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Abstract. Copper can be joint by various fusion welding process such as ultra-
sonic welding, cold pressure welding, braze welding, arc welding, electron beam
welding, etc. Unfortunately, welding of copper by fusion welding process is dif-
ficult due to high thermal conductivity and high expansion coefficient of copper.
Friction stir welding (FSW), a solid state welding techniques seen to be a realistic
alternative which can overcome these shortcomings. In this work, the effect of
rotational speed in weldability of frictional welded copper C10200 using conven-
tional milling machine is investigated. The results show that the weldability of
copper is improved as the rotational speed increases. On the other hand, the sur-
face roughness on the welded zone is decreased as the rotational speed increases.
The optimized welding strength and surface roughness was obtained at the rota-
tional speed of 1790 rpm. The studied shows promising results in welded copper
C10200 with high welding strength and smooth surface finish by FSW process
using conventional milling machine.
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1 Introduction

Copper is one of the valuable metals in engineering application. In copper processing,
copper can be joint by various fusion welding process such as ultrasonic welding, cold
pressurewelding, brazewelding, arcwelding, electron beamwelding, etc.Unfortunately,
welding of copper by fusion welding process is very difficult because copper has high
thermal conductivity and high expansion coefficient [1]. Besides, copper generates the
oxide at its melting temperature. Friction stir welding (FSW), a solid state welding
techniques seen to be a possible alternative which can overcome these shortcomings.
FSW is a solid stated joining process that provides many beneficial outputs as compared
to conventional fusion welding [2]. The fact of no joint melting occurrence in FSW lead
to eliminate those defects caused by melting during the fusion welding such as grain
boundary crack and porosities. FSW strongly reduces the presence of distortions and
residual stress because of its lower welding temperature [3].
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FSW involves the penetration of rotating tool and prolonged by a pin into a metal
plate. The process is followed by advancing speed to weld the metal plate. The friction
between tool shoulder and metal plates will generate heat and soften the metal plate
under the melting point of the metal [4]. The combination of welding tool rotation and
translation leads to themovement of softmaterial from the front of the tool pin to the back
of the tool pin. As the result, a joint is produced in a solid state [5]. This phenomenon
is similar to the principle of milling process. Thus, a conventional milling machine
with appropriate jig and fixture, could become an alternative machinery to FSW. This
invention of milling machine mimic FSW process and will give many advantages to
industry. The cost of equipment and manufacturing will be reduced and lead to cheaper
product prices. This work aims to study the effect of rotational speed in weldability
of copper C10200 using conventional milling machine. The weldability is measured in
term of welding strength and surface roughness.

2 Methodology

Copper alloy with a grade of C10200 is used as a welding sample with the dimension of
150mm (L)X 50mm (W) and 4mm (T). The composition and themechanical properties
of the sample are summarized in Table 1.

Table 1. Composition and mechanical properties of work

Composition 99.5 wt% Cu, 0.499 wt% Ag, 0.001 wt% O

Tensile strength 250 MPa

Thermal conductivity 370 W/mK

Modulus of elasticity 117 GPa

The welding tool is design and fabricated using H13 steel. The shoulder diameter
of the tool is 20 mm having 8° concave and pin was tapered with 15° from 4.55 mm
diameter on the base. The length of the pin from the shoulder is 2.7 mm with 0.3 mm
clearance.

FSW is conducted using a conventional TurretMillingMachine (CY-GH260). Single
pass welding butt joint procedure is used to weld the copper sample. The rotational speed
is set at five different speeds which are 1000 rpm, 1270 rpm, 1630 rpm, 1790 rpm and
2540 rpm. The welding speed is kept constant at 218 mm/min.

The welding strength and surface roughness of the welded surface were investigated.
Welding strength test was measured using a Universal Testing Machine whereas the
roughness of the welding zoomwasmeasured using aMitutoyo surface roughness tester.
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3 Results and Discussion

Figure 1(a) shows the welding strength of the FSW joining at various rotational speed. It
is clearly seen that the welding strength is increased when the rotational speed increases.
The highest welding strength is observed at the rotational speed of 1790 rpm, which
is approximately 201 MPa. However, the welding strength decreases to 159 MPa as
the rotational speed increases to 2540 rpm. Although the optimized tensile strength
value is slightly lower than the tensile strength of the base copper material, it is still
considered a strong weld since the weld didn’t penetrate through the thickness [1]. At
low rotational speed, low heat is generatedwhich cause insufficient softening of thework
material. Consequently, inefficient consolidation and inadequate mixing occurred and
resulted lower strength values. As the rotational speed increases, more frictional heat is
generated and consolidated to appropriate welding. In contrast, at very high rotational
speed, excessive frictional heat generatedwhich exposes the sample to overheatingwhich
increases grain growth. Thus, reduces the welding strength [5].

The effect of rotational speed on surface roughness is illustrated in Fig. 1(b). The
results indicated that the surface roughness is decreased as the rotational speed increases.
The optimum surface roughness is observed on at the rotational speed of 1790 rpm.
Similarly, the surface roughness is decreased when the rotational speed increases to
2540 rpm.The increasing of rotational speedwill generatemore friction heat and improve
the weldability, thus improving the surface roughness. In contrast, at excessive rotational
speed,massive heat andhigh tool pin stirring have caused the extremeplastic deformation
on the work material, which resulted in irregular and rough welding surface [6].

Fig. 1. The effect of rotational speed (a) Welding strength and (b) Surface roughness

4 Conclusions

Friction stir weldingwas conducted on copper C10200 and the effect of different rotation
speed was evaluated. Based on the findings, the optimum welding strength and surface
roughness was obtained at rotational speed of 1790 rpm. The outcomes from this work
shows promising results in welded defect-free, good strength and smooth surface finish
copper C10200 by FSW process using conventional milling machine.
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