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ABSTRACT

Aluminium alloy holds a significant position among the materials used in automotive components in the recent decades. In
the past decades most of the car manufactures uses the Cast iron and Cast aluminium alloy for their engine blocks, but the
former's mechanical advantages are used in the production of other parts, including cylinder heads and blocks, to a lesser
degree. Variability within the same chemical composition of the material is one of the primary challenges in achieving
aluminium alloy. In the recent decades most of the manufacture company started using the aluminium alloy for their engine
blocks to enhance their properties of blocks. Different types of mechanical characteristic are taken into considerations to
determine the high qualities of materials; moreover, there are a few chemical composition materials are taken into
consideration and it provides a various different values based the chemical composition. Specimen-1 Aluminium (Al) 89.31,
Silicon (Si) 0.276, Copper (Cu) 1.480, Magnesium (Mg) 2.340, Iron (Fe) 0.183, Zinc (zn) 6.020, Titanium (Ti) 0.059,
Chromium (Cr) 0.192, Manganese (Mn) 0.140. The specimen-2 represents Aluminium (Al) 97.529, Silicon (Si) 0.593,
Copper (Cu) 1.035 , Magnesium (Mg) 0.492, Iron (Fe) 0.225, Zinc (zn) 0.018 , Titanium (Ti) 0.016, Chromium (Cr) 0.013,
Manganese (Mn) 0.082. The composition of specimen-3 Aluminium (Al) 89.2, Lead (Pb) 0.00410, Copper (Cu) 1.48,
Magnesium (Mg) 2.34, Iron (Fe) 0.183, Zinc (Zn) 6.03, Titanium (Ti) 0.0590, Silicon (Si) 0.276, Manganese (Mn) 0.140,
Lanthanum (La) 0.0380, Molybdenum (Mo) 0.0040, Zirconium (Zr) 0.0710, Nickel (Ni) 0.00930. And specimen-4 which
has different composition Aluminium (Al) 98.5, Lead (Pb) 0.00570, Copper (Cu) 0.0350,
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Magnesium (Mg) 0.492, Iron (Fe) 0.225, Zinc (Zn) 0.00108, Titanium (Ti) 0.0160, Silicon (Si) 0.539, Manganese

(Mn) 0.0820, Lanthanum (La) 0.00160, Molybdenum (Mo) 0.00040, Zirconium (Zr) 0.0002, Nickel (Ni) 0.00780. Cast
aluminum Specimen -1 which show the tensile value of 524.83 MPa in UTM machine, Specimen -2 which has a value of
269.63 MPa, Specimen-3 has a value of 270.19 MPa in the tensile strength and Specimen — 4 has a value of 524.13 MPa.
Specimen -1 which show the value of 87.1 in Brinell hardness machine, and Specimen -2 which has a value of 149. The
specimen -3 has a value of 85.7 from the machine. Specimen -4 shows the value of 147 in the Brinell hardness machine.
Specimen -1 which show the value of 500.47 MPa in the yield strength machine, Specimen -2 which has a value of 251.02
MPa, Specimen -3 which show the value of 232.67 MPa in the yield strength machine, Specimen -4 which has a value of
439.11 MPa. Specimen -1 which show the value of

10.92 % in UTM machine, Specimen -2 which has a value of 20.48%, Specimen -3 which show the value of 21.94

% in UTM machine, and Specimen -4 which has a value of 9.60 %. Specimen -1 which show the value of 0.269 mm in creep
test machine, Specimen -2 which has a value of 0.281 mm, Specimen -3 has a value of 0.1 mm in the creep test machine and
Specimen -4 has a value of 0.17 mm in the creep test machine. Specimen -1 which show the value of 1836 microns in wear
test machine, Specimen -2 which has a value of 1600 microns, Specimen

-3 has a value of 1515 microns in the wear test machine and Specimen -4 has a value of 734 microns in the wear test

machine.

Keywords: Aluminum Alloy. AI319, Al 356, AI357, Engine Block, Micro-Structure, Bonding, Elemental

Composition, Eutectic, Tensile, Creep, Wear, Hardness.

1- INTRODUCTION

Aluminium amalgam components with different, frequently complex, structures, which are ordinarily made by die-casting
handle, are common items in present day days and they are lightweight structures. This innovative strategy permits for
getting interesting shapes of items, which gives remarkable plan openings for designers and architects. Aluminium amalgams
with silicon of the 319 and 356 arrangement are expecting for motor squares. At the same time, these amalgams are
characterised by tall quality properties, which they are exceptionally habitually utilized in different sorts of motor pieces.

A disadvantage that hypoeutectic Al-Si amalgams display is their moo resistance to wear, so it is required to utilize wear-
resistant amalgams in parts subjected to disintegration. The conditions experienced inside the combustion chamber of engine-
blocks. Ordinary and shear stresses are caused by the blast of the compressed fuel and the responding relocation of the

cylinder; additionally, the cylinder seals wear the fabric utilized for lining the combustion chamber.

In any case, the down to earth utilize of Mg combinations is constrained by their moo erosion resistance. The erosion
resistance of aluminium amalgams can be expanded by utilizing the anodising prepare. This handle comprises in making a
coating on the aluminium surface, which increments resistance to different outside components, such as corrosive rain, ocean

water, or UV radiation.
2- TESTING OF SPECIMEN

2.1-CHEMICAL COMPOSITION OF ALUMINUM ALLOY
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TABLE: - 2.1.1 CHEMICAL COMPOSITION

Aluminium (Al)

Silicon (Si)

Copper (Cu)

Magnesium (Mg)

Iron (Fe)

Zinc (Zn)

Titanium (Ti)

Chromium (Cr)

90.897

340

3.88

0.291

0.435

0.465

0.163

0.01

87.53

6.54

220

245

0.20

0.50

0.30

0.18

85.996

10.999

1.357

0.493

0.623

0.532

0.105

Most common cast aluminium alloy are 319 and 356, they have higher strengths and withstanding capacity and where the

Silicon dominant are higher in both cast aluminium; therefore, most of the manufactures choose the cast aluminium

particularly the above series of material. The table 2.1.1 shows the compositions are taken from various journal papers and

most of the journal suggest this composition for the engine blocks.

TABLE: - 2.1.2 CHEMICAL COMPOSITION

Aluminium (Al)

Silicon (Si)

Copper (Cu)

Magnesium (Mg)

Iron (Fe)

Zinc (Zn)

Titanium (Ti)

Chromium (Cr)

Manganese (Mn)

89.31

0.276

1.480

2.340

0.183

6.020

0.059

0.192

0.140

97.529

0.593

1.035

0.492

0.225

0.018

0.016

0.013

0.082

The table 2.1.2 represents that specimen-1 Aluminium (Al) 89.31, Silicon (Si) 0.276, Copper (Cu) 1.480,
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Magnesium (Mg) 2.340, Iron (Fe) 0.183, Zinc (zn) 6.020, Titanium (Ti) 0.059, Chromium (Cr) 0.192, Manganese (Mn) 0.140.

And the specimen-2 represents Aluminium (Al) 97.529, Silicon (Si) 0.593, Copper (Cu) 1.035 , Magnesium (Mg) 0.492, Iron
(Fe) 0.225, Zinc (zn) 0.018, Titanium (Ti) 0.016, Chromium (Cr) 0.013, Manganese (Mn) 0.082.

The below table 2.1.3 represents the different aluminium alloy material that has various other composition when compared to
the above alloy materials. And the composition of specimen-3 Aluminium (Al) 89.2, Lead (Pb) 0.00410, Copper (Cu) 1.48,
Magnesium (Mg) 2.34, Iron (Fe) 0.183, Zinc (Zn) 6.03, Titanium (Ti) 0.0590, Silicon

(Si) 0.276, Manganese (Mn) 0.140, Lanthanum (La) 0.0380, Molybdenum (Mo) 0.0040, Zirconium (Zr) 0.0710, Nickel (Ni)
0.00930. And the specimen-4 has the similar values when compared to the specimen-3

TABLE: - 2.1.3 CHEMICAL COMPOSITION

Aluminium (Al)

Lead (Pb)

Copper (Cu)

Magnesium (Mg)

Iron (Fe)

Zinc (Zn)

Titanium (Ti)

silicon (Si)

Manganese (Mn)

Lanthanum (La)

89.2

0.00410

148

234

0.183

6.03

0.0590

0.276

0.140

0.0380

2.2 TENSILE STRENGTH

1

TABLE: - 2.2 TENSILE STRENGTH

0.00570

0.0350

0.492

0.225

0.0108

0.0160

0.539

0.0820

0.00160

Cast Aluminum- 319 250
Cast Aluminum-A 356 200
Aluminum Alloy 190
Specimen -1 524.83
Specimen -2 269.63

MPa

MPa

MPa

MPa

MPa
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Specimen -1 which show the value of 524.83 MPa in UTM machine, and Specimen -2 which has a value of
269.63 MPa. The figure 2.2.1 tensile strength comparison graph which determines that the value of specimen varies based on

the chemical composition and it illustrates that the different specimen shows the different values of the specimen.
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600
500
300
200
100 .
\ \R »
o)
0 \?(9 N &
W v W &
R

=== TENSILE STRENGTH (JOURNAL)
s TENSILE STRENGTH (EXPERIMENT)
FIG:-3.2.1 TENSILE STRENGTH COMPARISON GRAPH

2.3 BRINELL HARDNESS TEST

The readings are listed below Cast Aluminum- 319 which has a hardness values of 85 . Cast Aluminum-A 356 which has a
hardness of 80. Aluminum Alloy has a value of 75. Specimen -1 which show the value of 87.1 in this machine, and
Specimen -2 which has a value of 149. The specimen -3 has a value of 85.7 from the machine. Specimen -4 shows the value
of 147 in the Brinell hardness machine. The below table 2.3 shows the Brinell hardness and 2.3.1 shows the comparison

graph.

TABLE: - 2.3 BRINELL HARDNESS

1 Cast Al- 319 85
2 Cast Al-356 80
3 Aluminum Alloy 75
5 Specimen -1 87.1
6 Specimen -2 149
7 Specimen-3 85.7
8 Specimen-4 147
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BRINELL HARDNESS
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FIG:-2.3.1 BRINELL HARDNESS COMPARISON GRAPH

2.4 MICROSTRUCTURE

FIG: - 2.4.1 ALUMINIUM-319 [12]

The above figure 2.4.1 shows the microstructure of an Aluminum Alloy 319, which has a high amount of silicon inclusion in

the component. It forms a eutectic phase diagram; moreover, there is an Al.Cu inclusion on a minimal area, but silicon is a

greater dominance in the components. With the help of microscope, the specimen is tested under 20x condition.
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FIG: - 2.4.2 ALUMINIUM-356 [13]
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The above figure 2.4.2 shows the microstructure of an Aluminum Alloy 356, which has a high amount of silicon inclusion in
the component. It forms a eutectic phase diagram; moreover, there is an alpha phase of aluminum on a minimal area, but

silicon is considerable in the components. With the help of microscope, the specimen is tested under 200x condition and even

tested with 50x conditions.

-~

silica \‘<>

XO internal
necking Ox cracks

r
FIG: - 2.4.5 SPECIMEN-1
The above figure 2.4.5 shows the microstructure of an Aluminum Alloy, which has a considerable amount of silica inclusion in
the component. It forms an internal crack in the diagram; moreover, there is a necking region shown on a picture, but silica is

a considerable area in the components. This specimen used tested method of ASM Metal Handbook Vol-9 and the nature of

test is micro examination. Etchant Sodium Hydroxide pellets + Type IV Distilled Water.

break’'down

eutectic" Si

FIG: - 2.4.6 SPECIMEN-2

The above figure 2.4.6 shows the microstructure of an Aluminum Alloy specimen -2, which has a considerable amount of

silicon (Si) inclusion in the component. It forms a eutectic phase Si diagram; moreover, but silicon is a considerable area in the

components. With the help of microscope, the specimen is tested under 200x condition.
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FIG: - 2.4.7 SPECIMEN-3
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The above figure 2.4.7 shows the microstructure of an Aluminum Alloy specimen - 3, which has a considerable amount of

silicon and aluminum inclusion in the component. With the help of microscope, the specimen is tested under 500x condition.
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cracks
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. Al .. oy

FIG: - 2.4.8 SPECIMEN-4

The above figure 2.4.8 shows the microstructure of an Aluminum Alloy Specimen — 4, which has a considerable amount of
eutectic Al in the component. It forms a eutectic aluminum phase diagram; moreover, there is a internal cracks region shown

on a picture, but silicon is a considerable area in the components.

2.5 YIELD STRENGTH

The table 2.5 above shows the yield strength and 2.5.1 shows the yield comparison graph test Specimen -1 which show the
value of 500.47 MPa in this machine, and Specimen -2 which has a value of 251.02 MPa. The figure

3.5.1 yield strength comparison graph which determines that the value of specimen varies based on the chemical composition

and it illustrates that the different specimen shows the different values of the specimen.
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FIG:-2.5.1 YIELD STRENGTH COMPARISON GRAPH
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TABLE: - 2.5 YIELD STRENGTH

1 Cast Aluminum- 319 130 MPa
2 Cast Aluminum-A 356 165 MPa
B Specimen -1 500.47 MPa
4 Specimen -2 251.02 MPa
B Specimen —3 232.67 MPa
6 Specimen —4 439.11 MPa

2.6 ELONGATION

The table 2.6 below shows the elongation test and 2.6.1 shows the comparison graph Cast Aluminum- 319 which has a
elongation values of 1.5%. Cast Aluminum-A 356 which has a strength of 3.5%. Specimen -1 which show the value of 10.92

% in this machine, and Specimen -2 which has a value of 20.48%.

TABLE: - 2.6 ELONGATION

Cast Aluminum- 319

2 Cast Aluminum-A 356 35 %
3 Specimen -1 10.92 %
4 Specimen -2 2048 %
5 Specimen — 3 21.94 %
6 Specimen —4 9.60 %
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FIG:- 2.6.1 ELONGATION COMPARISON GRAPH

2.7 CREEP

The table 2.7 below shows the creep test and 2.7.1 shows the creep comparison test Cast Aluminum- 319 which has a
elongation value of 0.135. Cast Aluminum-A 356 which has a strength of 0.158. Aluminum alloy from journal has a value of
0.120. Specimen -1 which show the value of 0.269 in this machine, and Specimen -2 which has a value of 0.281 and the

specimen -3 has a value of 0.287.

TABLE: - 2.7 CREEP TEST

1

Cast Al- 319 0.135 mm
2 Cast Al-356 0.158 mm
3 Al-journal paper 0.120 mm
4 Specimen -1 0.269 mm
5 Specimen -2 0.281 mm
6 Specimen-3 0.287 mm
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FIG:-2.7.1 CREEP COMPARISON GRAPH

CREEP GRAPH SPECIMEN -1

Specimen -1 and creep fig :- 2.7.2 shows a different value with a load of 10kg and the deformation rate would be
0.281 and it sustains with a temperature of 200°C and the creep rate of 0.269 mm is been removed from the material and

it is comparatively higher when compared to Al-319 and A-356.

FIG:-2.7.2 CREEP GRAPH FROM SPECIMEN-1

CREEP GRAPH SPECIMEN -2

Specimen -2 and creep fig:- 2.7.3 shows a different value with a load of 10kg and the deformation rate would be
0.281 and it sustains with a temperature of 200 °C and the creep rate of 0.281 mm is been removed from the material and

it is comparatively higher when compared to Al-319 and A-356.
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FIG:- 2.7.3 CREEP GRAPH FROM SPECIMEN-2

CREEP GRAPH SPECIMEN -3

Specimen -3 and creep fig:- 2.7.4 shows a different value with a load of 10kg and the deformation rate would be
0.1 and it sustains with a temperature of 200 °C and the creep rate of 0.1 mm is been removed from the material and it is

comparatively higher when compared to Al-319 and A-356.
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FIG:- 2.7.4 CREEP GRAPH FROM SPECIMEN-3

CREEP GRAPH SPECIMEN -4

Specimen -4 and creep fig:- 2.7.5 shows a different value with a load of 10kg and the deformation rate would be
0.17 and it sustains with a temperature of 200 °C and the creep rate of 0.17 mm is been removed from the material and it is

comparatively higher when compared to Al-319 and A-356.
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FIG:-2.7.5 CREEP GRAPH FROM SPECIMEN-4

2.8 WEAR

The table 2.8 below shows the wear test of the component which is tested in wear test machine and they have different

values based on their composition and shows the different reading in the machine. Specimen -1 which show the value of

1836 microns in this machine, and Specimen -2 which has a value of 1600 microns and the specimen -3 has a value of 1515

microns. The specimen — 4 has a value of 734 microns which is tested with the wear test machine.

TABLE: - 2.8 WEAR TEST

Cast Al- 319 1389
2 Cast Al-356 1650
3] Al-journal paper 1870
4 Specimen -1 1836
5 Specimen -2 1600
6 Specimen-3 1515
7 Specimen — 4 734

Microns

Microns

Microns

Microns

Microns

Microns

Microns
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WEAR (microns)
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FIG:- 2.8.1 WEAR COMPARISON GRAPH

WEAR GRAPH SPECIMEN -1

Specimen -1 and wear fig:- 2.8.2 shows a different value with a load of 10N and the wear rate would be 1836 microns and it
sustains with a temperature of 40 °C and the creep rate of 1836 microns is been removed from the material and it is
comparatively higher when compared to Al-319 and A-356.
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FIG:- 2.8.2 CREEP TEST GRAPH SPECIMEN-1
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WEAR GRAPH SPECIMEN -2
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FIG:- 2.8.3 WEAR TEST GRAPH SPECIMEN-2

Specimen -2 and wear fig:- 2.8.3 shows a different value with a load of 10N and the wear rate would be 1600 microns and it
sustains with a temperature of 41°C and the wear rate of 1600 microns is been removed from the material and it is

comparatively higher when compared to Al-319 and A-356.

WEAR GRAPH SPECIMEN -3

FIG:- 2.8.4 WEAR TEST GRAPH SPECIMEN-3

Specimen -3 and wear fig:- 2.8.4 shows a different value with a load of 10N and the wear rate would be 1515 microns and it
sustains with a temperature of 42 °C and the wear rate of 1515 microns is been removed from the material and it is

comparatively higher when compared to Al-319 and A-356.
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WEAR GRAPH SPECIMEN -4
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FIG:- 2.8.5 WEAR TEST GRAPH SPECIMEN-4

Specimen -4 and wear fig:- 2.8.5 shows a different value with a load of 10N and the wear rate would be 734 microns and it
sustains with a temperature of 39 °C and the wear rate of 734 microns has been removed from the material and it is

comparatively higher when compared to Al-319 and A-356.
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