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Abstract: In present work, an attempt has been made to experimental investigate the machinability of aluminum metal matrix

composite during continuous face milling of composite bars using carbide inserts.

The aluminum metal matrix composite was

fabricated by stir casting process. Base matrix material is Aluminum Alloy 1100 reinforced with 10wt% Zirconium oxide particles of
mean diameter 20 um to 40 um is used. Experiments has been performed on CNC Vertical Milling center by using carbide insert at
various cutting conditions and parameters such as cutting speed, feed and depth of cut and surface roughness was found at
different levels. The effect of machining parameters, e.g. cutting speed and depth of cut on the surface roughness has been discussed.

Keywords: Aluminum metal matrix composite, Surface roughness (SR), CNC Vertical Milling Center.

1. Introduction

Aluminum metal matrix composites refer to the class of light
weight aluminum centric systems which are characterized by
superior physical and mechanical properties. An advantage
of using these materials than the non-reinforced aluminum
alloys can be attributed to the fact that properties of
aluminum metal matrix composites can be tailored to the
demands of different industrial applications by suitable
combinations of aluminum matrix, reinforcement and
processing route. Although, the presence of ceramic
reinforcements in these materials likes SiC, Al,O3, etc
improve stiffness, hardness; wear resistance, etc as desired
in typical industrial applications, but also makes machining
like face milling difficult.

2. Material preparation

The matrix material used in this study is AA1100 (Figure 1).
Table 1 shows the chemical composition of AA1100. The
reinforcement material added was ZrO, (Figure 2). The
addition of ZrO, particles improves high fracture toughness,
wear resistance, hardness, strength, and stiffness. The
composite was prepared using stir casting process. AA1100
is kept in graphite crucible inside the muffle furnace. The
alloy was melted to the desired heating temperature of
645°C. The preheated reinforcement particles with an
amount of 10 wt% of ZrO, particles and size of 20 um to 40
um were introduced into the vortex of the molten alloy after
effective heating.

Figure 1: Aluminum Alloy 1100

Figure 2: Zirconium Oxide Powder

Mechanical stirring of the molten alloy for duration of
20mins was achieved by using a stirrer. The speed of the
stirrer was maintained at 350rpm. The melt was poured at
635°C into a mild steel mould. Then the mould was left in
air to cool down to room temperature and then the cast
composite was obtained.

Table 1: Chemical composition of AA 1100

Alloy Si+ Fe Cu | Mn Be Zn Al

1100 | 0.80 Si+Fe | 0.05 | 0.09 | 0.00070 | 0.05 | Remainder

Volume 6 Issue 6, June 2017

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: 19061704

2031




International Journal of Science and Research (1JSR)
ISSN (Online): 2319-7064
Index Copernicus Value (2015): 78.96 | Impact Factor (2015): 6.391

3. Experimental Work

The main objective of this experimental work was to study
the effect of cutting speed, feed, and depth of cut for
AA1100/ZrO, composite in CNC vertical milling centre
(Figure 3) for surface roughness and investigate the surface
roughness after machining. To study the effect on surface
roughness, various parameters and levels selected are listed
in Table 2.

-

Table 4.3: Technical Specifications of VMC

S.No. Parameter Unit Range
1 Spindle Power (Kw) 55-75
2 Spindle Speed (RPM) 60-6,000
3 Traverse (X) (mm) 510

4 Traverses (Y) (mm) 510

5 Traverses (Z) (mm) 510

6 Work Table Size | (mm) 700 x 520
7 Tools Magzine No of Tools | 16

Figure 1: Cast AA1100/10wt%ZrO2

Table 2: Parameters and level selection

Spindle Speed(rpm) | 500 | 1000 | 2000 | 3000 | 4000
Feed (mm/min) 10 | 20 40 60 80
D.O.C (mm) 0.1 | 025 | 05 075 | 1

4. Results and Discussions

Work piece material Aluminum Alloy 1100 reinforced with
10wt% Zirconium oxide particles composition is already

shown above. It has got low thermal expansion and good
wear resistance. It is observed that while machining
AA1100/10wt%ZrO2 work piece, discontinuous chips are
formed. Experimental data related to surface roughness
characteristics three graphs are plotted using MS-Word 2007
software application

Table 3: Varying the Speed (Feed and DOC constant

S.NO. | Spindle Speed Feed DOC | SR(Ry)
(rpm) (mm/min) | (mm) pm
1 500 40 0.5 4.735
2 1000 40 0.5 2.342
3 2000 40 0.5 1.786
4 3000 40 0.5 1.376
5 4000 40 0.5 1.152
3
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4 -
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5 DOC 05 mm
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(pm) 2
13
1
0.3
0
0 1000 2000 3000 4000 5000
Spindle Speed (RPM)

Figure 2: Change of surface roughness with spindle speed

Table 3 shows the change of surface roughness with spindle
speed when the feed and depth of cut are kept at the mid
value i.e; 40 mm/min and 0.5 mm respectively. It is seen
from the graph of Surface roughness Vs. Spindle Speed that
when feed & depth of cut are kept constant and only Spindle
speed is increased continuously we can see from the graph
that when the value of spindle speed is 500 rpm the value of
surface roughness is very high (4.735 um) but when the
spindle speed is increased from 1000 to 4000 rpm the value
of SR decreases sharply. The minimum value of surface
roughness (1.152 pm) can be achieved when the Spindle
speed is at 4000 rpm.

Table 4: Varying the Feed (Spindle Speed and DOC
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constant)
S.NO. | SPINDLE FEED DOC | SR(R,)
SPEED(rpm) | (mm/min) | (mm) pm
1 2000 10 0.5 2.891
2 2000 20 0.5 1.564
3 2000 40 0.5 1.775
4 2000 60 0.5 1.877
5 2000 80 0.5 2.148
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Figure 3: Change of surface roughness with feed gradually

Table 4 shows the change of surface roughness with the feed
rate when the spindle speed and depth of cut are kept at mid
value i.e. 2000 rpm and 0.5 mm respectively. Figure 3 shows
the change of Surface roughness with the increase in feed. It
is seen from the graph of Surface roughness Vs. feed that
when Spindle speed and depth of cut are kept constant and
only feed is increased surface roughness increases gradually.

Table 5: Varying the D.O.C (Spindle Speed and Feed

constant)
S.NO. | Spindle Speed Feed DOC | SR(Ry)
(rpm) (mm/min) | (mm) pm
1 2000 40 0.1 1471
2 2000 40 0.25 1.475
3 2000 40 0.5 1.733
4 2000 40 0.75 1.734
5 2000 40 1 2.211
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Figure 4: Change of surface roughness with depth of cut

Table 5 shows the variation of surface roughness with depth
of cut when the spindle speed and feed are maintained at
mid value i.e. 2000 rpm and 40 mm respectively. Figure 4
the curve between surface roughness and depth of cut. The
surface increases with increase in depth of cut. The increase
in surface roughness is minimum from 0.2 mm to 0.8 mm
depth of cut.

5. Conclusion

In this work, effects of ZrO2 reinforcement to 1100 Al
alloy on surface roughness during Milling have been
investigated in terms of selected parameters such as Spindle
speeds, feed rates, and depth of cuts. For optimum surface

roughness in the work piece, it is recommended that Milling
operation on Al alloy composite by carbide insert should be
carried out at, spindle speed within the range of 1000 to
4000 rpm, feed rate within range of 40 to 80 mm/min, and
DOC within range of 0.1. Among all the cutting parameters
affecting surface roughness of the Al alloy composite
(AA1100/10wt%Zr02), surface roughness shows decreasing
trend sharply as the Spindle speed increases, feed rate shows
gradual effect on surface roughness, when we increase the
feed rate and depth of cut has showing minimum effect on
surface roughness while we increase the depth of cut from
0.2 mm to 0.8 mm. Spindle speed and feed rate has
maximum effect on surface roughness
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