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ABSTRACT

To Theam of thisresearchisto study the effect of 5wt % Al,Os
addition Al- base alloy on dliding wear resistance under dry sliding
conditionsusing pin- on- disc machine.  Wear test was conducted
after squeeze casting under different pressure (30,60, 90) Mpa

Theresults show that wear ratefor Al- base adloy composites
increases with increasing applied load but decreases with increasing
diding speed conditions. The composites which casting a 90 Mpa
pressure represents lower wear rate than those which cast at 30, 60 Mpa
pressure and the base alloy . Theresults also observed that the
coefficient of friction increasing with increasing diding time but reaches
to the steady state after 200 sec. The microhardness and ultimate tensile
strength increases with increasing squeeze casting pressure.

Keywords: Aluminum aloy, Al,Os, Particulate composites, mechanical
properties, Squeeze casting.
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INTRODUCTION
hree decades at intensive research have provided weelth of new scientific
knowledge on the intrinsic and extrinsic effects of ceramic reinforcement to
metals and their aloys [1,2,3]. The successes of these various researches
have stimulated application of metal matrix composite in the design of many
engineering and non engineering component [1,3].

Aluminum matrix composite have shown high mechanical properties such as
high strength , high stiffness wear resistance and good eevated temperature
properties when compared with aduminum matrix composite in the following
electronic heat sinks , automotive drive shaft , ground vehicles brake rotors , jet
fighters , air craft firms , eectronic instrument racks , crank shafts , gear parts ,
brake drum cylinder block and suspension arms [4,5]. New researches on metal
matrix composite have focus on particle reinforcement due to low cost of the
ceramic reinforcement and less complex fabrication technique [1,6]. Stirring
casting route has been used successfull y to synthesis metal matrix composite.

However, initial investigation employing a squeeze casting process (the
application of external pressure on the molten metal) for Aluminum based MMC
have also demonstrated many the stir cast production technique, such as (a) better
compatibility between the metal matrix and the reinforcement particles, (b) a more
improved structure of the matrix alloy (c) better mechanical properties and  (d)
pressure activation of the reinforcement — metal interface [6]. Apart from the use of
particles aluminum matrix composites PAMC in space application, PAMC have
been successfully used as components in automotive aerospace, opted —
mechanical assemblies and therma management. PAMC are used as fan exit guide
vane (FEGV) in the gas turbine engine, as ventral fins and fuel access cover doors
in gas milititary aircraft [7]. Also PAMC are used as rotating blade sleeves in
helicopters flight [1,2]. Fing et.a [8] , studied the fabrication and characteristic of
Al- based hybrid composite reinforced with tungsten oxide particle and aluminum
borate whisker , fabricated by squeeze casting , and showed that the ultimate
tensile strength and the yield strength of the hybrid composites are higher than
those of the matrix while the longation is lower than that of matrix .

Jinfeng Leng [9] , found by the addition of graphite with different volume
fraction and particle sizes , SIC/ Gr/Al composites were fabricated by squeeze
casting . These composites are macroscopically dense and homogeneous, with no
distinct presence of Al,C;z in the composites and showed that with increasing
volume fraction and particle size of graphite , the tensile strength decrease from
420 to 235 Mpa and the dastic modulus decrease from 166 to 116 Gpa.

MATERIALS SELECTION AND EXPERIMENTAL PROCEDURES

The Al -3.5% Cu — 1.28 Mg alloy / Al,O3 composites used for this research were
synthesized by the squeeze cast method.

The chemical composition of the alloy used in the present investigation is given in
table (1).
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Table(1).Chemical composition of Al-Cu-Mg alloysin weight %

Element Wt %
Cu 35
Mg 1.28
Mn 0.75
Si 0.12
Fe 0.15
Cr 0.023
Ti 0.08
Zn 0.11
Al balance

The adloy was mdted in dectrical melting furnace the maximum temperature
of the furnace 1200 C°. This furnace was also used to hest the squeeze die before
pressing, also the reinforcement particles was heating before adding into the mdt.
The Al,O; of average particle size (+53- 75 ) pum was used to having 5 wt% of
second phase particle , the composite was synthesized by vortex method . During
melting 1 wt% Mg was added to improve the wet ability of the matrix and
improving the interfacial bonding between the partides and matrix.

When the amount of reinforcement was 5wt% the particles were wrapped in a
very thin foils and heated to 400 C° for 1 hrs in hesting furnace then adding the
heated Al,O; particles with the Al foil to the molten Al-Cu-Mg dloy for 15
minutes using an eectrical stirrer at speed ( 600 rpm) After then the molten
composite is put again in the melting furnace for increasing the temperature to 700
C°, then stirring the molten composite again for 10 min and then pouring it into
the squeeze die cavity which preheated at 300 C° for 30 min and placed on the
hydraulic press table as shown in fig .(1) ,. The gpplication of the squeeze pressure
for 30 sec & adday timeof 5 sec and dlowing for solidification, the
casting pressures are ( 30, 60 , 90) Mpa , &fter solidification removing the
solidified composite casting from the die of 30mm diameter and 170mm height as
shown in fig. (2). In order to examine the microstructure of the base alloy and the
squeeze casting composites, the specimens were cut from the center of the samples
, wet ground and then polished. Grinding was conducted with silicon carbide
papers 1000 grit using grinding machine ( Struers DAP-5, Denmark). The
speci mens were then polished on polishing cloth using 5 um and 0.3 pm alumina
suspension consequentialy. These samples were then washed in water and
alcohol, and then dried in hot air. The worn surface was examined by an optical
microscope with digital camera. The micro hardness of the base alloy and
composites was measured by using Vickers hardness apparatus, and calculated by
the following:

Hv =1.8544 [F d"2] (D
Where:-
F: Theapplied load 500 gm.
d: Thediameter of the rhombus indentation in( mm) .
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The tensile strength measurement by using the Instron machine type 1195,
thespecimen dimensions with standard (ASTM, E8). The dry sliding wear tests
were conducted on Al,O; particles reinforced Al-Cu -Mg matrix composite
speci mens on the pin — on-disc machine which belongs to tribology laboratory
, and metalurgy , university of technology as shown in fig. (3). The wear
specimens were cylindrical with a diameter of 10 mm and a length of 20mm. The
wear test carried by using pin —on- disc method, the following procedure was
conducted as follows:-

1- Carbon sted disc was mounted in its position with hardness 60 HRC.
2- The pin was weighted accurately before test and then mounted on the specimen
holder.
3- The lever arm was balanced by adjusting the weights in the rear position, and
kept at a horizontal position so that the specimen was close to the disc but no force
acted on it.
4- The pin was loaded normally by adding (5, 10, 15, 20) N load.
5- At the instance of running system, the stop watch was started for the purpose of
measuring the testing time. Each test took 20 min, and the weight loss from the
speci men was recorded, for the purpose of calculating the wear rate.

For measuring the coefficient of friction the strain meter was set to zero
reading before each test and every 30 sec of the whole
Period of 20 min, the strain meter reading was recorded and the average va ue was
then calculated . The friction force between the pin and disk surface was measured
using two strain gauges cemented on the vertical face of the lever am , in order to
measure the dagtic bending strain resulting from tangential force at the dliding
interface . Fig(4) shows the cdibration curve of the system to estimate the val ue of
tangentid force using the microstrain reading .The coefficient of friction can be
calculated as follows:-

p=FN . 2
Where: -
F: Frictionforce (N)
N: Normal applied force (N)

The wear rate was calculated from weight loss measurement, by using sensitive
balance with an accuracy of = 0.0001 gm ( Mettler type AE 200, Swaziland) and
the wear rate can be calculated as follows :

Wear rate (Wr) = W,-W,/s . 3
Where:-
W: Specimen weight before wear test (gm).
W, Specimen weight after the wear test. (gm)
S: Sliding distance (cm)

S= Vxt - (4)
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Where -

T: Running time (20) min at each test.
V: Linear dliding speed (m/sec).

The disc rotationa speed was 520 rpm with a linear sliding speed (V) of
(2.7, 3.08, 4.7) m/sec. Loading was carried out normally by putting suitable
weight on the specimen holder weighting (5, 10, 15, 20) N. The coefficient of
friction aso measured for the base alloy and the composite specimens under
different load (5,10,15,20) N at constant sliding speed ( 3.08 m/sec)

RESULTS AND DISCUSSION

The results obtained from the experimental work are discussed here, Fig. (5) ,
shows the relationship between the squeeze pressure and the wear rate under
different applied load (5,10, 15,20 ) N and at constant sliding speed ( 3.08 m/sec)
it is clear from this figure that the wear rate increases generally with increasing the
applied load , but it is also represents that the reinforced composite pin which is
casting a squeeze pressure 90 Mpa shows lower wear rate when compared with
other pins which casting at 60 Mpa , 30 Mpa and the base adloy , because at
these values of loading the particles acted as a load bearing dement between the
contact surfaces and this particles have higher hardness than the base alloy it dso
act as protrusion over the matrix and protect the composite surface from sever wear
[10]. Fig. (6). show the relationship between the squeeze pressure and different
dliding speed (2.7,3.08,4.7) m/sec under constant load (10 N) it is clear that the
wear rate decreases with increasing the sliding speed but the composite pin
reinforced by Al,Oz; which casting at pressure 90 Mpa has lower wear rate when
compared with the base aloy and other composites which casting at 60 and 30 Mpa
. This is because of the increased flash temperature produced at contact interface,
with increasing sliding speed , this flash temperature may reach the meting point at
surface asperities]11,12] . The flow of heat through the specimen metal at higher
sliding speed is lower than that at lower sliding speed. At low sliding speed thereis
enough time for metal contact for cold welding, because of the atomic diffusion
between contact surfaces. Also plastic deformation of these asperities is higher than
that at high diding speed , this cause a strong contact between surfaces and finally
the wear will increase [13,14] . Fig. (7)and (8), represents the surface
topography of different worn surfaces under different load ( 10, 20 )N and at
constant sliding speed 3.08 m/sec, the plowing markings can be seen in these
figures as aresult of plastic deformation and verifies the above findings.

The fig. (9,10) represents the relationship between the coefficient of friction and
the sliding time under high and low applied load and constant sliding speed ( 3.08
m/ sec) . The coefficient of friction increases and reaches to a steady state at 200
sec, this is because the number of asperities contact and will lead to increasing in
the actua contact area between the specimen surface and disc then it increases the
force required to shear contact tips of asperities and an increasing in the coefficient
of friction [ 1516 ]. The squeeze pressures effects also on the mechanical
properties as shown in fig.(11,12) , its clear that the micro hardness and the
ultimate tensile strength increases with increasing squeeze pressures .
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CONCLUSIONS

1- Wear ratedecreases with increasing squeeze pressure

2- Composites when squeeze cast at 90 Mpa shows higher wear resistance than
the base aloy and the composites when squeeze cast at 60 and 30 Mpa.

3- The coefficient of friction increases with increasing sliding time and it will
reaches to steady state after 200 sec, under high and low load with constant sliding
sped .

4- The micro hardness and ultimate tensile strength increases with increasing
sgueeze pressures.
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Figure (1) the hydraulic pressused for
squeeze casting .
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Figure (2) the punch and die used in squeeze casting

= I Tl
specimen halder

specimen

“ronating disk

Figure (3) Wear test apparatus

1256

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

Eng. & Tech. Journal, Vol.30, No.7, 2012 The Effect of Ceramic Particale Oxides addition

on Wear Resistance of Composite Material
for Aluminum Base Alloy

y =48.45x
/ Y = 41.795x

/
/ ¥ =33.473x Fr—
W ] 3.7 misec
)y A '

4.7 misec

Load(am)

20

Microstrain

Figure (4) Calibration curves

—e—squeez cast pressure 90
mpa

—8—squeez cast pressure 60
mpa

—A—squeez cast pressure 30

mpa
—4As its

Wear rate x 10 -8 (gm/cm)

Figure (5) Effect of squeeze cast pressure on wear rate,
under different load for the Al- alloy and composites,
constant diding speed ( 3.08) m/sec.
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—&— squeeze cast pressure 30|
mpa

—4— squeeze cast pressure 60|
mpa

Wear rate x 10*-8 (gm/cm )

—X— squeeze cast pressure 90|
mpa

2 3
Sliding speed (M/sec)

Figure (6) Effect of squeeze pressure on wear rate under
Different dliding speed for the base Al- alloy
and composite, constant load 10N .
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Figure (7) Optical micrograph of wortn surface at
dliding speed 3.08 m/ sec, load 10N. X125,

a Al-3.5% Cualoyascast.

b- Composite/ squeeze cast pressure 30 mpa.
c- Composite/ sgueeze cast pressure 60 mpa.
d- Composite/ squeeze cast pressure 90 mpa.
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Figure (8) Optical micrograph of worn surface at sliding
speed 3.08 m/sec, Load 20 N . X 125,
a Al-3.5wt%. Cuascas .
b- Composite/ sgueeze cast pressure 30 mpa.
c- Composite/ squeeze cast pressure 60 mpa .
d- Composite/ squeeze cast pressure 90 mpa .
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Figure (9) Coefficient of friction the basealloy and composites which casts
under different squeeze pressurein function of sliding time. Load 10 N,diding
speed 4.7 m/sec
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Figure (10) Coefficient of friction for the base alloy and composites which
casts under different squeeze pressurein function of diding time. Load 10 N,
dliding speed 2.7 m/sec.
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Figure (11). Effect of squeeze pressure on ultimate tensile strength
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Figure (12) Effect of squeeze pressure on microhardness
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