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ABSTRACT

Friction stir spot welding (FSSW) is provided a premium difference to resistance
spot welding and rivet process for making the structures of aluminum sheet and it is a new
development. ANSYS works is done which conducted on dissimilar material sheets of
al.lmm thick sheet of aluminum alloy (AA2024-T3) and a 0.8mm thick sheet of carbon
steel (1006-AlSI). A 3-D finite element model was built using ANSYS APDL to simulate
the thermal and mechanical model during FSSW. The welding processes are performed
using cylindrical pin with a 10mm diameter. Three tool rotational speeds are used during
FSSW processes (900rpm, 1400rpm, 1800rpm). Results showed that the maximum
temperature was 242.57°C in nugget zone of dissimilar spot weld, at 15sec with a 0.4mm
depth and 135.752°C at 10sec with a depth of 0.2mm.

KEYWORDS: Friction stir spot welding, AA2024, Dissimilar friction stir spot welding,
carbon steel, ANSYS, finite element method.
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INTRODUCTION

Since its implement in 2003, friction stir spot welding showed a major point to be in state
of single point welding process, as riveting and resistance spot welding, and it had been many
applications in aviation, aerospace, and the field of automobile. The strength of FSSW is
affected by the welding parameters, such as rotational speed, plunging depth, dwell time and
plunging rate. On the other hand, the welding process is one of the manufacturing processes
that cause residual stresses to remain in the finished products. Generally, residual stresses can
be beneficial or harmful depending on its behavior, i.e. compressive or tensile. In FSSW, the
joining is similar around the hole of pin, sothe microstructure on one side of the product hole
observes as a reflected photo to that on the other side, the zone of the exists width, that the
lower and upper sheets are completely bonded. The width of this zone is called "bond width".
The completely bonded ends on the external boundary among a stir region and thermo
mechanical heat affected zone. After that the partial bonded zone appeared, that the lower and
upper sheets are disconnected by discontinuous interface line. The partial bonded zone is
generally consisted inclusively with the radius of the shoulder. On the starting of the partially
bonded zone, since stirring and plunging action of the tool, the interface line disconnecting
the lower and upper sheets turns upward a lite part, thus, a "hook" region is forming [1], as
shown in Figure (1). Figner et al.,2009, examined friction stir spot welded forHX340 LA
Dsteel sheets with thickness 1mm, and AA5754-H111 with thickness 2mm. The selection of
the speed of spindle and dwell time are illustrated which the spot-welding strength could be
significant improved. Hence, a max. load is 8.4 KN per spot in the shear tension test but when
the dwell time increasing, the intermetallic phases (IMP) value will be increased and break
off, caused to decrease the strength. Bozzi et al., 2010, examined the holding of AA6016 with
thickness 1mm and 2mm to galvanized steel sheet (kind IF) with 2mm thickness using an
instrument machined in tungsten rhenium composite (W25Re). The outcomes demonstrated
that expanded the intermetallic mixes layer thicknesses, caused to raise the rotational speed
and the depth of penetrated alloy. Additionally, outlined that the intermetallic mixes disclose
to be basic to build up the weld quality, either the compound layer of intermetallic is thick
crack start and propagated effortlessly amid the weak intermetallic mixes layer. Chen et al.,
2012,1 mm thick 6111-T4 Al and DC04 low carbon steel sheet is welded. The apparatus had a
11 mm distance across steel bear, with a parchment profile to enhance the stream of material,
and a decreased 3 mm dia. WC 1 mm long test. The range of the tests orbital way was 2.5 mm
that created a cleared zone of 8 mm dia. on the surface of steel. They delivered top spot welds
between thin Al and steel car sheet inside a weld time of 1 sec that is a coveted target time by
industries. Sun et al., 2013, studied the geometry of bear toolhavingconcave-shapedwith12
mm dia. and 4 mm dia. of probe to FSSW, thickness of 1 mm 6061Al alloy and a mild steel.
Watched non intermetallic compound (IMC) layer along the Al/Fe interface in the wake of
welding delivered. Also showed the shear tensile damage loadsarereachedof3607 N as a
maximum value. A little influence for pin length on the specification of welding, that
illustrates the life of tool could be extended by FSSW spot welding technique.D.KLOBCAR,
et al., 2014, contemplated the parameters contact with friction stir spot welding (FSSW) of
aluminum compound AA5754 into the lap joint. Test work is finished showing to the
consequences of surface technique that rotational device speed changed somewhere in the
range of 988rpm and 3511 rpm, rate of dive between 24.4mm/min and 150 mm/min and stay
time somewhere in the range of 1s and 3.5 s. The profundity of dive is steady at 0.4 mm. The
welds were pliable shear tried and the microstructure was breaking down. Numerical models
were produced to outlined the connection between welding parameters and spot quality, axial
force and rotational torque and the streamlining of the parameters of FSSW was considered.
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Mukuna P. Mubiayi et al., 2014, observed the reviewing of FSSW of similar and dis-
similar metals and illustrated to fill the holes to grow FSSW mechanically. The checking on
of FSSW are abridged regarding the developing microstructure and mechanical properties
between aluminum composites and different materials like copper, steel and magnesium.
Friction stir spot welding is achieved through Muna K.Abbass et al., 2015 ,with varied of
rotational tool velocity(800,1000and 1250 rpm) ,plunging times of (30,60 and 90 sec) with
profile of pin device (Threaded tube with flute, Tapered and straight cylindrical).
Optimization of the parameters were done using Taguchi method and with relate to the design
of experiment (DOE). The aluminum sheet was overlapped on the copper sheet. The results
showed that the max. shear force is (1527 N) found in optimum parameters of welding with
1250 rpm rotation speed and 90 sec diving time and straight round and hollow stick profile,
that are get from the examining of the reaction analyzer. Pareto outline is utilized for
institutionalizing impacts of ductile shear comes about clarifies that the diving time was the
extremely affected parameter between the other welding parameters. The temperature
distribution measured in three locations that the nugget zone of the spot weld, the base
aluminum alloy(AA2024T3) and base pure copper, results showed that the max. measured
temperature was 383 Ce in the nugget zone of the weld. A few researches are available about
the friction stir spot welding of dis-similar material sheets of aluminum alloy AA2024-T3 and
sheet of carbon steel (1006-AlSI). The aim of this work is to examine the temperature and
stress distribution due to the friction stir spot welding of these dis-similar material.

FRICTION STIR SPOT WELDING (FSSW) TECHNIQUE

The device used in FSSW process is similar to that of Timothy J M (2008). The bulk
of the friction or heat for deformation is generated by the shoulder while the pin helps a metal
for flow with workpieces. In addition to the tool, other parameters in FSSW are, the rotation
tool speed; plunge depth of tool and the stayed time. The parameters of welded joints
evaluated a strength and the finishing of the surface. In this study two types of materials are
used; (AA2024-T3) Aluminum alloy and(1006-AlSI) carbon steel. A sheet of 1.1 mm
thickness of Aluminum alloy AA2024-T3 and 0.8mm of carbon steel (1006-AlSI) is used.
The welded specimens were consisting of two sheets (100 mm x 25 mm) (parallel to the
moving course) with a cover region of (25 mm x 25 mm), that are welded in the focal point of
the cover zone. Tables (1) and (2) show the mechanical properties of the materials used. The
FSSW process procedure has been done in three stages: First stage, the pre- heating was
achieved for each welded sample before the plunging step in order to generate the heat in
samples, second stage, the tool pin was plunged from upper, third stage, the tool is removed
easily. The FSSW procedure was accomplished utilizing a vertical all-inclusive processing
machine to make the cover welded joints where the sheet of carbon steel was upper that set
over the Aluminum sheet which was the lower sheet. In order to develop the FSSW process, a
properly designed clamping fixtures of carbon steel plates were used to fix the work- pieces or
metal sheets to be welded. Additionally, backing sheets are used to get the perfect joints of lap
spot. The dimensions of the work piece are (25x 25) mm? overlap area. Through FSSW, the
frictional with the pin of shoulder and the workpiece creates the greater part of the warmth
vitality for joining. The instrument utilized as a part of the welding forms are machined from
fast apparatus steel that has hardness of 54 HRC. The tool has been designed from tungsten
carbide (in this study had 10 mm diameter). A key geometrical feature of the tool is shown in
Figure (2) which was held by a standard tool holder utilize to make the joints in this work.
Figure (3) illustrates the die assembly and Figure (4) show the welding spacemen. The
welding parameters used to achieve the FSSW joints are listed in table (3).
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ANSYS MODEL OF FSSW

FSSW is the coupled problem (two degree of freedom: temperature and displacement
coupled together in this process).i.e. when this field is analyzed contains two physical
phenomena coupled together. Firstly, the model is generated by a pre-processor with the
dimensions: Length (L)=100 mm and Width (W)=25 mm, As indicated by American Welding
Society (AWS) opposition welding handbook. The overlap spot joint alignment and
dimensions are shown in Table (4) and Figure (5). The overlap joint sample has dimensions of
25mm wide and 175 mm length. Due to symmetry meshing the model with SOLID226 with
key opt (1)=11 is used to mesh the half model as shown in Figure(6). Two ways are used for
solving coupled field problems, firstly solving the problem as a single field problem and
applied it’s result as an input load to the other field problem, typically named "one way
coupling”, or by solving two fields at the same time that can be used for thermal and structural
degrees of freedom. In this study, one way coupling is used in which thermal analysis was
conducted using transient thermal and then transient structure based on the result of the
transient thermal analysis. This model was performed by using ANSYS15, then simulated to
achieve the parametric study to observe the effect of pin’s depth on the temperature
distributions and stress distributions. Temperature dependent thermal properties of AA2024-
T3 Aluminum alloy and carbon steel (1006-AlSI) were used in FE model. And the total
frictional heat generated by friction torque under an axial load is

Q =n(1—- &)wpPr? )
where:

H=Coefficient of friction

P =Interfacial pressure

& =Slip factor

= Angular speed of pin

Hence, the heat flux generated according to our data is illustrated in table(5).

The incremental theory of plasticity is utilized in the coupled field (temperature and
displacement) analysis. The plastic mis-sharpening of the metals is expected to comply with
the von Mises yield measure and the related stream run the show. Zhu and Chao relationship
is used to consider the rate components between thermal stresses, aij, and thermal strains, &ij,
is described by assuming that the thermos coupled model follows the yield criterion. This
model is assurance the occurrence of transient behavior between the stresses oijand the strain,

which can be observed by:
_ 1+w

. . Vo da :

whereE, v, and aare the modulus of elasticity, Poisson’s ratio, and thermal expansion
coefficient in siy= o0i—(1/30kkbij), respectively. This equation represents the deviatoric
stresses components A, To, and () denote the plastic flow factor, room temperature, and time
differences. Strain rate (&) affects friction coefficient (1). This phenomenon was reported in
many studies, including that of Soundararajan et al. used a range of u. Other researchers
have applied the values of uis constant to evaluate the all effects of both thermal and plastic
factors on the FSSW process. To determine the distributions of stresses and strains for the
welded sheets, the results of the transient temperature analysis step, save as loading against
displacement transient analysis step. The effects of temperature dependent material properties
are utilized in the mechanical analysis, the isotropic Hooke’s rule is used for the temperature-
dependent Young’s modulus.
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RESULTS AND DISCUSSION

Coupled field analysis is used when two or more physical phenomena coupled together,
like a temperature distribution given an increased to thermal stresses and strains. Temperature
distributions and thermal cycles results during friction stir welding the device rotates in work
pieces without plunging. Friction is created in plunging and stirring phase, hence closed metal
to the tool’s device is warmed and softened. The softened upper and lower workpieces of
Al2024-T3 and Carbon steel respectively, mixed together in the stirring phase which caused
the weld joint. Via FSSW process, high temperatures and thermal cycles in nugget are
produced (weld) zone and base metals as shown in Figure(7). The nugget zone exposes to
maximum or peak temperature due to rapid heating and cooling cycles via welding, where the
temperature may be increased to re-crystallization temperature because recrystallization
requires diffusion and diffusion takes time. Then the temperature decreases toward the
TMAZ,HAZ and base metal which becomes the longer the material stays at large temperature,
so that grain growth in HAZ and base metal, as shown in Figure(7). It was noticed that the
maximum temperature was 242.57°C in the nugget region of dissimilar spot weld, at 15sec
with depth of 0.4mm and 135.752°C at 10sec with depth of 0.2mm, as in Figure(8).

CONCLUSIONS

From these results can conclude the following

1- The maximum temperature was 242.57°C in the nugget regionfor dissimilar spot weld,
at 15sec with depth of 0.4mm and 135.752°C at 10sec with depth of 0.2mm

2- The equivalent stress is directly proportional with time of welding. And the depth of
the pin.
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Fig.(4) Specimens for FSSW
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Fig.5 Overlapping of FSSW sample (All dimensions in mm).

Fig.6 Meshing the FSSW model
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Fig. (8) The Temperature and stress distribution for different depth and time

Table 1: mechanical properties of AA2024-T3 aluminum alloy

ou (MPa)

oy (MPa)

% Elongation

454.7-463

315.5-329.3

19

Table 2: mechanical properties of carbon steel (1006-AlSI)

ou (MPa)

oy (MPa)

220.12

127.7

Table 3: FSSW parameters for the carbon Steel and AA2024-T3

Rotation speed (rpm) Feed rate (mm/min) PG ((Sdev(\:/)e L I(Dniﬂ;'
1800, 1400, 900 16 10, 15 0.2,0.4

Table 4: Dimensions of welded samples

Type of material Thickness (t) | Width (W) | Length (L) | Contact overlap
mm mm mm mm
(M2024'Zﬁl?'“m'“”m 11 25 mm 100 mm 25 mm
(10sfvzsteelt 0.8 25 mm 100 mm 25 mm
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Table 5 : Heat generated and heat flux generated in FSSW

Pin’s Depth=0.2mm
@ (rpm) Q (watt) q at tip of pin Q at tip side
Eq.(1) (watt/m?) (watt/m?)
900 15.1 192356 980519.5
1400 23.3 296815 1484076.5
1800 30.17 384331 1921656
Pin’s Depth=0.4mm
@ (rpm) Q (watt) q at tip of pin Q at tip side
Eq.(1) (watt/m?) (watt/m?)
900 20.92 266497 1332484
1400 32.54 414522 2072611.5
1800 41.83 532866 2664331
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