which the soluble constituents will form a 

homogeneous mass by solid diffusion. It 

must be hold at that temperature until the 

diffusion takes place, then quenched the 

alloy rapidly to retain the homogeneous 

condition. In the quenched condition, heat 

treated alloys are supersaturated solid 

solution that are comparatively soft and 

workable, and unstable depending on 

composition. The metal becomes hard in 

about four days when the alloying 

constituents of aluminium alloy tends to 

precipitate from the solution spontaneously 

at room temperature. In this process the 

mechanical characteristics of heat treated 

6XXX(Al-Mg-Si-Cu based )6063 wrought 

aluminium alloys was studied. Their effects 

were investigated in terms of microstructure 

using positron annihilation lifetime 

techniques and mechanical properties by 

hardness measurement. The greater the 

hardness of the material, the greater 

resistance it has to deformation. According 

to the forces applied and displacement 

obtained the hardness measurement can be 

defined as macro-, micro-, or nano scale. 

 

2. Problem Formulation 
i.    The cast Samples were cold rolled in the 

range of 0-24 percent and the behavior is 

observed     

       at the regular thickness deformation of 4 

percent. We will do the thickness reduction 

in the   

      range of 0-30 at the regular interval of 6 

percent. 

ii.   The Microstructure Level study will be 

occur and the structure will be Explain with 

the help  

      of latest softwares available in the 

market ex. FEM, Catia, Auto CAD. 

iii. The reason of increase in the hardness 

and the electrical conductivity will be 

determined  

      according to the study held on the work 

piece. And the reason will be explained by 

defining  

     the microstructure on the software 

available in the market. 

iv.  There is no change occur in these 

properties at the range of 8-14 % of 

thickness reduction so  

     the study will be done to determine the 

reason. 

 

3. Expected Outcome 
The improvement in the mechanical and the 

electrical properties like toughness, strength, 

hardness and low resistance to current flow 

at a thickness reduction will be done further 

in future to use the aluminium in other 

purpose. The cause of no change in the limit 
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of 8-14 % thickness reduction will also be 

examine. The aluminium is replacing the 

Iron and other materials because of its high 

thickness to weight ratio. The further study 

will be done on the aluminium to use it in 

manufacturing of different products with 

desirable quality.Aluminium is taking very 

important role in our day to day life by 

replacing the other metal. 

 

 

4. Conclusion 
The study conducted revealed that cold 

working of aluminium 6063 alloy impacts 

significant 

effects on its mechanical and electrical 

properties. It will be shown that hardness 

and resistance 

increased. At this level of reduction, most of 

the precipitated  Mg2Si crystals are absorbed 

into the matrix and there is increase in 

homogeneity of solution as it becomes more 

isotropic. Though the degree of deformation 

has significant effect on the conductivity of 

the alloy however, this will be impaired if 

the material is made to suffer severe 

deformation. The improvement in the 

Electrical Conductivity is the result of free 

electrons available by breaking the bonds 

between the molecules of aluminium.   
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