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Material Flow Behavior during Friction Stir
Welding of Aluminum

Tracers embedded in the weld path and a “stop action” technique give insight into
the movement of material during friction stir welding

ABSTRACT. Friction stiv welding (FSW) is
a new technique for joining aluminum
alloys. Invented in 1991 at The Welding
Institute {Ref. 1), this technigue results in
low distortion and high joint strength
compared with other techniques, and is
capable of joining all aluminum alloys.
To date, the majority of research has con-
centrated on developing the tools and
procedures for making reliahle welds in
a variety of alloys, on characterizing the
propetties of welds and on developing
design allowables {Refs. 2-7). Howover,
very little is known about material llow
hehavior during welding. The purpose of
the current study is to document the
movement of material during friction stir
welding as a means of developing a con-
ceptual madel of the deformation
process. In this paper, two new tech-
niques for visualizing material flow pat-
terns in frictian stir welds are presented.
Based on measured results in welds of
6061 and 7075 aluminum, material
movement within friction stir welds is by
either simple extrusion or chaotic mix-
ing, depending on where within the weld
zone the material originates. These re-
sulls impact the development of welding
procedures and suggest ways to model
the process for predicting welding tool
perlormance.

Introduction

Friction stir welding is a new welding
technique for aluminum alloys invented
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by The Welding Institute, Cambridge,
UK., in 1991 {Ref. 1}. This technique
uses a nonconsumable steel welding tool
to generate frictional heating at the point
of welding and to induce gross plastic de-
formation of workpicce material while
the material is in a solid phase, resulting
in complex mixing across the joint. A de-
tailed account of the process has heen
provided by others {Refs, 1, 3, 7). Al-
though friction stir welding can be used
to join a number of materials, the primary
research and industrial interest has heen
to join aluminum alloys. Defect-free
welds with good mechanical properties
have been macle in a wide variety of alu-
minum alloys, even those previously
thought to be “unweldable,” in thick-
nesses from less than 1 mm to more than
35 mm. In addition, friction stir welds
can be accomplished in any position.
Clearly, friction stir welding is a valuablc
new technique for butt and lap joint
welding aluminum alloys.

Of importance to this work, and sub-
sequent interpretation of results, is the
FSW tool design and how it interacts with
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the workpiece. The steel tool is cam-
prised of a shank, shoulder and pin, as
shown in Fig. 1. The welding tool is ro-
tated along its longitudinal axis in a con-
ventional milling machine and the work-
piece material is firmly held in place in a
fixture. The shoulder is pressed against
the surface of the metal generating fric-
tional heat while containing the softened
weld metal. The pin causes some addi-
tional heating and extensive plastic flow
in the workpicce matertal on either side
of the butt joint. As can be seen in Fig. 1,
the pin is equipped with a screw thread.
This thread was found to assist in ensur-
ing that the plastically deformed wark-
piece material is fully delivered around
the pin, resulling in a void-free weld. To
achieve full closure of the root, it is nec-
essary for the pin to pass very close to the
backplate, since only a limited amount of
plastic deformation occurs helow the
pin, and then only very close ta the pin
surface.

A typical butt joint welding sequence
proceeds as (ollows;

The workpiece material, with square
mating cdges, is fixtured on a rigid back-
plate. The fixturing prevents the plates
from spreading or lifting during welding,
and holds the material at a slight angle
relative to the axis of the welding tool.
The welding tool, fixed in its holder, is
spun to the correct spindle speed and is
slowly plunged into the workpiece mate-
rial until the shoulder of the welding tool
forcibly contacts the upper surface of the
material and the pir is a short distance
from the backplate. Al this point the
welding tool is forcibly traversed along
the butt joint, which continues until the
end of the weld is reached, The welding
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