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ABSTRACT: 
The proposed work is to analyse the hardness and tensile properties of aluminium alloy AA6061 reinforced with 

the silicon carbide, aluminium oxide and zirconium oxide to improve the strength of piston material. There will 

be several failures occurring in the piston due to continuous working. Therefore need arises to develop new 

material which will satisfy the requirement of modern engine Super high-strength aluminium alloys 

AA6061&Ni have attracted much attention in the aerospace fields due to their excellent combination of low 

density and high-strength Recently, attempts, including a chemical composition modification for an AA6061 

and Ni alloy and employing new heat treatments, were made to further increase the properties of these alloys. 

The present work involves the effects of nickel and silicon addition on the strength hardness and impact strength 

of AA6061 alloys were investigated. With the change in the composition of Ni as 2.0%and Si as 1.5% & 2.0% 

investigated by conducting tests strength, hardness, and impact strength of AA6061. 
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I. INTRODUCTION: 
 Aluminium alloy as well as their steel 

matrix compounds has actually located application 

in the production of numerous vehicle engine parts 

such as cylindrical tube blocks and also pistons. 

Nevertheless, many Al based alloys are not ideal 

for heat applications. However the AA6061 steel 

matrix compounds must be lugging temperature 

level is minimally boosted as much as 650 to 700 

of melting factor. The pistons for high-speed 

engine are mainly produced aluminium alloys 

which including the support of products to 

enhancing the firmness and also temperature level 

buildings. New modern technology advancements 

and also the execution of producing procedures that 

adds to the manufacturing of lasting items, 

solutions and also job methods. The main emphasis 

of the research study is to recognize the influence 

of sustainability campaigns on labour force growth. 

Polymer matrix compounds provide makers the 

possibility to produce lighter, more powerful as 

well as even more deterioration immune items 

boosting conductivity as well as resilience of items 

as well as inevitably favourably affecting 

production as well as industrial success. 

Compounds are categorized according to their 

matrix stage. Therefore, there are ceramic matrix 

compounds (CMCs), polymer matrix compounds 

(PMCs), and also steel matrix compounds 

(MMCs). Products within these groups are usually 

called "progressed". 

 if they display buildings, such as heat 

toughness or high rigidity each weight, that are 

substantially far better than those of even more 

standard architectural products, such as steel and 

also light weight aluminium. Such residential or 

commercial properties make it feasible to construct 

composite frameworks having the very same 

stamina as well as tightness as steel frameworks yet 

with as much as 50 percent much less weight, a 

significant benefit in airplane as well as room 

applications. MMCs normally contain a low-

density steel such as light weight aluminium or 

magnesium strengthened with particle or fibers of a 

ceramic product, such as silicon carbide or 

graphite. Compared to the unreinforced steel, 

MMCs have dramatically higher rigidity and also 

stamina nevertheless, these homes are acquired at 

the price of reduced ductility as well as durability 

Current markets for MMCs are mainly in army as 

well as aerospace applications. Speculative MMC 

parts have actually been created for usage in 

airplane, jet engines, and also projectiles. MMC 

products with high details rigidity as well as 

stamina might be utilized in applications in which a 

vital element is lowering weight. Consisted of in 

this group are land-based cars, airplane, ships, as 

well as high-speed equipment. 
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II. RELATED STUDY: 
 Super high-strength light weight 

aluminium alloys (Al-Zn-Mg-Cu) have actually 

drawn in much interest in the aerospace areas as a 

result of their exceptional mix of reduced thickness 

and also high stamina [1, 2] Lately, efforts, 

consisting of a chemical structure alteration or an 

Al-Zn-Mg-Cu alloy and also utilizing brand-new 

warm therapies, were made to more rise the 

buildings of these alloys. Zhao as well as Tsuchida 

[3] located that including chromium (Cr) or 

zirconium (Zr) right into AA 7075aluminum alloy 

can prevent the grain coarsening. Chaubey et al. [4] 

observed that an enhancement of cerium (Ce) right 

into Al-Zn Mg-Cu alloy has actually led to 

approximately 5% grain improvement of the actors 

dendritic framework along with approximately 

38% improvement of heat-treated microstructure. 

Nonetheless, the applications of the rare-earth 

steels had in light weight aluminium alloys are 

exceptionally limited as a result of their high 

expense. Consequently, even more focus has 

actually been paid to the change steels which are 

affordable such as nickel. Previous study revealed 

that nickel plays an vital function in strong service 

conditioning as well as can successfully boost the 

mechanical homes of Al-7Si alloys [5] Farkoosh et 

al. [6] evaluated the stage development in an Al-Si-

Cu-Mg-Ni alloy with including nickel (0-1 wt.%); 

additionally, the Al3CuNi stage has higher impact 

on the total toughness of the alloy contrasted to 

various other Ni-bearing speeds up. 

 Al-- Si piston alloy base compounds 

strengthened with various mixes of Ni and also 

nano-Al2O3 bits have actually been produced by 

press spreading and also their metallurgical as well 

as mechanical characterization has actually been 

checked out. (Abdelaziz, 2014). The result of 

alloying components on mechanical practices of 

Al12 mass % Si casting alloys for piston has 

actually been done. The impact of substances 

attributes on the heat mechanical efficiency came 

to be much more obvious to lessen the flaws 

(Chang- Yeol Jeong, 2012). The spreading product 

of the here and now job will certainly be 

Aluminium Silicon scraps of piston. Metal mould 

strategy is made use of for spreading of piston. The 

liquefied product gotten ready for piston in called 

for make-up is put to the tooth cavity to obtain 

wanted form of the piston (Francis Uchenna 

Ozioko, 2012). This research study displays the 

powder building of aluminium alloy for piston 

product by the make-up of products, perform 

layout by FEM simulation, cool compaction of 

aluminium alloy powder as well as carry out 

sintering. The residential or commercial properties 

like toughness, firmness were contrasted in 

between recently created piston and also existing 

casted piston (Hyos Lee, 2001). This write-up 

stands for the enhanced compound and also 

enhanced alloy of fixed architectural attributes of a 

piston under gas stress force and also inertia 

pressure (Prakash Gadade, 2013). The research 

study examination reveals the warmth therapy 

impact of microstructure and also mechanical 

homes of non-aluminium alloys made use of for 

piston production. 

 

III. DESIGN AND METHODOLOGY: 
 The technique of the recommended job is 

executed making use of the mix casting method 

under ideal factors to consider as a result of the 

budget-friendly technique when contrasted to all 

various other approaches. The construction of 

product by utilizing the mix spreading approach. 

Production technique is made from the raw product 

rather than currently existing product. The steel 

manufacture is finished with the significant 

requirements of the heating system temperature 

level. The stirrer rate is kept frequently as well as 

the preheating of product to be done prior to the 

procedure. The steel melting temperature level 

needs to be preserved continuously for all the 

examples. The stirrer timing is kept frequently for 

all the examples. The made sampling from the 

procedure utilizing die will certainly be prepared 

according to ASTM conventional dimension. 

Machining procedure needs to be done after the 

favoured dimension sampling for making the 

examination. 

Al And NI & SI adding percentage indication: 
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Adding Procedure: 

 Production of light weight aluminum alloy 

based casting composite products through mix 

spreading is among the noticeable as well as 
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affordable path for advancement and also handling 

of steel matrix compounds products. Residences of 

these products rely on several handling 

specifications and also option of matrix as well as 

supports. There are numerous specifications in this 

procedure, which impact the last microstructure 

and also mechanical residential or commercial 

properties of the compounds. In this research, 

micron-sized Ni & Si fragments were utilized as 

support to make Al-2.0 wt% Ni-1.5 wt% Si and 

also Al-2.0 wt%Ni-2.0 wt% Si compounds at 

casting temperature levels (850
o
C) and also mixing 

durations (2 as well as 6 minutes). 

 Mix casting procedure begins with 

positioning vacant crucible in the muffle. Initially 

heating system temperature level is readied to 500 ° 

C and after that it is progressively raised as much 

as 900 ° C. High temperature level of the muffle 

assists to thaw aluminum alloy swiftly, lowers 

oxidation degree. Fee computations adhering to 

guidelines were used to approximate the quantity of 

the Al 6061 billets and also Ni & Si needed to 

create 2.0 and also 1.5 & 2.0 weight percents 

(wt.%) Ni & Si supports in the compound. 

 

 
Fig.3.1. Procedure of adding chemicals. 

 

IV. EXPERMENTAL RESULTS: 
 An outside temperature level probe was 

made use of in all instances to keep track of the 

temperature level analyses of the heater. After the 

hand-operated mixing, the composite slurry was 

reheated as well as preserved at a temperature level 

of 850
o
 C +- 10

o
 C (over the liquidus temperature 

level) and afterwards mechanical mixing was done. 

The mixing procedure was executed for 6 mins at 

an ordinary mixing price of 400rpm. Casting was 

after that carried out on ready sand moulds at a 

putting temperature level of 720
o
 C. Composite 

slurry is gathered the metal mould. Mould is pre-

heated at temperature level 500 ° C prior to putting 

of the liquefied slurry in the mould. 

 

       
Fig.4.1. Metallic Mould 

 

Testing: 

 1.A tensile examination, additionally 

called stress examination is a mechanical 

examination that can be done on products. Tensile 

examination is reasonably easy, cost-effective as 

well as totally standard. In this examination, an 

example undergoes a stress till damaging factor or 

failing of a product. This arise from the 

examination which were performed are typically 

utilized to pick a product for an application, for 

quality assurance, and also to forecast exactly how 

a product will certainly respond under various other 

kinds of pressures. A tensile sampling is a standard 

example cross-section. It has 2 shoulders as well as 

an area in between. The shoulders are big so they 

can be easily grasped, whereas the area has a 

smaller sized cross-section to ensure that the 

contortion as well as failing can take place in this 

field. 

 
Fig.4.2. Testing modules. 

 

2. It is a measure of resistance that how resistant 

solid matter is to vary with change of permanent 

shape when a compressive force is applied. Some 

materials, such as metal, are harder than others. 

Hardness is dependent on ductility, elastic stiffness, 

plasticity, strain, strength, toughness, 

viscoelasticity, and viscosity.  In our project we 

used Brinell’s & Rockwell Hardness Test. 
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Fig.4.3.1. Brinell’s test specimens. 

 

 
Fig.4.3.2. Rockwell test specimens. 

 

3. In mechanics, an impact is a high force or shock 

applied over a short period of time when two or 

more bodies collide. Such a force or acceleration 

usually has a greater effect than application of 

lower force over a proportionally longer period of 

time. This effect depends critically on the relative 

velocity of bodies with one another. Charpy test is 

also known as the V-notch test, is a standardized 

high strain-rate test which determines the amount 

of energy absorbed by a material during fracture. 

 

 
Fig.4.4. Testing work pieces. 

 

 When contrasted to the base steel alloy the 

stamina of 2.0 wt% Ni & 1.5 wt% Si included 

composite is raised. When we include Ni to Al the 

strong solubility of Ni in AA6061 does not surpass 

0.04%. Over this quantity it exists as an insoluble 

intermetallic normally in mix with Iron These 

intermetallic substances slow down the grain 

development, bring about grain improvement, as 

well as lead to more strengthening impacts. When 

contrasted to the 2.0 wt% Ni & 2.0 wt% Si the 

stamina reduced considerably this is since as the Ni 

web content boosts the intermetallics rises. Rise in 

intermetallics lowers the general toughness of the 

compound because of this the stamina reduces The 

electro negativeness of Al is 1.6 which of Ni is 

1.967 the distinction in the electro negativeness 

triggers the development of ionic bond The portion 

of prolongation of the steel boosts when we include 

2.0 wt% of Ni & 1.5 wt% of Si And minimizes 

significantly when we enhance % of Si to 2.0 wt% 

with exact same %of Ni The influence power 

likewise enhances when we include upto 2.0 wt% 

Ni & 1.5 wt% Si and also lowers if we boost the 

wt% of Si to 2.0 wt% at the very same wt% of Ni. 

 

 
Fig.4.5. Comparison of all tests for adding 

chemicals. 

 

V. CONCLUSION: 
 As the percent of Ni boost to 2.0 wt% and 

also 1.5 wt% of Si the residential properties like 

Hardness and also Impact power are rises 

contrasted to base AA6061.If even more we boost 

the Si material to 2.0 wt% there is a modest 

decrease in the homes contrasted to base AA 6061. 

By this we understand that enhancement of Ni to 

AA 6061 as much as particular quantity (0.4%) 

boosts the homes past that there is a modest 

decrease in the residential properties like 

toughness, solidity as well as effect power. 

 By the constant disperse of splendid 

particles are presenting of Silicon in structure. 

However, when the primary silicon appears micro 

particles, the strength properties decrease with 

increasing silicon content, but the hardness goes on 

increasing because of the increase in the number of 

silicon particles. 
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