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Abstract.Friction Stir Welding is a solid state welding processused in aero-
space, automobile and machine tool industry. However, corrosion of the friction
stir weld zones is still a major drawback that needs to be addressed immediate-
ly; hence the current work focuses on the corrosion characterization of the fric-
tion stir weld joints of dissimilar aluminium alloy. In the present research, fric-
tion stir welding is carried out at different set of parametric conditions and the
weld joints are characterized for weight loss corrosion in sodium chloride saline
medium. The friction stir weld joints of dissimilar aluminium alloys are ob-
tained using three sets of process parameters viz., tool profiles of straight cylin-
der, taper cylinder, and straight triangular; tool rotational speed of 800 rpm,
1000 rpm, and 1200 rpm; tool feed rate of 100 mm/min, 120 mm/min, and 140
mm/min; tool offset of 0.5 mm, 0 mm, and -0.5 mm. The corrosion characteri-
zation is carried out for friction stir weld joint using immersion tests. The re-
sults give an overview of the variation in the corrosion with time, and the effect
of process parameters on the corrosion behavior of weld joints.

Keywords:Corrosion, Characterization, Friction Stir Welding, Dissimilar, Al-
uminium Alloys, Joints.

1 Introduction

Aluminium Alloys are profusely used in aircraft and automobiles because of its ex-
ceptional properties with respect to formability, and greater strength to weight ratio.
However, the major drawback with the use of aluminium alloys in structural applica-
tions are related to weldability; henceforth, it is important to develop newer welding
techniques that gives high strength welding joints which are corrosion resistant and
have minimum weld defects [1]. In this regard, a lot of research is carried out in the
field of Friction Stir Welding (FSW) [2]. Friction stir welding (FSW) is a solid-state
welding process, developed by “The Welding Institute, (TWI)”, in the year 1991. In
this process, the joining of workpieces is accomplished by the FSW tool, [11] which
creates the weld joint by plastic process [3][10]. The technique of FSW improves the
strength characteristics of the weld joint; however, the corrosion behaviour of FSW
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joints are a critical aspect of concern, which needs to be studied [4][9]. In this regard
corrosion characterization of FSW weld joints of dissimilar aluminium alloys is stud-
ied in this research for a prospectus in real-time engineering applications

2 Materials and methods

Aluminium AA 5052 and Aluminium AA 7075 alloys are used to prepare Friction
Stir Weld joints as per the Taguchi’s L9 orthogonal array. The material is procured
from Perfect Metal Works, Bangalore.

2.1  Materials — Work-piece

AA 7xxx and AA 5xxx are light metal alloys which are most commonly used in
various structural applications, especially in the field of automobile, naval and aircraft
industries. Aluminium AA 7075 is an alloy with zinc as the primary element exhibit-
ing high strength, fracture toughness and resistance to corrosion which is the basic
attribute for its use in aerospace structures, while AA 5052 is an aluminium alloy
having magnesium as the predominant alloying element with better strength, welda-
bility and anti-corrosive properties used profusely for plate structures especially hav-
ing its wide scope in aerospace components. The composition of the Aluminium AA

7075 and Aluminium AA 5052 are given in table 1.
Table 1. Material Composition

Element AA AA
(%) 7075 5052
Al Bal. Bal.
Zn 5.8 0.1
Mn 0.2 0.1
Si 0.4 0.45
Cu 1.6 0.1
Fe 0.4 0.35
Mg 2.4 2.6
Ti 0.1 -

Cr 0.25 0.2
Others 0.14 0.15

The workpiece is cut into the required size of 170 X 60 X 5 mm as shown in figure
1, depending upon the available fixture dimensions to hold the workpiece during the
FSW Process.
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Fig. 1. Schematic of Workpiece dimensions for FSW

2.2  Materials — FSW Tool

The friction stir welding is carried out by using a typical non-consumable tool
made up of H13 tool steel with the hardness of 55 HRC. The specifications of the tool
is given in table 2. In the current research work, three pin profiles viz., cylindrical,
cylindrical taper, and triangular have been considered, the schematic of all the three

pin profiles are given in figure 2.

Table 2.Tool Specifications

Tool shoulder 20 mm (flat surface)
Tool pin configuration Cylindrical, Cylindrical
Taper, and Triangular
Pin length 4.8 mm
Pin diameter Cylindrical 5 mm
Triangle 5 mm
Taper D =5
mm
d = 4
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Fig. 2.Schematic of the tool pin profiles (a) Cylindrical (Cyl.), (b) Cylindrical — taper (Cyl.
Tp.)
and (c) Triangle.

2.3  Methodology — FSW

Aluminium AA 7075 and AA 5052 alloys are welded together by friction stir welding
process on an ETA make 10 T model horizontal FSW machine. The process is carried
out in accordance with the Design of Experiments (DOE) table framed in accordance
with L9 Orthogonal Array (OA) considering Taguchi Design model from Minitab
Software. The process parameters considered in present work involved design specific
parameters like tool rotational speed (800, 1000, and 1200 rpm), transverse feed (80,
100, and 120 mm/min) and tool pin configuration (cylinder, cylinder-taper, and trian-
gle). The details of welding parameters and its levels are given in table 3. During the
process of welding, AA 7075 is located on the retreating side, while AA 5052 is lo-
cated on the advancing side. The tool shoulder is plunged into the plates fastened on
the unique fixtures clamped on the table of the machine, and the FSW process is car-
ried out in accordance with the Design of Experiments (DOE).



Table 3. Levels of Parameters for FSW process

SL. Parameters Level 1 Level 2 Level 3
No
1. Rotational Speed 800 1000 1200
(rpm)
2. Feed (mm/min) 100 120 140
3. Tool Offset (mm) -0.5 0 0.5
4. Tool Pin Profile Cylindric Cylindrical Triangle
al (Taper)

2.4 Corrosion characterization

Corrosion characterization of the weld joints has gained importance due to the imme-
diate need of the globe to conserve the world’s metal resources [5]. Corrosion studies
of friction stir weld joints of similar and/or dissimilar aluminium alloys have grabbed
much attention by research community due to its real-time applications especially in
naval and aerospace sectors [6]. Aluminium and its alloys emerged as significant
materials in a wide variety of applications. Majority of the previous studies related to
corrosion characterization of ferrous and non-ferrous alloys are in acidic and base
media but very few or none have investigated in saline (NaCl) media [7]. Hence this
gap in available literature has given scope for evolving interest in potentio-dynamic
corrosion characterization of the friction stir weld specimens in sodium chloride
(NaCl) media. The methodology followed during the static immersion weight loss
corrosion technique is represented by the schematic block diagram in figure 3.

The flow chart of the weight loss static immersion test is given in figure 3.
The process involves the preparation of specimens of 1.5 cm x 1.5 cm x 0.5 cm cross
section from the friction stir weld zone, subsequently followed by metallographic
polishing, acetone wash and air drying, and initial weighing of the specimens. Fur-
ther, the specimens are immersed in 3.5 M NaCl solution for 24, 48, 72, 96 and 120 h
duration. Subsequently, the specimens are subjected to cleaning and rinsing in tabu-
lated. From, the weight loss, the Corrosion Rate (CR) is calculated in mils per year
using equation 1.

(M

* 4*
CorrosionRate(CR) = (w)

p*Axt
Where
p is the density determined by the archimedes principle,
Aisthesurfaceareaofthespecimenincm?,
tistheexposuretimeinh,
wistheweightlossing.
Further, the results are represented graphically for time duration of 24, 48,
72, 96, and 120 h respectively, and the comparisons drawn for each of the findings.
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Fig. 3. Flow chart of the weight loss corrosion test

3 Results and discussions

The results of corrosion tests for FSW specimens are presented in this section. The
observations clearly reveal that the corrosion rate decreases with the increase in rota-
tional speed to 1200 rpm, feed to 140 mm/min and for a tool offset of -0.5 mm. Fur-
ther, the corrosion rate is minimum for friction stir welded joints using triangular pin
profile. The experimental trials carried out in accordance with Taguchi's L9 orthogo-
nal array and the specimen designation for each of the trials is given in table 4.



Table 4. Design of Experiments table

E Rotational Feed( Tool Tool Pin Specimen
Xp. Speed mm/min)  Offset(mm) Profile Designati
N (RPM) on
0.
1 800 100 0 Cyl. SIFITIC
2 800 120 0.5 Cyl.(Tp) SIF2T2C
T
800 140 -0.5 Tr. S1F3T3T
4 1000 100 0 Cyl. S2FIT1C
1000 120 0.5 Cyl.(Tp) S2F2T2C
T
6 1000 140 -0.5 Tr. S2F3T3T
7 1200 100 0 Cyl. S3FITIC
8 1200 120 0.5 Cyl.(Tp) S3F2T2C
T
9 1200 140 -0.5 Tr. S3F3T3T

3.1 Corrosion Rate at a tool rotational speed of 800 RPM

The Corrosion Rate (CR), for the specimens, friction stir welded at 800 rpm is given
in table 5, and the subsequent comparative graph is given in figure 4. From, the table
and the graph, it is evident that the corrosion rate decreases with time for different
specimens, and the corrosion rate is minimum for triangular tool pin profile.

Table. 5 Corrosion Rate (CR) for different specimens at a rotational speed of 800 RPM

Time CR(mp CR(mp CR(m
() y) y) py)
SIFITIC  SIF2T2CT S1F3T3T
24 7.19 6.77 6.36
48 6.39 6.12 591
72 5.82 5.68 5.55
96 5.59 5.42 5.32

120 5.48 5.37 5.26
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Fig. 4. CR for different specimens at 800 RPM

3.2 Corrosion Rate at a tool rotational speed of 1000 RPM

The Corrosion Rate (CR), for the specimens, friction stir welded at 1000 rpm is given
in table 6, and the subsequent comparative graph is given in figure 5. From, the table
and the graph, it is evident that the corrosion rate decreases with time for different
specimens, and the corrosion rate is minimum for triangular tool pin profile. Also, the
corrosion rate decreases with the increase in tool rotational speed.

Table 6. Corrosion Rate (CR) for different specimens at a rotational speed of 1000 RPM

Time CR(mp CR(mp CR(m
(h) y) y) py)
S2FITIC  S2F2T2CT  S2F3T3T
24 6.66 6.24 5.89
48 6.06 5.85 5.29
72 5.57 543 5.11
96 5.33 5.23 4.98

120 5.26 5.18 5.00
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Fig. 5. CR for different specimens at 1000 RPM

3.3 Corrosion Rate at a tool rotational speed of 1200 RPM

The Corrosion Rate (CR), for the specimens, friction stir welded at 1200 rpm is given
in table 7, and the subsequent comparative graph is given in figure 6. From, the table
and the graph, it is evident that the corrosion rate decreases with time for different
specimens, and the corrosion rate is minimum for triangular tool pin profile. Also, the
corrosion rate decreases with the increase in tool rotational speed from 1000 rpm to
1200 rpm.

Table 7. Corrosion Rate (CR) for different specimens at a rotational speed of 1200 RPM

Time CR(mp CR(mp CR(m
(h) y) y) py)
S3FITIC  S3F2T2CT S3F3T3T
24 6.12 5.89 5.66
48 5.85 5.32 4.93
72 5.39 5.17 4.87
96 5.21 5.03 4.86

120 5.17 4.99 4.84
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Fig. 6. CR for different specimens at 1200 RPM

The variation of corrosion rate for different process parameters are illustrated in
graphs in figure 4, figure 5, and figure 6, respectively. Further, the surface morpholo-
gy of the corroded surfaces is studied and the reason for the variation in corrosion rate
is clearly understood through the microstructural examinations.

3.4  Microstructure of Corroded Specimens

The surface morphology of the corroded surfaces are studied and the reason for
the variation in corrosion current and corrosion rate is clearly understood through the
microstructural images in figure 7.The surface morphology of the corroded surfaces
for specimens of experimental trial 1, experimental trial 5 and experimental trial 9 are
given in figure 7(a), 7(b) and 7(c) respectively. The surface morphology of the cor-
roded surface of the three different specimens captured at 200x, clearly reveals that
there is corrosion pits and crevices which are predominant in the specimens friction
stir weld at 800 rpm (Figure 7 (a)), and as the rotational speed of friction stir welding
is increased to 1000 rpm and 1200 rpm, the corrosion rate decreases due to the for-
mation of passive oxide film as in the specimen of experimental trial 5 (Figure 7 (b))
and subsequently a passive layer as in the specimen of experimental trial 9 (Figure 7

(©)).
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Fig. 7.Microstructural images of the surface morphology of the corroded surfaces of (a)
Specimen of experimental trial 1, (b) Specimen of experimental trial 5, (c) Specimen of exper-
imental trial 9.

4 Conclusions

From, the critical evaluation of the findings of the corrosion characterization, it is
herewith seen that the corrosion resistance properties of the specimens increase with
the increase in rotational speed, feed and for triangular tool pin profile and for tool
offset of -0.5 mm. The corrosion rate decreases from 7.19 mpy for tool rotational
speed of 800 rpm, feed of 100 mm/min, cylindrical tool pin profile for 24 h duration
to 4.84 mpy for tool rotational speed of 1200 rpm, feed of 140 mm/min, triangular
tool pin profile, for 120 h duration; this is majorly due to the formation of passive
oxide layer at higher speed, feed and negative tool offset. The corrosion morphology
depicted through the microstructure reveals that the passive layers are formed for
friction stir weld specimens with the increase in feed, speed and use of triangle tool
pin profile with -0.5 mm tool offset, which eventually inhibits the formation of corro-
sion crevices and corrosion pits and corrosion rate decreases with time due to pas-
sivation over a period of time.

Further, the friction stir weld joint of dissmilar aluminium alloys is carried
out with the potential of finding the alternative for development of a new fabrication
technique to manufacture the structural components of MAV (Micro Air Vehicles)
and UAV (Unmanned Air Vehicles) [8] to overcome the challenges especially related
to better hardness and tensile strength.
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