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Abstract

Aluminium based metal matrix composites (MMCs) witeramic reinforcement are finding extensive
applications in aerospace, automobile, agricultdeam machinery and other areas which demand
combination of properties such as high strengtfiness, wear resistance, high temperature resistagtc.

In particular, components comprising Al7075 allogtnix, reinforced with alumina (AD;) particulates, are
reported to excel their monolithic counterpartsquid metal route and powder metallurgy are the most
widely used fabrication techniques to produce thiedCs. The former has advantages such as easy
adaptability, low cost and possibility of subjegtithe cast components to secondary processeligiad,
rolling and extrusion for producing the final conmgmts. This paper presents the details of devejogin
mathematical model to predict the tensile behalila ultimate tensile strength (UTS) and percentage
elongation of the as-cast AlI707548% in terms of size and % fraction of 8k, holding temperature and
holding time; using factorial design of experimefBoE). Adequacy of the models was tested using
Fisher’s F-test. UTS of the composite was incredse80%compared to that of matrix and % elongation
was reduced by around 30%.
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1. Introduction

Aluminium metal matrix composites (MMCs) with 7x@ldoy as matrix reinforced with ceramic particles
are finding application in aerospace, automobilé fanm machinery equipment because of their impiove
mechanical and tribological properties [1-6]. Irrtfmaular, Al,O; particles mixed with Al7075 matrix in
appropriate proportions are reported to exhibitrionpd tensile properties because of the higher tosdu
of elasticity and strength of the alumina [7]. @#itthe available methods of producing these contessi
stir casting route is most promising and economiicalsynthesizing the particle reinforced AMCs dasd
not only simple, but is easy to obtain shape cgstif8,9]. It is important to understand the process
parameters that bring about the enhancement im betiaviour. However, conventionally, this requires
conducting costly and time consuming experimentgerAately, we can predict the influence of process
parameters accurately, and to develop compositesegsing desirable mechanical properties various
modelling methods are available [10-13]. This pgpesents one such methodology called rotatableaten
composite design (CCD), which is a multi-parametéased, multiple response analysis modelling
technique [14]. It is not only fast, economical avety effective in assessing the effect of indidtu
parameters, but also helps in predicting the ictera effects of the parameters. Hence, in thiskwam
attempt is made to predict the effect of reinforeainsize, %weight fraction of reinforcement, holgin
temperature and holding time on the ultimate tensitength and %elongation of a stir-cast Al7078Al
composite system using CCD. The adequacy of theshladsl checked by Fisher’s-F ratio and the analysis
of variance is employed to evaluate the effectashmeters.

2. Materials

Al7075 matrix reinforced with varying sizes of 8k particles were used to produce composites using st
casting. Tables 1 and 2 present the important ptiegeof the matrix material. Table 3 gives thegamf
the four most influential process parameters, size of reinforcement particles (D), weight fraatiof
reinforcement (W), holding temperature (T) and ajdime (t).
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3. Experimental Program

Rotatable central composite design was used toupmdhe castings [15-17]. Figs. 1 and 2 show the
schematic diagram and close-up view of stir caspnocess. The details of the process are explained
elsewhere [18]. A total of 31 castings comprisiig(22") factorial points, 8 star points and 7 centrahpm®i
were produced by adapting the CCD as per Tabldd.castings were produced using randomness to avoid
the entry of systematic errors in experimentatitemsile tests were performed on samples extracted f
defect-free regions of the castings at a rate 38:8L0" s* as per [19] and a minimum of 3 specimens were
tested in each case. The average values of UTSo&hdre presented in Table 4.

4. Results and Discussion

The maximum value of UTS obtained was 289MPa; mimmwas 262MPa and the mean was at 273MPa,
whereas %E obtained was in the range of 14.8%26%8.with the average at 11.3%. It is noticed that
introduction of AO; particulates could result in 20% increase in matiTS and decreased the %E by
around 30%; implying that composites with enhansteength can be produced by stir-casting. However,
one has to sacrifice the ductility. Similar obsé¢imas have been made by many researchers [9,19-20].
Second order relations were obtained by regressmatysis and are presented in equations (1) anfb(2)
UTS and %E, respectively.

UTS=270.29-3.63D+3.21W+2.36 T+3.126t+0.768D2.643W+0.518 F-0.106f-0.437DW-0.313DT+
0.563Dt-0.063W1t+0.937Tt (1)

%E=10.508+0.396D-0.421W-0.0413T-0.453t+0.386D220W+0.126 P+0.301¢-0.049DW-0.093D T
+0.056Dt-0.21WT+0.363Wt+0.277Tt )

Table 5 shows the result of the analyses of vaeand it is noticed that, in both the cases, erpantal
values of F-ratios are higher than that from theetaindicating that the two models are adequatso AR
and Fgldjz values indicate that the models can be used wWiqgtrthe responses with 99% confidence level.
Hence, the models can be effectively used in ptiediche UTS and %E, knowing the composition of
Al7075/Al,03 MMCs.

It is observed from equation (1) that as the sizeemforcement (D) increases UTS decreases. Drtaffe
UTS independently as well as in combination withight and holding temperature. On the other hand, W
T and t contribute positively. Interestingly, thiéeet of these parameters on elongation is exaethersed

as shown in equation (2). Thus UTS of compositebgerved to be 20% enhanced and elongation reduced
by nearly 30% compared to the matrix material. &imobservations are recorded by many researchers
[19-22]. Leisk and Saigal [23] have shown that Hart enhancement in tensile strength is possible by
subjecting the composites to heat treatment. Howeties claim is to be confirmed for Al7075/8);
composites. All these aspects can be systematieapioited in developing the AMCs possessing ddsire
tensile strength and %elongation.

5. Conclusion
Based on the experimental work, following conclasiare drawn.
1 Rotatable, central composite design can be suedhssfed to model the tensile behaviour of AMCs

2 Mathematical models for UTS and %elongation areqadte and will predict the values with 99%
confidence.

3 UTS and %elongation show reverse trends as farflaence of the process parameters are concerned.

4 UTS of the AI7075/Al0; MMCs increased by 20%compared to that of matrick #nelongation was
reduced by around 30%.
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Table 1: Chemical Composition of AI7075

www.iiste.org

Cr Cu Mg Zn Al Density
g/cc at 20°C
0.22 1.60 2.80 5.50 Balance 2.89

Table 2: Details of other important properties 67@v5

UTS Yield Strength| Elongation | Hardness| Thermal Conductivity Elect. Resistivity
MPa MPa % VHN Cal/Cnf/Cm/°C at 25°C | pQ-Cm at 20°C
228 103 17 79 0.29 5.74
Table 3: Coded values of as-cast input variablesfferent levels
Coded Input Units Lower level Middle Upper level
values parameters Notation
-2 -1 0 +1 +2
X1 Size of ALO; D pm 36 45 54 63 72
X, % Wt of w 5 7.5 10 125 15
Al,Os
X3 Holding T oC 150 237 325 413 500
Temperature
Xa Holding Time t Hrs 1 2 3 4 5
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Table 4: Design matrix for preparation of tensésttsamples by stir casting along with responses

Input Parameters Responses
Trial No. X1 X2 X3 X4 UTS Elongation
Size of ALO; | Wit. fraction Holding Holding Time, MPa %
D (um) of AlOs Temperature, t (Hrs)
%W T(C)

1 -1 -1 -1 -1 268 13.54
2 +1 -1 -1 -1 264 14.80
3 -1 +1 -1 -1 273 11.35
4 +1 +1 -1 -1 267 13.20
5 -1 -1 +1 -1 275 12.80
6 +1 -1 +1 -1 262 14.50
7 -1 +1 +1 -1 277 10.63
8 +1 +1 +1 -1 275 11.25
9 -1 -1 -1 +1 274 11.54
10 +1 -1 -1 +1 271 13.15
11 -1 +1 -1 +1 278 10.22
12 +1 +1 -1 +1 273 12.12
13 -1 -1 +1 +1 280 11.35
14 +1 -1 +1 +1 276 13.05
15 -1 +1 +1 +1 288 11.12
16 +1 +1 +1 +1 284 12.23
17 -2 0 0 285 11.10
18 +2 0 0 0 262 9.98
19 0 -2 0 273 9.25
20 0 +2 0 0 289 10.50
21 0 0 -2 0 270 9.00
22 0 0 +2 0 275 10.00
23 0 0 0 -2 267 11.10
24 0 0 0 +2 273 9.30
25 0 0 0 0 270 10.25
26 0 0 0 0 271 10.50
27 0 0 0 0 272 10.55
28 0 0 0 0 270 10.61
29 0 0 0 0 273 10.45
30 0 0 0 0 268 10.70
31 0 0 0 0 268 10.50
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Table 5: Analysis of Variance (ANOVA)
Particulars | Source DF SS MS F R Radf
1 &Il 14 455.438 32.531
Order Terms
uTs Lack of Fit 10 885.07 3.571 9.11 98.42 98.18
Residual
Error 6 21.427
Total 30 | 1361.935 36.102 9.11 98.42 98.1
Source DF SS MS F R Radf
1R 11 22 ARQ 1R77
L Frame
. Driving motor
% El N Stirrer Rod 99.79
Ball Bearing
. Stirrer Blade ]
99.79
L —— Crucible S

| Holding Furnace

Figure 1: Schematic diagram showing component$ire€asting process.

The stirrer is a servomotor operated ceramic costt@dless steel rod.
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Figure 2:Close-up view of the stir-casting setAIpO; particulates of various sizes are added to
the melt at 730°C which is continuously stirredngsa motorized stirrer made of ceramic coated
stainless steel rod
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