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ABSTRACT

Aluminium- silicon alloy metal matrix compositesimtorced with two types of low-carbon steel-
plates were prepared by sand-mould casting techniftiction and wear tests were performed
under dry sliding condition using a pin-on-disc ayfibometer. The results showed that Al /Si
alloy reinforced with low-carbon steel-plate comipes exhibit higher wear resistance than
monolithic Al /Si alloy.
saddiall cliall =iyl e cpe i e dall g o sSili — o gaie W) A A5Uay I3 SLaligall juaad &
e alasauly Calall (3Y V) Cag ks can GlIKEAY) 5 g ll il il ey el Al 1) ASLud) A8y yhay ¢ 50 S
i) Cleall 21 35 e e s Raead) 5 (oSl — agsia oY) A of Gl @ pelal | ) S
LO5Sh — o gia sV A (e el (5l daglia edis 50 ST

Keywords: composites materials, metallic matrix, unreinforeduminum alloys

1. INTRODUCTION of the multilayer composites were intermediate

Metal matrix composites materials are advanced b_etween the coefficients of friction for copper and
materials, which combine tough metallic matrix with Nickel. Wear tests performed on gold/molybdenum
a hard ceramic or soft reinforcement to produce @nd gold/stainless steel by Courtridge and Pafédn.

composite materials [1, 2]. These materials haveShowed that decreasing the gold layer thickness
superior properties compared to the monolithic resulted in a decrease in wear rate. The study also

applications [3, 4]. Metal matrix composite matkria Wear by gradual wearing of successive layers, but
show advantages in a great number of specificather by delamination in underlying layers as a
applications (aircraft, automobile, machines) doe t _result of plastic deformation and fracture at the
their high specific strength and stiffness, wear interfaces. Norose and Sasada. [10] prepared
resistance and dimensional stability. Most of the Metal/metal laminates by depositing thin plates of
commercial work on MMCs has focused on Mmetal A and metal B. As a result of wear experirsent
aluminium as the matrix metals which exhibit better carried out on 33 metal combinations rubbed against
mechanical properties than unreinforced aluminium Puré Fe and pure Cu, they found that laminated
alloys and have been used as tribological parts inCOmposites consistently exhibited higher wear
some vehicles for years due to their high ratio of resistance than the pure metals. More recently,
strength density and better wear resist4608). nanoscale AI/Slc composites have been synthesged
Unfortunately, only a limited number of publicaton @nd characterized [11] and found to have superior
on the friction and wear of laminated compositess ar Mechanical properties over conventional laminates.
available in the open literature. Alpas and Embury Pauleau and Thiery. [12] found that nanostructured
[7], found that, in the sliding wear of laminated C_u/C_:_Iamlnates exhibit coeff|C|er_1t of fr|ct_|on thist
composites of copper/amorphousdSi;sB:, metallic s_lgnn‘lcantly lower than that o_f dlamond-llk_e carbo_
glass, the wear resistance increases with incr@asinf”m_s (DLC). Others have fabricated ceramlclcerar_nlc
volume fraction of the metallic glass. Their laminates [13, 14] and found that the composites
experiments confirmed that the amorphous layershave improved wear and friction properties. Farhat
were effective in increasing the wear resistanctnef ~ [15]  investigated — wear  resistant  coatings,
composite by supporting the load with less nanolaminated com_posne f_|Ims. Thesg were
deformation and by obstructing the damage processcomposed of alternating metallic and ceramic layers
initiated in copper layers. Ruff and Lashmore [g] Namely, AV/ALO; and Ti/TiN were produced using
found that metal/metal multilayered composites of radio frequency magnetron sputtering. It was found
copper and nickel offered substantially increased that Laminates exhibit higher wear resistance than
resistance to sliding ear when compared to monolithic metallic films. The peak coefficient of

monolithic copper and nickel. Coefficients of fiant friction of Al/Al;O; having an aluminum layer
thickness of 200 nm is 70% lower than that for
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monolithic aluminum. The peak coefficient of sliding speed of 3.13 m'swas maintained at the
friction and severe and mild wear are sensitive centre of the track. Each specimen was weighed
functions of the normalized hardness of the mdteria immediately before wear test using an electronic

in contact. balance with an accuracy of 0.00001 g. After the

2. EXPERIMENTAL STUDY wear tests, the samples were weighed again in the
. same way.

2.1 Materials

The MMCs consist of two types (galvanized and
black) of low-carbon steel plates with 3 mm
thickness as reinforcement and Al /Si alloy as a
matrix. The chemical composition of Al /Si alloydan
the steel plate are given in Table (1) and Tab)e (2
respectively. Al/Si alloy received from Egyptian
Copper Co.While table (3) showed the mechanical
properties of Al/Si alloy and steel plates.

2.2 Technique
Sand-mould casting technique was used for the

production of both the Al /Si alloy without [FantNo| 1 2 3 4 5 6 |7
reinforcement and that with reinforcements. The 15« Specimen| Dead i Dia | Spring A
reinforcements were divided to two groups. Group Weights | Bearing | Gauge
(1) consisted of three separate steel plates amgpgr Fig. 1. Pin-on-disk tribometer

(2) consisted of continuous bending steel plate.
Friction and wear tests were performed under non-
lubricated sliding conditions using an in-house 3. RESULTS AND DISCUSSION

designed and built miniature pin-on-disc type 3.1 Wear rate and sliding time

tribometer as shown in Fig. 1. The sliding pin Isold \Wear rate versus sliding time curves give details o
and loads a pin specimen vertically , so the the change in the wear behavior of a material as a
reinforcement sheets are perpendicular to the @irfa function of sliding time. Prior to examining thetaa

of 250 mm diameter rotating gray cast iron tookdis for the tested composites it should be noted tiratet
hardened to 65 HRC. The specimens were groundimportant parameters can be obtained from such
and finished with 220-grit silicon carbide papeheT  curves. These are the peak value of the wear rate
hardened disk was also polished before each test(w.Rp), the steady-state value of the wear rate
Wear tests were made under a constant stress®f 0.0(W.Rs.s) and the sliding time at which transition t
MPa to determine the steady state period and undesteady-state (St) occurrs.Table (4) summarizes the
variable stresses (0.09 MPa, 0.12 MPa, and 0.15experimental data of these parameters.

MPa) to determine the wear rate and the coefficient

of friction. The load was applied to the tip of thie

which created a circular wear track of about 130 mm

diameter on the surface of the disc. A constant

Table 1, Chemical composition of the matrix (Wt. %)
Element Si Fe Cu Mn Mg Cr VA( Ti Al

Wt. % 6| 0.7 | 0.15:04 0.1 0.8:12 0.04:0.85 0}25150Q. 95.8:97.16

Table 2,chemical composition of the reinforcement (Wt. %)

Element Fe C Si Mn P S Cr Mo Ni Al
Wt. % 99.47 0.144 0.0257 0.120 0.00187 .00492 ®0210.0008| 0.0262 0.116
Element Nb Ti \ w Pb As B Co Cu

Wt. % 0.0039| 0.00242 0.00212 0.0189 0.00266 0.00@400066| 0.001 0.0445

Table 3, The mechanical properties for Al/Si alloy and Efdate

Material Yield strength (MPa) Tensile strength Ductility %
(MPa)
Al/Si alloy 44.43 130.9 15.2
Galvanized steel plate 170 290 26
Black steel plate 230 360 18
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The wear rate curves for all the tested materialeh  debris attaches within the wear track. Grains bénea
the same overall shape. Each curve is characterizedhe worn track kink and delaminate. Interaction of
by two regimes; initially, the wear rate increases deformed grains with different orientations leads t
rapidly until reaching a maximum value (W.Rp).This intergranular and transgranular microcracks. Under
is followed by a gradual decrease to a steady-stateepeated sliding contact, the surface and subsurfac
value (W.Rs.s). Wear curves for Al/Si alloy, gralp  damages accumulate, accompanied with high contact

and group 2 composites are given in Fig. 2. stresses due to rough contact surfaces after wear,
Al/Si alloy, group 1 and group 2 composites intergranular and transgranular microfracture. Then

fracture dominated severe wear is onset.

Composite W.Rp X(10YW.Rs s (10) St The | te ob d in the third
. e lower wear rate observed in the third group
_ glent/ MPa| g/ent/ MPa|  min (galvanized steel) in comparison to the other gsoup
Al/Si alloy 4.7 3 15 is shown in Table 4, which could be due to the lowe
Galvanized she 3.6 5 5 contact area in this group at a given load resyltin
group 1 A 15. from its higher level of strength. The observed
behavior of the wear rate can also be explained on
Black sheet 3.4 238 15.4 the basis of different oxidative wear behavior.
grqup 1 It has been found that a harder subsurface istable
Galvanized shey 5 23 155 hold a thicker transfer layer of oxide more firmly
group 2 compared to a softer one.
Black sheet 33 26 15.7 3.2. Wear rate and coefficient of friction with the
group 2 applied load
W.Rp = The wear rate peak value (g78MPa),  Figure 3 shows the variations in wear rate with load
W.Rs.s = The wear rate steady-state value (@/cm for group 1, group 3 steel sheet - reinforced Al/Si
MPa), St = transition time to steady-state (min). alloy composites and Al/Si alloy under unduplicated
sliding condition. The data for the un-reinforced
AIST Alloy matrix alloy are also displayed for comparison. The
BincK sneet groupt T measured maximum and minimum values of
Diack shet groups P 2 coefficient of friction (1) obtained for each specimen
Peak type under the corresponding test conditions are
7 given in as shown in Fig. 4.
g N —AI/Si Alloy
/ C<Galvanized sheet groupl
(% 5@\ St «<4%Salvanized sheet group 2
R X ’ -
% // \K \ SFeady L state g / -
AN N S oK
g >
E =
’ Tim:a (min)]2 " g ’ //
Fig. 2. Wear rate versus sliding time curves, obtained %ﬁ
using a normal stress of 0.06 MPa and a slidingdpe o
of 3.13 m & under unduplicated sliding condition, : Load (N) ‘ :

for Al/Si alloy, group 1 and group 2 composites Fig. 3.Variations in the rate of wear with applied

load for group 1 and group 3 steel sheet - reimfdrc

Initially, the wear rates are high (severe wear) bu Al/Si alloy composites. The data for the un-
after a certain sliding time, the wear rates desgda reinforced matrix alloy is also included for
to a lower value (mild wear). Severe wear is comparison

characterized by high wear rate, high coefficieht o

fr'Ct'gn anhd hﬁa\% surface d.efo(rjmapﬁnl. Mild wear, | is clear from Fig. 3, that the wear rate inceesas
on the other hand, Is associated with low wear raté i, jncreasing load for all the specimens in

a?dlcogfﬁ(cjnefnt of f_rlc'uonhas well as afsmall ambu  5ccordance with the proposition of Archard [16] |
of plastic deformation. The transition from sevése  hich states that wear-rate generally increases wit

mild wear generally corresponded to a s_imilar the applied load. More interestingly, one can e t
transition erm the pe_zak to stef’:\dy state Coeﬁm’? there appears to be two regimes of wear behavior:
friction regime. During the first wear stage tiny
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one with a lower wear-rate while the other with a into a layer. The completion between the removal of
higher wear-rate. Once the sliding condition enters a transfer layer and its reformation and thickening
this higher-wear regime, changes in wear rate arecould result in the deviation of the friction
much more gradual. coefficient as shown in Fig. 4.

Within the set of test conditions used, group 1 and 4. CONCLUSIONS

group 3 steel sheet - reinforced Al/Si alloy The following conclusions are deduced from the
composites have consistently exhibited a higherwea agits of tests performed on the specimens, which

rates than the un-reinforced matrix alloy.

& Max coeffecient of friction
0 Min coeffecient of friction
For Al/Si alloy

(3]

(34

Load (N)

f=Max coeffecient of friction
04 Min coeffecient of friction
For Galvanized sheet group 1

& Max coeffecient of friction
04 Min coeffecient of friction
For Galvanized group 2

004

Load (N) Load (N)

Fig. 4.Values of maximum and minimum coefficient
of friction (u) obtained for the tests where the wear-
rate data were obtained

Figure 4, shows that maximum and minimum values
of coefficient of friction (1) also increase with

increasing load for all the specimens. There is no

adhesion between the matrix and reinforcementan th
case of black sheets reinforcement, so it is istarg

to note that this reinforcement failed with inciiegs
load.

fabricated from Al/Si alloy and low carbon steel
plates reinforcement:-

1-Al/Si alloy and the composites reached the steady
state at nearly the same times.

2-The wear rate and the coefficient of friction

increase with increasing the contact pressure from
0.06 MPa up to 0.15 MPa for the Al/Si alloy and the
composites.

3-With increasing the contact pressure from 0.06
MPa up to 0.15 MPa, the reinforced Al/Si alloy was
found to lowering the wear rate, while raising the
coefficient of friction than the unreinforced Al/Si
alloy.
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