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ABSTRACT

Friction Stir Welding (FSW) is a solid state welding process which involves stirring the material
by a non consumable rotating tool to generate frictional heating that soften the base material and
produces the joint. FSW is commonly used for welding of aluminium alloys. Owing to solid state
nature, and reduced dependence on skills, FSW has numerous advantages over fusion welding
processes. Consequently, researchers have shown increasing interest in the application of FSW to

aluminium alloys to achieve better mechanical properties.

In the present research, friction stir welding of 5052-H32 aluminium alloy has been performed
using conventional robust vertical milling machine (VMM). This VMM has been modified to
work as a FSW machine and fitted with an indigenously developed setup which is capable of
firmly clamping the 6 mm thick 5052 aluminium plates and is also capable for measuring
downward and traverse welding forces. The different attachments have also been fitted with
VMM for measurement of temperature distribution and power consumption during welding. A
tool holder interface has also been developed which is able to effectively clamp the various size
of FSW tool. The hot die steel (H13) tool with a cylindrical threaded pin has been used for the

welding.

Numerous trial experiments have been performed to establish the principal FSW process
parameters. The tool pin and shoulder diameter, tool rotation and welding speed have been
selected as the FSW process parameters and experimentation have been performed in accordance
with the response surface methodology (RSM). Mechanical and metallurgical tests have been

performed for each welded specimen. The weld quality has been analyzed though tensile, impact,



fatigue and fracture toughness tests along with microstructural examination. The effect of

individual process parameter on each weld properties has been analyzed in detail.

It has also been found that the external cooling also affects the quality of welds produced by
FSW. To see the effect of external cooling three cooling media such as natural air, water and
liquid nitrogen have been used for welding and welds have been examined based on mechanical
and metallurgical properties. The water has been found a suitable cooling media for batter

mechanical properties.

To achieve best mechanical properties, it is necessary to optimize the process parameters based
on suitable cooling media. So the FSW process parameters have been optimized again for the
best suited cooling media. In this experiment FSW process parameter has been studied through a
separate set of experiments using Taguchi’s L9 orthogonal array. The effect of process parameter
in cooling media on weld quality characteristics such as strength, elongation, impact strength,

fatigue and fracture toughness have been analyzed.

Analysis of results has revealed significant effect of all these FSW parameters and cooling media
on mechanical and metallurgical properties of the weld. The FSW process parameters have also
significantly affected the welding force generated, power consumed and temperature distributed
during welding. The metallurgical test results have revealed occurrence of considerable grain

refinement in the stir zone owing to dynamic recrystallization mechanism.

Vi



LIRS

TY0T E0Te AfeSaT (ThUHSse]) Teh SIH 7aeT dTell dAfesar Sishan & foraet dX-3usitay gote

3YhIUT EART Geleaefiel AT 3ot el o I FTHa @l doit & GAMIT ST &, S 3R
THA AT oA A 8 3N GIFd S8 T1clT &1 ThUESse] MAAR R Togafazs s
3T & ATeSaT & forw 3U2eT faharm ST 81 o1 3raear & gehfd 3R alvrer o fasiear &
HH F FHNUT UHUHSSeY & TSl dfegel UihAT3l & SAET ®rIe § | AdordeT, aMeraraisi
o 9gcR Iifeh UM T T A & [T TG s a1 1 Siisa & [T thudssey
o ST & Fech o fears B

IAATST A H, 5052-T 32 TegAfas fAsr arq & uor goiey afessr & forw aruls &9
T FATe Feaer fAfeler 7T (AUATH) 1 3UZNT AT 917 §| 3 dIVHTH T THUHSs]
AMA & T H HIA A & forw dnfd forar arar § 3R eaa: [afaa e & ary aemar
AT B S 6 TAHT AN 5052 TegAIATH cIet @l AT @ S H waTH § 3N &

X Sl9TeT aTell dfeSdT el sl ATel H HT HaTH §| ATeSaT o GIeT AT9#ATT [deRor 3R fasTel

T @ud F AT & T AT 3uHor i HTATH & YT JT AT T 3YUT URG
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H Te1a g1 aAfesaT & fow a8 R arer T (T 13) H Sail Teh dolodlhR UaeR e &1
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THY ThUHSseY TishdT ATUGST i FATTUT el & IT s GATT T&T0T foh 17| ITehor
TOeT 3R &Y &1 =a1d, 3T A2 3T afeger & a1fd &l T+ Thuassey Tihar ATIEst




& & & fohar a1 T & 3R 29T T 9TAfshar g geui (IRTATA) & HTER fham 73 g
Fcdish dess wae & [T Fif3eh 3R rqgiaeh ot & & S T dogar, Jerra, HerT 3R
SheFeR JL1&TOT o TTY-HTY FEH-AIATcHS TIET o A1 des J[UTaT T [aelsor fohar I
€| Icdeh I8 T[0T TR 3HTIT-37el3T FfshaT HATICST o JeITd T faRelvoT fohar Iram &

Ig o1 91T a7 & fob gy AficToleT UhUHSsey G@RT 3cuTie e dosH hi I[0TaeT @i #ff T
Yl g STEdr eficToleT & o7 1 W= & T Urohfcieh arg, Sief AR el aArselole oid
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3R 9T dos T SIre i a1$ §| 37T FiT3eh Ui Sl doig A Siel T Teh SUYeFd ATCIH T
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