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Abstract 
 Aluminium alloy LM-29, A-356 AND A-6060 was fabricated in sand casting method. Mach inability of 
aluminium alloy LM-29, A-356 AND A-6060 was investigated and evaluate the mach inability studying the 
different parameter such as cutting force, surface roughness, chip thickness, and power consumption during turning 
at different cutting speed and constant depth of cut and feed rate. In this paper also studies the mechanical properties 
means hardness, density and tensile strength of aluminium alloy LM-29,A-356 AND A-6060 by the help of tensile 
test ,hardness test and density test . 
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I.  Introduction
The use of materials with low specific weight is 

an effective way of reducing the weight of structures. 
Aluminium alloys are among the most commonly used 
lightweight metallic materials as they offer a number of 
different interesting mechanical and thermal properties. 
In addition, they are relatively easy to shape metals, 
especially in material removal processes, such as 
machining. In fact, aluminium alloys as a class are 
considered as the family of materials offering the highest 
levels of machinability, as compared to other families of 
lightweight metals such as titanium and magnesium 
alloys. This machinability quantifies the machining 
performance, and may be defined for a specific 
application by various criteria, such as tool life, surface 
finish, chip evacuation, material removal rate and 
machine-tool power. It has been shown that chemical 
composition, structural defects and alloying elements 
significantly influence machinability [10]. Thus, with 
similar chemical compositions, the machinability of 
alloys can be improved by different treatments. Heat 
treatments, which increase hardness, will reduce the 
built-up edge (BUE) tendency during machining [15]. In 
the case of dry machining, the major problems 
encountered are the BUE at low cutting speeds and 
sticking at high cutting speeds, hence the need for special 
tool geometries [13]. It has been shown that high levels 
of Magnesium (Mg) increase the cutting forces at the 
same level of hardness [15], while a low percentage of 
Copper (Cu) in aluminium alloy 367 decreases the 

cutting force. Similarly, it has been found that heat 
treatment of 6060, especially aging, influences the forces 
only at low cutting speeds, while at high speeds; the 
influence is negligible because of the low temperature 
rise seen in the cutting zone [3]. Cutting force is just one 
among several parameters to be considered for a full 
assessment of the machinability of metallic alloys, with 
the others being the tool life, the surface finish, the 
cutting energy and the chip formation mode. Aluminium 
alloys are classified under two classes: cast alloys and 
wrought alloys. Furthermore, they can be classified 
according to the specification of the alloying elements 
Involved, such as strain-harden able alloys and heat-
treatable alloys. Most wrought aluminium alloys have 
excellent machinability. While cast alloys containing 
copper, magnesium or zinc as the main alloying elements 
can cause some machining difficulties, the use of small 
tool rake angles can however improve machinability. 
Alloys having silicon as the main alloying element 
involve larger tool rake angles, lower speeds and feeds, 
making them more cost-effective to machine. Aluminium 
alloys, which are not sensitive to heat treatments, can be 
hardened by cold work that can improve their 
machinability when sharp tools are used. Following 
(ASM Handbook, Volume 16) the machinability of 
different aluminium alloys has been treated in general 
manner with a classification (A, B, C, D and E) 
according to the alloy state. Traditionally, the 
machinability of materials involve tool life, cutting 
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forces, productivity or chip form, with less attention paid 
to particle emission. In this work, the authors address the 
machinability of aluminium alloys from several points of 
view, including cutting forces, tool tip interface 
temperature, surface roughness, and power consumption 
during turning, 

During the manufacturing of engineering 
components such as piston, cylinder head, which are first 
process by die casting frequently need machining for 
obtaining the desired dimensions and surface finish. 
Refinement and modification of micro-constituents of 
this alloy are common industrial practices before casting. 
These treatments in turn change their microstructure a so 
mechanical properties. Thus, it is expected that thermal 
and melt treatment would also affect machinability of 
this alloy. The present work is related to study of 
machining characteristics of aluminium LM-29, A356, 
and 6060 during turning. The main objectives of the 
study & compare the different machining parameter like 
cutting force, chip thickness, surface roughness, and 
power consumption during turning, in different cutting 
speed and constant depth of cut and feed rate of different 
aluminium alloy and also study and compare the 
mechanical properties by the help of hardness test and 
tensile test. 
 

II.  Experimental Procedure 
2.1. Material 

The raw material used in the experiment 
investigation was commercially pure aluminium A-356, 
LM-29, A-6060. AL- 356 is used in aircraft pump parts, 
automotive transmission cases, aircraft fittings and 
control parts, water-cooled cylinder blocks. LM-29 is 
used in automotive industry. Which is used to 
manufacture the piston? It is used for pistons for high 
performance internal combustion engines where 
advantage can be taken of its low coefficient of thermal 
expansion and its high resistance to wear.. A-6060 is 
used in construction of aircraft structures, such as wings 
and fuselage, more commonly in home built air craft than 
commercial or military aircraft. Automotive parts, such 
as wheel spacers. The manufacture of aluminium cans 
for the packaging of foodstuffs and beverages. So this 
material easily available in market. So we take cylinder 
block for A-356, and piston for LM -29 and window 
aluminium bar for A-6060. This metal melted and again 
casting by the help of sand casting method. 
2.2. Melting & casting 

For this we took 500gm of commercially pure 
aluminium (A-356) means cylinder block and piston for 
LM-29 and window aluminium bar for A-6060.  First we 
take cylinder block was melted in a coal fired furnace by 
the help of graphite crucible.. Commercially pure 

aluminium (A-356) was melted by raising its temperature 
to 760oc and it was degassed by purging hexachloro 
ethane tablets. After the molten metal has been taken to 
the sand mould with in thirty second to solidify as shown 
in given fig. The pouring temperature was maintained at 
680oc.. This experiment should conduct again taking the 
aluminium alloy (LM-29) and aluminium alloy (A-6060) 
. Finally we casting the three aluminium bar (25mm dia& 
250mm length) as shown in given fig. One is pure 
aluminium alloy (A-356) another one is aluminium alloy 
(LM-29) and another one is aluminium alloy (A-6060) . 
Then after fabrication we measured the physical 
properties cutting force, surface roughness, chip 
thickness and power consumption. Then measured 
mechanical properties hardness and tensile properties. 
2.3. Machining behaviour 
2.3.1. Cutting force measurement 
           We measured the cutting force by the help of tool 
dynamometer. We used the strain gauge turning 
dynamometer .The basic principle of strain gauge 
dynamometer is illustrated in fig with respect to a turning 
dynamometer design by Shaw. The unbalance of the 
Wheatstone bridge indicates the cutting forces. Each of 
the two sets of four gauges is connected in to two bridge 
circuits to enable the determination of  Fx and Fz. The 
strain gauge dynamometer is more accurate and is 
common use. The sample size is 250mm length and 
25mm diameter is fitted in the chuck. We fix the tool 
dynamometer sensor on the tool post. Now the machine 
is switch on and achieving the desired RPM and give the 
required feed and depth of cut after that measuring the 
cutting force Fx and Fz. The experiment repeated again 
and measured the Fx and Fz value in different cutting 
speed and also measured cutting forces of different 
samples. 
2.3.2. Surface roughness measurement 

Surface roughness is measured by the help of 
surface roughness measuring instrument. It’s having a 
dial indicator this dial indicator is sensing the machining 
surface and gives the surface roughness (Ra) value. This 
surface roughness (Ra) value shows that the machining 
surface rough or smooth as compared to ideal surface. 
After machining the samples are keeps on the table. The 
dial indicator keep on the machining surface and switch 
on the instrument. It just moves on the machining surface 
and gives the surface roughness (Ra) value. The 
experiment repeated again and took the surface 
roughness (Ra) values of the machining surface in 
different cutting speed and took also the surface 
roughness (Ra) value of different samples. 
2.3.3. Chip thickness 

The form and dimension of a chip in metal 
machining indicate the nature and quality of a particular 
machining process, but the type of chip formed is greatly 
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influenced by the properties of the material cut and 
various cutting conditions. In engineering manufacture 
particularly in metal machining processed hard brittle 
metals have a very limited use, and ductile metals are 
mostly used. Chips of ductile metals are removed by 
varying proportions of tear, shear and flow. After 
machining in different speed the chips was collected and 
it took the testing lab. Measured it thickness.     
2.4. Mechanical testing 
2.4.1Hardness test 

Bulk hardness measurements were carried out 
on aluminium alloy samples by using standard Brinnel 
hardness test. Brinnel hardness measurements were 
carried out in order to investigate the influence of 
particulate weight fraction on the matrix hardness. The 
basic Brinell test can be conducted according to the 
standard using 2.5 mm steel ball indenter. The hardness 
figure should clearly be indicated referring to the 
particular scale, Which has been used, since the plain 
number of hardness will not indicate by itself the actual 
hardness unless it has been very clrarly defined by 
which, scale hardness is achieved . For instance 218 HB 
2.5/187.5 
2.4.2 Tensile test 

The tensile testing of the aluminium alloy was 
done, on Instron testing machine. The Standard 
specimens with 60mm gauge length were used to 
evaluate ultimate tensile strength. The comparison of the 
properties between them of the aluminium alloys. 
2.4.3 Density test 

Density measurements were carried out on the 
aluminium silicon alloy sample using Archimedes’ 
principle. The buoyant force on a submerged object is 
equal to the weight of the fluid displaced. This principle 
is useful for determining the volume and therefore the 
density of an irregularly shaped object by measuring its 
mass in air and its effective mass when submerged in 
water (density = 1 gram/cc). This effective mass under 
water was its actual mass minus the mass of the fluid 
displaced. The difference between the real and effective 
mass therefore gives the mass of water displaced and 
allows the calculation of the volume of the irregularly 
shaped object. The mass divided by the volume thus 
determined gives a measure of the average density of the 
samples. 
 

III.  Result 
3.1Machinability of cast aluminium alloy 
SPEED 
RPM 

 310 540 710 

LM-29 Force x(kg f) 3 2 2 
Force z(kg f) 2 1 1 
Roughness(Ra) 8.395 5.244 3.640 

µm µm µm 
Chipthickness(mm) 0.46 0.32 0.29 
Power consumed 
(watt) 

1.23 1.41 1.86 

A-356 Force x(kg f) 2 1 1 
Force y(kg f) 1 1 1 
Roughness (Ra) 3.968 

µm 
3.358 
µm 

3.261 
µm 

Chipthickness(mm) 0.35 0.28 0.22 
Power consumed 
(watt) 

0.81 0.71 0.93 

A6060 Force x(kg f) 2 1 1 
Force y(kg f) 1 1 1 
Roughness (Ra) 1.831 

µm 
1.531 
µm 

1.113 
µm 

 Chipthickness(mm) 0.30 0.27 0.20 
Powerconsumed 
(watt) 

0.81 0.71 0.93 

 
Temperature, cutting force and roughness at constant 
feed rate (0.15mm/rev) and depth of cut (1.0mm) 
 
3.2- Hardness test 
 
Sl No Samples 

Designation 
Hardness 
       (BHN) 

 

1 LM-29 94.1 

2 A-356 82 

3 A-6060 62.8 

 
3.3- Tensile test 
 
Sl No Samples 

Designation 
U.T.S 
(Mpa) 

 

% 
Elongati
on 
 

1 LM-29 120 3 
2 A-356 107 2 
3 A-6060 101.4 2 

 
3.4- Density test 
 
Sl No Samples 

Designation 
Density 
(gm/cmᶾ) 

 

1 LM-29 2.65 
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2 A-356 2.685 

3 A-6060 2.7 
 
3.5- Machining behaviour 

 Machinability studies were carried out to check 
the machinability of aluminium alloy like LM-29, A-356, 
A-6060.. The machining behaviour of experimental 
aluminium alloy was studied in respect to cutting force, 
surface roughness and chip thickness under different 
machining condition. Aluminium alloy were subjected to 
machinability test over a range of cutting speed (310 -
710 R.P.M) while feed rate (0.15 mm/rev) and depth of 
cut (0.5 mm) were kept constant 

 The fig-(1) shows that cutting force in X axis is 
varies in different cutting speed during machining of 
aluminium alloy. It is observe that LM-29 aluminium 
alloy having maximum cutting force acting in X 
direction than the other two alloys. The A-6060 
aluminium alloy having minimum cutting force acting in 
X direction than the other two alloy. The A-356 
aluminium alloy having cutting force in acting in X 
direction is in range between LM-29 and A-6060. 
 

The f[g-(4) shows that cutting force in Z axis is 
varies in different cutting speed during machining of 
aluminium alloy. It is observe that LM-29 aluminium 
alloy having maximum cutting force acting in Z direction 
at 310 R.P.M. LM-29 aluminium alloys having same 
cutting force at 540 and 710 R.P.M. The A-6060 and A-
356 aluminium alloy having same cutting force acting in 
Z direction at different cutting speed. 
  The fig-(2) shows that surface roughness varies 
with increase in cutting speed during machining of LM-
29, A-356 and A-6060 aluminium alloys. It can be 
observed that surface roughness (Ra) of machined 
surface of aluminium alloys decreases with increase in 
cutting speed.  LM-29 aluminium alloy adversely 
affected surface finish and A-6060 aluminium alloy 
improved surface finish of machined surface. 
 

 The fig-(3) shows that chip thickness varies 
with increase in cutting speed during machining of LM-
29, A-356 and A-6060 aluminium alloys. It can be 
observed that chip thickness of aluminium alloy 
decreases with increase in cutting speed. LM-29 
aluminium alloy having maximum chip thickness in 
varying of cutting speed and A-6060 aluminium alloy 
having minimum chip thickness in varying of cutting 
speed. The A-356 aluminium alloy having chip thickness 
in range between LM-29 and A-6060 
3.6- Power consumption 

Calculating the power consumption of 
aluminium alloy by using the following formula                           

                                P= F×V 
              Where, F= cutting force in the direction of 
cutting 
                      V = cutting speed = ᴫDN m/min 
Calculating the power consumption of aluminium alloy 
LM-29 at cutting speed 310 R.P.M 
Diameter of rod before machining = 25mm 
Turned length of rod=20cm 
N = No of revolution per min 
               V = cutting speed = ᴫDN m/min 
                           = ᴫ x 0.025 x310 
                           = 24.34 m/min 
                           = 0.41 m/sec 
             Cutting force = F = 3 N 
             Power consumed = F X V 
                         = 3 X 0.41 
                         = 1.23 watt 
Similarly calculating the power consumption of different 
alloy in different cutting speed. 
 

 
Fig-1 
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Fig-2 

 
Fig-3 

 
Fig-4 

 
Fig-5 

 
Fig-6 

 
Fig-7 

 
Fig-8 
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Fig-9 
Fig-9 

Measuring cutting force during turning 
 

IV.  Discussion 
4.1- Cutting speed 

 Higher cutting force required machining of the 
LM-29 aluminium alloy than the other two aluminium 
alloys because of maximum percentage of silicon crystal 
present (22%-25%) in LM-29 aluminium alloy. It offers 
greater resistance to machining because of higher 
hardness. The silicon crystal also presences in A-6060 
aluminium alloy but its percentage is very low means 
0.4-0.8. So in A-6060 aluminium alloy having cutting 
force is less as compared to LM-29 aluminium alloy. 
       The maximum chip thickness produced in machining 
of LM-29 aluminium alloy. Due to presence of silicon, it 
increased the hardness and brittleness and decreased the 
ductility of material. Due to increase of hardness and 
brittleness formation of large no of small fragment of 
chips during the machining. So the LM-29 aluminium 
alloy having small chips as compared to other two 
material and having maximum chip thickness. A-6060 
aluminium alloy having minimum chip thickness in 
varying cutting speed but its produced maximum chip 
length or continuous chip. So the A-356 aluminium alloy 
having chip thickness in range between LM-29 and a-
6060 aluminium alloys. 
 
4.2- Surface Roughness 

 Maximum surface roughness produced in 
machining of LM-29 aluminium alloy. The surface 
roughness decreased when increased the cutting speed.  
Increase in cutting speed reduces the built up edge 
formation tendency and therefore reduces the surface 
roughness of the material. At very low speed duration of 
contact between chip and tool would be large. So there 
will be sufficient time for necessary plastic flow to occur 

and establish atomic bonding between chip and tool. This 
phenomenon leads to build up edge formation. When 
built up is broken, part of it goes with the chip and 
remaining on to the work material surface which 
deteriorates surface finish. So increase in cutting speed 
the surface roughness value is decrease. The surface 
roughness value minimum in machining of A -6060 
aluminium alloy means its produced greater surface 
finish.  
4.3- Power consumption 

 The fig-(5) shows that power consumption 
varies with increase in cutting speed during machining of 
LM-29, A-356 and A-6060 aluminium alloys. It can be 
observed that the power consumption of aluminium alloy 
increases with increase in cutting speed.  LM-29 
aluminium alloy having maximum power consumption 
than the other two alloy because of LM-29 aluminium 
alloy so much hardened than the A-356 and A-6060 
aluminium alloys. A-356 and A-6060 aluminium alloys 
having same power consumption in different cutting 
speed. 
4.4- Hardness 

The fig-(6) shows that the LM-29 aluminium 
silicon alloy having high hardness value.A-6060 
aluminium silicon alloy having low hardness value.A-
356 aluminium silicon alloy having range between LM-
29 & A-6060. LM-29 having maximum amount of 
silicon particles (22-25%), so presence of silicon particle 
increase the hardness of material. A-356 having fewer 
amounts of silicon particles (6.5-7.5), so A-356 having 
less hardness value than LM-29. A-6060 having fewer 
amount of silicon particles (0.4-0.8) than the A-356,so 
A-6060 having less hardness value than the A-356. 
4.5- Tensile strength 
  The above fig-(7) shows that LM-29 having 
maximum tensile strength than the other two material 
one is A-356 & A-6060.  A-6060 having less maximum 
tensile strength than the LM-29. A-356 having tensile 
strength range between LM-29 & A-6060. 
4.6- Density 
   The above fig-(8) shows that the LM-29 having 
minimum density because of high hardness value. A-356 
having less density than the LM-29 because of A-356 is 
less hardness than the LM-29. A-6060 having less 
density than the A-356 because of A-6060 is less 
hardness than the A-356.  
 

V. Conclusion 
• From the study it is concluded that The cutting 

force is decreased with increased in cutting 
speed. 
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•  LM-29 aluminium alloy so much hardened than 
A-356 and A-6060 because of percentage of 
silicon particle is maximum. 

• The formation of chip thickness is maximum in 
hard material.  So LM-29 aluminium alloy 
having maximum chip thickness. 

• A-6060 aluminium alloy having minimum chip 
thickness but it produced maximum chip length. 

• The surface roughness is decreased with 
increased in cutting speed due to reduction in 
build-up-edge formation tendency. 

• The tensile strength is increased with increased 
in hardness. 

• The power consumption is increased while 
machining of hard material. 
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