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ABSTRACT

The joining of dissimilar Aluminium Alloy an
Copper aluminium plates of 5mm thickness
carried out by friction stir welding (FSW) techna
Optimum process parameters weldained for joint:
using statistical approach. Five different tooliges
have been employed to analyse the influence
rotation speed and traverse speed over the r
structural and tensile properties. In FSW techni
the process of welding of theake material, we
below its melting temperature, has opened up
trends in producing efficient dissimilar joints.fé&dt
of welding speed on microstructures, hardr
distribution and tensile properties of the weldeithts
were investigated. By varyintpe process paramete
defect free and high efficiency welded joints w
produced. The ratio between tool shoulder dian
and pin diameter is the most dominant factor. F
micro structural analysis it is evident that thetenial
placed on the advamg side dominates the nug
region. The hardness in the HAZ of 6061 was fa
to be minimum, where the welded joints failed dgi
the tensile studies.
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1. INTRODUCTION

1.1 Weding

Welding is a process by which two simileoor
dissimilar metals may be joined by heating then
suitable temperatures with or without the apploma
of the pressure and without use of filler metale’
filler metal has its melting point either approxiels
the same as that of the work piece rhetdittle lower
but normally about 430degree centigr:

During welding the edges of the work piece’s to
welded are heated by several ways. Heat ma

derived from electric arc, o-acetylene or oxy-
hydrogen flame, black smith fire or chemireaction
as in case of thermit weldin:-

1.1.1 Autogeneoswelding:

Welding consists of those processes in which sir
metals are joined with the help of filler rod ofnsa
metal.EX: mild steel, cast iro

1.1.2 Heterogeneouswelding:

It is a methodn which dissimilar metals are joine
The metals being joined are brought up to crit
temperature or plastic state and the filler rodised.
The melting point of fillerod les: than parent metals
for easy melting.

EX: copper<->brass.

Classification of welding

Welding is classified into two types. They
» Fusion (or) non pressure weld

» Pressure welding

Figure 1: Friction stirswelding
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Solidified weld

Weld pool

Figure 2: process

Arxc cavity

Since the arc is completely submerged the flux
there is no irritating arc radiation that is chaeaistic
of the open arc procesglding screens are therefc
necessary. The welding flux is never comple
consumed so the surplus quantity left can
collected, either by hand or automatly and
returned to the flux hopper to be used again. Aigfrc
semiautomatic submerged arc welding equipn
exists and is convenient for certain applicationsst
submerged arc welding uses fully mechani
welding equipment. One of the main virtues he
submerged arc process is the ease with which ibe.
incorporated into fully mechanized welding syste
to give high deposition rates and consistent \
quality. Weld metal recovery approaches 100% s
losses through spatter are extremely smalat losses
from the arc are also quite low due to the insotp
effect of the flux bed and therefore the ther
efficiency of the process can be as high as
compared with about 25% for MMA weldir

2. METHODOLOGY

There are two tool speeds to be coered in frictiol-
stir welding; how fast the tool rotates and howcijlyi
it traverses the interface. These two parameteve
considerable importance and must be chosen
care to ensure a successful and efficient wel
cycle. The relationship betwedhe welding speec
and the heat input during welding is complex bt
general, it can be said that increasing the rat:
speed or decreasing the traverse speed will rgsal
hotter weld. In order to produce a successful wekl
necessary that ¢hmaterial surrounding the tool is t
enough to enable the extensive plastic flow regt
and minimizethe forces acting on the tool. If t
material is too cool then voids or other flaws nieg
present in the stir zone and in extreme casesotti¢
may break. Atthe other end of the scale excessi\
high heat input may be detrimental to the fi
properties of the weld. Theoretically, this couicce
result in defects due to the liquation of -melting-
point phases. These competing demands lead ce
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concept of a ‘processing window’: the range
processing parameters that will produce a ¢
guality weld. Within this window the resulting we
will have a sufficiently high heat input to ensi
adequate material plasticity but not so high thnat
weld properties are excessively redu

3. TOOL TILT AND PLUNGE DEPTH

Figure 3: Tool tilt and plunger depth

A drawing showing the plunge depth and tilt of
tool. The tool is moving to the le The plunge depth
is defined as the depth of the lowest point of
shoulder below the surface of the welded plate
has been found to be a critical parameter for emg!
weld quality. Plunging the shoulder below the p
surface increases the pres: below the tool and
helps ensure adequate forging of the material @
rear of the tool. The plunge depth needs to
correctly set, both to ensure the necessary dowh
pressure is achieved and to ensure that the tdgl
penetrates the weld. Givelme high loads required ti
welding machine may deflect and so reduce
plunge depth compared to the nominal setting, w
may result in flaws in the weld. On the other hamn
excessive plunge depth may result in the pin rup
on the backing plate diace or a significanunder
match of the weld thickness compared to the k
material. Variable load welders have been devel
to automatically compensate for changes in the
displacement while TWI have demonstrated a r«
system that maintains theol position above the we
plate.
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Figure4: Fixturesand weld

4. RESULTSAND DISCUSSION
41 FRICTION STIR WELDING OF

AA6061-Cu
Friction stir welding trials were performed usi
different friction stir welding parameters obtair
from literature. The following process paramei
(Rotational speed 800 rpm, Welding spee- 40
mm/minute, Shoulder diameter to pin diame- 3)
were used for friction stir welding to get the i
free good quality welds. Trial and error method en
used get these process parameters

411 Micro Structure

The base materials used in the study containedg
elongated in the rolling direction and a large nen
of eutectic and intermetallic particles. The Thel
Mechanically Affected Zone on either sideowed
highly deformed grains, with a clearly discerni
Stirred zone/Thermo Mechanically Affected Zone
Thermo Mechanically Affected/Heat Affected Zc
boundaries. In the Heat Affected Zone (HAZ),
either side of the weld nugget, there were
noticedle changes in the grain structure compare
the respective unaffected base materials

Figureb: Microstructures of base materials
AAG6061

speed vs UTS (MPa)
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Figure 6: Comparison plot for Friction welded
plates

4-.,.

Figure7: Friction stir welded part Al-Al

CONCLUSION

From the experiments and the study conducted o
friction stir welding of dissimilaraluminium alloy
6061 to Cu, the following conclusions are dre

Friction stir welding can produce defect free |
welds, between AA606Cu plates, with a joir
efficiency of around 95% (base on the yield strer
of the softer material i.e. AA606.

The weld joints were stronger than the softer |
material, and the tensile failures occur in thet-
affected zone of the alloy 6061.The friction :
welding processparameters were optimized, w
respect to tensile strength of

Joint and the optimum level of settings were fot
The optimum levels of the rotational speed, trarss
speed, and the ratio of shoulder diameter to
diameter (D/d) are 900 rpm, lmm/min and 2.5
respectively.

The current study shows that sound butt weldeds
between AA6061 and Cu materials can be made (
friction stir welding, with a joint efficiency of %
(based on the yield strength of the softer matea
AA6061). It is to be noted that fusion welding
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these dissimilar aluminiuralloys is not feasible du
to severe solidification cracking.
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