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KEYWORDS ABSTRACT

Additive friction welding, In this research, the experimental study of the additive friction welding process for the
Repair of copper parts, repair of surface defects of copper parts, which are widely used in industry, household
Experimental study, appliances, electrical appliances, etc., has been done. Melting methods are commonly
Mechanical properties, used to repair these parts, which cause defects such as hot cracks, thermal stresses, and
Metallurgical properties. residual stresses. By using the additive friction welding method, these defects can be

prevented during the repair of copper parts. In this research, to repair the surface defects
of copper parts, three methods of copper powder injection, the use of thin copper sheet
and the use of copper filler to add copper in the welding position during the friction
welding process were used and the properties of hardness, strength, crystal structure
and the metallographic properties of the weld zone for each method have been studied
with the aid of hardness tests, tensile tests, metallography and EDX elemental analysis
and SEM images. The results obtained from this research show that the process
parameters directly affect the quality and properties of the weld, so that they change the
distance between the crystal surfaces and the crystal structure of the weld. In this
welding method, due to the friction of the tool and the workpiece, the hardness of the
welding surface and the temperature of the welding position increase. The increase in
temperature at the interface between the tool and the part is enough to increase the grain
size of the part at the welding position.

Extended Abstract

1. Introduction

parts is considered as a solution to reduce costs in industries. Normally, fusion welding methods are used
for surface repair, which is associated with the possibility of changing the mechanical, physical and
chemical properties of the final parts. Due to the increase in temperature at the welding position in melting
processes, there is a possibility of parts distortion and their hardness, mechanical strength and metallographic
properties are strongly affected. The repair process must be done with strict control of the influencing factors in
order to prevent damage to the parts. Since the use of fusion welding methods increases the temperature of the

N owadays, due to the high cost of raw materials and manufacturing, the repair of surface defects of copper

* Corresponding author. Tel.:+988632625732

E-mail address: a-jabbari@araku.ac.ir

DOI: https://10.61186 /masm.4.3.369. ©
Received: July 17, 2024; Received in revised form: November 02, 2024; Accepted: November 16, 2024. o
© Author



https://10.0.239.2/masm.4.3.369
https://10.0.239.2/masm.4.3.---

Experimental Study on Additive Friction Stir Enabled Solid-State Manufacturing for The Repair of Copper = 370

part, it is possible to change the shape of the part and create mechanical and metallographic defects in it. Additive
friction welding process is proposed as a new method to repair the surface defects of copper parts to reduce the
possibility of defects in the part. Using this method creates less heat in the welding position and results in less
environmental pollution. Therefore, in this research, the possibility of repairing the surface defects of copper parts
using the additive friction welding method is discussed, and the effect of the effective parameters of the process
on the mechanical and metallurgical properties of the parts is studied experimentally. Three methods have been
used to add metal to the welding position in the additive friction welding process. In the first method, the powder
of copper particles is injected at the welding site. In the second method, a thin copper sheet is used at the interface
between the tool and the piece. In the third method, a copper filler is used to repair the part surface in the additive
friction welding process. After the welding process, samples are cut from the welding position and their mechanical
properties such as hardness and mechanical strength are measured and compared with the corresponding values
for the base metal. Also, the metallographic properties of the welding position are studied by ESM and EDX
methods.

In the current situation, due to the increase in the costs of manufacturing and producing parts, as well as the
costs of raw materials and environmental conditions, this result was achieved in order to take necessary measures
to reduce the costs of construction. To solve this issue, it is necessary to repair the used parts and improve the
repair methods and use the methods that have less environmental pollution. One of the methods with low
environmental pollution is the use of friction welding method, which is used in the connection of aluminum parts
and its alloys and the connection of non-homogeneous metals and reaching the appropriate diameter of the tool in
friction welding by Griffis and his colleagues [1] by means of consumable and non-consumable tools. consumption
has been studied. In this research, the friction method was used to repair the copper parts and the advantage of the
friction method over the melting methods, such as preventing the deformation of the parts due to high temperature,
has been confirmed, so that this reduces the residual stresses and hot cracks. Will be Friction welding repair was
investigated by Sidi et al. [2] and the researchers achieved a weld with a surface quality of 45 micrometers. In the
studies conducted by Mr. Meng et al. [3], butt friction welding method is mentioned, and friction and friction stir
welding method was investigated by Mr. Khodabakhshi et al. [4]. Achieving the appropriate rotational speed and
tool forms has been investigated by Kam et al. [5].

In [7] the basics of stir welding, including thermal history and metal flow, are explained before discussing how
process parameters affect weld microstructure and the potential for bubble defects. After introducing the
macroscopic features, the microstructural development and related hardness distribution are investigated in detail
for two classes of aluminum alloys (non-heat-treatable and heat-treatable). Finally, the range of mechanical
properties that can be achieved is discussed, including consideration of residual stress, fracture, fatigue and
corrosion. It is shown that FSW of aluminum is becoming a mature technology with applications. There are many
businesses.

In [8], rolled AA2219 plates of 7.8 mm thickness were successfully filled friction stir welds without keyholes
using semi-consumable tooling. The effect of tool geometric parameters and immersion speed on the mechanical
properties of the joint was investigated. A detailed microstructure was observed, especially at the interface. The
results showed that the use of the AA7075 bit is able to effectively reduce the drop bit material. During the tensile
tests, the ultimate tensile strength and elongation of the joint were 179.6 MPa and 13.7%, respectively, which were
equivalent to 96.6% and 99% of the friction stir welding without defects.

In [9], friction stir welding was developed to solve the presence of a large gap in the interface between two
workpieces. With a self-designed tool system with an external fixed shoulder, this method is successfully used to
weld 6061-T6 aluminum alloy with a thickness of 4 mm, while 2024-T4 aluminum alloy is selected as the
compensating material. Fixed shoulder tool system is more suitable for this method. The resulting joints without
defects are obtained using a fixed comb, when the width of the tape varies from 1 mm to 2 mm. For the VCFSW
process, it is beneficial to increase the rotation speed and decrease the welding speed to break the compensation
strip into pieces to obtain a higher quality weld joint.

In [10], the tungsten gas arc welding repair process and the friction stir welding hybrid repair process have
been studied to remove the large size groove defect formed during FSW. Experimental results show that the groove
defect can be eliminated by both repair processes. The tensile strength of the GTAW repair joint is only 55% of
that of the base metal. Tensile fracture occurs in the transition zone between the weld zone and the heat-affected
zone, and the fracture surface of the repair joint is characterized by obvious brittleness. In contrast, the
GTAW+FSW hybrid repair joint has a high tensile strength of 70% of the base metal. Tensile failure occurs in the
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mechanically heat-affected area of the overlap between two FSW pieces, and the fracture characteristic of the
hybrid repair joint is partially plastic and brittle.

In[11], TWBs of AA2024-T3 and AA7075-T6 aluminum were prepared and welded using friction stir welding
(FSW) method under various conditions, including three different tool shapes as conical, cylindrical, and square
under various traverse speeds and rotational speeds.

In this research, the experimental study of the additive friction welding process for the repair of surface defects
of copper parts has been done. If melting methods are used to repair these parts, defects such as hot cracks, thermal
stresses and residual stresses will occur. By using the additive friction welding method, these defects can be
prevented during the repair of copper parts. In this research, to repair the surface defects of copper parts, three
methods of copper powder injection, the use of thin copper sheet and the use of copper filler to add copper in the
welding position during the friction welding process were used and the properties of hardness, strength, crystal
structure and The metallographic properties of the welding area for each method have been studied with the help
of hardness tests, tensile tests, metallography and EDX elemental analysis and preparation of SEM images. The
results obtained from this research show that the process parameters directly affect the quality and properties of
welding, so that they change the distance between the crystal plates and the crystal structure of the welding place.
In this welding method, due to the friction of the tool and the workpiece, the hardness of the welding surface and
the temperature of the welding position increase. The increase in temperature at the interface between the tool and
the part is enough to increase the grain size of the part at the welding position.

2. Experimental investigation of the additive friction welding process

Figure 1 shows the setup and tools used for the experimental study of the effect of the additive friction welding
process on repaired copper parts. As seen in Figure 1-a, the friction welding process is performed on the NC
vertical milling machine. The workpiece is installed in the clamp of the machine and the tool on the spindle of the
machine. Figure 1-b shows the tool used in this process and its components in an exploded view. In this research,
copper with a purity of 99.8% was used as the base metal and the experiments were conducted in three groups. In
the first group, copper rebar is used as an electrode to fill surface defects. In the second group, thin copper sheet
is used to fill surface defects. In the third group, copper powder is used to fill the surface defects so that during the
friction process, it is injected into the welding place using a special tool. In these three test groups, the rotational
and forward speeds and the number of steps are the same and according to the values in Table 1.

(b)

Figure 1. Friction welding process with copper sheet
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Table 1. Values of process parameters

Parameter Value Unit
Spindle rotational speed 1600 Limin
The time required for the initial temperature to rise 3.6 S
Vertical advance to feed the electrode 2 mm/min
Horizontal advance 15 mm/min

In the second group of friction welding by adding a copper sheet with a thickness of 1 mm to repair the defects,
experiments have been carried out with two methods of linear and point advancement. Figure 2-a shows the image
of friction welding with the linear advancement of the tool. In figure 2-b, the advancement of the tool is done
perpendicular to the surface of the part and in a point way. A sheet with less thickness does not have the necessary
strength during the friction welding process, and a sheet with more thickness prevents better heat transfer and
increases the machining volume. The appearance of the tool in the vertical advancement method is circular and in
the horizontal advancement method it is a completely smooth and high-quality surface that does not require re-
machining.

@)

Figure 2. Tool advancement methods in copper thin sheet welding process. (a) horizontal advance, (b) vertical advance.

In the third group of friction welding, copper powder with dimensions of 75 microns is used as an additive to
repair defects. In this method, in order to inject the powder to the welding position, a tool with a larger diameter
is used. To prepare the tool in this process, first the outlet valve is closed and the chamber is filled with copper
powder, and then the piston, spring, and cap are placed inside the chamber, and its screw is tightened until the
spring is compressed sufficiently, and the tool is installed on the spindle of the machine. During the welding
process, as soon as the tool contacts the surface of the workpiece and creates friction and reaches sufficient
temperature, by stopping the spindle rotation and opening the powder injection valve, the spindle starts rotating
again and the welding process continues until it is completed. During the welding process, it is necessary to
continue to advance until the welding line is completed to avoid blocking the injection path. In the conducted tests,
the diameter of the powder injection nozzle is 2 mm. In Figure 3, three types of surface defects are considered for
copper parts, and for each defect, two friction welding samples are prepared by adding copper powder at the
welding position. Figure 4 shows the parts with three types of surface defects after welding.

=< & / > T
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Figure 3. Geometric model of the samples prepared for the powder injection process. (a) low depth and high width, (b) low
depth and low width, (c) surface scratches.

40

40
30

Mechanics of Advanced and Smart Materials Journal 4(3) (2024) 369 — 386



378 Ali Jabbari, Ali Baniasadi, Ehsan Soury

@ (b)
Figure 4. Image of welded parts after powder injection. (a) low depth and high width, (b) low depth and low width, (c) surface scratches.

In order to evaluate the mechanical and metallurgical properties of the welded parts, tensile test, hardness test,
SEM, EDX and surface roughness were performed and XRD changes of the samples were investigated. These
examples are shown in Figure 5.

Figure 5. Prototypes for experiments.

3. Results and discussion

In order to determine the mechanical properties of the welding area and compare the results with the
corresponding values of the base metal, a hardness test has been performed first. Examining the results shows that
the hardness of the welding position after the friction welding process by adding copper powder has reached HV
142 and after the welding process using thin copper sheet has reached HV 108. This is while the hardness of the
base metal is HV110. In Figure 6, the force-displacement diagram for the base metal, the welding sample with the
addition of copper sheet and the welding sample with copper powder injection are compared.
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Figure 6. Comparison diagram of tensile strength of welds (force-displacement), vertical axis force in newton meters - horizontal
axis micron displacement.
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