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Abstract
The current work is to examine the effect of the parameters like specimen thickness, crack length to width
ratio and composition of the reinforcements used in aluminium-silicon carbide/alumina particulate
composite. The said composite is processed using the stir casting route. Taguchi's optimization
techniques such as experiments, ANOVA and regression techniques have been utilized to investigate the
parameters. Three factors and their levels considered are the composition of reinforcements (3, 6 and 9
wt%), the thickness of specimen (10, 12, 15 mm) and a/W ratio (0.45, 0.47 and 0.50). Results show
increment in composition beyond 6wt%, and a/W ratio decreases the fracture toughness of hybrid
composites. From Taguchi's analysis, for a/W ratio = 0.45, 12mm thick specimens and 6wt% of
reinforcements in aluminium matrix exhibit the larger fracture toughness. Thus those parameters are
considered to be optimized parameters. The analysis shows that the a/W ratio in�uences fracture
toughness, followed by the composition and specimen thickness.

1. Introduction
Aluminium alloys of series 7XXX were utilized in commercial applications such as military air carrier due
to their high strength, low weight and toughness. These alloys also possess better machinability
characteristics, high wear resistance materials. Aluminium alloy 7075T6, having high strength, possess
higher fracture toughness values, and have higher resistance to fatigue crack growth and thus best �t for
the airframe structures such as wing skin and fuselages [1]. AA7075 T6 and AA7075 T651 have lower
fracture toughness [2] values under quasi-static loading, obtained by Charpy impact testing in contrast
with its value. Also, under the quasi-static loading, the fracture toughness of the smaller wide specimen is
found to be lower than the larger wide fatigue cracked specimens.

The fracture toughness of the specimen in the transverse direction is lower than the longitudinal direction
for anisotropic material, and its anisotropy increases with increasing thickness of specimens. Also, from
the experimentation on the AA7075-T651, the crack mouth opening displacement (CMOD) for the speci�c
crack length to width (a/W) ratio decreases with increasing thickness of the specimen [3].

Rajesh A M et al. [4–6] worked on the material characterization of AA7075-SiC/Alumina hybrid
composites. The outcomes show that the said hybrid composites exhibit high strength, hardness, and
elongation. Many researchers have carried out the AA7075-SiC/Alumina hybrid composites [7–8]. From
the experimentation, the improved wear rate of the said composite is due to the uniform distribution of
reinforcements and the better bonding with the matrix. Also, researchers conducted experiments to �nd
the inclusion of the hard particles of the counterface in the wear testing specimens and its effect on the
wear rate and the generation of mechanically mixed layer [9].

Doddamani S et al. [10–14] carried out different fracture toughness experimentations, as prescribed by
the ASTM, such as CNT [10], CT [11], SENB [12] specimens, Vickers' indentations techniques [13] etc. for
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the aluminium matrix composites. Comparison of all the mentioned experimental techniques [14]
concludes that each experiment back up the results obtained by other methods.

Hareesha G et al. [15] and Yasmin Begum et al. [16] were worked on the fracture behaviour of the AA6061-
SiC and AA6061-graphite composites using the �nite element simulation using the compact tension (CT)
specimens. The optimization of in�uencing parameters such as the thickness of specimen, crack length
to width ratio, composition, and different testing techniques are carried out using Taguchi's design of
experiments and ANOVA [16–17]. Comparing the experimental technique, simulation, and the statistical
method [16] was also carried out for the AA6061-graphite composites.

The AA7075 matrix composites have been used in aerospace structures with high strength and wear
resistance properties from the literature. However, there is scope in studying the fracture characteristics of
the AA7075 matrix composites to enhance the material's crack resistance, which is the essential
parameter in designing the airframe structures. Thus the key objective of the present work is to carry out
the investigations of fracture toughness of AA7075-SiC/Alumina hybrid composites for different process
parameters. Also, it is intended to optimize the in�uencing factors such as compositions, specimen
thickness, and a/W ratios using Taguchi's techniques, regression analysis, and variance (ANOVA). This
attempt will be made to compare the fracture toughness AA7075 matrix hybrid composites obtained from
the experimental and statistical methods.

2. Experimental

2.1 Materials and Preparations
In this work, aluminium alloy 7075 is used as a matrix and particles of SiC and Al2O3 are utilized as
reinforcements. The main motivation to use these materials is their density which is nearly the same such
as AA7075 = 2.81g/cc, SiC = 3.1g/cc and Al2O3 = 3.69g/cc. Thus, the distribution of the matrix's
reinforcements will become almost uniform if the composite is prepared using the liquid metallurgy
process. Also, the AA7075-T6 possesses the high tensile strength σut = 520 MPa and yield strength σy = 
400 MPa. The SiC and Alumina are the types of ceramics used to withstand higher temperatures since
they have higher melting points SiC (2730°C) and Alumina (2072oC).

Therefore, the addition of SiC and Alumina in the AA7075 increases the tensile strength, yield strength,
hardness of the composites, and they were used for applications that require high temperature
withstanding capabilities.

The materials properties of the composites mainly depend on the particle size of the reinforcements.
Among many other factors, the particle size of the reinforcements will signi�cantly in�uence the
composites' microstructure. In this work, the particle size of the reinforcements used are as follows: SiC = 
44µm and Alumina = 60 µm. The said composite is prepared using the liquid metallurgy route such as stir
casting technique due to its many advantages like economic, easier and uniform distribution of the
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reinforcements in the matrix [18]. The compositions used and process parameters of stir casting are cited
in Table 1.

Table 1
Different composition of composites with super-heated temperature and speed

Sl.
No.

AA7075 SiC Al2O3 Composites Temperature Stirring
speed

1 1 kg 0.030kg 0.030kg AA7075-3% (SiC + 
Al2O3)

720°C 550 rpm

2 1 kg 0.060kg 0.030kg AA7075-6% (SiC + 
Al2O3)

720°C 550 rpm

3 1 kg 0.090kg 0.030kg AA7075-9% (SiC + 
Al2O3)

720°C 550 rpm

The pieces of aluminium blocks were super-heated above their melting point (i.e.720°C) in the graphite
crucible. The measured quantity of reinforcements such as SiC and Al2O3 particles (3, 6 and 9wt%) were
added while stirring at the speed of 550rpm. The degasi�er and the �ux have been added to liquid metal
to remove the gases and not absorb any gases during the pouring process. The molten hybrid composite
is poured into a graphite mould and allowed for some time to solidify. This stir casting procedure is
repeated for the other compositions of the hybrid composite. The solidi�ed composite blocks were taken
and machined as per the required dimensions of the compact tension (CT) specimens. While preparing
the specimens, the process parameters such as specimen thickness (10, 12 and 15mm) and a/W ratios
(0.45, 0.47 and 0.50) were also considered.

2.2 Experimentation
Taguchi's design of experiments (DOE) has been utilized to optimize the fracture toughness parameters.
In this work, there are three parameters, and three levels are utilized for DOE. The three factors utilized are
compositions, a/W ratio and thickness of the specimen. The levels used are compositions (3, 6 and
9wt%), a/W ratio (0.45, 0.47 and 0.50). The thickness of the specimen considered is 10, 12 and 15mm.
For the said factors and levels, Taguchi's design of experiments has been carried out. The CT specimens
have been prepared for the orthogonal array from Taguchi's design. The geometry of the CT specimen is
given in Fig. 1, and Fig. 2 shows the experimental setup. 

For the crack length to width ratio, i.e.,0.45, 0.47 & 0.50, the fatigue crack length of 1mm, 1.6mm and
2mm has been introduced at the end of the V-notch in a servo-hydraulic testing machine. The
experimentation has been carried out a room temperature by maintaining the 1mm/min of displacement
rate and 5Hz of frequency. The load-deformation data has been recorded, and the corresponding curves
were plotted. The slop obtained in the load-deformation curves is the Type III curve [18], as indicated in
Fig. 3. Type III curve indicates that the critical load (PQ) to be considered will be the maximum load.

3. Results And Discussions
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Experimentation has been carried out for the Taguchi's DOE as per ASTM standard testing procedure
using CT specimens. The load-displacement data has been recorded and plotted, as shown in Fig. 3. For
each experiment conducted, using the obtained values of PQ, a, W, the provisional fracture toughness
(KQ)of the composite has been determined using the available standard empirical equation [11]and are
listed in Table 2. 

From Fig. 3, it is observed that, except for Taguchi's process parameters 6, i.e., 6wt% of reinforcements,
a/W ratio = 0.50 and specimen thickness = 10mm, all shows similar trends as available in the literature
[10–12]. The nature of the load vs COD plot shows the ductile fracture of the AA7075-SiC/Al2O3 hybrid
composites.

Table 2
Taguchi's DOE and their fracture toughness values

Sl.

No.

Composition

Wt %

a/W Ratio Specimen Thickness

mm

Fracture Load (PQ) kN KQ

MPa√m

1 3 0.45 10 4.242 17.69

2 3 0.47 12 4.630 17.04

3 3 0.50 15 5.008 16.12

4 6 0.45 12 5.289 18.38

5 6 0.47 15 5.880 17.31

6 6 0.50 10 3.409 16.46

7 9 0.45 15 6.516 18.11

8 9 0.47 10 4.003 17.67

9 9 0.50 12 4.007 16.13

From Table 2, it is seen that the load-carrying capacity of the AA7075-SiC/Al2O3 hybrid composites is
high for the higher specimen thickness. In contrast, the fracture toughness is high for the lower a/W
ratios. Figure 4 shows the effect of Taguchi's DOE parameters on the fracture toughness of AA7075-
SiC/Al2O3 hybrid composites. The graph shows that as the a/W ratio increases, the fracture toughness of
the said hybrid composites decreases. Therefore, the a/W ratio increases the crack length in the specimen
increases that in turn reduces the load-carrying capacity and fracture toughness of the material. From the
plot, it is also observed that, up to 12wt% of reinforcements, the fracture toughness increases and further
decreases for the higher wt% reinforcements. Thus, it might be because a higher percentage of
reinforcements may cause the particle grouping (clustering) in the matrix. Thus it is observed to be a
decrement in the fracture toughness of the said hybrid composite. 
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From Fig. 4, it is seen that thickness of the specimen has little impact on the fracture toughness. As the
thickness increases from 10mm to 12mm, the fracture toughness of the material reduces, and further
increment in the thickness of the specimen does not in�uence the fracture toughness of the said
composite. This geometry condition of the fracture toughness of the specimen is said to be the plane
strain fracture toughness (KIc). Thus the critical fracture toughness (KQ) obtained is considered the plane
strain fracture toughness [19] after the thickness of the specimen reaches 12mm. Thus the optimized
parameters from Taguchi's DOE are 6wt% of reinforcements, a/W ratio = 0.45 and specimen thickness = 
12mm.

Thus to analyze the effect of each parameter on the fracture toughness, it is required to use the ANOVA
[20]. The input function for the analysis of variance is experimental fracture toughness values. For the
obtained KIc values and Taguchi's DOE, analysis of variance has been carried out, and the result of the
analysis is given in Table 3.

Table 3
Analysis of variance for fracture toughness

Source DF Adj SS Adj MS F-Value P-Value % Contribution

Composition 2 0.319 0.160 01.77 0.362 05.72

a/W ratio 2 5.060 2.530 28.02 0.034 90.74

Thickness 2 0.017 0.008 00.09 0.915 00.30

Error 2 0.181 0.090     03.24

Total 8 5.577       100.00

From Table 3, it is observed that the a / W ratio used will have a larger in�uence on the fracture
toughness of said composite (90.7%), whereas the composition and thickness of the specimen have little
impact. The increment in the a/W ratio means the increment in the crack length in the geometry of the
specimens. Thus larger crack length reduces the load-carrying capacity, in turn, decreases the fracture
toughness. 

Figure 5 shows the fractography images taken from the scanning electron microscope (SEM) hybrid
composites for the compositions 3, 6 and 9wt% of reinforcements. From the graphs, the cracks and voids
present in all the compositions of the hybrid composites. The addition of reinforcements from 3wt% to
6wt% increases the barricades to crack growth and propagation, thus increasing fracture toughness.
However, the larger sized voids present in the 9wt% of reinforcements may arise due to the clustering [21]
of the reinforced particles, which causes uneven distribution of reinforcements in the matrix. Hence, the
matrix alone will not take the applied load in those locations and let voids grow bigger. The presence of
these voids, on loading condition, becomes cracks that propagate and lead to the microstructure's failure.
Increased size of the cracks in the microstructure of the 9wt% of reinforcements causes the reduction in
crack propagation resistance, thus decreases the fracture toughness of the material. Also, the fractured
surface of the said composites is dull and �brous, which specify the ductile fracture.
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4. Con�rmation Of Results
The regression analysis has been conducted to con�rm the results obtained from the experiment and
Taguchi's analysis. This analysis provides the relationship between the fracture toughness and
compositions, crack length to width ratio and specimen thickness. The obtained equation after the
regression analysis is given below:

KIc = 34.34 + 0.0589 Composition - 36.49 a/W ratio
- 0.0173 Thickness          eq (1) 
From the ANOVA analysis, the crack length to width ratio of the specimen in�uences the material's
fracture toughness. Thus the eq. (1) also gives the high coe�cient of a/W ratio. The negative sign of the
a/W ratio speci�es increment in the a/W ratio reduces the material's fracture toughness. The fracture
toughness of the said composites is determined from Eq. (1) and are observed to be in better agreement
with the experimental results (error 0.07 to 3%) with the correlation value of 0.94, which is said to be a
perfect positive correlation. 

Figure 6 shows the comparison of values obtained from the experimental and using the statistical
method regression model. From Figure 6, it is observed that the gap in between the both is lesser nearly
zero for cases 4 and 6 (6wt% of reinforcements). The error between the both is a little more for cases
1,2,3, 7 and 9 (3 and 9 wt% of reinforcements). Thus the results obtained from both the models indicate
that the 6wt% of the reinforcements have better fracture toughness than the said hybrid composites.

Conclusions
This work is intended to carry out the optimization of the fracture toughness parameters such as
composition, crack length to width ratio and specimen thickness of the AA7075-SiC+Al2O3hybrid
composite. From the results obtained following conclusions were drawn:

The experimental results show higher specimen thickness, a high load-carrying capacity, and higher
a/W ratios give the lesser fracture toughness values.

As the composition increases, the fracture toughness increases up to 6wt% of reinforcements. The
increment in the specimen thickness decreases the fracture toughness up to 12mm and remains
nearly constant for the higher thickness, and increment in a/W ratio reduces the fracture toughness.
Thus the optimized parameters from Taguchi's DOE are 6wt% of reinforcements, a/W ratio = 0.45
and specimen thickness = 12mm.

From the ANOVA and regression analysis, the a/W ratio in�uences the fracture toughness than the
composition and thickness.

From the comparison of both the models, it is observed that the 6wt% of the reinforcements have
better fracture toughness than the AA7075-SiC+Al2O3hybrid composites.
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Figures

Figure 1

Geometry of the CT specimens

Figure 2
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Experimental Setup

Figure 3

Load-displacement plot AA7075-SiC/Al2O3
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Figure 4

Effect of Taguchi's process parameters on fracture toughness
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Figure 5

SEM images of fractured surfaces of the hybrid composites
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Figure 6

Comparison of experimental and analytical results of fracture toughness


