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KEYWORDS ABSTRACT

Friction stir, The perturbation friction process is a solid state method used to modify the surface, improve
Process, mechanical properties, and produce composites. In this research, the effect of effective
Sobel sensitivity analysis, parameters on the surface compositing of AZ31B / CNT alloy with carbon nanotubes has
Nano composite been investigated by the turbulent friction process method and by the Sobel sensitivity

analysis method. Input parameters in this study were advance speed, rotation speed, weight
percentage of carbon nanotubes and number of welding passes. Also considered outputs
included hardness and weight loss. In order to analyze the results, Sobel sensitivity analysis
has been used to investigate the qualitative and quantitative effect of inputs on outputs. The
results of this study showed that the weight percentage of carbon nanotubes, rotation speed,
number of welding passes and advancing speed affect hardness, respectively. Also, the
weight percentage of carbon nanotubes, the number of welding passes, the rotation speed
and the advancing speed affect the weight loss.

Extended Abstract

1. Introduction

The attractiveness of using magnesium alloys has increased due to their strength-to-weight ratio in various industries such
as automotive. However, due to the high reactivity of magnesium metal, it is not possible to form it by casting and many
problems will be created. Based on this, it is preferable to use the forming method to produce parts with magnesium metal
instead of the casting method. One of the newest processes of magnesium metal strength process is the use of friction Disturbing
process, which is very similar to friction Disturbing welding. So far, a lot of research has been done in this field, which is
reviewed below. The difference between this research and other researches is the study of different parameters and the
interaction of each of them with the stiffness and weight reduction of the weld area by Sobel sensitivity analysis method.

Wang et al. Have studied magnesium (Mg) alloys that have high strength and hardness, excellent vibration absorption,
electromagnetic shielding, good machinability and recyclability. In addition to introducing the principle and main benefits of
perturbation friction processing, they have studied perturbation friction processing studies in cast structure modification,
superplastic deformation behavior, preparation of magnesium alloys and magnesium-based surface composites, and additive
production. perturbation friction processing not only refines, homogeneously and compacts the microstructure, but also
eliminates the defects of the casting microstructure. It also eliminates brittle and lattice-like phases, and magnesium alloys,
granular magnesium, granular and granular alloys. In fact, turbulent friction processing significantly improves the
comprehensive mechanical properties of alloys and occurs at low temperatures or high strain rates. In addition, perturbation
friction processing can produce magnesium-based surface composites reinforced with particles and fibers. perturbation friction
processing as a method of increasing the production of light metals makes possible the production of additives of magnesium

alloys [2].

Nasiri et al. In perturbation friction processing (FSP) of magnesium alloys as-cast mg-7al, mg-4al-3ca (a4x3) and mg-2al-
5ca (a2x5) found that turbulent friction processing resulted in significant grain refinement and increased mechanical properties
It becomes. Due to the presence of thermally stable materials between Al-Ca metals, calcium-containing alloys showed more
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intense grain refinement than Mg-7Al alloy with Mg17Al12 unstable phase. The processed AX43 alloy with a grain size of 1.7
um showed the best tensile properties [8].

Leo et al. Concluded that the combination of rare earth alloys (RE) and perturbation friction processing was shown to
improve the corrosion resistance of Mg-9Al alloys. The microstructure and corrosion behavior of modified Mg-9AI-xRE alloys
have been recorded. Electrochemical measurements showed that the corrosion resistance of Mg-9AI-xRE alloys was weakened
by casting in 5.3 wt% NaCl solution with the addition of rare earth elements. It has been shown that the formation of large
amounts of RE Al-like coarse band deposits is responsible for the rapid dissolution of the anodic magnesium matrix. However,
the corrosion resistance of the Mg-9AI-xRE perturbation friction processing alloys was improved by the addition of a rare earth
element and further improved by the addition of a rare earth alloy. This is mainly attributed to the change in corrosion behavior
of magnesium alloys due to refined sediments and redistribution in the a-Mg matrix. Refining of cathodic sediments increases
the anode-cathode area ratio and delays the strong tendency of galvanic corrosion in magnesium alloys. In addition, the presence
of large amounts of fine Al-RE sediments in the cumulative growth of the corrosion product layer during corrosion propagation
is desirable and thus improves the stability and compaction of this protective layer [11].

2. Research method

2.1. Problem expression and innovation

The perturbation friction process is a method to improve the surface microstructure of the material, in which the material
undergoes a severe plastic deformation in the process area, which causes dynamic recrystallization. The effective parameters
in this method are advance speed, rotation speed, weight percentage of carbon nanotubes and number of welding passes. In this
study, for the first time, the effect of each parameter was investigated using sensitivity analysis. Finally, the effect of each
parameter on the hardness and weight loss of the weld area is investigated.

Table 1. Low and high level of parameters

The amount of

Number of pulses nanotubes Fast forward Rotational speed
(Weight percentage) (mm / min) (Rpm) Parameter
2 1 24 660 Low level
3 4 44 870 High level

2.2. Regression analysis

Regression analysis is a statistical process for estimating relationships between variables that can estimate natural changes
in repetitive data such as actual change [19]. Regression analysis is used to identify the relationships between independent
(variable) parameters and their effect on the dependent variable. Table 1 lists the parameters under study along with their lower
and upper levels

Equations (1) and (2) are the regression equations obtained for the two output parameters, namely, hardness (1) and weight
loss (2).

HV = 76.88 + 8.924 — 0.51B — 1.6C + 1.25D — 2.57AB — 2028AD — 6.20A2 (D)
mg = 11.67 + 0.32B — 0.32C + 0.784C — 0.65AD — 0.44CD — 1.06A? 2

3. Review and analysis of results

It can be concluded that increasing the two parameters of nanotube quantity and number of passes increases the stiffness
and increasing the two parameters of forward speed and rotation speed reduces stiffness. It can also be concluded that they
have the greatest effect on the hardness of the nanotube and the least effect on the advancement speed.

Figure 1 shows a quantitative study of the effect of the parameters on the hardness, which are the results of the Sobel
sensitivity analysis. Figure 1 compares the effect of different factors on hardness with Sobel sensitivity analysis method.
According to Figure 1, it is concluded that the amount of nanotubes with 62%, rotational speed with 21%, number of passes
with 13% and advance speed with 4%, respectively, had the greatest effect on hardness.

Hardness of Nugget (HV)

Welding
Passes
13%

Roﬁmnoilm T
( lestileltm ) Weight
21% Percent (%)
~ 62%
Transverse
Speed
(mm/min)
4%

Figure 1. Quantitative comparison of the impact of different factors on hardness
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Itis concluded that the speed of advancement and the number of welding passes have a direct and positive effect on weight
loss, and vice versa, with increasing speed of advancement, weight loss is reduced. Figure 2 provides a quantitative study of
the effect of input parameters on weight loss.

Weight Loss (mg)

Welding
Passes

21%
Ro?ational CNT Weight
S p;:ed Percent (%)
(rev/min) 56%
17%

Transverse
Speed
(mm/min)
6%

Figure 2. Quantitative comparison of the effect of different factors on weight loss

Figure 10 uses a quantitative sensitivity analysis method to quantitatively compare the effect of input factors on weight
loss. According to Figure 10, the weight percentage of carbon nanotubes has the greatest effect with 56%, followed by the
number of welding passes with 21% has the greatest effect on weight loss. Also, rotation speed and forward speed with 17%

and 6%, respectively, were effective in reducing weight.
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4. Conclusion

Sensitivity analysis method in recent years has various applications in quantitative and qualitative analysis of the effect of
input parameters on outputs. In this study, for the first time, Sobel sensitivity analysis has been used to investigate the effect of
turbulent friction process input parameters on test outputs. The parameters studied in this study were the weight percentage of
carbon nanotubes, the number of welding passes, the rotation speed and the advancing speed. In addition, the outputs studied
were sample hardness and weight loss. According to the data analysis using Sobel sensitivity analysis, it was found that the
weight percentage of carbon nanotubes has the greatest effect on the hardness and weight loss of the sample. Also, after the
percentage of carbon nanotubes, respectively, rotation speed, number of welding passes and forward speed have the greatest
effect on hardness. Regarding the weight loss of the test sample after the weight percentage of carbon nanotubes, the number
of welding passes, rotational speed and advancement speed have the greatest impact on the weight loss of the test sample,
respectively. In the continuation of this research, other effective parameters can be examined, while other methods of sensitivity
analysis can be used to examine and analyze the results.
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1 Stir Zone (SZ)
2 Metal matrix composite (MMCs)
3 Multi-Walled Carbon Nanotube (MWCNTS)
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1 Taguchi methods
2 friction stir vibration processing (FSVP)
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