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Friction stir welding characteristics of two aluminum alloys®
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Abstract: The friction stir welding characteristics of the strairhardened AA1050-H24 and precipitate hardened
AA2017-T351 aluminum alloys were examined in order to reveal the effects of the alloy properties on the friction stir

welding behavior of the base materials. The results show that (1) for AA1050-H24, the weld possesses a smooth surface

and clear ripples, there is no elliptical weld nugget in the weld, there is not discernible interface between the stir zone and

the thermo-mechanically affected zone(TMAZ), and the internal defect of the weld looks like a long crack and is located

in the lower part of the weld; (2) for AA2017-T351, the weld usually possesses a rough surface and visible ripples, the

elliptical weld nugget clearly exists in the weld and there is obvious plastic flow and a discernible interface between the

nugget and the TMAZ, and the internal defect of the weld is composed of many voids and distributed in the middle part of
the weld; (3) the effective ranges of the welding parameters for AA1050-H24 and AA2017-T 351 are both narrow, espe
cially for the latter; and (4) the tensile strength efficiencies of the joints for the two typical alloys are similar, ie 79% for

AA1050-H24 and 82% for AA2017-T351.
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1 INTRODUCTION

Friction stir welding( FSW) is a promising weld-

ing process that can produce high-quality and low-cost

121 Especially, it can eliminate some welding

joints
defects such as cracking and porosity often associated
(231 " and thus is suited
to weld heat-treatable aluminum alloys that are diffi

cult to fusion weld*>!.

with fusion welding processes

Recent studies on the mi
crostructural characteristics and mechanical properties
of the friction stir welded joints have indicated that
different aluminum alloys have different FSW charac
L6171 With respect to the mechanical proper
ties of the weld joints, the heat-treatable aluminum alloys
such as 2014 T651'1, 2024-T3/T351/T6' """, 2195
T8, 7075T651'"* and 7475T76!" alloys undergo
a process of dissolution or growth of the strengthening
precipitates during the thermal cycle of FSW, thus
resulting in a degradation of the mechanical proper

teristics

ties. The strairhardened aluminum alloys such as
575411 11001 and 1050 alloy!'* ' are also soft-
ened by FSW because the dislocation density in the
weld and heat-affected zone has decreased after weld-
ing.

However, the difference in the friction stir weld-
ing characteristics among the different aluminum al-
loys has not been systematically studied or reported,
and studying this topic is quite important for us to
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deeply understand the effects of the alloy properties
on the FSW behavior. Therefore, two typical alu-
minum alloys, strain-hardened AA1050-H24 and pre-
cipitate hardened AA2017-T 351, are selected as the
experimental materials for the study of the FSW char-
acteristics in this paper. The emphasis is focused on
the morphologies and defects of the welds, the me-
chanical properties of the joints and the affected range
of the welding parameters.

2 EXPERIMENTAL

The base materials were Smm-thick AA1050-
H24 and AA2017-T351 aluminum alloy plates with
the chemical compositions and mechanical properties
listed in Table 1.
chined into rectangular welding samples with dimen-
sion of 300 mm X 80 mm and they were longitudinally
buttwelded using an FSW machine. The welding
tool size and welding parameters are listed in T able 2.
It should be pointed out that “revolutionary pitch” is
a derived welding parameter and is defined as the
welding speed divided by the rotating speed. Its
physical meaning corresponds to the heat input to a
Joint.

The plates were all cut and ma-

After welding, the superficial morphologies of
the welds were first photographed using a digital
camera, and then the joints were cross - sectioned
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Table 1 Chemical compositions and mechanical properties of base materials
Chemical composition/ % Mechanical property
Alloy
Si Fe Cu Mg Mn Ti Zn Cr Al 0,/ MPa 0/ MPa & %
AA1050-H24 0.04 0.32 0.02 0.01 0.00 0.02 0.00 0.00 Bal 106 68 18.6
AA2017-T351 0.52 0.29 4.29 0.60 0.58 0.02 0.08 0.02 Bal 428 319 23.8
Table 2 Welding tool size and welding parameters
Tool size Welding parameters
Alloy Shoulder Pin Pin Tool Rf)latlflg Welding Revo!ul.lonary
. . s speed/ speed/ pitch/
diameter/ mm  diameter/ mm  length /mm tilt/ (7) o vt 1y (e rmin= 1\ e 2 1
AA1050-H24 15 6 4.7 3 1 500 100 ~ 800 0.07-0.53
AA2017-T351 15 6 4.7 3 1 500 25~ 800 0.0270.53

perpendicular to the welding direction for the me
tallographic analyses and tensile tests using an
electrical discharge cutting machine. The crosssec
tions of the metallographic specimens were po-lished
with an alumina suspension, etched with Keller s
reagent( 150 mL water, 3 mL nitric acid, 6 mL hy-
drochloric acid and 6 mL hydrofluoric acid) and ob-
served by optical microscopy. The internal defects of
the welds were identified by a metallographic exami
nation, and the effective range of the welding param-
eters was assessed by the internal defect examination.

The configuration and size of the transverse ten-
sile specimens were referenced to ISO 6892, and the
marked length and width of each specimen were 50
mm and 12. 5 mm, respectively. Prior to the tensile
tests, the Vickers hardness profiles across the stir
zone, thermo-mechanically affected zone( TMAZ),
heat affected zone ( HAZ) and partial base material
were measured along the centerlines of the crosssec
tions of the tensile specimens under a load of 0. 98 N
for 10 s using an automatic micro-hardness tester.
The tensile tests were carried out at room temperature
and a crosshead speed of 1 mm/ min using a computer-
controlled testing machine, and the tensile properties
of each joint were evaluated using three tensile speci-
mens cut from the same joint.

3 RESULTS AND DISCUSSION

3.1 Morphologies and defects of welds
3.1.1 Superficial morphologies of welds

Fig. 1 shows the superficial morphologies of the
AA1050-H24 and AA2017-T351 welds performed at
the same revolutionary pitch of 0.27 mme*r~'. The
surface of the AA1050-H24 weld is smoother and the
surface ripples are clearer (Fig. 1(a)), while the sur
face of the AA2017-T351 weld is rougher and the
surface ripples are less visible. Also, some oxide

scales exist on the surface (Fig. 1(b)). This result

indicates that the surface quality of the AA1050-H24

weld is better.
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Fig. 1 Superficial morphologies of
AA1050-H24(a) and AA2017-T351welds(b)

3.1.2

Internal morphologies of welds
The internal morphologies of the defect-free
AA1050-H24 and AA2017-T351 welds are shown in
Fig. 2, where RS and AS stand for the retreating side
and advancing side, respectively. It can be seen from
the figure that the internal morphology of the
AA1050-H24 weld is significantly different from that
of the AA2017-T351 weld. In the AA1050-H24
weld, there is no weld nugget with elliptical rings no
matter how much the welding parameters are changed,
and there is not discernible interface between the stir zone
and the TMAZ ( Fig.2(a)). In the AA2017-T351
weld, however, the weld nugget with “onion” rings
clearly exists, and there is obvious plastic flow and a dis-
cernible interface between the nugget and the TMAZ
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Fig. 2 Internal morphologies of

AA1050-H24 welt at 0.07 mme*r '(a
and AA2017T351 weld at 0. 02 mm*r~ "(b)

(Fig.2(b)).

In practice, the internal structures and mor-
phologies of the defect-free welds have a decisive ef-
fect on the fracture paths of the joints. For example,
the defect-free AA2017-T351 joint is fractured at or
near the interface between the weld nugget and the
TMAZ on the advancing side during the tensile test
because a significant difference in the structure and
morphology exists between the weld nugget and the
TMAZ.

3.1.3 [Internal defects of welds

Fig. 3 shows the internal defects of the AA1050-
H24 and AA2017-T351 welds. It should be noted
that these defects are formed at different revolution-
ary pitches. By comparing the defects shown in this
figure, it can be found that the morphologies and dis-
tributions of the defects are different for the different
aluminum alloys. The defect in the AA1050-H24
weld looks like a long crack, slightly sloping from the
retreating side( RS) to the advancing side( AS), and
is located in the lower part of the weld( Fig. 3(a)).
The defect in the AA2017-T351 weld is composed of
many voids and distributed in the middle part of the
weld(Fig. 3(b)).

3.2 Mechanical properties and welding parameters
3.2.1 Mechanical properties of joints
For the sake of comparison, a designation

called property efficiency is introduced in this pa

—
-
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Fig.3 Internal defects of AA1050-H24
weld at 0.40 mm*r~ '(a) and
AA2017-T351 weld at 0. 27 mmer~ '(b)

per. It is defined as the ratio of any property of a
joint to the corresponding property of the base materi-
al. For example, the tensile strength efficiency of a
joint is the ratio of the tensile strength of the joint to
the tensile strength of the base material.

Fig. 4 shows the mechanical property efficiencies
of the AA1050-H24 and AA2017-T351 joints, includ-
ing tensile strength efficiency ( Tirsg) and elongation effi-
ciency( Tgg) . According to the figure, the property ef-
ficiencies of all the joints are lower than 100% except
the maximum Tig of the AA1050-H24 joints. This
implies that the FSW results in a degradation of the
mechanical properties for the two aluminum alloys.
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Fig.4 Mechanical property efficiencies of

joints for two aluminum alloys
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The maximum Thsg of the AA1050-H24 and
AA2017-T351 joints are 79% and 82%, respective-
ly. This indicates that the tensile strengths of the alu-
minum alloys decrease at least by about 20% after the
FSW.

The maximum Tgg values of the joints for the
different aluminum alloys are significantly different
from each other. They are 110% for AA1050-H24
and 14% for AA2017-T351. This indicates that the
elongation of AA1050-H24 will not decrease if the op-
timum welding parameters are adopted during the

FSW. However, the elongation of AA2017-T351 is
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seriously affected by the FSW.
3.2.2 Optimum welding parameters

As shown in Fig. 4, the welding parameters have
significant effects on the mechanical properties of the
friction stir welded joints. Taking the comprehensive
effects of the rotating speed and welding speed into
account, we introduce a welding parameter called rev-
olutionary pitch, and define a revolutionary pitch that
can make the mechanical properties of the joint reach
the highest as the optimum revolutionary pitch or op-
timum welding parameter.

Because of the difference in the physical, chemi
cal and mechanical properties betw een the alloys, the
optimum welding parameters for the different alu-
minum alloys are different from each other. With re-

spect to AA1050-H24 and AA2017-T 351 alloys, their

1
and

optimum welding parameters are 0. 27 mm*r~
0.07 mme*r ', respectively ( Fig. 4). In practice,
when the real revolutionary pitch is greater than the
optimum one, a welding defect occurs in the weld for
lack of heat input to the joint( Fig. 3), thus the joint
is not qualified and accepted. Only when the real rev-
olutionary pitch is smaller than or equal to the opti
mum one, can the mechanical properties of the joint
be comparatively high. Therefore, the greater the op-
timum revolutionary pitch, the wider the selective or
effective range of the welding parameters. From this
point of view, it is easy to determine and understand
that the effective ranges of welding parameters for
AA1050-H24 and AA2017-T351 alloys are both nar
row, especially for the latter. In other words, weld-
ing defects are easily formed in the AA1050-H24 and
AA2017-T351 welds, especially in the latter.

4 CONCLUSIONS

1) The AA1050-H24 weld possesses a smooth
surface and clear ripples, while the AA2017-T 351
weld usually possesses a rough surface and visible rip-
ples.

2) There is no elliptical weld nugget in the
AA1050-H24 weld and there is not discernible inter-
face between the stir zone and the TMAZ, while the
elliptical weld nugget clearly exists in the AA2017-
T351 weld and there is obvious plastic flow and a dis-
cernible interface between the nugget and the
TMAZ.

3) The internal defect of the AA1050-H24 weld
looks like a long crack and is located in the lower part
of the weld, while that of the AA2017-T 351 weld is
composed of many voids and distributed in the middle
part of the weld.

4) The effective ranges of the welding parame-
ters for AA1050-H24 and AA2017-T351 are both
narrow, especially for the latter.

5) The tensile strength efficiencies of the joints

for the two typical alloys are similar to each other, ie

79% for AA1050-H24 and 82% for AA2017-T351.
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