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Abstract. Super pliancy is a reasonable method for framing complex-molded structures. The strategy has the 
benefits of convey in uncommon formability and possibly giving great dimensional tolerance. Stir casting 
method was effectively used to prepare the AA6063/ SiCp composite and followed by rolling process was 
repeated until the sheet reduces to the required thickness of 2.5 mm. With the gas pressure forming the 
composites were tested for superplastic forming. Instantaneous change in heights were measured through 
LVDT (Linear Variable Differential Transformer). Gas pressure forming tests were conducted on various 
percentages of SiCp composites. The biaxial superplastic forming tests were conducted at various 
temperatures between 520˚C to 600˚C and pressures between 0.2 MPa to 0.7 MPa. At the temperature of 
600˚C and 0.7 MPa the cracks were formed and the components were deformed. 

AIMS AND BACKGROUND 

With this technique will give good formability and accurate size of the components are obtained [1]. 
Through proper grain refinement Al/Li alloys gives 232% of elongation. 700% of elongation was obtained by 
recrystallization methods. The mechanism for getting 60-70% of superplastic forming by grain boundary sliding [2]. 
The particle distribution in metal matrix composites by experimental and theoretical study, SiC reinforced Pb 
20%Sn alloy was cast by stir cast method and formed through bi axial superplastic forming [3]. Aluminum matrix 
composites (AMCs) allude to the class of light weight superior aluminum driven material for frameworks. Many 
years of serious research has given an abundance of new logical learning on the inborn and extraneous impacts of 
properties of AMCs.Over the three decades of research in, AMCs have been used in cutting edge basic and 
utilitarian applications including aviation, car, marine, transportation, mineral, barrier, car, and warm administration 
territories, just as in sports and entertainment [4]. 

 
The literatures clarifies the instrument for high strain rate super plasticity of aluminum based metal matrix 

composites. Grain limit sliding happens during superplastic framing. The job of fluid stage is to enable the 
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convenience to process for sliding. Al/Si3N4 composites demonstrated an exceptionally huge prolongation of 800% 
at the temperature somewhat over the incomplete softening temperature [5]. Aluninium copper based alloys 
reinforced with silicon carbide whisker were tested with superplastic forming tests with equiaxial and biaxial testing. 
The most extreme extension got was 335% at the strain pace of 0.17 s-1. The strain rate affectability list for uniaxial 
and equibiaxial pressure was 0.34 and 0.36 separately. The job of procedure parameters play in a superplastic 
shaping procedure so as to limit the handling time and cost. The essential superplastic shaping procedure parameters 
are thickness of the sheet, the strain rate and preparing temperature with three levels. The superplastic framing 
procedure was followed for rectangular box. In the present work, Al6063/SiCp composite was used for the 
superplastic forming process because of their strength and stebility. Enhancements of superplsticformingby 
Taguchi’s plan of trials were used for improvement and quality [6 - 10]. 

EXPERIMENTAL 
Compounds of the 6XXX sort are among the most effortless of aluminum alloys to extrude and are 

consequently broadly utilized for complex shapes created in this manner. Furthermore, they are promptly joined by 
practically all business forms [11, 12]. A one of a kind element is their extraordinary extrudability, making it 
conceivable to create fit as a fiddle moderately complex engineering structures, just as to configuration shapes that 
put most of the metal where it will most effectively convey the most noteworthy pliable and compressive stresses 
[13, 14]. This element is an especially significant bit of leeway for compositional and basic individuals where 
firmness criticality is significant [15]. Composition of Aluminum compound AA6063 utilized for Al/SiCP 
composite material preparation is shown in Table 1. 

TABLE 1. Composition of Aluminium Alloy 6063 

Metal Composition 
Aluminium 98.05 
Chromium  0.1 
Copper  0.1 
Iron  0.35 
Magnesium 0.45 to 0.9 
Manganese 0.1 
Silicon 0.2 to 0.6 
Titanium 0.1 
Zinc 0.1 

 
By stir casting process the composites were prepared. Fig. 1 shows schematic diagram of the stir casing 

process. Preheating of SiC particles are done in another furnace parallel to remove the moisture content in the SiC 
particles as well as reduce the temperature difference between aluminiuim melt and the particles. Initially the 
Aluminium was melted in the furnace and the preheated particles were poured into the crucible of the aluminium 
melt and stirred with a stirrer [16]. Speed of the stirrer can be altered with the help of a control unit connected with 
motor. Continuous stirring made the particles to distribute all over the melt.  
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FIGURE 1.Schematic Diagram of Stir Casting 

 
The whole process was done inside the electrical furnace and the temperature maintained at 850˚C [17]. 

The preheated SiC particles have the layer of SiO2 increases the wettability property of the particles. Otherwise the 
particles will not mix with the melt just float over the melt. By this process the wettability of particels were 
increased and solid composite were produced. It is the arrangement of Potassium Chloride + Nitric corrosive, is to 
keep away from oxidation by floating over the aluminium melt. Protect the top layer from intrusion of oxygen into 
it. The prescribed sum that will be included is 250gm for a soften of 50kg. Degasser powder is added to the liquid 
metal when it arrives at a temperature of 800˚C. The prescribed add up to be included is 250gm for a soften of 
50Kg. Degasser powder decreases blow openings shaped during the throwing process. The stirred melt was poured 
in a preheated die and casted into plates with 5 mm thickness.  

 
Rolling Process: The hot rolling is utilized for making of wide scope of produced structures. Blooms and 

pieces are additionally rolled down to middle parts. During rolling procedure the material is plastically deformed by 
compressive load between two continually turning rolls. During rolling procedure the geometric state of the work is 
changed however its volume stays consistent. By rolling process the size was reduced to 2.5 mm. Due to rolling 
process the grain were formed uniformly by rotating the sides by each rolling process as well as the particles also 
distributed.  

OPTICAL MICROSCOPY 
To get a micrograph of the composite the examples were gathered from the cast and moved composite [18]. 

The samples were mounted with hot Bakelite setting. Tests were set up according to ASTM (2004) principles. 
Arranged examples were cleaned progressively in 1/0, 2/0, 3/0 and 4/0 grade emery sheets lastly in a wet cleaning 
plate utilizing Alumina powder as the cleaning medium. The examples were carved with Keller's reagent and 
micrographs were taken at an amplification of 100X. The normal grain size in moved example was estimated by 
Biovis programming. The normal grain size of the cast example was 75µm. In the cast example more agglomeration 
of SiC particles were seen and the moved sheet was 30µm as appeared in Fig. 4. In the moved example the SiC 
circulation everywhere throughout the outside of the grid alloy. 
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FIGURE 2. Micro Structure of Rolled Cast Specimen 

 
Forming Test: 

 Biaxial superplastic forming tests were conducted in free bulge tester. The Fig. 3(a) shows 
experimental view of the superplastic forming setup and Fig. 3 (b) represents thesuperplastic forming process. The 
experimental setup consists of a split type furnace, inside which the die is placed. The cast specimens were rolled 
and thickness has been reduced to 2 mm and the blanks for superplastic forming were cut from the sheet with 70 mm 
diameter. The prepared sheet component was fixed in the superplastic forming die. The bottom of the die is 
connected with the compressor. The die is placed in the split type furnace and have the controlled temperature and 
pressure controlled by pressure regulator. Instantaneous height measured through LVDT.  
 
 
 
 

  
(a) (b) 

FIGURE 3. (a) Schematic View of superplastic Forming (b) Schematic diagram of superplastic forming process 

 

 Fixed temperature maintained in the furnace and maintained for 15 minutes for uniform temperature 
attainment throughout the component. Through the pressure regulator the gas pressure is released and the 
component was bulged after the pressure released. The bulging height was measured through an LVDT, the 
instantaneous heights were recorded. With the help of the instantaneous height the true stress and true strain were 
measured and plotted as graph and strain rate sensitivity index also measured.  
 
 Strain rate sensitivity(m) is a basic parameter for the formability, as its worth portrays the capacity of 
resistance to oppose necking spread during distortion. The bigger the estimation of strain rate sensitivity index is, the 
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more prominent the superplastic lengthening will be. Moreover, it ought to know that m continually shifts during 
superplastic distortion. The below equation states the strain rate sensitivity index. 

 
 
 Regularly, the changing estimation of the strain rate affectability demonstrates various components of 
superplastic forming. At the point when the estimation of the strain rate sensitivity index is around 0.3, the principle 
instrument of superplastic forming of Al combinations is GBS (Sliding of Grains) went with other settlement 
components. At the point when the estimation of the m value is around 0.5, the prevailing instrument of superplastic 
forming of Al alloy is GBS. With expanding estimation of m GBS step by step turns into the principle instrument of 
superplastic distortion of Al alloy and is liable for the lion's share some portion of superplastic disfigurement of Al 
compounds. During the grain boundary sliding the SiC particles were moved to the grain boundaries as the second 
phase reduces the stress between the grain boundary and particles.  
 
 During the superplastic forming process of metals, deformation activation energy Q speaks to the vitality 
required for the change molecules in every mole to hop over the hindrance. Basically, superplastic forming is a 
warm initiation process. By the equation is applied to compute the initiation vitality (Q), which is a basic powerful 
parameter to demonstrate the degree of trouble of plastic twisting of materials at generally high temperature. The 
estimations of the activation energy (Q) for various twisting instruments are unique. 

RESULTS AND DISCUSSION 

Biaxial superplastic framing tests were directed in the gas pressure shaping analyzer. Because of the high 
pressure and the temperature the sheets were bulged and form hemispherical shape. The dome shapes were 
estimated precisely by LVDT. The height was estimated concerning time. Figure 6 shows the distorted examples at 
600˚C at weight of 0.7MPa and 0.6 MPa. The biaxial superplastic shaping tests were conducted at different 
temperatures between 520˚C to 600˚C and pressures between 0.2 MPa to 0.7 MPa. At the temperature of 600˚C and 
0.7 MPa the segments failed inside within ten minutes. The formed segments are appeared in Figure 8. The 
composites of 8% and 10% SiCp were broken at 0.4 MPa and 0.6 MPa at the temperature of 600˚C. At 580˚C the 
segments were shaped to higher dome heights and no cracks were formed. 

 

 
FIGURE 4. Formed at 5 bar 580˚ C and   At 3 bar 580˚C 

Fig. 4 shows the most extreme arc stature shaped in the three diverse level of Al/SiCp composites at 
consistent weight of 0.4 MPa and 580˚C for 30 minutes. At first the arch stature expanded quickly and inside 10 
minutes half of vault tallness was shaped. Most extreme arch tallness got was 16 mm for 5% SiCp. In 10% SiC 
composites, most extreme arch stature got was 11 mm. The expansion in the level of SiCp lessens the lump 
tallness. The system behind the superplastic framing is grain limit sliding. In metal network composites the 
presense of SiC opposes the development of grain limit sliding. The development of the grain limits are hindered 
by fortifications when the level of fortifications were increased1-5. 
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FIGURE 5.Dome Height Vs Time 

CONCLUSIONS 

In the five percent of SiC composites have good formability compared to the other percentage of SiC 
composites. The height of the dome obtained was 19 mm. Increase in percentage of SiC increases the crack 
initiation and leads to the crack. In uniaxial superplastic forming maximum elongation of 225% was obtained at 
the temperature of 580qC in the strain rate of 10-2 s-1. 
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