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Abstract:

The friction stir welding method it is a modern methods for non- welding material using a
milling machine and rotary pin, as a result of heat generated due to rotation of the pin, it
generates stresses inherent and it is necessary to know the behavior or the value of these
stresses. In this research a new method were invented to predict the behavior of the residual
stresses . Three models of friction welding samples are designed at different rotating speed (
1é«e rpm, '+« rpm and A+- rpm) , then drawing a grid on each sample was drawn
vertically and horizontally lines with spaces of '+ mm and ¢ mm respectively for each line,
Leeb hardness were measured in each node .It found that the hardness is low in the line of
welding and then increased at ¢-mm ,decreasing at '+ mm then another increase at !¢ mm,
these change in the value of hardness indicate a change of residual stresses value .
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V.Introduction:

Friction stir welding (FSW) was invented at The Welding Institute (TWI) of the United
Kingdom in Y44 as a solid-state joining technique and was initially applied to aluminum alloys
.The rotating tool with a specially designed pin and shoulder is inserted into the abutting edges
of sheets or plates to be joined and subsequently traversed along the joint line . Figure
illustrates process definitions for the tool and work piece.!'!

As a result of the tool action and influence on the workpiece, when performed properly, a solid-
state joint is produced, that is, no melting.
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Fig. ) Friction stir welding process 'l

C. Leitao and et al (Y« +%)IY] studied the tensile behaviour of similar and dissimilar friction stir
welds in Y mm thick sheets of two aluminium alloys (AASYAY-HYY) and AAYY1-T¢£) were
analysed in their study.
P.M.G.P. Moreira and et al (¥« +2%)'I studied the mechanical and metallurgical characterization
of friction stir welded butt joints of aluminium alloy 7 +%)-T% with 1+ AY-T? was carried out. For
comparison, similar material joints made from each one of the two alloys were used. Their study
included microstructure examination, microhardness, tensile and bending tests of all joints.

Hakan Aydmn and et al (Y+ M investigated the different heat-treated-states Y+ Y¢ Al-alloy
were friction stir welded. The tensile properties of the joints have a tendency to increase with the
precipitation hardening of the base material.
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P. Cavaliere and et al (Y« +A) I’ reported the effect of processing parameters on the mechanical
and microstructural properties of dissimilar AAT+AY-AAY .Y ¢ joints produced by friction stir
welding .

K. Kumar and Satish V. Kailas(Y + + A)["l investigated the influence of axial load, and the effect of
position of the interface with respect to the tool axis on tensile strength of the friction stir welded
joint.

K. Elangovan and V. Balasubramanian (¥« « A)l'! studied AAT+1) aluminium alloy (Al-Mg-Si
alloy) which has gathered wide acceptance in the fabrication of light weight structures requiring a
high strength-to-weight ratio and good corrosion resistance.

A. Scialpi and et al (Y++V)["l studied The effect of different shoulder geometries on the
mechanical and microstructural properties of a friction stir welded joints .

Y.C. Chen and K. Nakata (Y +A)' studied Al-Si and Mg—Al-Zn alloys were lap joined using
friction stir welding during which the probe of the tool did not contact with the surface of the
lower Mg—Al-Zn alloy sheet.

W.B. Lee and et al (Y++A) ['""] studied the joint characteristics of friction-stir-welded AYe1
alloys, especially the improvement of mechanical properties at the weld zone, with various FSW
(friction stir welding) speeds.The tool produces the thermo mechanical deformation in workpiece
where the frictional heating necessary for friction stirring. During the tool plunge, the rotating
FSW tool is forced into the workpiece. The friction stirring tools consists of a pin, or probe, and
shoulder. Contact of the pin with the workpiece creates frictional and deformational heating and
softens the workpiece material; contacting the shoulder to the workpiece increases the workpiece
heating, expands the zone of softened material, and constrains the deformed material.l' ']

Y. Experimental Procedure:
The experimental work, in this study includes the following points :
e Preparing the milling machine, frame and pin shoulder.
e Manufacturing stir welding specimens with different rotating speeds (A++ , Y+, Y0
rpm)
¢ Finding the chemical composition of specimens .
e Preparing the tensile test specimens according ASTM(D YA [''l) Standards.
e Meshing the specimens with leeb hardness test.

¥,) Materials and Welding:
Preparation of three pairs of equal dimension models of aluminum Y-..Y  plates , with
dimension Y+ +*Y .+ The milling machine was prepare and using tool was made of stainless steel
with dimensions of (imm ) pin diameter and (YY) mm) of shoulder diameter and the length of the
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pin (Y, mm), the shoulder will be in attach with plate the pin is rotate interface between two
plate :

e Group I: including FSW specimen; the rotating speed is Ye++ and linear velocity is Y®

mm/sec .

e Group Il : including FSW specimen; the rotating speed is '+« + and linear velocity is Yo
mm/sec .

e Group Il : including FSW specimen; the rotating speed is A+ and linear velocity is Y®
mm/sec .

Fig.( ¥) Friction stir welding tool

Y,¥ Hardness Testing and Residual Stress Behavior:

The heterogeneity in mechanical properties across the welds was evaluated by performing
several Leeb hardness measurements transversely to the weld direction (Fig. ¥ ). Draing is a
network of lines and nodes on a sample consisting friction welding and linear distance © mm
from each other and occasional lines about )+ mm from each other and the Leeb hardness is
measured for each node .
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Fig(¥) Leeb hardness device and meshing stir welding specimen

Y. Experimental results and discussions:
The experimental results presented in this paper, include the mechanical properties and hardness
distribution about line of stir welding.

Y.\ Mechanical Properties:

The mechanical properties of all material are shown in Fig (£). In this figure , the strength of
materials for base metal is larger than the specimens with stir welding because of some defects
were generated during the friction stir welding .
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Fig(¢) Tensile test results for base metal , FSW specimens at: Yé+: rpm ,Y+++ rpm
and A+ rpm
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¥,¥ Chemical composition :
The chemical composition of the aluminum plate alloy is present in the table()).
Table Y: Chemical composition of the base materials
Elements | Si Cu Zn Mn | Fe Pb Mg | Ti Co Al

Measured | «, 1A | e, e | o0& | N0 | e | e |, | 0,00 | ¢ ) | Balance
y 7 Y 9 r r % r

¥,¥ Leeb Hardness mesh results :

The lines were drawing including; four horizontal parallel lines of weld line
spacing Y+ mm and six perpendicular lines spacing © mm this mesh including
about Y ¢ nodes , from the node location the residual stress behavior is known , the
high value of hardness comparing with base material , it mean that compression
residual stress.

Figure(®) to figure(?) show the leeb hardness type with welding line the
different value of leeb hardness due to heat generate by rotating pin on the two
pieces , the heat cause different residual stress with different zone .

Fig.(®) Leeb hardness value with distance from stir welding line at Y+ mm from
start

Fig.(") Leeb hardness value with distance from stir welding line at Y+ mm from
start

Fig.(¥) Leeb hardness value with distance from stir welding line at ¥+ mm from
start

Fig.(A) Leeb hardness value with distance from stir welding line at ¢+ mm from
start
From Fig.(A) the hardness is increasing and then decreasing gradually at © mm

and then to rise slightly at Y© mm from the weld line, also , at speed Yo+« rpm less
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than the value of hardness at © mm compared with A+« rpm and Y+ ++ rpm, these
behavior due to the heat generated at high speed significantly affect the crystal size
and influence on the values of hardness,the shoulder of the tool not only provides
additional heat generated by friction but also prevents plasticized material to

escape.

Fig.(?) Leeb hardness value with distance from stir welding line at ¢* mm from

start
The variation of Leeb hardness results with distance in x-y plane due to different

heat transfer between pin and base metal . These different values means the
different value of residual stress . The residual value behavior depend on the Leeb
hardness distribution .

Fig('+) The residual stress by X-ray diffraction and corrected average neutron
diffraction results for residual stress in a aluminum wasp alloy linear friction
weld. ['"]
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The behavior of residual stress in Fig() +) similar to behavior of hardness value
distribution as shown in figure(®) to figure(?) ,That the change in the value of
hardness resulting from the change in the value of the heat transmitted generated as
a result of the speed of revolution of the pin and show that the values of hardness
near the welding line is low then rise and then begin to decreasing gradually and
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then go up the value of hardness, that this behavior is similar to some extent the
behavior of stresses inherent in other ways, however, in some way, as in Figure
() +) notes that the value of hardness started yet high and then cut it all away from
the welding line and then return to rise once more likely, that the main reason for
this behavior is the difference in the distribution of heat in the vicinity of the end of
the operation of the piece.

¢. CONCLUSIONS:
The present work has reached to the following conclusions:
V. The mechanical properties of base metal higher than stir welded specimen.
Y. The hardness in stir welding method depend on the rotating speed of pin and
linear velocity when the rotating is increased the Leeb hardness is increased.
¥. The residual stress behavior was predicted from the hardness values distribution.
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