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Friction Stir Welding as New Emerging Trend in Joining

Technology for Aluminum Alloys

lrza Sukman:

Prasen Jwrsan ekl Mesin Eniversias Lanipung

Abstract

Today, aluminum alloys sre used in o diverse range of markets and applications, cach one exploiting
the unigue physical and mechanical properties of these alloys. Recent development on juining technology
showed » pomd potentiality on the application of Friction Stir Welding (FSW) for sluminum alloys.
Seme information about the application of friction stir welding rechnology for sluminum alloys sre
reviewed, including mechanical properties, micro hardness and micro strocture of the welded aluminum
alloys, and also u few information of the study on friction stir welding in University of Lampung,

Inodnesin.

Keywords; sluminum alloys, friction stir welding, mechunical properties, and  microstructure

INTRODUCTION

The demands made of new materials are
mereasing rapidly. Consequently there is now, 4 new
kind of inter-metallic alioy hased on heat treatabie
aluminwm allovs and non-heat treatable aluminum
allovs, The mdustry 15 sinving to ligher produet and
at present fhus 1s sehieved through the use of aluminam
alloys for some body parts and struclere.

Typical aluminum alloys are that il has a
protwective film at the surface with form of aluminuwn
ouide (AlzO:) where 1t 15 an advantage i the
application because in practice it will proteet the metal
[rom corrosion process. 13ut, on the other had, 1 can
nevertheless be welded because of some problems

such as: the exide can be dispersed by the action of

s welding are, some alummum alloys are susceplible
tet hot eracking and grain coarsening, and the melung
lemperature of oxide flm is higher than the main
allov [1.2]

Due Lo the affimty of aluminum for oxygen, o
cannot sueeessfully be are welded in an air
environment. If fusion welded in s nommal atmosphere

* Permlis untuk korespondensi. Tef ;
Fax: - email
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oxidization readily oceurs and this results in hoth slag
melusion and porosity i the weld, greatly reducing
its strength. To overcome these problems one of the
rost common ways of welding alummum has been
lo use the elecine are process whilst shielding the
weld pool wath an inert gas. so called metal mert gas
welding. This method produces pood welds, but more
recently solid-stale methods for welding the material
have been developed, one of these being friction sir
welding. [3. 4]

Stir Welding Technology

Friclion str welding 15 & solid stile joining
techmique that has made it possible 1o weld o number
ol matersals that were previously extremely difficull
o reliably weld without voids, cracking or distortion,
Freten stir welding, o denvative ol conventonal
mebon welding, was invented at T'he Weldmg Instinte
CTWI, U, K.y in 1991 [1, 2, 3]

The following are manulacluring applications
For friction stir welding: Adrcraft, Aerospoce, Marine
(shipbuilding and deeks for car fermes), Trucking,
Ratlreading, sssembling large tank structures (el
tanks, and radicactive wasle canislers), |5|
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Freton sur welding 15 o relatvely simple process (see
Figure | using a specially shaped evhindnoeal tool
witha profiled probe (see Figure 23, mude rom a bord
and wear resistant matenial relative o the material
bemg welded, 15 rotated and plunged imo the abatting
edues of the parts to be joined. Alter entry of the
profiled probe to almost the thickness of the material
and 1o allow the ool shoulder to just penetriale into
the plate, the rotating too] 15 transitioned along the
Jount hme, The roating ol develops (netional heating
of the matenal, causing 1t to plastcwed snd (ow rom
the front of the wol w the back where it cools and
consolidates to produce o high intearily weld, in the
zolid phase.
Sufficient dowsward
force 1 maintasm
registered contact

W gy
£

Adwancing
atde of wold

Prahe

Retreating
side of weld

Trailimg edge
of the
resliling Lol

Flgure 1. Friction stiv welding process |1, 2, 3]

aj vl antape

Fisure 2. Faw PIN 4]

Adthough the FSW process iz more relishble und
maintains higher inntenal properties than conventional
welding methods, two major drswbacks with the initia
design impacted the efficacy of the process: the
requrernent for different-length pin tools when welding
materials of varvimg thiskness and the reliance on a
pin 1ol that left 2 kevhole at the end ol the weld, The
latter was a reliability coneern particularly when
welding evlindrieal 1iems such as drums, ppes. and
storage lanks.

F |

urprad Teknedogd

In explonng methods woimprove the ose of F5W
on the manufaeturing Deor, MASA Marshall, & heensee
of TWID's TSW process, cregied new pin ool
techoology, ineluding an automatie retractable pin
tool. The automatic retractable pin ool uses a computer-
controlled motar o automatically relract the pin into
the shoulder of the tool at the end of the weld.
preventing kevholes. NASA Marshall's innovative
retractable pin tool has conmbuted o customeze the
F5W that has been proven to provide routinely reliable
welds. [ 3]

In nnother practical experimental, Fricton Str
Welding process can alse perform using Universal
Milling Machine, such as Universal Milling Machine,
MILKECH 12 that has been intensively used ar
hechanical Engneering Depl. Untversity of Lampung,
The pieture of the main handle and welding el of
T HkE, L

Figure 3, FSW Precess using Universal Milling Machine
MIKIAY 12 [6)

The process lemperatore ol [Metion sir welding
is below the melting temperature of materials. The
maximum emperaiures were estunated [rom the
mucrosimetures m some studies. Rhodes and co workers
[7] have shown that larger precipitates mmight have
gone into solution and re-precipitation in the weld
center, and they concluded that process temperatures
are between about 400°C and 420°C in fnction-stir-
welded 7075 AL [n general, researcher has stated that
the masimum temperature reached 1s about 0.8 ol the
allovs melting temperature,

There are some benefits of friction stir welding
process, such as [4.5]

. Diverse materials: Welds a wide range of alloys
tearhon steel. stainless steel. aluminum., and
magnesiom), including previously umweldable
and composile materials

+  Exeellent welding resull: no porosity, lack ol
tusion, low distortion and low shrinkoge

«  Retnned malerial properties: no change in
material composiiton and post treatment or

150
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straightening ol pancls nol neeessary

«  Spfe operation: does noi ereale hovards such us
welding fumes. radiation, high volage, Hquid
metals, or arcing

Mechanical Properties

Because ol the varialion of the properties, the
evaluation of mechanical properties of welded
alumimum allovs using FSW process cun be divided
into pure alumnum (Ser of Al ok, heat treatable
allovs (Series of Al 23000 6xxx, and 7yxx) and non
heat treatable aluminum alloys (Senies of Al 3xxx and
Swaxd [3]

The miero-hardness investigation of friction stir
weelded pure alummcm AL 1100-HE has been published
by Sustiono and Apung as shown on Figure 4, 1115
explain a good result in welding process, which the
hardness numbers of welding regions: heat affected
rone (HAY), thermomechameally affected wone
(TAALY, and stir zone (57 are higher than based
metal (13h).

: AT 1100-HB

.{f G t t t

= 1 1 [}

‘F_.-' A -q"‘—\-ll-.l\_\_'_'_,_.\

: 40 i |

= 30 f— T

2o ! 4

£ 10 A :

= 57 TMAZ HAZ MB
= (

g 5 i

Dristinge from Weld Centre ‘ m

Figure 4. Micrs hardness profile of Friction =tir Welded Al 1
LMI-HS |6, 8]

Sato and co-worker olse reporied the hardness
prolile of Al 1080-Ch the cross seeton of perpendicular

-+ s weldad)
il

L -

T

Hardowess WITN Load 0984

Temside strength Mo
o
2 B
®
&)

-2
ol
o
o

b

S Teknodogd

lir the welding direction and hardness across the sor
sone as shown on Figure 3. The stir zone had an
average hardness of about 20 Ay, which s slightly
higher than that of the base material (about 16 £,
The maximum hardness (about 24 Hi3s located in
thermomechanieally alfected zone (ThAX). |9

TAMAL
UKk [ T z(_g-g]l el = i
250 i itar V.nn:.':i} ;/G\‘D"D |
200 |- 1 -
150 - =
160 - A
5o d
ol T
=30 10 200, 300

Distance Iram weld center (mm))

Fhoure 5. Hardness profile of A1 1SG-C

The hardness profile ol Al 3083 senes indicated
o good result while no large drop in welded region
(HAZL TWMAY and 82, as reported by Makataer al{ 1]
and Sato er al [9] The traverse of FSW measured
hardness profile and the tensile strength of Al S08%3-
€} as shown on Figure 6.] 10} Nakata ef ol also reporied
that welding parameters will give a sgmificant effeet
on tensile strength of welded aluminum afloys,
Evaluation i mechanical propertics of fhction
stir welded of heat treatable aluminum alloys has been
dome by some researcher |8-14]. Nakato of e reporied
that hardness profile and the tensile strength heat
treatable aluminum alloys, A1 T073-Té, depend on its
aging condition. Aging process will inereasing both

2

50RO As welded

Tad
i
=

: , [ , 200 | .
- , :
) \ ! l 150
I
L] i I
[ 10
gof ! : | ) g
BMJ HAY sone : HAZ ! |_ﬂ_:_i A0
bt : I - I-: L
# o 3 0 G ah 0 3 10 15 w25

[Mslance from weld comtremm R moratins mm

{a) Hardness Profile () Tensile Streneth

Figere 6, Hardness profile and Tensile strength of Al



Vol 180, New 2

hardness and tensile strengih of welded allovs. as
shown on Figure 7

2k o Aswelded

7075-T6 » Atificially aged ]

180t
Lo |

B

Hardness VHX Load 196N

T 1 L P T i S
Ihstinee froan weld centre/mm

(a) Hardness Profile

leesile strength M Pa

Surerrad Teknelogi

whereas the TMAY has larwer and elongate grom siee

| 376

T o o

%] J
————— W
Sy

7/ ™~ ol

(KUK 1

0T

200

TV rotationsmm

By Tetsile Strength

Fimure 7. Tlardpess pradflbe amd Tensile strenpth of ALTOT5-1'6

Microsiruciure
The microstructure ol a Ineten sir weld depends
m detanl on the ool design, the romien and ranslkstion

spoeds, the apphied pressure and the charnetenisiies of

the material beipg joingd  However, it can be
summartzed that unlike fusion welding, in friction
stir welding, the process nol only penerates a heat-
iffected zone (HAZ) and weld nugget. but also
thermomechameally -affected zone (TWMALY as shown
mn Figure 8 The TRMAZ 15 & result ol botl plastc
delormaion and thermal exposure.

Width of toal shonlder

Ao Parend metal unatlected by weld

B, Heetaffectod zone (HAL)

. Unreervatallised arrea found in aluminiom alloyvs
T3 Reerystallised nugper Found in aluminiom allovs
COTy Thermomechanically atfected zome (TALAZ)

Figure 8, Cross section of Friction Stiv Welded
Microstructure [3-71

Figure 9 show the micro structure of Tiction stir
welded AL TIO0-ITR that bas been investigated by
Agung [8]. Frgure %a) shows the original
micresticture of based metal with biggzest grain size
and same with @ conventional welding, HAZ region
characterized by morne cquiaxed prains when compareid
tor the parent plate. bhut no plastic deformation 1s evident,
as shown 1o Figare 9b). Grains within the HAY werne
tvpically their length being 30 to 100 % greater than
width. Figure d} 15 o microsiructure of o nugget
with amallest grain size: relatively equiaxed grans

that dlostrated m the deformation niap, as shown
on Fraure e

Fipure Y. Frictrion Stir Welded Microstructure of
Al LLOO-T18

Many researchers has investigated the relation
ol hardness (fv) end grn stee (df of non-heat reatable
Adurminum allovs based oo the Floll-Pewch equation us
the lollowmg:

ffvy = Ha =+ kn i e s
Where #s and &y are appropriale constants.

Sate and co-worker examming relution ol geam
size and hardness profile of AL HORO-Chand Al 1050
and coneluded that the relation of bardness profile and
grain size of Al 1080-0) and Al 1030 as shown on
Figure 10, [9]

Based on Figure U}, that relation can be
generalized with the following equations:

[ 38
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1V e e T

40 —

Hurdness (1)

. For AL10RO-CY : Hv =154~ 18787
il i)

1824 189217
w3

- For Al 1050 Hy =

hierostructure and mechanical propertics of

friction stir welded of heot treatable aluminum atloys
are depend on the '.1gii1g or post beal treatmeant process,
Paola. M0, ef 4l have published the [tietion stir
welded of Al allovs A16063-16] 12| Figure 11 shows
the microstructure of the region of ransition belween
weld nugpget and non re-enystallized stired material,
Figure [ L{a) and the typieal mierostructore of the weld
mugget interior. A dramatic difTerenee in dislocation
density between re-crvstallized and non re-crv stalhzed
@rains 1s apparenl.

The grain interior is heavily decorated with inter
granular Mg2Si precipilutes, which are cxtremely
effeetive in reducing dislocation mohihity, as elearly
indicated by the high fraction of distocations pinsesd
on these precipiltates. The low dislocation density m
the re-crvstallized grums is well decumented in Figore
11k, The line grain sive i the weld nugget can casily
be apprecialed: m particular, TEM analysis
demonstrates that the average grain s12¢ obtaned with
light microscopy (LM measurements 15 overesimated.

The size and distribution ol mter granular
precipitates do not change appreciably in the re-
arystallized region, Aging curves at 160°C and 173°C
are shown n Tigure 120 Analvss ol thes Ggure allowed
to 1dently the conditions Tor TA tresiment (solution
treatrment al 330°C for 4 h and artificial agme at 175°C
for 24 k[ 12

Blzack dots indicate

Mg 51 precipates

Fipure 11 Alicrostructure of FS welided AL G65-T6, (o) the effect of
precipitates s apparent: (b) frer grain sice with high fractivn of
previpitates

159
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Figure 12. Aging curves of Al 6065-Ti
at 1600 and 175°¢!

Based on Figuwre 12, the sgmg temperature al
160°C will give a higher By of welded allovs than
175°C. 1t can be seen that longer aging time can
increased the hardness of friction stir welded alloys,
but afier an optimuom time, the hardness will decrensed,
it caused by un over aging phenomenon, Sato ef af.
[ 11] also concluded that postweld aging of a heat
treatable aluminum alloys produces an increase i the
forms, velume fraction and distribution of {ine
strengthening precipitates, which leads 1o the
improvement of strenglh and Toss of ductiliy, The
same conelusion also given by other rescarchers, |7,
9,10

Summary

Friction Stir Welding Technology promises many
opportunities on the appheation of Alommum allovs,
which are often difficult to fusion weld, witheout weld
defect. FSW leads to a number of new product designs,
previously not possible, Mechanical properties and
mictrostruciural evaluation of welded alloys show
good result due hardness and tensile test, TSW no
need postweld heat reatment for non heot treatable
Al alloys but some additional postweld aging processes
are needed for heat tresdable Al allovs.,
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