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FRICTION STIR WELDING
 ABSTRACT
 Recently, in the automotive industry, much attention has been focused on aluminum
 and magnesium alloys because of their unique properties, especially lightweight properties.
 This is because requirements for the automotive industry have become more severe in
 connection with reduction in mass, fuel consumption and environmental impact. For their
 practical applications, bonding and welding technologies should also be established aside
 from alloy design, microstructure control, plastic forming, casting, surface treatment, etc.
 Friction stir welding (FSW) is one of the attractive technologies for welding of a wide variety
 of metallic materials. Especially for aluminum and magnesium alloys, the FSW has been
 actively studied as a new solid state welding technique, since it was invented by the welding
 institute
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FRICTION STIR WELDING
 1.INTRODUCTION
 Friction stir welding (FSW) is an innovative welding process commonly known as a
 solid state welding process, that the objects are joined below the melting point with the help
 of pressure. This opens up whole new areas in welding technology. It is particularly
 appropriate for the welding of high strength alloys which are extensively used in the aircraft
 industry. Mechanical fastening has long been favoured to join aerospace structures because
 high strength aluminium alloys are difficult to join by conventional fusion welding
 techniques. Its main characteristic is to join material without reaching the fusion temperature.
 It enables to weld almost all types of aluminium alloys, even the one classified as non-
 weldable by fusion welding due to hot cracking and poor solidification microstructure in the
 fusion zone. Friction Stir Welding (FSW) was invented by Wayne Thomas at TWI (The
 Welding Institute), England in the year 1991. FSW is considered to be the most significant
 development in metal joining in a decade and is a ”green‘‘ technology due to its energy
 efficiency, environment friendliness, and versatility.
 2. FSW THE PROCESS
 The working principle of Friction Stir Welding process is shown in Figure. A welding
 tool comprised of a shank, shoulder, and pin is fixed in a milling machine chuck and is
 rotated about its longitudinal axis. The work piece, with square mating edges, is fixed to a
 rigid backing plate, and a clamp or anvil prevents the work piece from spreading or lifting
 during welding. The half-plate where the direction of rotation is the same as that of welding
 is called the advancing side, with the other side designated as being the retreating side. The
 Manufacturing engineering Page 2
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FRICTION STIR WELDING
 rotating welding tool is slowly plunged into the work piece until the shoulder of the welding
 tool forcibly contacts the upper surface of the material.
 Fig.1 The principle of Friction Stir Welding
 By keeping the tool rotating and moving it along the seam to be joined, the softened
 material is literally stirred together forming a weld without melting. The welding tool is then
 retracted, generally while the spindle continues to turn. After the tool is retracted, the pin of
 the welding tool leaves a hole in the work piece at the end of the weld. These welds require
 low energy input and are without the use of filler materials and distortion.
 3. FOUR DIFFERENT REGIONS OF FSW
 FSW joints usually consist of four different regions as shown in Figure.They are:
 (a) unaffected base metal (b) heat affected zone (HAZ) (c) thermo-mechanically affected
 zone (TMAZ) and (d) friction stir processed (FSP) zone. The formation of above regions is
 affected by the material flow behaviour under the action of rotating non-consumable tool.
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FRICTION STIR WELDING
 However, the material flow behaviour is predominantly influenced by the FSW tool profiles,
 FSW tool dimensions and FSW process parameters
 (a) unaffected base metal (b) heat affected zone (HAZ) (c) thermo- mechanically affected zone(TMAZ) and (d)
 friction stir processed (FSP) zone(nugget)
 The heat-affected zone (HAZ) is similar to that in conventional welds although the maximum
 peak temperature is significantly less than the solidus temperature, and the heat source is
 rather diffuse. This can lead to somewhat different microstructures when compared with
 fusion welding processes. The central nugget region containing the ‘‘onion-ring” appearance
 is the one which experiences the most severe deformation, and is a consequence of the way in
 which a threaded tool deposits material from the front to the back of the weld. The thermo-
 mechanically affected zone (TMAZ) lies between the HAZ and nugget; the grains of the
 original microstructure are retained in this region, but often in a deformed state.
 4. FSW WELDING PROCESS PARAMETERS AND VARIABLES
 A unique feature of the friction-stir welding process is that the transport of heat is
 aided by the plastic flow of the substrate close to the rotating tool. The heat and mass transfer
 depend on material properties as well as welding variables. The quality of friction stir
 processed zone is also controlled by the welding parameters. The welding speed, the tool
 Manufacturing engineering Page 4
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FRICTION STIR WELDING
 rotational speed, the vertical pressure on the tool, the tilt angle of the tool and the tool design
 are the main independent variables that are used to control the FSW process. The heat
 generation rate, temperature field, cooling rate, x-direction force, torque, and the power
 depend on these variables. Optimization of all the above parameters is very essential to obtain
 defect free joints. The formation of defects and discontinuities are controlled by the above
 parameters and these defects and discontinuities obviously
 4.1 TOOL ROTATION SPEED
 For FSW, two parameters are very important: tool rotation rate (v, rpm) in clockwise
 or counter clockwise direction and tool traverse speed (n, mm/min) along the line of joint.
 The motion of the tool generates frictional heat within the work pieces, extruding the
 softened plasticized material around it and forging the same in place so as to form a solid-
 state seamless joint. As the tool (rotates and) moves along the butting surfaces, heat is being
 generated at the shoulder/work-piece and, to a lesser extent, at the pin/work-piece contact
 surfaces, as a result of the frictional-energy dissipation.
 Higher tool rotation rates generate higher temperature because of higher friction
 heating and result in more intense stirring and mixing of material. In short, peak temperature
 increases with increasing rotational speed and decreases slightly with welding speed. Peak
 temperature also increases with increase in the axial pressure. During traversing, softened
 material from the leading edge moves to the trailing edge due to the tool rotation and the
 traverse movement of the tool, and this transferred material, are consolidated in the trailing
 edge of the tool by the
 Manufacturing engineering Page 5
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FRICTION STIR WELDING
 Relationship between rotational speed and peak temperature in FS-welds of AA 6063
 4.1.1 TORQUE
 The torque decreases with increase in the tool rotation speed due to increase in the
 heat generation rate and temperature when other variables are kept constant. It becomes
 easier for the material to flow at high temperatures and strain rates. However, torque is not
 significantly affected by the change in welding speed. The relative velocity between the tool
 and the material is influenced mainly by the rotational speed. Therefore, the heat generation
 rate is not significantly affected by the welding speed. High traverse speeds tend to reduce
 heat input and temperatures. The torque increases only slightly with the increase in traverse
 speed because material flow becomes somewhat more difficult at slightly lower temperatures.
 The torque on the tool can be used to calculate the power required from P = ωM, where M is
 the total torque on the tool.
 Manufacturing engineering Page 6
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FRICTION STIR WELDING
 4.2 TRANSVERSE SPEED
 The welding speed depends on several factors, such as alloy type, rotational speed,
 penetration depth, and joint type. With constant rotational speed, higher welding speed
 resulted in lower heat input per unit length of the weld.Causes lack of stirring in the friction
 stir processing zone yielding poor tensile properties. Lower welding speed resulted in higher
 temperature and slower cooling rate in the weld zone. Causes grain growth and severe
 clustering of precipitates. Hence, the welding speed must be optimized according to the
 material and dimensions.
 Fig. Effect of welding speed on hardness (tool profile: square pin) of AA2219 aluminium alloy.
 Figure shows the average Vickers micro-hardness of the base metal and Friction Stir
 Weld zone on the cross-section perpendicular to the tool traverse direction of the aluminium
 alloy plates which were friction-stir-lap welded. At all the welding distances, the FSL Weld
 zone exhibited more average hardness than the base metal. It is believed that this increase of
 the average hardness led from the grain refinement in the Fricton Stir Weld zone.
 Manufacturing engineering Page 7

Page 8
                        

FRICTION STIR WELDING
 4.3 TOOL DESIGN
 Tool design influences heat generation, plastic flow, the power required, and the
 uniformity of the welded joint. Tool geometry such as probe length, probe shape and shoulder
 size are the key parameters because it would affect the heat generation and the plastic
 material flow. The tool is an important part of this welding process. It consists of a shoulder
 and a pin. Pin profile plays a crucial role in material flow and in turn regulates the welding
 speed of the FSW process. The shoulder generates most of the heat and prevents the
 plasticized material from escaping from the work-piece, while both the shoulder and the tool
 pin affect the material flow. Friction stir welds are characterized by well-defined weld nugget
 and flow contours, almost spherical in shape, these contours are dependent on the tool design
 and welding parameters and process conditions used.
 The commonly used five pin profiles i.e., straight cylindrical, tapered cylindrical,
 threaded cylindrical, triangular and square pins to fabricate the joints, in FSW are shown
 schematically in Figure.
 Fig. The commonly used pin profiles
 Manufacturing engineering Page 8
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FRICTION STIR WELDING
 4.4 AXIAL PRESSURE
 Axial pressure also affects the quality of the weld. A downwards force is necessary to
 maintain the position of the tool at the material surface. Downward force has a direct
 relationship between the heat generated. Very high pressures lead to overheating and thinning
 of the joint while very low pressures lead to insufficient heating and voids. Power
 requirement also increases with the increase in axial pressure. Also the downward forging
 pressure helps to prevent the expulsion of softened material from the shoulder.
 5. FS WELDING 0F COMMON STRUCTURAL MATERIALS
 The FSW process has proved to be ideal for creating high quality welds in a number
 of materials, including those which are extremely difficult to weld by conventional fusion
 processes
 5.1 ALUMINIUM
 Aluminium alloy has gathered wide acceptance in the fabrication of light weight
 structures requiring a high strength to weight ratio. Compared to the fusion welding processes
 that are routinely used for joining structural aluminium alloys, friction stir welding (FSW)
 process is an emerging solid state joining process in which the material that is being welded
 does not melt and recast.
 The FSW process has proved to be ideal for creating high quality welds in a number of
 materials, including those which are extremely difficult to weld by conventional fusion
 processes ultimate result is the continuous line with a minimum in hardness somewhere in the
 heat-affected zone, due to the competing effects of dissolution and re-precipitation. But in
 contrast to age hardenable AA 6082, where a minimum hardness occurs in the HAZ, FSW of
 non-hardenable AA 5082 results in uniform hardness across the weld. Corrosion studies
 Manufacturing engineering Page 9
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FRICTION STIR WELDING
 indicate that the weld zones produced by friction-stir welding have comparable
 environmentally assisted cracking susceptibility as the unaffected parent. FSW can also heal
 casting defects such as porosity
 5.2 MAGNESIUM ALLOYS
 Magnesium alloys, normally produced by casting, may find significant applications in
 the automotiveand aerospace industries with rapid growth particularly in die-cast vehicle
 components because of their better mass-equivalent properties. They are used for light-weight
 parts which operate at high speeds. The motivation for using FSW for magnesium alloys is
 that arc welding results in large volumes of non-toxic fumes. On the other hand, solid-state
 FSW does not result in solute loss by evaporation or segregation during solidification,
 resulting in homogeneous distribution of solutes in the weld. Also, many magnesium alloys
 in the cast condition contain porosity which can be healed during FSW.
 The hardness and strength can be retained after friction-stir welding. There is no
 significant precipitation hardening in the alloy and the net variation in hardness over the
 entire joint was within the range 45–65 HV, with the lower value corresponding to the base
 plate. The grains in both the nugget and TMAZ tend to be in a recrystallised form, and tend to
 be finer when the net heat input is smaller (for example at higher welding speeds). In Mg–Zr
 alloys with Zr-containing particles, FSW leads to a considerable refinement of the grain
 structure and sound welds can be produced in thin sheets over a wide range of welding
 conditions.
 5.3 COPPER ALLOYS
 Copper which has much higher thermal diffusivity than steel cannot easily be welded
 by conventional fusion welding techniques. Heat input required for copper is much higher
 than conventional FSW because of the greater dissipation of heat through the work-piece.
 Still, FSW has been successfully used to weld very thick (50 mm) thick copper canisters for
 containment of nuclear waste. FSW in copper alloys have all the typical zones found in other
 materials: the nugget, TMAZ, HAZ and base structure. The nugget has equiaxed
 Manufacturing engineering Page 10
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FRICTION STIR WELDING
 recrystallised small grains and its hardness may be higher or lower than the base material
 depending on the grain-size of the base metal.
 5.4 STEELS
 The friction-stir welding of steels has not progressed as rapidly as for aluminium for
 important reasons. First, the material from which the tool is made has to survive much more
 strenuous conditions because of the strength of steel. Second, there are also numerous ways
 in which steel can be satisfactorily and reliably welded. Third, the consequences of phase
 transformations accompanying FSW have not been studied in sufficient depth. Finally, the
 variety of steels available is much larger than for any other alloy system, requiring
 considerable experiments to optimise the weld for a required set of properties. Given that the
 TMAZ of steel welds does not contain a grossly deformed microstructure, there should be no
 detrimental corrosion property associated with friction-stir welding. There may even be an
 advantage since the chemical composition of the weld region is identical to that of the plates.
 Manufacturing engineering Page 11
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FRICTION STIR WELDING
 6. KEY BENEFITS OF FSW
 FSW is considered to be the most significant development in metal joining in a
 decade and is a “green‘‘ technology due to its energy efficiency, environment friendliness,
 and versatility. The key benefits of FSW are summarized in table.
 Manufacturing engineering Page 12
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FRICTION STIR WELDING
 7. APPLICATIONS
 Application of FSW includes various industries including few of following:-
 o Shipping and marine industries:- Such as manufacturing of hulls, offshore
 accommodations, alluminium extrusions, etc.
 o Aerospace industries:- for welding in Al alloy fuel tanks for space vehicles,
 manufacturing of wings, etc.
 o Railway industries:- building of container bodies, railway tankers, etc.
 o Land transport:- automotive engine chassis, body frames, wheel rims, truck bodies,
 etc.
 8. KEY PROBLEMS AND ISSUES ADDRESSED.
 The fundamental knowledge of the FSW process and the knowledge of the evolution
 of the structure and properties needs to be combined to build intelligent process control
 models with a goal to achieve, defect free, structurally sound and reliable welds. Some of the
 main limitations and areas for further research of the FSW process can be summarized as
 follows:
 o Welding speeds are somewhat slower than those of some fusion welding processes.
 o There is a keyhole at the end of each weld seam.
 o The evolution of microstructure and properties of friction stir welded joints.
 o Cannot make joints which required metal deposition.
 o Forming of FSW welds is still challenging due to the limit formability. The studies on
 the relationship between formability and microstructural stability of FSW joint are
 rare.
 o The essential drawback of this technique, however, is the low stability of the welded
 material against abnormal grain growth during subsequent annealing
 Manufacturing engineering Page 13
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FRICTION STIR WELDING
 9. CURRENT STATUS AND FUTURE ASPECTS
 Friction stir welding technology has been a major boon to industry advanced since its
 inception. In spite of its short history, it has found widespread applications in diverse
 industries. Hard materials such as steel and other important engineering alloys can now be
 welded efficiently using this process. The understanding has been useful in reducing defects
 and improving uniformity of weld properties and, at the same time, expanding the
 applicability of FSW to new engineering alloys. Some conclusions on future work are listed
 below:
 o The demand of Aircraft Industries to substitute the conventional joining technologies
 with low costs and high efficient processes such as friction stir welding is considered
 as one of the most encouraging design challenge for the future.
 o Development of cost-effective and durable tools to friction stir weld harder material
 like steel, titanium and its alloys.
 o The future work is to analyses the influence of the processing parameters on the
 transition, plunging and welding stages.
 o To perform the analysis on other heat treatable and non-heat-treatable aluminium
 series.
 o The future work will also be focused on the investigation of the thermo-mechanical
 phenomenon, leading to the uncharacteristic force and torque behavior, etc.
 So, with better quantitative understanding of the underlying principles of heat transfer,
 material flow, tool-work–piece contact conditions and effects of various process parameters
 efficient tools have been devised. At the current pace of development, FSW is likely to be
 more widely applied in the future.
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