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Abstract

Friction Stir Welding is one of the most
practical welding process at the solid state.
Friction Stir Processing is used to enhance the
microstructure of FSW welded zone. The present
study investigates the effect of welding
parameters on the tensile properties of FSW and
FSP joining 3 mm AA 5083 - H111 aluminum
alloy by means of stress — strain curve with a
uniaxial tensile test and by comparing the
efficiency between FSW , FSP and base metal
.The experiments were conducted with 1000,1500
and 2000 rpm rotation speeds ,and 20,40 and 60
mm/min travel speed. The best result of the
welding joint was shown at the 20 mm/min feed
speed and 1500 rpm rotational speed for FSW,
and 40 mm/min feed speed and 1500 rpm rotation
speed for FSP. The efficiency of ultimate tensile
strength reaches to 92% for FSW and 94% for
FSP.

Keywords: Friction Stir Welding, Friction stir
processing, Mechanical Properties, AA5083 -
H111.

1 Introduction

Friction Stir Welding (FSW) was developed
by Wayne Thomas at TWI (The Welding
Institute) in 1991. At first, the process was seen as
a “laboratory” curiosity, but it soon became
obvious that FSW wvery useful in the
manufacturing of aluminum products [1]. FSW
considered weight savings in lightweight
applications due to the high strength of joints as a
compared with conventional welding process. The
principle of friction stir welding works is depend
on the rotating tool consist of a cylindrical
shoulder and pin come out from it, the pin
plunged through two pieces of sheet to make the
sufficient string welded zone and the rotating
shoulder provide friction to generate the heat
sufficient to elevate the temperature below
melting point. Then the tool traveled forward
along the butt joint line. particular preparation of
the type of joint and filler metal is not required.
[2] Mechanism of friction stirs welding with
nomenclature shown in Figure (1) - (a) [3].

Friction stir processing joint was developed
for modifying the FSW welded zone, FSP depend
on Friction stir welding principle [4], welding
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occurred in double pass (rather than single pass as
a FSW) one forward and the other to return along
the joint line to achieve maximum performance
with low production cost in less time using as
illustrated in Figure (1) -(b). In this study the
parameters used in FSP and FSW are reviewed
and their effect on tensile strength of AA 5083
aluminum Alloys.

2 Related Work

In 2015, Muhsin et al. [4] investigated the
friction stir welding (FSW) and friction stir
processing (FSP) of AA5086-H32 aluminum
alloy. It has been noted that the microstructural
grain size of (FSP) welded joints is a little finer
and tensile, bending strength, hardness and
percentage of elongation are greater than (FSW)
joints. In 2011, Ayad et al. [5] Study the welding
parameters and their effect on mechanical
properties of aluminum alloy 3003 H14 Friction
stir-welded (FSW) joints. The experimental
results indicated that the process parameters have
an important effect on mechanical properties of
joints. The optimum results of the weld gained at
the parameter 80mm/min weld speed and 1500
rpm rotation speed. In 2012, Sattari et al. [6]
study FSW on thin sheet 0.8mm in thickness 5083
aluminum sheets. Mechanical properties show
that byincreasing speed ratio (rotational speed w/
travel speed v) up to 28.125 better mechanical
properties achieved and the average of micro
hardness was decreased. The best results of
tensile strength properties and micro hardness
areobtained by speed ratio range of 18.58 to
34.84. In 2015, Hiba et al. [7], investigated the
mechanical properties of 2024-O aluminum alloy
by using two different process parameters have
been selected which are: rotational speed of
(1300,1500 and 1700rpm) and feed speed of
(20,40 and 60 mm/min), the best enhancement of
the welding joint at the parameter 40 mm/min
feed speed and 1300 rpm rotational speed for
FSW, and 40 mm/min feed speed and 1500 rpm
rotation speed for FSP.

The present study investigates the effect of the
welding parameters on the tensile properties of
FSW and FSP joining 3 mm AA5083 - H111
aluminum alloy and comparing the efficiency
between FSW, FSP and base metal.
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Figure 1: Schematic Diagram of (a) FSW/ and (b) FSP Joints [ 3]

3 Experimental Work Tensile test was carried out on samples taken
3.1 Process Parameters in a perpendicular direction to the welding line to
determine the tensile properties of the welding
joints for both welding processes. The shape and
dimensions of the tensile specimens were chosen
according to ASTM (E 8M) as shown in Figure
(3). All tensile tests were performed at 25°C by

There are many welding parameters affect
quality of weldment in FSW/P. In the present
study, two process parameters were studied,
which are, rotational speed and welding speed.
Three levels for each parameter are used as shown

in Table (1). TESTOMETRIC instruments, which has a
maximum capacity of (25kN). Then the average
Table 1 : The parameters of FSW/P of three samples (Start, middle and end welding
Level line) was transferred to evaluate the tensile
Parameter 1 > 3 properties of each welded joint.
Rotation speed | 100 | 1500|2000
(rpm)
Travel speed 20 40 60
(mm/min)

3.2  Materials and Experimental o
Procedure L u
In this study AA5083-H111 Aluminum alloy [ ettt o
was selected. The material is widely used in ,# - a
pressure vessels, shipbuilding, rail cars, vehicle f_ =i = i '
and tip truck bodies and mine skips and cages.The i santrod
mechanical properties and chemical composition
of AA5083-H111 aluminum alloy were given in
Table (2) and Table (3) respectively. In this
investigation 200*75*3 mm sheets dimensions are
used. The fixture has been used for clamping the
samples to be welded on CNC milling machine
(MITSUBISHI CNC M70V) and is shown in
Figure (2)-(a). Specially prepared tool Figure (2) - Shoubder
(b) was pushed through the bonding line and then D=18mmm
traveled through welding line at various rotational
and travel speeds under a fixed friction force by

Clanping and fixture

single pass, while in friction stir processing was (b)
carried out by double pass. Figure 2:- a- MITSUBISHI CNC M70V
The pin of the tool is tapered in order to milling machine, b- Tool shape and dimension.

reduce the initial high forces during plunging
operation, the welding tool was made of rod from
tool steel X38, the rod machined to desired
dimension by using CNC machine.
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Table 2: Mechanical properties of AA5083-H111

oyMPa (proof Modulus of P
stress 0.2%) Gl elasticity (GPa) e 2o
Standard value [8] 145 300 72 23
Actual value 143 300 72.9 27
Table 3: Chemical Composition of AA5083 H111 alloy
Element (wt%) Si Fe Cu Mn Mg Cr Zn Ti Al
Standard value[9] | 0.4-0.7 0.4 0.1 | 04-1 | 449 | 0.05-0.25 | 0.25 | 0.15 | BAL.
Actual value 0.12 0.33 005 | 048 | 4.14 0.06 0.1 | 0.02 | BAL.
- 100 - the small defects were ineffective to initiate the
e 33 = = 43 = = 3 - crack during the tensile test.
| . The defect free weld specimens have been
@ 10 broken in the TMAZ and/or HAZ as appeared in

RE

Figure 3:Tensile test specimen dimension
according to ASTM E 8M,all dimensions in
mm

4  Results and Discussion

The friction stir welding and processing joints
were shown in Figure (4) which shows different
results of welding shapes where some welds
shows presence of flash because of the plunging
depth of the tool this can be avoided by
controlling it which must be little more than the
plate thickness.Tunnel defect was found at the
intersection of weld nugget and
thermomechanical affected zone due to high
rotational speed and travel speed were shown in
Figure (5).

The transverse tensile test results are
mentioned in Table (4) and Table (5). It can be
shown that vyield and ultimate tensile strength
were reduced in the welded area compared with
those of the origin material, due to a combination
of dissolution, coarsening and precipitate of
strengthening precipitates during FSW or
localized deformation, considering that the
welded aluminum alloys AA5083-H111 is work
hardened alloys meaning that a drop in a the
mechanical properties is expected due to the heat
generation during FSW/P. The angle of fracture in
the parent alloys is 45° and with brittle fracture
surface as shown in Figure (6).

The shape of the fracture and its location
varies between the base metal sample and welded
samples,most of the specimens were failed in
HAZ at advancing side and very few specimens
were failed at center line of the weld as illustrated
in Figure (7) and Figure (8) for FSW and FSP
respectively. Some of the FSW specimens were
failed in the NZ region as W7 sample due to
many causes such as a lack of penetration,
existence of defects and oxide layer. W6 is failed
due to tunnel along the weld direction. in W5 and
W1 the fracture started from the defect position
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tensile tests of all FSP specimens for example P1
and P7 which are illustrated in Figure 8, the
fracture angle of the specimens are the same as in
the fracture of the parent alloys , the angle of
fracture in the test specimens is 45°, based on the
tensile test results of the defect free welds.

The tensile test for FSW and FSP were done at
room temperature. The results are shown in
Table(4) and (5) for FSW and FSP respectively.

UTSofweldedsample
UTSofbasemetal

Efficiency(Eff)= x 100%

Table 4: The result of the tensile test for

FSW joints
speed
Se;\ln:)[.nle rotation trave! (I\L;IE) '\j Iga Eff %
(rpm)  [(mm/min)

B.M 300 143

W1 1000 20 238 129 .79
W2 1000 40 256 135 .85
W3 1000 60 266 142 .88
W4 1500 20 276 143 .92
W5 1500 40 251 141 .83
W6 1500 60 87 85 .29
W7 2000 20 217 139 .73
W8 2000 40 222 141 72
W9 2000 60 162 121 .53

Table 5 The result of the tensile test for

FSP joints
Speed
Sa,\rlr:)ple rotation travel_ tJl\;J Jas) I\fl ga Eff %
) (rpm) mm/min

P1 1000 20 282 131 | 0.941
P2 1000 40 205 140 0.68
P3 1000 60 257 136 0.85
P4 1500 20 267 139 0.88
P5 1500 40 284 144 | 0.942
P6 1500 60 279 142 0.93
P7 2000 20 276 141 0.92
P8 2000 40 273 141 0.91
P9 2000 60 194 143 0.64
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beads of AA5083-H111 plates produced with
P1 Friction Stir Processing and friction stir
welding joints

Tunnel

P2

flash
With tunnel defect

Ps Flash

P4

Without tunnel defect

P Figure 5: result of x-ray of some welded plate

P6

P7

P8

P9

Figure 6: Fracture of parent alloys AA5083-
w1 H111 in the tensile test

w2

W3

W4

W5

W6

W7

w8

Figure 7: Fracture during tensile test of FSW

sample
W9

{ TP R —

Figure 4: The appearance of the welding
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Figure 8: Fracture during tensile test of FSP
samples

The diagram in Figure (9) illustrates the
results comparison between FSW, FSP and base
metal shows the values of the tensile strength and
yield strength for the FSW and FSP for different
values of the studied parameters (rotational and
travelling speeds). The best result of the welding
joint is obtained with the 20 mm/min feed speed
and 1500 rpm rotational speed for FSW, and with
the 40 mm/min feed speed and 1500 rpm rotation
speed for FSP. The efficiency of the ultimate
tensile strength reaches to 92% for FSW and 94%
for FSP.

The efficiency samples welded by FSP are
mostly above 80%, while FSW vary from 30% to
90%, because of the FSP welded sample was
exposed to force and heat longer than the FSW
welded sample where the time used in the first
operation is twice the last that provide sufficient
heat to softening the material and the re-stirring
provide good refining and recrystallisationthat
give higher strength in welded area.
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Figure 9: Results of tensile test

FSW results are illustrated in Figure (10)
showing the relation between the yield stress and
rotational speeds at different travelling speeds and
Figure (11) shows the relationship between the
UTS and the travel speeds at different rotational
speeds. From both figures it can be shown that the
yield stress slightly increases with increasing
rotation speed while ultimate tensile stress
decreases with increasing travel speed during
using high rotation speed (1500-2000) rpm. while
during the lowest rotation speed (1000) rpm
ultimate tensile stress will increase with
increasing travel speed.

FSP results illustrated in Figure (12) shows
the relationship between the yield stress and
rotational speeds at different travel speeds and
Figure (13) shows the relationship between the
UTS and the travel speeds at different rotational
speeds. From the two Figures it can be found that
the yield stress slightly increases with increasing
rotation  speed  while ultimate  tensile
stressdecreases with increasing travel speed where
by using 20 mm/min (lowest travel speed) in
different rotational speed give the best results.

The ultimate tensile stress increases with
increasing rotational speed and travel speed which
exert a significant effect on the higher heat input
and mechanical properties.Where the weldability
is significantly affected by the rotational speed,
whenever the rotation speed is increased the input
heat increases to softening the material below
melting point but should not exceed the
reasonable limitthat leads to generate heat over of
melting temperature.

It is believed that the increase in weld strength
with increasing welding speed is attributed to the
reduced heat input per unit length which results in
less over aging of the weld zone.

The elongation of all FSW and FSP samples is
less than that of parent metal as shown in the
engineering stress-strain diagram in Figure
(14),the measured elongations were very low in
most of FSW samples, while a little decrease in
the elongation has been resulted in FSP samples
as compared with the elongation of the parent
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alloys represented by aluminum alloy AA5083-

H111.
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Figure 10: Relationship between Yield stress and Figure 11: Relationship  between ultimate
rotational speeds at different travel speeds for tensileStressand travelspeeds at different rotational
FSW metals speeds for FSW metals
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Figure 14: Engineering stress-strain curve of base metal , FSW and FSP specimens, (a) FSW samples at

w = 1000 rpm ,(b) FSW samples at w = 1500 rpm ,(c) FSW samples at w = 2000 rpm ,(d) FSP samples

at w = 1000 rpm ,(e) FSP samples at w = 1500 rpm ,(f) FSP samples at w = 2000 rpm

Conclusions

The main findings of this investigation are:
some of the FSW specimens failed in the NZ
region due to various reasons such as the lack
of penetration, existence of defects, oxide
layer or failed due to tunnel along the weld
direction all this reason occurs because
insufficient heat to softening the welded
metal.
FSP samples have been broken in the TMAZ
and/or HAZ as appeared in tensile tests and
the fracture angle are the same as in the angle
of the parent alloys based on the tensile test
results of the defect free welds.
The best result of the welding joint is
obtained with the 20 mm/min feed speed and
1500 rpm rotational speed for FSW, and with
the 40 mm/min feed speed and 1500 rpm
rotation speed for FSP. The efficiency of the
ultimate tensile strength reaches to 92% for
FSW and 94% for FSP.
. Efficiency samples welded by FSP mostly above
80%, while FSW vary from 30% to 90%.
. In FSW the yield stress slightly increases with
increasing rotation speed while ultimate tensile
stress decreases with increasing travel speed.
. In FSP the yield stress slightly increases with
increasing rotation speed while ultimate tensile
stress decreases with increasing travel speed.
. The weldability is significantly affected by the
rotational speed, and the increase in weld
strength with increasing welding speed is
attributed to the reduced heat input per unit
length which results in less over aging of the
weld zone.
The elongation of all FSW and FSP samples is

less than that of parent metal.
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