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Aluminum is one of the most commonly used alloys in industrial applications due to its
significant qualities such as resistance to wear, high hardness resistance, and high
conductivity. This study will concentrate on the hardness resistance of two dissimilar
aluminum alloys at different rotational and travel velocities, where the behavior of the
alloys' hardness resistance will be studied after the welding process, from the welding
center to the alloys' edges, and this will be done in three areas. Due to temperature changes
at the weld in these three separate regions, the first area was at the start of the welding
process, the second in the midst of the model, and the third area was at the conclusion of
the welding process, to examine the influence of temperature on the hardness resistance.
The results showed that increasing the travel velocity of the feed cart and keeping the
rotational velocity constant increased the hardness resistance, whereas increasing the rotary
tool velocity and keeping the travel velocity of the feeding cart constant decreased the
hardness resistance of the two welded alloys. The maximum hardness resistance recorded
in the model's welding center (3-3) and its value were more than (49.47 percent) the lowest

hardness resistance recorded for all models, which was for the model (7-1).

1. INTRODUCTION

Friction fusion welding is mainly used as a commercial
process in industrialized countries, widely used in aviation,
aerospace, ships, automobiles, pipe welding and other
industrial fields, and its significance is embodied in the ability
to weld many materials, particularly dissimilar materials that
differ in their chemical, thermal, and mechanical properties
and are difficult to weld using conventional methods, in
addition to the velocity with which the connections are
completed. Significantly low cost and high quality in
connecting parts together [1, 2].

The procedure of friction stirs welding AA-6061 with a
thickness of (3 mm) was investigated. The effectiveness of
each instrument's shape was assessed using a welding tool
with various teeth, one grooved and one smooth. When
employing a rotational velocity of 1800 rpm and a travel
velocity of 50 mm/min, the findings exposed that the tensile
strength of a grooved tooth was greater than that of a smooth
tooth. When compared to utilizing a smooth tooth, employing
a grooved tooth enhanced the rate of heat transmission and
reduced weld flaws [3].

The hardness of aluminum alloy AA-6061-T6 its thickness
(6 mm), welded by friction stir welding with a cylindrical tooth
and tapering tool of (5 mm) in diameter and a tool shoulder of
(20 mm) in diameter was investigated. The rotating velocity of
the welding tool was varied (1030, 1500) rpm. The HRB
hardness test findings revealed that the hardness values at 1030
rpm are greater than those at 1500 rpm [4].
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The impact of the cooling medium (water with lubricating
oil) and vibration on aluminum alloy 5083 during the friction
stir welding process was investigated at a welding tool
rotational velocity of (1250 rpm) and a travel velocity of (90
mm/min). The welded samples performed well in the FSVW
vibration system with water cooling. It was determined that the
particle size dropped to (13%) of the base metal, with an
improvement in mechanical characteristics and enhanced
efficiency from 66 to 87 percent, and an increase in hardness
HV from 50 to 78 percent [5]. The hardness and microstructure
of aluminum alloy AA7020-0 welded by stir welding at (1000,
1225, 1400) rotations per minute and a travel velocity of
(20,40,60) mm/sec were investigated. The findings revealed
that when the rotating velocity was reduced, the hardness
increased [6].

Aluminum alloys AA5052 and AA7075-T6 were welded
with a thickness of (3 mm) utilizing FSP friction processing
and reverse stirred welding RFSP treatment at rotating
velocities of (1500,1000,710 rpm) and a single travel velocity
of (60 mm/min).

The results show that the friction noise treatment and the
reverse fuss treatment from friction stir welding yielded
greater hardness values for the welded sample's NZ area [7].

Friction stirs welding two aluminum alloys (AW-6082-
T651 and AW-5083-H111) with three welding tool rotational
velocities (1400, 1000, 710 rpm) and three welding tools of
various diameters (16, 20, 24) mm and three travel velocities
(160, 112, 56 mm/min). The samples with the highest tensile
strength had a trip velocity of (160 mm/min), whereas the


https://crossmark.crossref.org/dialog/?doi=10.18280/ijht.400419&domain=pdf

samples with the lowest tensile strength had a travel velocity
of (56 mm/min). It was also discovered that increasing the
diameter of the tool with travel velocity increased the hardness
in the welding zones [8]. The welding treatments impact of
welded aluminum alloy (AA6061-T651) and semi-rigid metal
(SSM) 356-T6 was tested at welding velocities of (1750, 2000
rpm), and trolley travel velocities of (20,50,80,120,160,200
mm/min). The tensile test results revealed that increasing
rotational velocity has less of an effect on the tensile strength
of semi-hard metal (SSM) than decreasing rotational velocity.
It was also discovered that the welding center hardness was
higher from (TMAZ) and the hardness of all areas was lower
than the base material [9]. The structural and mechanical
properties of welding areas were investigated using friction
stir welding of AA-7075-T6 with a thickness of (6.5 mm) and
aluminum alloy AA-2024-O with a thickness of (5 mm), with
a welding tool rotation velocity of (1000 rpm) and a trolley
travel velocity of (80 mm / min). The results revealed that the
welding resistance was smaller than the base material due to
the difference in alloy thickness, and a partial ductile fracture
formed in the welding block [10]. The effect of welding
parameters of aluminum alloys (AA2024-O, AA7075-T73) on
the stir welding process was studied using SN ratio and
ANOVA analysis with a rotational velocity of the welding tool
(898, 1200, 1710 rpm), a travel velocity of the trolley (20, 45,
69 mm/min) with tilt angle welding tool, welding tool tooth
shape (cylindrical, conical, threaded cylindrical). The best
results were obtained when the rotating velocity was 898
revolutions per minute, the travel velocity was (45 mm /min),
and the tooth form was threaded cylindrical. Hardness values
were observed to be lower in TMAZ and HAZ regions than in
SZ regions [11].

This study hardness measurements revealed that the (HAZ)
region is soft and the (SZ) region is harder than the (BM)
region [12].

The procedure of friction stirs welding aluminum alloy
AAG6061, with a thickness (3 mm) was investigated. The
effectiveness of each instrument's shape was determined by
utilizing welding tools with differing teeth, one grooved and
one smooth. When the rotational velocity was (1800 rpm) and
the travel velocity was (50 mm/min), the tensile strength of a
grooved tooth was greater than that of a smooth tooth. When
compared to utilizing a smooth tooth, employing a grooved
tooth enhanced the velocity of heat transmission and reduced
weld flaws [13]. The hardness of aluminum alloy AA-6061-
T6 welded by friction stir welding with a cylindrical tooth and
tapering tool, with a diameter (5 mm) and the tool shoulder
with a diameter of (20 mm). Different welding tool rotational
rates (1030, 1500) rpm were employed. The HRB hardness test
findings revealed that a hardness velocity of (1030 rpm) was
faster than a velocity of (1500 rpm) [14]. The influence of the
cooling medium (water with lubricating oil) and vibration
during the friction stir welding process on aluminum alloy
5083 was reported at a welding tool rotational velocity of
(1250 rpm) and a travel velocity of (90 mm / min). The welded
sample results showed good results using the FSVW vibration
system with water cooling, and the particle size decreased to
13% of the base metal, with an improvement in mechanical
properties and detailed efficiency increased from 66 to 87
percent, and the hardness HV increased from 50 to 78 [15].

The hardness and microstructure of aluminum alloy
AA7020-O welded by stir welding at (1000, 1225, 1400)
rotations per minute and a travel velocity of (20, 40, 60)
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mm/sec were investigated. The results revealed that when the
rotational velocity reduced, the hardness rose while the travel
velocity decreased [16]. For the NZ area of the welded sample,
higher hardness values were found for the friction noise
treatment and the reverse fuss treatment from friction stir
welding [17]. The hardness in the middle of the welding zones
rises as the diameter of the tool grows with travel velocity [18].

It was discovered that the hardness of the welding center
was higher than that of TMAZ, but the hardness of other
regions was lower than that of the base material [19].

Through the use of SN ratio and ANOVA analysis, the
effect of welding parameters of aluminum alloys AA2024-0O,
AA7075-T73 on the process of stir welding were studied with
arotational velocity of the welding tool (898, 1200, 1710 rpm),
a travel velocity of the trolley (20, 45, 69 mm/min), and a tilt
angle of the welding tool tooth shape (cylindrical, conical,
threaded cylindrical). The best results were obtained when the
rotating velocity was (898 rpm), the travel velocity was 45 mm
per minute, and the tooth form was threaded cylindrical. The
hardness in TMAZ and HAZ regions was found to be lower
than in SZ regions [20].

The hardness findings revealed that the HAZ region has a
lower hardness than the BM region and that the SZ region has
a greater hardness than the BM region [21].

In addition to a large number of studies on friction stir
welding for aluminum, and taking many variables such as the
type of welding tool, the rotational velocity of the welding and
the travel velocity of the welding, and heating the welding tool
before starting the welding process, and other variables, in
order to determine the effect on mechanical qualities for
welding cutting, many of which focus on resistance hardness
[22-30]. The hardness resistance of aluminum alloys welded
by friction stir welding method will be studied in different
areas of the surface of the two welded dissimilar alloys, the
first at the beginning of the welding process, the second in the
middle of the model, and the third at the end of the welding
area, where the temperatures differ in the welding center in
these three areas when performing the welding process.

This study is unique in that it will illustrates the influence
of temperatures on the welded alloy, as well as the effect of
temperature change on the hardness resistance of welded
components, at varied rotation velocities of the welding tool,
different feed travel velocities, and in different sections of the
alloy surface. The rest of this article is structured as follows:
Section 2 contains the experimental work, Section 3 has the
results and discussion, and Section 4 contains the conclusions,
acknowledgements, and references.

2. EXPERIMENTAL WORK

The Vickers technique was used to conduct micro hardness
tests on all models in three lines and three separate areas to
determine the influence of temperature change on hardness.
For hardness testing on friction welding reigns, a load of (400
gm) was used. The microscopic hardness Vickers digital
equipment from a German business, (Zwick type. / Roell ZHV
Vickers's), was employed, with a pyramidal diamond indenter
with an angle (130°) and a load remaining on the sample for a
time of (15 sec). The time period was calculated using a digital
clock, and then utilized the device's digital screen to compute
the size of the effect originating from the axial and two
perpendicular directions.



2.1 Materials used

Heat treated aluminum alloys (AA-2024 — O & AA-7075-
T6) sheets were used as a metal base. Table 1 appears the
chemical composition of dissimilar aluminum alloys with the
international standard ratios values adoted by the European
Aluminum Association (EAA). Table 2 appears a mechanical
properties of dissimilar aluminum alloys with the international
standard values according to the American specifications
(ASTM E 3-01).

Figure 1. The hardness tester used in the test
2.2 Hardness test

Penetration or scratching on the sample to be tested for its
hardness was adopted. The penetration tool was a quadrilateral
pyramid of diamonds at an angle of (136°), and the loads used
to measure the hardness range from (1 to 120 kg). Processes
required to prepare samples for hardness testing including
grinding, polishing, finishing and surface cleaning of
impurities were carried out to ensure an accurate reading.
(ALLO3) solution with water was used for polished samples
surfaces. The solution was paste on a piece of cloth and
conduct the polishing process in a universal polisher

Figure 2. Specimens appear after they have been cut and
used for hardness testing

The sample was examined from its middle by applying a
load of (1 kg). After scratching the sample with an indenter
tool, the hardness tool leaves a hierarchical trace on the sample
as shown in the Figure 3.

Figure 3. The hardness tester used in the test

The value of (d) was calculated from the following Eq. (1)
[34].

d;+d
d=t"72

> (1)

Then the hardness (H.V) was calculated from the equation

2):

device,then wash the sample with water, to be ready for P
microscopic examination. The hardness was then tested using H.V =1.854 PL] (2)
a Vickers hardness tester, Figure 1.
Then the samples was cut by the vertical milling machine d = mean dimeter (um) + 1000 = mm
with equal distances to be able to put it on the hardness tester P = load (Kg)
device as shown in the Figure 2. H.V = Vichers hardness (without unit)
Table 1. The chemical composition of dissimilar aluminum alloys
E eI Zn%  Si%  Fe% Cu% Mn% Mg%  Cro% Tioe A%
Materials
Nominal value AA-2024 -0 [32] 0.21-0.25 0.33-05 041-05 3849 03-09 12-1.8 0.08-0.1 0.13-0.25 Rem.
Actual value 0.24 0.41 0.48 4.2 0.51 1.59 0.08 0.17 92.32
Nominal value AA-7075 — T6 [33] 5.1-6.1 0.4-15 0.5 1.2-2 0.3 2.1-29 0.18-0.28 0.2 Rem.
Actual value 5.15 1.25 0.14 1.7 0.26 2.55 0.21 0.17 88.57
Table 2. The mechanical properties of dissimilar aluminum alloys
Aluminum  Density, Tensile Yield Ultlm.ate b Modullu.s o SIGEL? Hardness, Hardness, Passion’s
Alloy Kg/m?®  Strength, MPa Tensile EL Elasticity, modulus, Vickers Brinell ratio, p
! Strength MPa GPa Gpa !
Nominal
value, 0.33
AA- 2024-O 2780 345 483 10 73.1 28 56 46
[32]
Actual value 2780 95 220 12 73.1 28 57 47 0.33
Nominal
value, 0.33
AA-7075 — 2810 503 572 5 71.7 26.9 175 150
T6 [33]
Actual value 2840 501 570 5 71.72 26.9 177 153 0.33
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For each model the examination process was completed for
the three parts of the sample in three different regions, Figure
4.

Figure 4. Appears the locations where the hardness
resistance was measured for each model

3. RESULTS AND DISCUSSION

Figures 6 to 11 show the results of the hardness test of welds
in different welding areas and at different rotational and travel
velocities, and the results showed that the greatest values of
hardness were found in the center of the welding zone (NZ)
compared with the other welding points, but it is less than the
hardness of the base metal. The reason for this is that the size
of the grains in this area is smaller than the size of the grains
of the base metal, because the grains in this area have become
re-smoothing, which increases the hardness of the metal. The
reason for the low hardness in the (TMAZ) area is that the
generated heat amount during the process of friction stir
welding in this area is sufficient to cause partial or complete
melting of the precipitated particles. The lowest value of the
hardness is in the (HAZ), which is the weakest, and then
failure occurs when a tensile test is performed, and the
hardness values are not uniform across the thickness of the
welded plates, as the diagrams show, and the reason is that the
heat distribution is uneven, as most of the heat generated is
near the upper surface, which is in direct contact with the
support of the welding tool, and accordingly the friction is
greatest, while the lower surface it is in contact with the
supporting piece that leaks most of the heat by the conduction
method, and the high temperature forms coarse grains in the
(HAZ) region, and accordingly the hardness decreases in this

region [31]. The results of the data analysis were the following:

3.1 The effect of changing travel velocity on the resistance
of hardness

In this section, the effect of changing the travel velocity of
the welding cart on the strength of hardness will be studied.
This is done by taking different travel velocities at each
constant rotational velocity of the welding tool.

3.1.1 At a rotational velocity (1000 rpm) and a travel velocity
(30, 40, 60 mm/min)

Figure 5 Appears the results of comparing the distance from
the welding center with the resistance of the hardness, when
changing the travel velocities of the welding carriage and
fixing the rotational velocities of the conical pin tool, three
regions were selected for each model, the first region at the
beginning of the model, the second region in the middle of the
model, and the third region at the end of the model Figure 4.
Figure (5-a) Appears the results of a comparison between the
distance from the welding center and the hardness resistance
of the two alloys at rotational velocity of conical pen tool
welding (1000 rpm) and travel velocity (30 mm/min),in
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different regions from the beginning of the welding process to
its end, where the first region was identified at the beginning
of the model (1-1) and the second region in the middle of the
model (1-2), and the third region is at the end of the model (1-
3), and the results indicate that, the highest hardness resistance
was in the third region (1-3) and its value (138 HV), and the
reason for this is that the temperatures in this region were
higher than the other regions. Figure (5-b) Appears the results
of the comparison at rotational velocity (1000 rpm) and travel
velocity (40 mm/min), and the results showed that the highest
value of the hardness resistance in the middle of the welding
zone was also recorded in the third region of the model (2-3)
and its value was (144 HV). Figure (5-c) Appears the results
at the rotational velocity (1000 rpm) and travel velocity (60
mm/min), and the results also indicate that the value of the
hardness resistance in the welding center recorded in the third
region of the model (3-3) was (150 HV).

Figure (5-d), which was welded at different travel velocities
of the welding cart (30, 40, 60 mm/min), and a constant
rotational velocity of the conical pen welding (1000 rpm),
where the highest value of the hardness resistance was
recorded in the welding center at the travel velocity (60
mm/min) and rotational velocity (1000 rpm) in the third region
of this model (3-3) and its value was approximately (150 HV).
The hardness values fluctuate with rise and fall, as they
decrease to their lowest in the bonding region between the
weld and the base metal, then the hardness resistance begins
to increase gradually until it reaches a value approximately
equal to the resistance of the original metal's hardness, in the
side there is an alloy aluminum alloy (AA-7075-T6), but in the
side aluminum alloy (AA-2024-O) the hardness resistance
value begins Gradually decrease almost until it reaches the
hardness values of the base metal.

3.1.2 At a rotational velocity (1225 rpm) and a travel velocity
(30, 40, 60 mm/min)

Figure 6 appears the results of comparing the distance from
the welding center with the resistance of the hardness, when
changing the travel velocities of the welding cart and fixing
the rotational velocities of the conical pin tool, three regions
were selected for each model, the first region at the beginning
of the model, the second region in the middle of the model,
and the third region at the end of the model Figure 4. Figure
(5-a) Appears the results of a comparison between the distance
from the welding center and the hardness resistance of the two
alloys at rotational velocity of conical pen tool welding (1225
rpm) and travel velocity (30 mm/min),in different regions
from the beginning of the welding process to its end, where the
first region was identified at the beginning of the model (4-1)
and the second region in the middle of the model (4-2), and the
third region is at the end of the model (4-3), and the results
indicate that, the highest hardness resistance was in the third
region (4-3) and its value (124 HV), and the reason for this is
that the temperatures in this region were higher than the other
regions. Figure (5-b) Appears the results of the comparison at
rotational velocity (1225 rpm) and travel velocity of the cart
(40 mm/min), and the results showed that the highest value of
the hardness resistance in the middle of the welding zone was
also recorded in the third region of the model (5-3) and its
value was (131 HV). Figure (5-c) Appears the results at
rotational velocity (1225 rpm) and travel velocity (60
mm/min), and the results also indicate that the maximum value
of the hardness resistance in the center welding recorded in the
third region of this model (6-3) was (136 HV).



~B. M. =(I-1) «(1-2) «(1-3)
200 +

of this model (6-3) and its value was approximately (136 HV).
The hardness values fluctuate with rise and fall, as they
decrease to their lowest in the bonding region between the
weld and the base metal, then the hardness resistance begins
to increase gradually until it reaches a value approximately
equal to the resistance of the original metal's hardness, in the
side there is an alloy aluminum alloy (AA-7075-T6), but in the
side aluminum alloy (AA-2024-O) the hardness resistance
value begins Gradually decrease almost until it reaches the

—
R.V.=1000 rpm & T. V. = 30
160
N 1
z ]
s 100
w
2 8|
T 60
ﬁ 40 -
20 -
AS-AA-7075- T6 = RS-AA-2024-
-40 30 20 -10 0 10 20 30 40

Distance, mm

~B. M. —(2-1) «~(2-2) =(2-3)

200
==t b.
G i ottt 00000b B, R. V. =1000 mm & T. V. = 40 mm/min
\ 160

- Wt
=
el
g 80
£ 60
P
E 40 1
20
o
-40 =30 =20 -10 0 10 20 30 40

Distance, mm

~B.M. =(3-1) ~(3-2) ~(3-3)

C.
R. V. = 1000 rpm & T. V. = 60 mm/min

Hardness (HV)

40 30 20 -10 0 10 20 30 40
Distance, mm

~B. M. -(1-2) (1-2) -(1-3) —2-1)
~(2-2) “2-3) G- (3-2 (-3
200
- d.
R. V. = 1000 rpm
T. V. =30, 40, 60 mm/min

Hardness (HV)

IS
o
'
N
o
o

20 40

Distance, mm

Figure 5. Appears the relationship between different
distances from the welding center with the hardness
resistance, at different travel velocities of the welding cart
(30, 40, 60 mm/min), and rotational velocity (1000 rpm)

Figure (5-d), which was welded at different travel velocities
of the welding cart (30, 40, 60 mm/min), and a constant
rotational velocity of the conical pen welding (1225 rpm),
where the highest value of the hardness resistance was
recorded in the welding center at the travel velocity (60
mm/min) and rotational velocity (1225 rpm) in the third region

hardness values of the base metal.
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(30, 40, 60 mm/min), and rotational velocity (1225 rpm)
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Figure 7. Appears the relationship between different
distances from the welding center with the hardness
resistance, at different travel velocities of the welding cart
(30, 40, 60 mm/min), and rotational velocity (1525 rpm)

3.1.3 At a rotational velocity (1525 rpm) and a travel velocity
(30, 40, 60 mm/min)

Figure 7 appears the results of the hardness resistance in
different areas on the surface of the two welded alloys with the
distance from the weld center, at constant rotational velocity

(1525 rpm) and different travel velocities (30, 40, 60 mm/min):

Figure (7-a) Appears the highest value of the hardness
resistance in the weld center was (116 HV) for the model (7-
3), while it was the lowest value of the hardness resistance in
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the weld center for the model (7-1) and its value was (72 HV).
Figure (7-b) Appears that the highest value of hardness
resistance recorded in the welding center was (123) for the
model (8-3), while the lowest value of hardness resistance was
recorded for the model (8-1) and its value (75), and Figure (7-
c) it Appears that the highest value of hardness was (138) for
the model (9-3), and the experimental results showed that the
lowest hardness recorded was the model hardness (9-1) and its
value (82 HV). Figure (7-d) Appears a comparison of the
analysis of the results of all models for a constant rotational
velocity (1525 rpm) and a variable travel velocity (30, 40, 60
mm/min), and the results referred that the highest value of the
hardness resistance in the welding center recorded was its
value (138 HV) for the model (9-3), while the lowest values
recorded were for the model (7-1) and its value (72 HV). These
results confirm that increasing the travel velocities and the
constant rotational velocity leads to an increase in the hardness
resistance, the results also show that the best resistance to
hardness is in areas where temperatures rise to (380°C).

3.2 The effect of changing a rotational velocity on the
resistance of hardness

In this section, the effect of changing the rotational velocity
of the conical welding toolon the strength of hardness will be
studied. This is done by taking different the rotational velocity
of the conical welding tooland the travel velocities at each
constant.

3.2.1 At a travel velocity (30 mm/min) and a rotational
velocity (1000, 1225, 1525 rpm)

Figure 8 Appears a comparison between the hardness and
the distance from the weld center to the end of the edges of the
two alloys welded by friction stir welding, at different
rotational velocities (1000, 1225, 1525 rpm), and a constant
travel velocity (30 mm/min). The results indicate that the
hardness resistance values fluctuate between rise and fall from
the welding center to all areas affected by the temperatures
generated during the welding process until the hardness
resistance values are stabilized, to become approximately
equal to the hardness values of the base metal, and the results
indicate the following: In Figure (8-a) the behavior of the
hardness resistance from the welding center to the end of the
edges is shown compared to the values of the basic hardness
of the alloys, where the highest value of the hardness was
recorded in the welding center of the model (1-3) and its value
(136 HV), and the lowest value recorded for the hardness
resistance was for the model (1-1) and its value (78 HV),while
Figure (8-b) Appears that the large value recorded for the
hardness resistance was for the model (4-3) and its value (124
HYV), and the small value recorded for the model (4-1) and its
value (74 HV), and in Figure (8-c) it appears that the highest
value of the hardness resistance was (7-3) for the model (118
HV), and the lowest value was (7-1) for the model (70 HV).
Figure (8-d) Appears a comparison between all models at the
constant velocity (30 mm/min) and different rotational
velocities (1000, 1225, 1525 rpm), and the results indicate the
fluctuation of the hardness resistance values between increase
and decrease to an area that is approximately equal to these
values, for the hardness values of the original alloy. The
highest hardness value was recorded in the welding center
(136 HV) of the model (1-3), and the lowest values recorded
for the hardness in the welding center were for the model (7-
1) and its value (70 HV).
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Figure 8. Appears the relationship between different
distances from the welding center with the hardness
resistance, at different rotational velocity (1000, 1225, 1525
rpm) with a constant travel velocities of the welding cart (30
mm/min)

3.2.2 At a travel velocity (40 mm/min) and a rotational
velocity (1000, 1225, 1525 rpm)

Figure 9 appears a comparison of the hardness and the
distance from the center of the weld to the end of two stir-
welded alloy flanges, with different rotational velocities (1000,
1225, 1525 rpm) and a constant travel velocity at (40 mm/min).
The results indicate that the hardness strength values fluctuate
between going up and down from the center of welding
towards all the zones affected by the temperatures generated
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during the welding process until the hardness strength values
stabilize becoming approximately equal to the values base
metal hardness, and the results indicate the following: In
Figure (9-a) the behavior of the hardness resistance from the
welding center to the end of the edges is shown compared to
the values of the basic hardness of the alloys, where the highest
value of the hardness was recorded in the welding center of the
model (2-3) and its value (144 HV), and the lowest value
recorded for the hardness resistance was for the model (2-1)
and its value (82 HV),while Figure (9b) Appears that the
highest value recorded for the hardness resistance was for the
model (5-3) and its value (130 HV), and the lowest value
recorded for the model (5-1) and its value (80 HV), and in
Figure (9-c) it appears that the highest value of the hardness
resistance was (8-3) for the model (120 HV), and the lowest
value was (8-1) for the model (74 HV). Figure (9-d) Appears
a comparison between all models at the constant velocity (40
mm/min) and different rotational velocities (1000, 1225, 1525
rpm), and the results indicate the fluctuation of the hardness
resistance values between increase and decrease to an area that
is approximately equal to these values, for the hardness values
of the original alloy. The highest hardness value was recorded
in the welding center (144 HV) of the model (2-3), and the
lowest values recorded for the hardness in the welding center
were for the model (8-1) and its value (74 HV).

3.2.3 At a travel velocity (60 mm/min) and a rotational
velocity (1000, 1225, 1525 rpm)

Figure 10 appears a comparison of the hardness and the
distance from the center of the weld to the end of two stir-
welded alloy flanges, with different rotational velocities (1000,
1225, 1525 rpm) and a travel velocity fixed (60 mm/min). The
results indicate that the hardness strength values fluctuate
between going up and down from the center of welding
towards all the zones affected by the temperatures generated
during the welding process until the hardness strength values
stabilize becoming approximately equal to the values base
metal hardness, and the results indicate the following: In
Figure (10-a) the behavior of the hardness resistance from the
welding center to the end of the edges is shown compared to
the values of the basic hardness of the alloys, where the highest
value of the hardness was recorded in the welding center of the
model (3-3) and its value (150 HV), and the lowest value
recorded for the hardness resistance was for the model (3-1)
and its value (88 HV),while Figure (10-b) Appears that the
highest value recorded for the hardness resistance was for the
model (6-3) and its value (136 HV), and the lowest value
recorded for the model (6-1) and its value (86 HV), and in
Figure (10-c) it appears that the highest value of the hardness
resistance was (9-3) for the model (138 HV), and the lowest
value was (9-1) for the model (81 HV). Figure (10-d) Appears
a comparison between all models at the constant velocity (60
mm/min) and different rotational velocities (1000, 1225, 1525
rpm), and the results indicate the fluctuation of the hardness
resistance values between increase and decrease to an area that
is approximately equal to these values, for the hardness values
of the original alloy. The highest hardness value was recorded
in the welding center (150 HV) of the model (3-3), and the
lowest values recorded for the hardness in the welding center
were for the model (9-1) and its value (81 HV). These results
indicate that at a constant travel velocity and different
rotational velocities, the hardness resistance decreases when
the travel velocities increase and the rotational velocity is
constant, for alloys welded by friction stir welding.
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Figure 9. Appears the relationship between different
distances from the welding center with the hardness

resistance, at different rotational velocity (1000, 1225, 1525
rpm) with a constant travel velocities of the welding cart (40

mm/min)

3.3 At a rotational velocity (1000, 1225, 1252 rpm) and a
travel velocity (30, 40, 60 mm/min)

Figure 11 appears a comparison between the different areas
on the surface of the two alloys welded by friction stir welding
and a hardness resistance for all models. The results show that
the increase in the travel velocity of the welding cart leads to
an increase in the hardness resistance of the welded parts,
while the hardness resistance decreases with the increase in the
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rotational velocity. The highest value recorded for the
hardness resistance was in the middle of the welding center,
its value was (150 HV) in the model (3-3) at travel velocity
(1000 rpm) and travel velocity (60 mm/min), while the lowest
value was recorded for the hardness resistance in the model (7-
1) at travel velocity (1525 rpm) and travel velocity (30
mm/min), and its value was (72 HV).
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Figure 10. Appears the relationship between different
distances from the welding center with the hardness

resistance, at different rotational velocity (1000, 1225, 1525
rpm) with a constant travel velocities of the welding cart (60

mm/min)
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distances from the welding center with the hardness
resistance, at different travel velocities of the welding cart
(30, 40, 60 mm/min), with a different rotational velocity
(1000, 1225, 1525 rpm)

4. CONCLUSIONS

The hardness resistance increased when the temperature of
the pen tool welding reached its highest value, as it was
observed that the hardness resistance increased by (50%) at the
end of the model than the hardness resistance at the beginning
of the model, and this leads us to the importance of heating the
friction welding tool at the beginning before starting the
welding stir friction process in order to be the hardness
resistance of the two alloys from beginning to end of the
welding process is approximately equal.

The hardness resistance increases with the increase in the
travel velocity of the welding cart, and the reason for this is
because the increase in the travel velocity of the welding cart
causes a decrease in the size of the grains in the welding area
and this leads to an increase in the hardness of the alloy in the
welding area at increase in travel velocity of the welding cart.

The resistance of the hardness of alloys welded by friction
stir welding method decreases when the rotational velocity
increases and the travel velocity of the cart is constant.

The behavior of the hardness resistance of the two alloys
welded together by friction stir welding from the center of the
weld to the end of the two edges is much greater than the
hardness values of the aluminum alloy (AA-2024-0), but it is
less than the hardness values of the aluminum alloy (AA-7075-
T6), after the center point of the weld on the constituent side
of the alloy (AA-7075-T6) the values of the hardness
resistance fluctuate with an increase or decrease to the bonding
distance between the welding mixture and the original alloy
where the hardness values of the alloy decrease to a minimum
(that is, it is the weakest region to resist the hardness in this
alloy), then the hardness values start to increase until they
reach values equal to the values of the original alloy , while on
the other side, which consists of aluminum alloy (AA-2024-
0), the hardness values decrease from the hardness resistance
value in the welding center until it reaches values of equal to
the values of the hardness of the original alloy.

Based on the results of the hardness comparison discussed
above, the ideal welding schedule would have a peak
temperature that was higher than the solution treatment
temperature but lower than any incipient melting temperature,
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as well as the fastest welding pace. The welding settings will
be further constrained by the need to produce a faultless weld.
The findings drawn from the data provided are mostly focused
on the impacts of temperature, fluctuating welding cart linear
velocities, and welding tool rotating speed; they do not take
into account the complex extra effects of the varied stress
histories between nuggets and HAZ. It seems that reasonable
explanations can be offered for the observed trends based on
considerations of welding speed and peak temperature when
just taking into account HAZ or bulk data. To resolve any
discrepancies between HAZ and cluster behavior that can be
traced to the stress log, further thorough work will be needed.
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