International Research Journal of Engineering and Technology (IRJET)

e-ISSN: 2395 -0056

Volume: 03 Issue: 12 | Dec -2016

p-ISSN: 2395-0072

www.irjet.net

Taguchi optimization for AA2024 / Al2O3 surface composite hardness
fabricating by Friction stir processing
Essam B. Moustafa1, Samah Mohammed2, Sayed Abdel-Wanis3, M.S. Abd-Elwahed4,
Tamer Mahmoud5, El-Sayed El-Kady6.

2,3,5,6 Mechanical

Engineering Department, Shoubra Faculty of Engineering/Benha University, Egypt
Engineering Department, Faculty of Engineering/KAU University, K.S.A
---------------------------------------------------------------------***--------------------------------------------------------------------1.4 Mechanical

Abstract - In the current study, Taguchi experimental

resultant surface composite moreover identify the significant
influence parameter, that affecting on the composite surface
properties.

design approach was applied to identify the most effect control
factors of process in FSP such as number of passes, rotation
speed and linear travel speed, that controlling the
optimization process. The experimental tests showed a
significant influence of processing parameters on the results of
the hardness properties. The prediction model analysis showed
that the Maximum hardness value obtained at 1120 rpm, 14
mm/min for the third pass. Hardness of AA2024 / Al2O3
surface composite has been improved by 46% with respect to
base metal. The numerical model was verified by minimum
prediction error.

2. EXPERIMENTAL WORK

2.1. Material preparation
The rolled sheets of 4 mm thickness, AA2024
aluminum alloy, have been cut into the required size (150mm
* 150 mm). Table 1 presents the alloying elements properties.
Straight grooves with 5mm width and 2mm depth are
machined in the base metal plates, in order to fill with Al2O3
Nano powder with 30 nm. Surface composite is fabricated by
friction stir processing FSP technique. A large number of trial
have been carried out to find out feasible working limits of
FSP processing parameters. The main affected parameters
are concerned in the study are tool rotation speed, welding
rate speed and number of passing.
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1. INTRODUCTION
Aluminum and its alloy have received considerable
attention as an essential element in the recent years.
However, their applications are widely used in various fields
due to their good mechanical properties coupled with their
lightweight. Surface composites fabricating using Friction stir
processing (FSP) by inserting ceramic particles into cast or
wrought alloys [1, 2]. Reinforcement particles are dispersed
and fabricated with base metal by various methods as
investigated by [3, 4, 5]. Processing parameters have a
significant an influence on the mechanicals properties of the
surface composite using FSP technique [6]. At higher tool
rotational speeds the hardness decreased and as reported by
[7, 8, 9, 10].Multi-pass FSP have been studied by many
investigators [11, 12, 13, 14, 15, 16]. They are reported that
FSP using multiple passes have a great effect on the
mechanical properties.
Taguchi techniques have been used widely for optimization
and measuring the effect of various process parameters on
their performance with minimum variation [17, 18, 19, 20].
The processing parameters have a major influence on the
target properties. M. Salehi et.al [21] were applied Taguchi
approach to predict the effect of processing parameters on
the FSP results. Relationship between process parameters
and related performance such as tool wear and surface
roughness were investigated by [22] using Taguchi
orthogonal array. In the current study Taguchi approach has
been carried out to predict the effect of number of passes in
addition to processing parameters on the hardness of
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Table0 1: Chemical composition of the as received AA2024
Alloy (Weight %)
Cu
4

Mg
1.6

Fe
0.5

Si
0.5

Mn
0.4

Zn
0.25

Ti
0.15

Cr
0.1

Al
Remain

2.2. Micro hardness test
Vicker’s microhardness testing machine was
employed to measure the hardness across the processed
region as shown in Fig.1, seven readings were taken at close
proximity distances in each zone and mean values were used
for further analysis and discussion.

Fig. - 1: A- Position of indenter on the grain before applying
the load B- Tested sample after applying the load.
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where, n is number of tests and y is value of response
variables.

2.3. Process parameters effect
For this study, Taguchi orthogonal array design of
experiment with three factors at three levels was used.
Three variables have been chosen as independent variables
are: Number of passes (P), Tool rotation speed (N) and
Travel speed (V). All the factors and their levels are
tabulated in Table 2. The selection of which orthogonal array
is based on number of control factors and interactions of
interest, number of levels for factors and desired
experimental resolution or cost budget. As three levels and
three factors are taken into consideration, L9 (33) orthogonal
array is used in this study. Only the main factor effects are
taken into consideration and not the interactions.

Table -3: Experiments result data.

Table -2: DOE- Factors and their levels.
Level
Factors
Number of passes (P)

I

II

III

1

2

3

Tool rotation speed (N)
rpm

900

1120

1400

Travel speed (V) mm/min

10

14

20

N

V

(rpm)

(mm/min)

1

900

2

No.

P

HV

10

1

68.0

1120

14

2

106.2

3

1400

20

3

103.8

4

900

14

3

100.8

5

1120

20

1

88.8

6

1400

10

2

83.4

7

900

20

2

96.2

8

1120

10

3

102.8

9

1400

14

1

96.4

3. RESULTS AND DISCUSSIONS
Standard Taguchi L9 orthogonal array and results of
hardness tabulated in Table 3 show that hardness values of
Vickers number (HV) are ranging from 66 HV to 103 HV. The
average hardness values in single pass, double pass, and
triple pass FSPed surface composite of AA2024/Al2O3 alloy
are higher than that of the as received alloy. The average
measured microhardness value of the base metal AA2024 is
60.2 HV, while the higher average measured value of the
surface composite were 106.2 HV resulting from
experiments designed by Taguchi robust design. The number
of passes are played an influential role in the microhardness
results, as shown in Chart 1. The average microhardness
value in the nugget zone affected by passes number, which it
was improved by 46%.

Chart - 1: Microhardness profile through cross section of
FSPed at 900 rpm - 10 mm/min traverse speed.
Calculated means and S/N ratio of each process parameters
are shown in Table 4 and Table 5 respectively. Taking into
account that a larger S/N ratio indicates to better quality
characteristics. Furthermore, the main effect plot shown in
Chart 3. for hardness calculated by Minitab software
indicates that HV was at maximum when combination of N
(1120 rpm); V (14 mm/min); and P (no. of passes 3) .
Notable variation in Vicker's hardness number can be seen
with change in number of passes.
Optimum value of HV can be predicted at selected levels of
significant levels of parameters. The optimum levels of

For each factors, signal-to-noise ratios (S/N) and means
are be used to assess their influence on response.
Appropriate S/N ratio have to be chosen based on
previous expertise and understanding of the process. In
this study, the S/N ratio is chosen based on the criterion
the larger-is-better and it is calculated according to Eq (1).
(1)
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process parameters have already been selected as N2, V2
and P3 as shown in Table 4. Estimated mean of HV can be
calculated as formulated in Eq. (2).

Confirmation test
Conducting operation at optimum combination of N2, V2
and P3, the average of hardness number of FSPed surface
composite of AA2024/Al2O3 alloy was 110 HV which
close to the estimated value of 114 HV from prediction
model.

4. CONCLUSIONS
The present study aims to establish the optimal
value of FSP parameters to maximise hardness value of
AA2024/Al2O3 Nanocomposite surface. Minimum number
of experiments were designed and carried out using Taguchi
orthogonal array. A maximum HV has been found at optimal
parameters of FSP (tool rotational speed, 1120 rpm; traverse
speed, 14 mm/min; and number of passes, 3). Numerical
prediction model with 3.5 % uncertainty error has
developed and confirmed by the experimental results. In
addition, parameter P has been found to have the most
significant influence on hardness value of AA2024/Al 2O3
Nanocomposite surface.

Chart - 2: Main effect plot for hardness.
calculated as formulated in Eq. (2).
(2)
where, , overall mean of HV; , mean of HV at second level of
N 1120 rpm; , mean of HV at second level of traverse speed
14 mm/min; , mean of HV at third level of number of passes.
Substituting values of various terms in Eq. (2),
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