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Abstract - In Friction Stir Welding (FSW) process, there is a
substantial amount of research done on aluminum plate but
very few are found for aluminum pipe due to its tubular
shape. A specially customized Orbital Clamping Unit (OCU)
was used and fixed on the drilling machine in order to weld
an aluminum alloy 6063 pipe butt joint at several welding
parameters. This OCU will hold the work pieces together
tightly, rotate them at the required constant low speed,
and ensure easy removal. This paper will investigate the
effect of welding parameters on the tensile strength of joint
produced by the FSW process. Several good samples of pipes
joint were produced using the present experiment setting.

1. INTRODUCTION

The Friction Stir Welding (FSW) is the state-of-the art
joining process which was invented and later patented by
The Welding Institute (TWI) in 1991. This is a solid- state
joining process which uses heat from frictional work to
soften and join the material together through stirring
process. This welding technique provides many advantages
such as it produces no fumes, no arc and requires no filler
metal. Thus, this process can be regarded as an
environmental-friendly process. However, the experiment
setting is the most critical part in this process especially for
joining aluminum alloy 6063 pipes. Good samples are
needed before tensile testing. The Orbital Clamping Unit
(OCU) was developed and fixed on the drilling machine.
This OCU will hold the pipes together tightly, rotate
them at required constant low speed, and ensure easy
removal. This paper will study the effect of welding
parameters on the tensile strength of the friction stir
welded aluminum alloy 6063 pipe butt joint. FSW trials
were carried out using a drilling machine on Al 6063 alloy.
The tool rotational speeds 485, 710, 910, 1120 and 1400
rpm with a traverse speed 4 mm/min were applied. The
Mechanical properties of welded joints were investigated
using different mechanical tests including destructive test
(tensile test and hardness). Solid-state welding is the
process whereby coalescence is produced at temperatures
below the melting point of the base metal without the use
of any filler metal. Examples of solid-state welding
processes include friction welding, Friction Stir Welding
(FSW), ultrasonic welding, resistance welding, explosive
welding and diffusion welding. There are fewer defects in
solid-state welding because the metals do not reach their
melting temperatures during the welding process.

However, the base metals being joined retain their
original properties, and the Heat Affected Zone (HAZ) is
small when compared with the fusion welding techniques.
Friction Stir Welding is a variant of friction welding that
produces a weld between two or more work pieces by the
heating and plastic material displacement caused by a
rapidly rotating tool that traverses the weld joint. This
application of FSW on pipes can be used for petroleum,
petrochemical, and natural gas industries which in some
studies, estimated to provide 25% and 7% cost saving for
offshore and onshore construction respectively.

1.1 WELDING FORCES
During welding, a number of forces will act on the tool:

A downwards force is necessary to maintain the position of
the tool at or below the material surface. Some friction-stir
welding machines operate under load control, but in many
cases the vertical position of the tool is present, and so the
load will vary during welding.

The traverse force acts parallel to the tool motion and is
positive in the traverse direction. Since this force arises as
a result of the resistance of the material to the motion of
the tool, it might be expected that this force will decrease
as the temperature of the material around the tool is
increased.

The lateral force may act perpendicular to the tool traverse
direction and is defined here as positive towards the
advancing side of the weld.

Torque is required to rotate the tool, the amount of which
will depend on the down force and friction coefficient
(sliding friction) and the flow strength of the material in
the surrounding region (stiction).

In order to prevent tool fracture and to minimize excessive
wear and tear on the tool and associated machinery, the
welding cycle is modified so that the forces acting on the
tool are as low as possible, and abrupt changes are
avoided. In order to find the best combination of welding
parameters, it is likely that a compromise must be reached,
since the conditions that favor low forces (e.g. high heat
input, low travel speeds) may be undesirable from the
point of view of productivity and weld properties.
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1.2 TOOL TILT AND PLUNGE DEPTH

Wk Dnacion

Adrawing showingthe plunge depthandtilt ofthe tool. The tool
is moving to the left.

The plunge depth is defined as the depth of the lowest
point of the shoulder below the surface of the welded plate
and has been found to be a critical parameter for ensuring
weld quality. Plunging the shoulder below the plate surface
increases the pressure below the tool and helps ensure
adequate forging of the material at the rear of the tool.
Tilting the tool by 2-4 degrees, such that the rear of the
tool is lower than the front, has been found to assist this
forging process. The plunge depth needs to be correctly
set, both to ensure the necessary downward pressure is
achieved and to ensure that the tool fully penetrates the
weld. Given the high loads required, the welding machine
may deflect and so reduce the plunge depth compared to
the nominal setting, which may result in flaws in the
weld. On the other hand, an excessive plunge depth may
result in the pin rubbing on the backing plate surface or a
significant undermatch of the weld thickness compared to
the base material. Variable-load welders have been
developed to automatically compensate for changes in the
tool displacement, while TWI have demonstrated a
roller system that maintains the tool position above the
weld plate.

2. PRINCIPLE OF OPERATION
A
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The progress of the tool through the joint, also showing the
weld zone and the region affected by the tool shoulder A
rotating cylindrical tool with a profiled probe is fed into a
butt joint between two clamped workpieces, until the
shoulder, which has a larger diameter than the pin,
touches the surface of the workpieces. The probe is
slightly shorter than the weld depth required, with the tool
shoulder riding atop the work surface. After a short dwell
time, the tool is moved forward along the joint line at the
pre-set welding speed.

Frictional heat is generated between the wear-resistant tool
and the work pieces. This heat, along with that generated
by the mechanical mixing process and the adiabatic heat
within the material, cause the stirred materials to soften
without melting. As the tool is moved forward, a special
profile on the probe forces plasticized material from the
leading face to the rear, where the high forces assist in a
forged consolidation of the weld.

This process of the tool traversing along the weld line in a
plasticized tubular shaft of metal results in severe solid-
state deformation involving dynamic recrystallization of
the base material.

3. WELD QUALITY
FSW produces excellent weld quality with these features:

Low distortion: In butt welding aluminum, for example,
from 2.8 mm and thicker, the plate distortion in a
properly built FSW machine is more or less zero. Tests on
12-m lengths have been carried out in which sideway
bends smaller than 0.25 mm (0.01inch) were achieved, and
no twist was seen with material thicker than 2.8 mm. In
thinner materials, a slight upward bend occurred, but no
twist or side bends were seen.

Low shrinkage: FSW produces the same predictable
amount of shrinkage each time, normally found lower than
2 mm on 6-m-wide aluminum panel application.
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No porosity: Because the base material does not melt, FIGURE:2

there is no porosity.
No lack of fusion: Because this is an extruding and forging l
S § -

joining method with a more accurate control of the heat, no
lack of fusion is seen.

No change in material: When joining aluminum, material
properties change little from the parent material as the
maximum temperature during the joining process is
approximately 450 degrees C, and no filler material or
anything other than heat is added to the joint. Due to the
resultant finer grain structure in the weld nugget, the
weld sometimes is stronger than the base material. In
steels, most of these same advantages apply.

Slight weld flash on trailing edge that has exhibited more
good quality weld at 1400 rpm speed

4. MATERIAL
6. LIMITATIONS

Table 1: Chemical Composition (wt %) of 6063 Al . L
able 1:Chemical Composition (wt %) o [1] Exit hole left when tool is withdrawn.

Weight% | Al | & | Fo | Cu | Mo | Mg | Cr  Zn | T |OtherEach OtherToll| 2] Large down forces required with heavy-duty clamping

6063 | Bal | 020 [035] 010 | 0.0 (045 [ 00 [ 0t0 [ ot0 | oos | o5 necessary to hold the plates together.

06 090 [3] Less flexible than manual and arc processes (difficulties
with thickness variations and non- linear welds).

Table 2: Mechanical Properties of 6061 [4] Often slower traverse rate than some fusion welding
H Al/Com usli:te techniques, although this may be off set if fewer welding
P passes are required.
Description o, Mpa Et% VHD 7. CONCLUSION
G061 20710 12% T4.6 .
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