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Abstract: Aluminium 5083 alloy reinforced with B4c/FA/Gr metal matrix composite was fabricated at different weight ratios 6,9 
and 12 mmcs using stircasting method under vertex route. The objective of this work is to determine the non linear  plastic 
properties of AA5083 and their composites using a powerful finite element analysis software ANSYS. The ANSYS  results are 
compared with analtical calculations and they are very close to each other. Two different aspect ratios (H/D 1.0 and H/D1.5) are 
consider for the these composites to analysie the axial,hoop and hydro satatic stress for all the cases of metal matrix composites. 
AA5083+9MMC composite very close to the effective strain line compare to other composites and base alloy it indicates the good 
ductile properties are presented. H/D ratio 1.5 the hoop stress is increased for 9 and 12 MMC compare to 6MMC and base alloy 
it indicates that they are exhibit the good plastic properties.  
Keywords: Upset forging, Plastic analysis, AA5083, ANSYS, aspect ratios 

I. INTRODUCTION TO PHASE CHANGE MATERIALS AND METHODOLOGY 
The finite element analysis of the deformation behavior of the cold change process was performed with ratios of 1.0 and 1.5 
dimensions for cylindrical samples. Since high-speed computing computers are now available on the market, computing time is not 
a major constraint to solving problems with 3D models. The finite-element analysis of the deformation behavior of the cold change 
process of all baB4c metal and alloy compounds (A2024) was carried out with transverse ratios of 1.0 and 1.5 in the dry state. Work 
has been done to study the result of dispersion of alloy components in the base metal using the compound manufacturing method. 
Al-Cu compounds (5-15% by weight) are prepared by a vortex method by dispersing copper powder in a molten alloy A2024. The 
results are compared with an alloy that has the same concert. Also compounds containing 5, 10 and 15% by weight were 
compared.Deformation and flow studies were performed and results were compared with methods of finite elements in terms of 
hydrostatic pressure and compression. [1-3].  
A three-dimensional piston model is designed and modeled for Solid Works 3D modeling software. Finite element analysis on the 
piston is performed using aluminum 6061 and aluminum 5083 to determine pressures and frequencies. The analysis is done in 
Ansys. Copper cold workability limits have been studied as a function of friction, aspect ratio and sample geometry. The nature of 
the hydrostatic stress was found on the edge of the sample with an edge to form a tensile strength. The ANSYS finite element 
program was applied to analyze the turbulent modulation process.  
Cylindrical samples of Al Mg alloys were treated with a content of Mg 2 to 8% by weight in solution at 450 ° C for two hours and 
lifetime at 200 ° C. The effect of focusing and deformation was studied. Magnesium on the aging behavior of Mg alloys. [4-6]. Cold 
decomposition experiments were carried out in the form of a homogeneous fly ash ash / AA2024 / pallet. The study aimed to assess 
deformation behavior.  
Detailed comparisons of experimental variables were made with the results of the finite element method (FEM) to determine the 
accuracy with which the distortion process can be modeled [7]. A typical cold forging process is expected by linking rigidity and the 
effective development of deformation in a simple experimental process. Five different deformation ratios (13%, 17%, 32.4%, 41%, 
50%) are considered for experimentation.  
The sample thumbnail is processed using "Adobe Photoshop CS2" and "Image J" is applied to estimate the average grain size. The 
annoying process was simulated with the finite element action code, ANSYS ver11.0. The amount of particles present hardens the 
matrix by increasing the content of fly ash and B4c particles. Therefore, the observation was more resistant to corrosion. The MMC 
welding machine wears a lot with a smaller fraction of weight of fly ash and B4c particles, and the corrosion increases linearly over 
time. [8-10]. 
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II. FABRITION PROCEDURE AND EXPERIMENTAL WORK 
The samples are fabricared using stir cating method, in this method  cast iron die, inert gas, electric stirirer and graphite crusuble 
were used. The melting temperature of AA5083 is aproximately 900OC at that condition the B4c,fly ash and graphite powders are 
poured into the graphite crusuble using electric strirer rotate the solidification minimum of 5miniutes at constant speed. The moilten 
metal was poured into the cast iron die then the required samples were fabricated as shown in figure1.1.  The fabricated samples  are 
machined as per the stndard dimensions of the compressed preforms with the help of CNC machine. 
The Compression preforms aspect ratio (height to diametre) are consider 1.0 and 1.5 as shown in Fig 1.2 for the tri-stresses analysis. 
The compresion test was carried on universal testing machine as shown in Fig1.3. The test was carried out up to the shear failure of 
the sample free surface or 50% of deformation of the sample. The UTM genarate the load – displacement data  for the AA5083 and 
their composites of H/D ratio 1.0 and 1.5.   

 
Fig 1.1 stir casting set up and Fabricated Cylindrical samples 

 
Fig 1.2 and 1.3 Machined Samples and compression test on UTM 

III. ANALYTICAL CALCULATIOONS 
The tri-stress are found for the plastic analysis of base and composites of MMCs using the follwing formulas are given in below.  
True strain in axial direction ЄZ = ln ( ு௜

ு଴
 ) 

The true stress and true strain data were well fitted into the Hollow Man power law of equation for determination of deformed 
properties of the material as given in below. 

݂ߪ                                                                 =  n∋ ܭ
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 Where K is strength coefficient and n are strain hardening exponent.  
The Hydro static Stress ߪH = ఙ೥ାఙഇାఙೝ

ଷ
 

Whereߪ௭ ఏߪ,  .௥  are axial, hoop and radial stress respectively in the orthogonal axis on compression testߪ ݀݊ܽ,
Axial Stress ߪ௭ =1}]݂ߪ− (ଵାଶ∝

ଶା∝
) +(ଵାଶ∝

ଶା∝
)} 2]-1/2, here ∝ is the slope between axial strain and circumferential strain and ݂ߪ is the flow 

stress of the material. 
The hoop stress ߪఏ = ߪ௭ [(ଵାଶ∝

ଶା∝
)] and the radial stress are zero on the free surface of the material. The table 1 and II show the 

strength and strain hardening exponents of different materials of H/D ratios 1.0 & 1.5.  

TABLE I 
STRENGTH COEFFICIENT (K)-H/D = 1.0 AND 1.5 

 
S. No Strength Coefficient (K)-H/D = 1.0 Strength Coefficient (K)-H/D=1.5 

AA5083 935.08 625.14 
AA5083+6% Composite 1109.53 3452.31 
AA5083+9% Composite 1362.66 1214.02 

AA5083+12% Composite 1362.66 2479.47 

TABLE III 
STRAIN HARDENING EXPONENT (N)-H/D = 1.0 AND 1.5 

S. No Strain Hardening Exponent (n)- 
H/D 1.0 Strain Hardening Exponent (n)-H/D=1.5 

AA5083 0.641 0.521 
AA5083+6% Composite 0.7799 1.2944 
AA5083+9% Composite 0.8582 0.7708 

AA5083+12% Composite 0.8582 0.892 

IV. NUMERICAL ANALYSIS 
Upsetting is most widely used metal forming phenomena for manufacturing of different machine components. As per aspect ratios 
the saples are desined in ANSYS APDL, the analysis was performed with the help of solid 182 element and contanct elements 182 
and 183.The contant pair was creted and shown in Fig 1.4.The material properties of top and bottom dies of the UTM machine was 
assumed to be steel(E=210Gpa,µ=0.3) and the prepared samples are AA5083and their composites. 

 
Fig 1.4 Contact elements pair of AA5083+6MMC for H/D ratio 1.5 
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The results show in tabular form in TableIII to VI reports the tri -stress for base alloy and composites of H/D ratio 1.0 and 1.5, the 
experment results are shown in the brackets. 

TABLE IIIII 
 STRESS OF AA5083 OF H/D RATIO 1.0 AND 1.5 

AA 5083  Maximum 
Displacement 

Axial Stress Hoop Stress  Hydrostatic stress 

H/D1.0 10 -273.71(-280.15) 2.82(3.01) -98.69(-105.36) 
H/D1.5 15 -248.15(-255.14) 2.21(2.95) -21.16(-23.58) 

 

TABLE IVV 
STRESS OF AA5083+6MMC OF H/D RATIO 1.0 AND 1.5 

AA 5083 +6MMC Maximum 
Displacement 

Axial Stress Hoop Stress  Hydrostatic stress 

H/D1.0 10 -291.49(-312.59) 2.01(2.82) -95.63(-105.11) 
H/D1.5 15 -170.15(-174.93) 0.74(0.79) -59.67(-57.93) 

 

TABLE V 
 STRESS OF AA5083+9MMC OF H/D RATIO 1.0 AND 1.5 

AA 5083 +9MMC Maximum 
Displacement 

Axial Stress Hoop Stress /flow 
strain 

Hydrostatic stress 

H/D1.0 10 -270.69(-349.03) 3.10(3.26) -77.50(-115.254) 
H/D1.5 15 -240.16(-248.22) 13.22(14.26) -80.05(-82.25) 

 

TABLE VI 
 stress of AA5083+12MMC of H/D ratio 1.0 and 1.5 

AA 5083 +12MMC Maximum 
Displacement 

Axial Stress Hoop Stress  Hydrostatic stress 

H/D1.0 10 -309.47(-315.11) 2.95(3.41) -93.16(-100.21) 
H/D1.5 15 -327.25(-332.52) 20.22(22.56) -103.36(-112.54) 

 

 
Fig 1.5 The true stress-strain curve and Axial stress of AA5083 for H/D ratio 1.0 
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Fig1.6 The true stress-strain curve and Hydrostatic stress of AA5083 for H/D ratio 1.5 

 
Fig1.7 True Stress- Strain curve and Axial Stress of AA5083+6MMC for H/D ratio 1.0 

 
Fig 1.8Maximum Displacement and Hydro Static Stress of AA5083+6MMC for H/D ratio 1.5 

 
Fig 1.9True stress-strain and Maximum Displacement of AA5083+9MMC for H/D ratio 1.0 

 
Fig1.10 Hydro Static Stress and Axial Stress of AA5083+9MMC for H/D ratio 1.0 
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Fig 1.11 Maximum Displacement and Hoop Stress of AA5083+9MMC for H/D ratio 1.5 

 
Fig 1.12 Maximum Displacement and Axial Stress of AA5083+12MMC for H/D ratio 1.0 

 
Fig 1.13 Hydro static  Stress and Axial   Stress of AA5083+12MMC for H/D ratio 1.0 

 
Fig 1.14 Circumferencial  Stress and Hydrostatic Stress of AA5083+12MMC for H/D ratio 1.5 
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V. RESULTS AND DISCUSSIONS 
The axial stress is increased for the H/D ratio 1.0 of composite metal matrix composites compare to base alloy AA5083 whereas for 
AA5083+9MMC composite very close to the effective strain line compare to other composites and base alloy it indicates the good 
ductile properties are presented. H/D ratio 1.5 the hoop stress is increased for 9 and 12 MMC compare to 6MMC and base alloy it 
indicates that they are exhibit the good plastic properties.  

 
Table Comparison of Strength Coefficient k for H/D 1.0 &1.5. 

 
Table Comparison of Strain Hardening Exponent (n)-H/D 1.0 & 1.5. 

Fig 1.5 to Fig 1.14 shows the true stress- strain curves, maximum displacement (up to 50% of deformation with respect to height), 
axial, hoop, and hydrostatic stress of Different aspect ratios of different composites of MMCs.  The analytical results are very close 
to the ANSYS results for the upsetting of cylindrical samples of different MMCS. 

 
Fig 1.15 Various Stress at 50% of deformation of H/D 1.0 
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Fig 1.16 Various Stress at 50% of deformation of H/D 1.5 

From Fig 1.15 to Fig 1.16 represents that various stress at 50% of deformation of the samples of H/D ratio 1.0 and 1.5 for base 
material and composites. The experimental results and ANSYS results at 50% of deformation of the samples are very close to each 
other.  The hydro static stress was very low for H/D ratio 1.5 compare to H/D ratio 1.0, it indicates that the material was brittle in 
nature.  

VI. CONCLUSION 
The Upsetting preforms are fabricated successfully by stir casting Technique. The experimental work was done with the help of 
UTM (instron) for all the aspect ratios and different MMCs. The axial, hoop and hydro static stress are determined for the estimation 
of plastic behaviour of the metal using traditional equations. The ANSYS software was used to determine the stress for analysing 
the plastic flow of the material and the results are validated and are very close victim to each other. Results obtained by finite 
element analysis closely related to experiment results The values are thus validated by the FEM model 
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