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The copper/aluminum composite is very important and practical due to its light weight, optimal
thermal and electrical conductivity. The high weight resistance ratio, along with its inherent
properties, makes it attractive for new applications. In this regard, the use of composites with
high mechanical properties has significantly increased. In this research, 5000 series aluminum
and pure copper samples in 1st, 2nd, 3rd, and 4th passes have been subjected to friction stir
welding (FSW) and then the mechanical and metallurgical properties of the welded samples have
been compared with the original samples. In order to further study the results of tensile tests,
metallography and microhardness tests have been performed. Microstructural evaluation of
welded samples showed that the mixing zone of the samples was determined by combining
aluminum and copper layers. The results showed an increase in yield strength in the welding zone
and ultimately an improvement in hardness and ultimate strength in the weld zone compared to
the prototype. Compared to stretched samples, the greater the distance from the nugget weld, the
less the improvement in mechanical properties and microhardness. By changing the parameters
and increasing the inlet temperature, the mixing and uniform dispersion of the particles is
performed more appropriately and ultimately increases the tensile strength. Finally, in the
research, experimental data were modeled using fuzzy logic method and considering that the
presented model was obtained in two indices R-Sq (pred) and R-Sq (adj), 96 and 99%,
respectively. The comparison between the experimental data and the model data indicated an
acceptable error in the experimental data.
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INTRODUCTION

process that has been used to colligate the metallic and
polymeric materials [3]. Using a non-consumable

As one of the basic industries itself, welding has played
an important role in industrial development and is
recognized as one of the best and oldest industry-used
methods [1]. The technique of welding can be used to
permanently attach metallic, ceramic, polymeric,
composite parts to each other and etc - whether using a
melting or non-melting method, with or without pressure,
applying or not applying fillers and for similar or
dissimilar ~ samples [2]. The  Friction  Stir
Welding/Processing (FSW/P), invented in 1991 by the
British Welding Association, is a solid-state bonding
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rotational tool in this method, the base parts are heated by
friction and then the workpieces are pressed to each other,
which causes them to be conjoined [4]. No workpiece
melting and solid-phase linking is the main advantages of
this method [5]. The FSW process is involved in
mechanical and thermal interactions and is widely used in
welding heterogeneous sheets in the automotive industry
[6]. In this method, the attaching process is emanated
from the friction between workpieces and the heat-proof
tool [7]. The intricacy of performing high-strength
welding, with a fracture and fatigue resistance used in the
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aerospace industry, has restricted the widespread
utilization of welding in adjoining spatial structures. The
diminution of mechanical properties, which leads to the
fracture of a substance or a component under cyclic loads,
is defined as fatigue. It is estimated that about 90% of
motion failures in metal components are along of
fatigues [8].

Karrar et al. [9] have investigated the influence of the
tool rotational speed and forward speed on dissimilar
friction stir butt welds (FSBW) on 5083 aluminums to
pure copper samples. Complex microstructures were
formed in the thermal-mechanically affected zone
(TMAZ), in which a vortex-like pattern and lamellar
structures were found. The highest ultimate tensile
strength of 203 MPa and joint efficiency of 94.8% were
achieved at 1400 rpm tool rotational speed and
120 mm/min traverse speed. Placing the softer material
(aluminium) on the advancing side produced an excellent
metallurgical bond with no requirement for tool
offsetting. Aliha et al. [10] have investigated to mixed
mode I/l fracture resistance of dissimilar aluminum
alloy. The AA7075-T6 / pure copper butt joints welded
by the friction stir welding (FSW) is experimentally and
theoretically investigated. First, a novel semi-circular
bend shape specimen was proposed for conducting mixed
mode I/Il fracture tests. da-Silva et al. [11] have
investigated  localized  electrochemical  methods
supported by surface analytical characterizations that
were employed to investigate galvanic coupling effects
and local electrochemical activity developed along the
welded zones in Friction Stir Welded 2098-T351 Al-Cu-
Li alloy.

According to the background of our research in the
process FSW the existence of research to correlate the
significant relationship between input and output
parameters of expression is quite felt that the authors paid
more attention to this issue.

RESEARCH METHODOLOGY

Material and method

Figure 1 shows the schematic of the butt turbulent friction
stir welding process discussed in this work. The metal
sheets with a thickness of 3 mm made of 5000 aluminum
and pure-copper were used. The mechanical properties of
base metals are shown in Figure 2. For rotation and
advancement, an FP4M milling machine made in Tabriz
was used. Table 1 summarized the turbulent friction stir
welding process parameters. In order to design the
experiments and reach an acceptable algorithm, an
attempt has been made to study and apply the Taguchi
experiment design process step by step. Numerous tests
must be performed to perform complete experiments in
order to achieve proper process control. One of the main
goals of test design methods is to select the best possible
test mode, which can be used to evaluate the process in
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Figure 1. Schematic of the butt turbulent friction stir welding
process [12]
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Figure 2. Stress and strain diagram of base metals

the most desirable way while justifying the number of
tests, which is used to design experiments from mini
software. Fever is used. In this range, input variables have
been studied and the maximum and minimum theoretical
limits and practical limitations have been determined.
Using Taguchi method, the design of experiments with
L8 experiments is shown in Table 2.

Given the importance of the issue and being there
some constraints in the field of magnesium alloys
welding, it would seem necessary to conduct a
disquisition in this matter using two similar materials.
Using an H13 stainless steel tool with a hardness of 52
Hardness Rockwell-C (HRC), the welding operation was
handled at the ambient temperature. As well, the tool’s
height and the shoulder’s diameter were 100 mm and 50
mm, respectively. Choosing parameters is based on their

Table 1. Turbulent friction stir welding process parameters

Row Test input Working Quantity of
parameters range measurement
1 Tool deflection angle 2-3 Degree
. 700-850- .
2 Rotational speed 1000-1150 rpm/min
3 Forward speed 22-40 mm/min
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Table 2. Design of experiments and obtained model with
effective parameters

Laboratory settings

Code

EXp.  Rotational Forward  Tool deflection
speed speed angle

1 700 22 2 P1
2 700 40 3 P2
3 850 22 2 P3
4 850 40 3 P4
5 1000 22 3 P5
6 1000 40 2 P6
7 1150 22 3 P7
8 1150 40 2 P8

effectiveness and also the choice ranges according to the
previous research and the laboratorial facilities. An SEM
microscope was employed to shoulder and pin the flow
behavior and surface structure of welded 5000 aluminum
magnesium alloy casts. For the heavy deformation and
frictional calefaction, resulting from the collision
between the sheet’s surface and the tool’s shoulder during
the FSW, the stir zone is wide and close to the sheet’s
upper surface. According to the applied parameters, the
incoming heat, or required time at high temperature, the
lack of defects in the turbulence zone indicates that the
local increment of material’s temperature around the
possible zones of plastic deformation causes the material
to be completely circulated around the pin. The
cylindrical welding tool made of hot steel working with a
square pin is shown in Figure 3.

Fuzzy logic

Fuzzy logic was officially introduced by Shehabeldeen et
al. [13]. It was stated that classical theory emphasizes too
much on accuracy and is therefore not very compatible
with complex systems and the real world [13]. Classical
logic represents anything based on a binary system (true
or false, zero or one), but in fuzzy logic everything is
represented by the degree of membership; the value of

Figure 3. Cylindrical welding tool made of hot steel working
with a square pin
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which is between zero and one [14]. In this research,
MATLAB software has been used to model the stiffness
and tensile test results. Figures 4 and 5 show the fuzzy
model designed in MATLAB software. Figure 4 shows
the creative model for input and output parameters using
Mamdani inference in fuzzy logic. Also, Figure 5
demonstrates the graphical representation of the fuzzy
inference to predict the thickness of the layer.

The fuzzy process includes the following steps:
1. Selecting the inference system to make the connection
between the input space to the output space
2. Fuzzy inputs through operators Fuzzy, for numerical
data to fuzzy sets through membership function.
3. Applying fuzzy operators when the number of inputs is
more than one.
4. Applying a conceptual method for assigning a given
unit number from a fuzzy role to a fuzzy set.
5. Integration of outputs to combine the outputs of each
role into a single fuzzy set.
6. Converting a fuzzy set by assigning an exclusive value
[15].

The number of rules used to model 8 rules has been
applied. In this research, Mamdani inference motor is
used and the values of fuzzy inputs are converted to fuzzy
outputs after entering the inference motor and applying
the existing fuzzy rules. Finally, the fuzzy outputs are
converted to surface roughness output values using the

(mamdani)

Figure 4. Creative model for input and output parameters
using Mamdani inference in fuzzy logic
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Figure 5. Graphical representation of the fuzzy inference to
predict the thickness of the layer
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non-fuzzy method of calculating the center of mass. After
presenting and analyzing the experiments performed in
this paper, the modeling of the results is investigated by
the fuzzy region and the error rate of the method.

The experiments were performed in the same
laboratory conditions based on Taguchi with different
parameters. As can be seen in Figure 6, using the eye test,
sample No. 7 is in a good condition with regard to cracks
and surface cavities, and after polishing and grinding
operations, it is selected as the desired part.

RESULTS AND DISCUSSION

Pass number effects
The microhardness of different welding zones in different
number of passes is shown in Figure 7.

Figure 8 shows the anion model light microscope
image of the welded sample from the desired sample cross
section. Metallography was performed according to
ASTM-E3-01 standard by polishing machine and to etch
the structure of the samples, a solution containing 82 ml
of alcohol and 18 ml of nitric acid was used. In turbulent
friction stir welding process, the process is accompanied
by severe deformation and increase in temperature, which
causes dynamic recrystallization in the weld zone,
changes in the microstructure of the turbulence zone,
fuzzy deposits and coarse grains around the turbulence
zone. In the present image, three regions of turbulence,
the region affected by heat and the region affected by the
thermomechanical process are formed. These three
regions occur based on strain and thermal gradients
during the process.

Mechanical properties

The test pieces were prepared according to ASTM E8-04
standard for tensile test and the test was performed at a
constant speed of 1 mm/min and a strain rate of 0.003 at
room temperature for all welded samples by the
SANTAM STM-150 tensile machine of Semnan

i

Figure 6. Optimal sample of weld number 7 after surface
finishing operation
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v 200 um
Figure 8. Light microscope image of the onion ring zone
between the weld line zone and the thermodynamic zone

University. The comparison of experimental tensile test
results with generated fuzzy model in terms of stress are
illustrated in Figure 9. Also, comparison of experimental
Vickers hardness test results from cross section with
fuzzy model are depicted in Figure 10.
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Figure 9. Comparison of experimental tensile test results
with generated fuzzy model in terms of stress
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Figure 10. Comparison of experimental Vickers hardness
test results from cross section with fuzzy model

Hardness
The hardness of the welded sample is based on
metallography according to ASTM-E384 standard by
Vickers hardness test method by Bohler machine with a
force of 250 g for 10 seconds. Hardness was measured at
five points at a distance of 2 mm on the cross section of
the welded sample. According to the experimental results,
the amount of stiffness in the forward part is more than
the backward part and the reason for this difficulty is the
same in the forward side for the rotation and the speed of
the tool, but in the backward side they work in the
opposite direction. As a result, the heat generated by the
leading side increases and the material removed by the
tool undergoes a severe deformation in the turbulence
region, which increases the driving force of dynamic
recrystallization. As the driving force increases, there are
more corrections on the forward side than on the
backward, and the stiffness of the forearm increases.
Figure 11 shows the comparison of Vickers hardness
experimental cross-sectional results with fuzzy model;
while the comparison of Vickers hardness experimental
cross-sectional results with fuzzy model are illustrated in
Figure 12. The hardness results and tensile tests for
several samples are summarized in Table 3.
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Hardness data
[ Hardness fuzzy model|

Hardness data
Hardness fuzzy model
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Number
Figure 11. Comparison of Vickers hardness experimental
cross-sectional results with fuzzy model
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Figure 12. Comparison of Vickers hardness experimental
cross-sectional results with fuzzy model

Table 3. Summary of Hardness results and tensile tests

Hardness Results (Vickers)  Tensile test results (MPa)

EXP. ""Hardness Hardness  Tensile test Tensile test
data fuzzy model data fuzzy model
P1 102 104.9 171.7 170.5
P2 99 102.5 168.3 169.9
P3 108 106.8 169.5 170.1
P4 101 102.3 186.5 186.6
P5 115 116.1 187 187.3
P6 106 104.9 190.5 192.2
P7 121 120.9 193.5 195
P8 109 110.8 201.3 202.5
CONCLUSION

In this study, the effect of sinking depth and tool retention
time in the connection of 5000 aluminums alloy/ pure
copper using the FSW welding method of the FSW was
examined. The most important results of this research can
be seen as follows Title:

1) The high quality of the appearance of the weld and the
absence of depressions in Welding Surface The main
advantage of using this method over Other methods are
similar.

2) Increasing the parameters of the welding process
increases the depth The tool is inserted into the part and
the material is removed from the connection Which
reduces the effective thickness of the top sheet.

3) An increase in the parameters increases the depth of
the agitated zone and the length of the connection is due
to the production of heat Friction as well as greater
agitation of the material.

4) The maximum weld strength in this study is related to
sample No. 8 is equal to 211 Newton's. This sample to
reason for peripheral failure mode and proper connection
in the joint has a high failure force.

5) Increase both parameters due to more heat generation
and helps to grow seeds as well as sediments, reduce
hardness is following.



M. R. Maraki et al. / Iranian (Iranica) Journal of Energy and Environment 13(2): 169-175, 2022

6) Two situations of environmental failure and a common
chapter in the samples were observed. Common chapter
failures are common in samples with low process
parameters occurred which could be due to lack of proper
mixing in the common season.
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