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ABSTRACT

In this study, the Al 2618 aluminium alloy is reanéed with SiN, (Silicon Nitride), AIN
(Aluminium Nitride) & Zrb, (Zirconium Boride) in wt. % of (0,2,4,6,8) by stoasting
process. The tribological and mechanical propertéshese composites particles were
investigated under dry sliding conditions. The natbal properties of the composites is
studied by conducting various test like hardness, tiensile test and compression test to
understand the relationship between the wt. % iofareement and the matrix metal. This is
followed by the micro structural study to examihe bond formation and effect of grain size
reduction due to the addition of reinforcement. Taguchi los orthogonal array is used to
optimize the process parameters to obtain minimwarwate and the analysis of variance
(ANOVA) was used to investigate the influence ofgmaeter affecting the wear rate. The
Scanning Electron Microscope (SEM) analysis is iedrrout to understand the wear
mechanism of worn out surfaces and the wear debhs. manipulate of the wt. % of
reinforcements and applied load on the wear ratearwesistance, specific wear rate,
coefficient of wear rate and the mass loss wermediated using the pin-on-disk method.

Keywords: Metal-matrix composites, wear testing, Micro stawe, Taguchi Method,
ANOVA.

1. INTRODUCTION

Aluminium alloys are used in many engineering aggtions to their light weight and high
strength characteristics. However, low hardnesscam$equently low wear resistance limit
their use in some applications [1]. At the predéene, aluminium metal matrix composites
have been well recognized and steadily improvedals of their advanced engineering
properties, such as their improved wear resistdoeegdensity, specific strength and stiffness
[2]. The improved wear resistance of AMMCs hasaatied significant attentions in the field
of tribology. However, the use of single reinforaar in an aluminium matrix may
sometimes compromise the values of its physicapgmges. Both the mechanical strength
and the wear resistance of composites increasethathddition of reinforcement particulates
to the aluminium matrix alloy. However, the conseofuincrease in hardness makes



machining difficult [3]. Compared with traditionax situ composites, the in situ particles
reinforced aluminium matrix composites possess madrantages in microstructure such as
clean interface, strong interfacial bonding, firertgles and uniform distribution in matrix
[4]. It has been stated that abrasive wear resistari the composites increases with the
amount of reinforcement. Also, the erosion wearavedur of composite materials has been a
subject of study for many investigators [5]. Instlstudy, the metal matrix Al 2618 is
reinforced with particles such aslSi, AIN, and Zrl in various wt. % of (0,2,4,6,8) and 24rb

is developed by the composition of ;s and KBR salts by insitu process to form the
metal matrix composites. The mechanical propertash as tensile, compressive and
hardness are measured by using universal testinghinea and Vickers harness testing
machine respectively. The composites are charaeteiy various processes such as X-ray
diffraction (XRD) for analysis of different phaséarmed. The morphology of composite has
been studied under optical microscope, scanningtrele microscope and the wear effect
mechanisms were conferred systematically. Tagughiolthogonal array has been used to
identify the most influential process parameteralisis of variance (ANOVA) is used to
obtain the total percentage of contribution of epatameter.

2. EXPERIMENTAL PROCEDURE
2.1 MATERIAL SELECTION

In this study, the Aluminium 2618 is consideredilas base metal. The matrix material is
mixed with reinforced particles to examine the g®rof mechanical properties and its
tribological behaviour in various weight percengmdem its standard value. The Table. 1
shows the chemical composition of Al 2618 alloywh %. The three reinforced particles
mixed with base metal ares8i, AIN, and Zrb. These reinforced particles are added in wt.
% of [0,2,4,6,8] with base metal to form a compasithe reinforcement particle Zrls
formed owing to the blend of two types of salts e§nkK,Z,Fs and KBF.

2.2 WORK PIECE DESIGN

The specimen is made with various weight percestageeinforcement materials to carry
out various experiments. Initially, the stir cagtimethod is deployed to produce the
specimen, the base metal Al 2618 was taken in alldeumade out of graphite and it is
heated to a temperature of about 860 The stirrer is used to stir the molten metall we!
mix all the particles. The reinforcement partickesh as SN4, AIN, and Zrb are added with
molten aluminium in weight ratio of (2,4,6,8). Therrer is made up of mild steel which is
coated with zirconium to avoid the possible contation of the molten metal with iron.
The chemical reaction between the inorganic saltsthe molten Al took place to form in
situ particulates [6]. The molten melt is well diguished and it is poured in to a cylindrical
mould of size possessing a specimen diameter ahiOdiameter and length of 25 mm.
When the mould reaches the room temperature, #gmspn is taken out and the machining
operations like facing and turning were done tawbthe required shape and size. The Fig. 1
shows the work piece with various wt. % of reinfarent particles with matrix metal
aluminium,



2.3 PIN ON DISC WEAR TEST

The Pin on Disc apparatus is used to carry outltiiesliding wear test at room temperature
according to the ATM G99 G95a Standard. The Scherda&gram of Pin on Disc apparatus
is shown in Fig. 2. The specimen of size 100 mmmeigrs and length 25 mm is considered
as test material with various percentage of regdorent.

The electronic balance weight machine is used tasome the weight of the pin and disc
before and after the test gets commenced. In @@t 25 specimens are taken for this test,
a group of five pieces in each group with differemtight percentage of reinforcement. The
various input parameters are considered while octivy this wear test on Pin on Disc
apparatus. The tribological test were carried oubom temperature in the ranges of applied
normal load of 10N, 20N, 30N, 40N, 50N at a slidspeed range of 1 m/s, 2 m/s, 3 m/s, 4
m/s and 5 m/s in steps with a constant slidingadise of 3000 meters. The mass of the
specimen is measured once the test is completexiat temperature. From the mass loss in
the specimen, the wear rate, wear resistance,iceetf of friction and specific wear rate
were calculated.

2.4 VICKER HARDNESS TEST

The hardness value of the Al 2618 alloy with theiouegs wt% of reinforcement has been
measured by using Vickers hardness testing machine. hardness tests were conducted
according to the ASTM E10-07 standards. The load.6f kg have been provided to the
loaded specimen for about 25 sec and carried owgam temperature. The Fig. 3 shows the
Vickers hardness testing machine. The reinforcemmeierials such as 84, AIN, and Zrb
were added to the matrix material in  (0,2,4,8/8)%. In total five specimens are carried out
for hardness test. In each specimen, hardnessé¢estconducted at five different locations to
obtain an average value of hardness.

2.5 TENSILE TEST

The ultimate tensile strength for metal matrix withreinforcement is calculated by using a
universal testing machine. The tensile strengthitferspecimen is assessed as per the ASTM
EO8-8 standard. Before the tensile test, the samppolished with the help of 1200 grit
grinding SiC Paper to diminish the machining sdratcand also to reduce the effects of
surface defects on the outer surface of the speci@ carry out the tensile strength, loads
of 10KN were applied to the specimen in the unigketssting machine and it is evaluated at
cross head speed of 2.5 m/min.



2.6 COMPRESSION TEST

The computerized universal testing machine was ts@alculate the ultimateompressive
strength of the matrix material with its reinforcemh. The test was carried out on the
specimen as per the ASTM E9-09 standards. The atirocompressive strength is measured
by calculating the applied force adjacent to defatiam in the universal testing machine. In
total five specimen were carried out for compressigst possessing a reinforcement of
(0,2,4,6,8) wt.% with the matrix material in rooemtperature.

2.7 MICROSTRUCTURAL STUDY

The electronic optical microscopic were deployedobserve the micro structural for the
metal matrix with its reinforcement and the bleridoth matrix material and reinforcement
were analyzed through the micrographs of the forspetimen. The Fig. 4 shows the optical
electron microscopic with specimen loaded to viesvmicro structural. The matrix material
Al 2618 is mixed with the reinforcement materiatsias SiN4, AIN, and Zri at a particular
weight % of 0,2,4,6,8 by the process of stir castirethod. Total of five specimens is formed
based on the weight percentage of reinforcementeasti specimen is cut in to five equal
shapes by using the power hacksaw blade. The @dtohg process is done for the equal
shape specimen by using cold setting liquid and sekting powder. Initially, the irregular
scratches on the specimen is removed partially 9iggudry belt machines and the fine
scratches on the specimen are reduced by usingyesheets with different sets of grade
sheets. The chemical etchant called Kellers Etc{iaistilled water — 190 ml, HN®- 5ml,
HCIl — 3 ml, HF — 2 ml) [7] is applied on the uperface of the specimen and it is made to
dry in hot air by using hot air gun for 30 sec tatain the enhanced microstructure with
various magnification.

3. OPTIMIZATION TECHNIQUE
3.1 TAGUCHI METHOD

Taguchi method which is a powerful tool in parametesign was used for conducting the
experiments. It provided a simple, efficient andteynatic approach to optimize the design
for performance, quality and cost. The methodolisgyaluable when the design parameters
are qualitative and discrete [8]. The greatest athge of this method is to save the effort in
performing experiments: to save the experimentagétito reduce the cost, and to find out
significant factors fast [9]. Generally, there #reee types of performance characteristics for
the analysis of the S/N ratio, i.e., the lower tietter, the nominal the better, and the higher
the better [10]. In this method, Taguchi lower etér type is used to calculate the process
parameters. The three process parameters whidmendé the wear rate of the composite
alloy are wt. % of composites, Load and the velodibsorthogonal array was used for this
experiment. The Table. 2 show thg; brthogonal array factors and its levels. The fdrofa
Losorthogonal array is presented in Table. 3.



3.2 ANOVA METHOD

In order to optimize the machining parameters, ribhenerical optimization technique has
been used. Using analysis of variance (ANOVA), significance of input parameters is
evaluated. MINI TAB statistical software is usecegiablish the design matrix, to analyze the
experimental data and to fit the experiential data second-order polynomial. Sequential F
test and other adequacy measures are used to theckodel's performance [11]. To
determine the optimal wear rate of the composikeygbarameters, the standard ANOVA
procedure was performed using the mean values AN@VA table indicates the order of
importance of the parameters influences the wearafathe composite alloy.

4. RESULTS AND DISCUSSION
4.1 MECHANICAL PROPERTIES - Al 2618 MATRIX MATERIAL

In this study, the three mechanical property testhsas hardness test, tensile test and
compression test are carried out to determine éingniess value, ultimate tensile strength and
ultimate compressive strength of the compositeyafb 2618 with its reinforcement. The
matrix material aluminium Al 2618 is reinforced tvithree particles such asiSi, AIN, and
Zrb, with five stages of adding wt. % to the matrix nmetle It proves that mechanical
properties posses higher value at adding moreai@ment than the base metal alloy. The
mechanical tests were carried out as per the AStaktards for each different test.

4.1.1 HARDNESS TEST

The micro hardness for the Al 2618 alloy along witk reinforcement is measured by using
the Vickers hardness testing machine. The hardredass are calculated at different phases
of composite to analysis about the effect of raicdéd particles on the matrix materials. The
Fig. 5 shows the hardness value for the composit@6A8 with its five reinforcement
composition. The reinforcement particles such agNSiAIN, and Zrb added with
corresponding wt. % (0,2,4,6,8) to the matrix mateAl 2618 reveals an increase of
hardness value based on the composition added Zaojt particles increase the hardness of
the composite due to its fine particulate distiidmt[12]. One of the noticeable features is
that composite has a fine participated diffusionclvHeads to increase the hardness value
due to the presence of reinforced substances. Isdt may due to the acceleration in
occurrence of hard i, particles in the aluminium matrix and high hardnes SgN4
particles. It enhances their surface area anditleeo$ aluminium matrix grains reduced. The
occurrence of these hard surface areas fd,$iarticles offer huge resistance to the plastic
deformation which results into increase of the hass$ of fabricated aluminium matrix
composites [13]. In Addition of AIN reinforced piates, the improvement of hardness is due
to the effect of hardening effect of the binder véhmore amount of alloy is dissolved and
hardness of the aluminium reinforced compositeadseased due to the decline of particles
size. Hence the composite alloy attains higher ressl value due to the decrease of plastic
deformation by the reinforced patrticles.



4.1.2 TENSILE STRENGTH

The effect of reinforcement particles such afNgiAIN, and Zrb on the tensile strength of
the composite obtained from the tensile test apgvalin Fig. 6. The tensile strength is one of
the important characterization in mechanical proper The tensile strength value of the
composite materials increases along due to theiaddf reinforcement materials such as
SizgNg4, AIN, and Zrb with various wt.%. This is mainly due to the strésansmission from
the Al 2618 matrix to the reinforcement particl&se interactions between the dislocations
and reinforcement particles results in higher fenstrength. The presence of Zitarticles
enhances the tensile strength due to the addifiparticles increases in volume fraction and
also the elongation is significantly improves doetlie value of particle volume fraction
increases. The brittle behaviour of theNgiparticles plays a significant role in reducing the
ductility as SiN4reinforcement is brittle and they enlarged thetleness in the fabricated
composites, which in-turns reduced the ductilitytemt of the composites [14-15]. In the
increase wt. % of AIN particles, the refinement aéramic grains and homogenous
microstructure is enhanced and exhibited the sapalirasive wear resistance. The scattering
of reinforced particles are evenly distributed oWlee composite and possess continuous
acquaintance leading to better tensile strength.

4.1.3 COMPRESSIVE STRENGTH

The ultimate compressive strength of the Al 261Byalis measured along with the
reinforcement particles $4, AIN, and Zrb and the values of the compressive strength for
the matrix alloy with five reinforcement materiase shown in the Fig. 7. The compressive
strength of the matrix material is increased duentyzement of wt. % of reinforcement
material. At each stage of wt. % of (0,2,4,6,8hi@icement material with matrix Al 2618
posses higher value compressive strength due thyitved composites are greater than that
of base alloy [16]. The ultimate compressive sttenig high due to the reinforcement
particles act as a second phase in the phase aistl tle movement of dislocation in the
matrix composite [17].

4.2 EDX ANALYSIS

The EDX spectrometer is a powerful instrument ferfgrming qualitative and quantitative
elemental analyses of materials by measuring tlaeackeristics of re-emitted X-rays [18].
The results obtained from the EDX spectrograpthefdomposite fillers consume a number
of varying compositions of different types of pel@s. The Fig. 8 displays the EDX analysis
of the worn surface after wear tested. The peaksdl @luminium alloy observed. One of the
important features is that surface of the alloytaoms the content of iron and also presence of
oxygen indicates the oxidation reaction. The preseof O peak confirms the oxidation
driven wear in all cases. Iron is transmitted frili® wearing counter face by a mechanism of
mechanically alloying which results in the formatiof mechanically mixed layer (MML) in
the wearing surface [19]. It indicates that thenitcansfer layer inhibits contact between the



surfaces, hence improving the wear resistance. @étaviour is in good agreement with the
results of Rosenberger et al. [20]. The wear rast# is increased mainly due to the iron
transmit layer restrain contact between the sustace

4.3 X-RAY DIFFRACTION ANALYSIS

The X-ray diffraction (XRD) results for the matrimetal Al 2618 with reinforcement
particles SiN4, AIN, and Zrb are shown in Fig. 9. The diffraction peaks of 8kN4, AIN,

and Zrb phases are observed. The obtained XRD result iettea presence of aluminium is
in form of largest peaks. The mixture of aluminiamd nitride particles in the composite
particles occurs at the level below to each otlibe presence of silicon nitride particles and
zirconium boride particles is indicated by minorakg The increase in the intensity of
reinforcement particles with increase in the amoohtreinforcementparticles in the
composite is evident. A measured shift of the Atipkes to higher angles with increases in
the weight % of the reinforcement Zris also evident. In this analysis, samples are not
subjected to oxygen reaction during the sinteriragess [21].

4.4 MICROSTRUCTURAL STUDIES

The five micrographs for the composite alloy ofiwas wt. % have been shown in the Fig.
10. The micrograph of matrix Al 2618 without reirfement materials such asiy, AIN,
and Zrbin Fig. 10 (0%) reveals the grains of matrix phagé uniformly distributed its base
metal particles. The microstructure of matrix metahforced with increasing percentage of
reinforcement particles shown in Fig. 10. It implibat the grain size of matrix phase refines
on in-situ formation of these particles. The enlwgahe bond strength at the interface
between the matrix and the reinforcement partialed the homogenous distribution of the
reinforcement particles is achieved by stir castimgthod. Although reinforcement fracture
might be severe, the improvement of the state geatision of the reinforcement had a good
influence on the mechanical properties of the magrix composites [22].

The average grain size of different compositeh@w in the Table. 4. The average values
of the grain size for composite alloy of 0%, 2%, ,48%0, 8% are 39.2 um, 43.8 um, 30.95
pm, 26.85 pm, 21.9 um respectively. The main acdwed in presence of reinforced and
refinement of grains is achieved due to the reasincin the movement of solidification and
also act as nucleation sites for matrix phase ¢reimsing the number of grains. The particles
have greater tendency to be pushed towards graindaoy by solidification front, thus the
pinning effect of reinforced particles positionedgaain boundaries can suppress the grain
growth. The grain refinement produced by the pughadicles is commonly observed in
reinforced particles in dispersed composites [23].



4.5 WORN SURFACE ANALYSIS

The SEM micrographs of the matrix material Al 264igh powder mixture of reinforcement
particles such as $h4, AIN, and Zrbis shown in Fig. 11. The matrix material Al 2618 is
mixed with three reinforced particles such agNgi AIN, and Zrl. The micrograph reveals
that it possesses a uniform and homogenous migobgie of the composite alloy is
successfully formed due to the stir casting pracksgeneral, the wear resistance of metal
matrix composites increases with increasing sizé stmape of the reinforcement particles
[24]. The matrix metal Al 2618 is appeared in shapeound and cylindrical shapes. Size
selection of the reinforcement particles was based its potential applications and
tribological features [25-26]. In Fig. 11 revedt® tspotted image of dark and light regions
confirms the presence of aluminium and Zparticles in their corresponding phases and it
also reveals the presence ofN\Giparticles in the aluminium composite. The parig®sses

a cluster of space on the surface leadsefmsition of these particlekie to the high density of
SisN, particles than the aluminium. The SEM Micrograpsisows the metal matrix
aluminium and SN, particles posses a good interface between them.

The Fig. 12 shows the SEM micrographs of the wamfases of Al 2618 alloy sliding at
room temperature. In Fig. 12 (0 %) The phasestitites that proper interfacial bonding
without any cracking on the surface between Al mand Zrly reinforcements. The
composite alloy is subjected to a load of 10 NQ@A\b the visibility of both wear mechanism
of materials similar to abrasive and adhesive veearoccurred on the surface. The wear rate
of the composite is increased extensively as tad is increased radically from 10 N to 50 N
implies in more wear mechanism and hence transafitoon mild to severe wear. In Fig. 12
(2% - 8 %) the presence of3;Nj particles reflects the density of the aluminiunmposites.
The density of the 8\, particles is increased mainly due to the wt. %SaN, particles
increases from 0% to 8%, which leads to the ineré@aghe porosity in the composites. This
rise in porosity may be because of existence ofuntips in both the matrix material and
reinforcement particles [27]. The sharp edges ohsibe particles shown in micrographs are
the presence of AIN particles. The scratches, thewgps and the number of pits present in
the composites are narrower and shallower are @tigeteffect of AIN particles. The coarse
particles present in the composites cannot eagiheate in to the interface but it revolves
frequently between the worn surfaces and has asomé of less material removal. Addition
of AIN particles from 0 to 8 wt. % in matrix allojgads to increase the hardness of the
composites. The interface between the reinforcemaricles and aluminium are very strong
due to the absence of residual particles in thiasairof the composite. The existence of small
pores in the microstructure is due to the diffeeencthermal expansion of aluminium and
Zrb, particles. The strength of the composites is hwgien compared to addition of
reinforcement particles with aluminium posse’s leiglrelative density, good interfacial
bonding and free from micro crack in the microstuwe. In this study, the particles present in
the aluminium matrix are very slow in being detathdee to the clear interface and the better
bonding between the grains. Hence the stress iy ¢emnsferred from the matrix to the
particles and increases the strength of the cortgmsiVhen the addition of reinforcement
particles increases in the matrix, the grain sizéhe composite alloy is decreases it leads to



the increases the conflict for the dislocations ement across grain boundaries. It is
believed that the grain boundaries act as microksranucleation sites due to residual
stresses, which is induced by thermal elastic &mipy of Zrly particles during solidification
process and the micro-crack develops locally atingtsoundaries due to deformation
subsequently [28].In the study of worn surfacesl lvas the dominant in lower loads passage
of hard particles there was a abrasion wear fourtthagher load condition adhesive wear
revealed.

4.6 INVESTIGATION OF WEAR PROPERTIES

4.6.1 VARIATION OF WEAR RATE AS A FUNCTION OF LOAD AND
COMPOSITE (Wt. %)

The variation of the mass loss as a function ofl laaroom temperature is shown in Fig. 13.
The mass loss of the each composite wt. % is ghgdunareased when the load is increased
from 10 N to 50 N during the experiment. The maximloss of particles is seized at the
maximum load applied to the composite. The vanatibthe wear rate as a function of wt. %
of composite and load at room temperature is shiomthe Fig. 14. In this study, the non-
linearity is observed in the wear rates of the cosites are implicit by knowing the factors of
wear surfaces and wear debris. The wear rate ddlitwe is very high when compared to the
composites with 6% and 8 % at higher load of 50tNs evident that low load of 10 N,
posses lesser wear rate of the composites witkases in wt. % of composites form 0 % to 8
%. The high peak hardness and good interracialihgnd achieved due to the lower wear
rates in composites with higher amount of reinforeat particles. The variation of the wear
rate as a function of load at room temperaturdn@ave in the Fig. 15. The wear rate of the
composites is increased as varying load of 10 BHOtN is applied to the composites during
the experiment. Wear rate is maximum due to thendiwum pin is showing the continuously
increasing trend of wear with increasing normatlidae to direct metal to metal contact. As
a result large plastic deformation takes pace duttiy sliding [29].

4.6.2 VARIATION OF SPECIFIC WEAR RATE AS A FUNCTION OF COMPOSITE
(Wt. %) AND LOAD

The variation of the specific wear rate as a fumrctof amount of reinforcement % with
matrix metal and load is shown in Fig. 16 and Big. The figure shows that when a unit of
normal load is applied to a particular unit whicbrw out the volume of material is knows as
specific wear rate. The specific wear rate of thengosite increases as the reinforcement
particles increases in wt. % with aluminium maitsixroom temperature. The specific wear
rate at room temperature of composite and alloginsost same. But it shows a foremost
variation in the higher wt. % of reinforcement wheompared with other wt. % of
reinforcement at room temperature. It shows a g8lighcreases in specific wear rate when a
load of 10 N to 50 N is applied gradually to thenpmsite alloy. During the applied load of
50 N, there is a sudden increase in the specifar wate at 8 % of reinforcement. It takes
place possibly due to the loss of strength or softe of composite materials at various
reinforcement wt. %.



4.6.3 VARIATION OF WEAR RESISTANCE AS A FUNCTION OF COMPOSITE
(Wt. %) AND LOAD

The Fig. 18 and Fig. 19 show the wear resistance as a function of wt. %ewnfforcement
particle with matrix material and the load. Ithe reciprocal of the wear rate of the alloy and
the composite at various wt. % of reinforcementiplas. The wear resistance at the room
temperature is gradually increases along withrioesiase in wt. % of reinforcement particles.
This improvement in inherent wear resistance ofctbraposite is due to increased amount of
reinforcement. The wt. % of Zgbparticles or reinforcement particles increase, Wwear
resistance also increased simultaneoy8§]. But in case of applying load, the wear
resistance of the composite posses a high valappdied of 10 N. but the wear resistance of
composites gradually decreases when the load Igeddpom 20 N to 50 N.

4.6.4 VARIATION OF CO-EFFICIENT OF FRICTION AS A FU NCTION OF
COMPOSITE (Wt. %) AND LOAD

The variation of co-efficient of friction as a furman of wt. % of reinforcement particle with
matrix material at room temperature is shown in. 2@. The values of the coefficient of
friction of all loads (10 N to 50 N) are high aetmatrix alloy with 0 % of reinforcement. As
the wt. % of reinforcement particles increases,abefficient of friction reduces at particular
interval of wt. % of reinforcement. In this studyhen sliding operation takes place. The
particles are strongly bonded with matrix and thatrm material aluminium adjacent the
particles will be wear away and basically all thentact will be afforded between the
reinforcing particles and the steel counter fadee Fig. 21 shows that the movement of the
coefficient of friction is same to that of weara@aiWhen the experiment is carried of out in
dry sliding conditions with varying velocity spedte coefficient of friction of composites is
decreased as the applied load is increased frohh thO50 N simultaneously with increasing
in sliding velocity.

4.7 OPTIMIZATION TECHNIQUE

In this study, the Matrix material Al 2618 and theee reinforcement particles such ag\gi
AIN, and Zrkyin the percentage weight of 0,2,4,6,8 and arourehtyfive pieces with three
different set of parameters has been considerddsmethod. The each matrix materials Al
2618 is mixed with reinforcement materials to foitme group of five pieces. The
experimental is conducted by the Tagucky &rthogonal array factors and with three sets of
levels. The three factors are wt. % of compositesd and velocity are subjected to be input
parameters for the materials and the wear ratbefomposites is calculated by means of
arithmetical formula for all the twenty five piecasd the minimum wear rate is found to be
0.00030 mni¥m which is obtained at the composites of 8 %, loatl0 N and the velocity at
rate of 5 m/s. the output parameter wear rateesl @isr calculating the mean and S/N ratio.
Table. 5 shows input and output parameters oftlnysiocess according to,d-orthogonal
array.



4.7.1 SIGNAL-TO-NOISE RATIO

The significant characteristic is the wear ratehaf composites for investigating the quality
of composite alloys. The mean and Signal-to-No&@] ratio for the each factor has been
calculated to assess the influence of factor opomse. The condition smaller is better is
considered for selecting the S/N ratio to makentiagority of response. Table. 6 provide the
response table for means, and Table. 7 providerégponse table for S/N ratio. The

MINITAB software was used for determining the irdhce of process parameters (factors)
on the composition of the composite alloy. It isac that a larger S/N ratio corresponds to
better quality features. The mean effect and S/ rfor wear rate were calculated by

statistical software are shown in the Fig. 22 aigd E3 respectively, indicating that the wear
rate was at its minimum, with parameter of compssdf 8 %, load of 10 N and the velocity

at rate of 5 m/s.

The wear rate of the composite alloy is minimunthvparameter of composites of 8 %, load
of 10 N and the velocity at rate of 5 m/s. the yatli tribological behaviour is identified only
in the condition smaller the better. The wear @& thction composite materials shows that
the composition of the alloy posses low wear rate tb the presence of more weight
percentage of reinforcement materials. The wearafthe composite will be decreases when
the composition of reinforcement increases in trerim material. The material has lower
wear rate would increase the life of the compasigderial and the higher co-efficient would
present an enhanced performance.

4.7.2 ANOVA (ANALYSIS OF VARIANCE)

Analysis of variance (ANOVA) method is used to itisnthe process parameters that are
statically significant which influence importandeetwear rate of the composite material.
The percentage of contribution for each procesarpater is estimated by using the statically
software MINITAB [31]. The Table. 8how the obtained result of ANOVAThe calculated
percentage illuminates the most important procemspeter is load of about 79 % is
followed by wt. % of composites of 14 % and velpcdf 6 %. Fig. 24 represents the
interaction plot of means for compressive strengtid Fig. 25 reveals the respective
percentage of contributions represented graphicaflg Table. 9 show the percentage of
contribution for the each process parameter.



5. CONCLUSION

1. Matrix material(Al2618) and Reinforcementsf$i,ALN,ZrB,) are mixed in various
wt% (0,2,4,6,8) and uniform distribution has ackeWby stir casting method.

2. Mechanical properties are increased with the irsinggof wt% of reinforcements by
decreasing of plastic deformation.

3. The grain size of the composite is decreased amdegovalue of 21.9 um at 8 wt. %
of particles which restricts the movement of sdilkdition for matrix phase.

4. Abrasive wear was found in lower load conditiongl an higher load conditions
Adhesive wear was found in SEM analysis.

5. EDX experiment is carried out to identify the pmse of particles in the Al2618
alloy. It proves the matrix element chemical conifms.

6. Load is identified in most significant parametertbé composites. The minimum
wear rate is calculated with composites of wt. 8ad of 10 N and the velocity at
rate of 5 m/s is to be 0.00030 rfim.

7. The results from ANOVA shows that the most sigmifitvariables affecting the wear
rate of the composites in terms of their individpatcentage of contribution are load
(79.00 %), wt. % of composites (14.00 %) and vejo(d %).
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TABLE CAPTION

Table. 1 Chemica composition of Al 2618 alloy in wt. %

Table. 2 L2s orthogonal array factors and levels

Table. 3 Experimenta Layout of L,s Orthogonal Array

Table. 4 Average grain size of the composite alloy

Table. 5 Input and output parameters of In-situ process according to Los orthogonal array

Table. 6 Response Table for Means
Table. 7 Response Table for Signal to Noise Ratios
Table. 8 Results obtained from ANOV A

Table. 9 The percentage of contribution for the each process parameter

Table 1

Element Cu Mg Fe Ni Si Ti Al

Wt.% 230 160 11 10 018 0.07 Ba

Table 2
FACTOR LEVELS
1 2 3 4 5
COMPOSITES (Wt. %) 0 2 4 6 8
LOAD (N) 10 20 30 40 50

VELOCITY (m/s) 1 2 3 4 5




Table 3

INPUT PARAMETERS

EXPERIMENT
NUMBER  “COMPOSITES LOAD (N) VELOCITY
(Wt. %) (m/s)
1 0 10 1
2 0 20 2
3 0 30 3
4 0 40 4
5 0 50 5
6 2 10 2
7 2 20 3
8 2 30 4
9 2 40 5
10 2 50 1
11 4 10 3
12 4 20 4
13 4 30 5
14 4 40 1
15 4 50 2
16 6 10 4
17 6 20 5
18 6 30 1
19 6 40 2
20 6 50 3
21 8 10 5
22 8 20 1
23 8 30 2
24 8 40 3
25 8 50 4
Table 4
SN Weight percentage Grain Size of Matrix Phase
.No.
(%) (Hm)
1 0 39.2
2 2 43.8
3 4 30.95
4 6 26.85
5 8 21.9




Table 5

INPUT PARAMETERS OUTPUT
EXPERIMENT PARAMETERS
NUMBER
COMPOSITES LOAD VELOCITY WEAR RATE

(Wt. %) (N) (m/s) (mm3/m)

1 0 10 1 0.00036
2 0 20 2 0.0016
3 0 30 3 0.0027
4 0 40 4 0.0026
5 0 50 5 0.0057
6 2 10 2 0.00043
7 2 20 3 0.0016
8 2 30 4 0.0024
9 2 40 5 0.0022
10 2 50 1 0.0051
11 4 10 3 0.00045
12 4 20 4 0.0014
13 4 30 5 0.0014
14 4 40 1 0.0017
15 4 50 2 0.0053
16 6 10 4 0.00033
17 6 20 5 0.00048
18 6 30 1 0.0011
19 6 40 2 0.0011
20 6 50 3 0.0035
21 8 10 5 0.00030
22 8 20 1 0.00043
23 8 30 2 0.00055
24 8 40 3 0.00079
25 8 50 4 0.0026

Table 6

LEVEL COMPOSITES LOAD VELOCITY
(Wt. %) (N) (m/s)

1 0.002432 0.000390 0.001902

2 0.002306 0.001026 0.001816

3 0.002046 0.001470 0.001604

4 0.001282 0.001658 0.001666

5 0.000938 0.004460 0.002016
DELTA 0.001494 0.004070 0.000412

RANK 2 1 3




Table 7

LEVEL COMPOSITES LOAD VELOCITY
(Wt. %) (N) (m/s)
1 54.77 68.30 58.34
2 55.35 60.94 58.47
3 56.55 57.56 57.90
4 60.55 56.24 57.38
5 63.27 47.44 58.39
DELTA 8.50 20.86 1.10
RANK 2 1 3
Table 8
SOURCE DF Adj.SS Adj.MS F P PERCENTAGE
OF
CONTRIBUTION
COMPOSITES 4 0.000009 0.000002 7.07 0.004 14.00
(Wt. %)
LOAD (N) 4 0.000049 0.000012 40.09 0.000 79.00
VELOCITY(m/s) 4 0.000004 0.000000 0.47 0.760 6.00
Error 12 0.000001 0.000000 1.00
Total 24 0.000062 100

Adj. SS, adjusted sum of squares; Adj. MS, adjusted mean squares, F. statistical test; P. statistical

value

Table 9
FACTORS PERCENTAGE OF CONTRIBUTION (%)
COMPOSITES (Wt. %) 14.00
LOAD (N) 79.00
VELOCITY (m/s) 6.00
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FIGURE CAPTION

1 work piece sample with various wt. % of fencement

2 Schematic diagram of pin on disc apparatus

3 Vickers hardness testing machine

4 Electron microscope with loaded specimen

5 Hardness value for the composite alloy waittount of reinforcement (wt. %)

6 Tensile strength value for the compositeyalith amount of reinforcement (wt. %)
7 Compressive strength value for the compa@sdity with amount of reinforcement (wt. %)
8 EDX spectrum of Al 2618 alloy

9 XRD results for the prepared composites

10 Micrographs of the in-situ composite inigdrwt. (0,2,4,6,8)%

. 11 SEM micrographs of specimens of Al 2618 rirawith wt. % of reinforcement

particles (0,2,4,6,8)

Fig

. 12 SEM micrographs of the worn surfaces 02818 — (SiN4, AIN, and Zrb) with wt.

%of 0,2,4,6,8

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

13 variation of mass loss as a function ofli(d)

14 variation of wear rate with amount of rewrdement (%)

15 variation of wear rate as a function otddgi)

16 variation of specific wear rate with amoohteinforcement (%)
17 variation of specific wear rate as a fumctof load (N)

18 variation of wear resistance with amounteififorcement (%)
19 variation of wear resistance as a functibload (N)

20 variation of co-efficient of friction witamount of reinforcement (%)
21 variation of co-efficient of friction asfanction of load (N)

22 Main effect plots for means

23 Main effect plot for S/N ratio

24 Interaction plot — data means for wear rate

25 percentage contribution of process pararsete
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Main Effects Plot for SN ratios
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PERCENTAGE OF CONTRIBUTION

B COMPOSITES (wt %) - 14.00 %
B LOAD (N) - 79.00 %
VELOCITY (m/s) - 6.00 %

M ERROR - 1.00 %

Figure 25




RESEARCH HIGHLIGHTS

The mechanical properties of the composite are improved with addition of reinforcement.
In microstructure the uniformly distributed reinforcement particles are improved the

bond strength.

X-ray diffraction (XRD) analysis confirms that presence of auminum and its

reinforcements.

The most significant process parameter affecting the wear rate of compositeisidentified.



