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ABSTRACT.  Friction stir spot welding (FSSW) is a very important part of
conventional friction stir welding (FSW) which can be a replacement for
riveted assemblies and resistance spot welding. This technique provides high
quality joints compared to conventional welding processes. The FSSW is a
new technology adopted to join various types of metals such as titanium,
aluminum, magnesium. It is also used for welding polymer materials which
are difficult to weld by the conventional welding process. In various industrial
applications, high density polyethylene (HDPE) becomes the most used
material. The parameters and mechanical properties of the welds are the
major problems in the welding processes. In this paper, we have presented a
contribution in finite element modeling of the FSSW process using finite
element method (FEM). The objective of this paper is to study the HDPE
plates resistance of stir spot welding joints (FSSW) using tensile test in the
experimental part. First, we show the experimental tests results of HDPE
plates assembled by FSSW. Three-dimensional numerical modeling by the
finite element method makes it possible to determine the best representation
of the weld joint for a good prediction of its behavior. Comparison of the
results shows that there is a good agreement between the numerical modeling
predictions and the experimental results.
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INTRODUCTION

can be inferred that polymers are structures formed by the repetition of many mere. The mere are connected by

covalent bonds and the raw material that gives rise to the polymer is the monomer, which is the basic unit of
repetition of polymers. The polymer can have very different characteristics, according to the type of monomer that forms
it, the average number of monomers per polymeric chain and the type of covalent bond that is present. The polymer pipes
offer several advantages: they have good resistance to wear and corrosion, low density, low cost, easy of installation, they
have durability and reasonable mechanical resistance, production of complex shape [1, 2]. These authors showed that the
fracture behavior of high density poly-ethylene (HDPE) pipe is related to the loading condition, the shape and the
position of crack in the wall of pipe. In other words, it is known, that during the process of forming solid materials, the
plastic instability phenomena often control the appearance and performance of the finished product according to Moulai
Ali et al. [3], Khellafi Habib [4], and Abdel Nour Zaim [5,6]. These authors examined the effect of stress triaxiality on the
mechanical behavior response of polyvinylchloride (PVC), polybutylene terephthalate (PBT) and the Thermoplastic
Copolyetherester (TPC) under large plastic strain. They have concluded that the damage evolution of PVC and PBT in
service has influenced by the level of stress triaxiality. In addition, polymer pipes have another major advantage is that
they can be assembled by fusion techniques which efficient and easy to implement techniques in industry field. Mostly,
electrofusion welding and butt fusion welding are common methods for joining polyethylene pipes used for water and gas
distribution in national and worldwide levels. Pathak and Pradhan [7] performed several experimental studies related to
electrofusion and butt fusion welding of HDPE pipe in order to study the effect of some parameters such as: starting
welding voltage, specific fusion time, and cooling time for electrofusion welding and for the butt fusion welding the
heating plate temperature, drag pressure has been analyzed and its effects on the tensile strength of HDPE pipe. They
concluded that the welding parameters of any welding process must be optimized. For this study, the optimized
parameters for electro fusion welding of this HDPE pipes are welding voltage, specific fusion time, cooling time and
optimized parameters for Butt welding are heating plate temperature, drag pressure, welding pressure. On the other hand,
it is known that the conventional welding techniques (fusion welding) are mote prone to the formation of defects in the
material during the solidification process after melting the material, which leads to a decrease in the mechanical properties
of welded joints. In addition, the procedure for conducting fusion welds requires both greater training for the operator
and the use of appropriate clothing to ensure his safety. The need for protective gas during the process, affects the
environment. Also, the use of the filler metal and the high energy levels required to perform fusion welds, increase the
costs of the welding process. In this context, Bouchouicha et al. [8] analyzed the evolution of the energy at the crack tip
taking into account the different conditions such as the mechanical aspects, stress conditions, geometry of the specimen
and the effects of closing. The use of solid state welding (Friction Stir Welding: FSW) is an alternative to make joints in
different types of materials: ferrous, non-ferrous, polymers, composites and different materials. FSW was developed in
1991 at the Welding Institute in England. The FSW technique, offers advantages in quality, as it avoids the melting of the
material, which means a decrease in the tendency to form defects and better mechanical properties compared with
conventional welding techniques [9]. The low heat input reduces distortions in the part especially in the weld region. The
procedure for performing welds using the FSW technique is simple, does not require any filler metal and does not present
any risks to the operator health compared to the fusion welding. In FSW process, several parameters ate adjusted and
must be checks to ensure the quality of the joints. According to Thomas and Nicholas [10] and Mishra and Ma [11],
friction welding is part of a new generation of welding processes, which was recently developed with the ability to weld
high-strength aluminum alloys, which are difficult to be welded by fusion welding process. Lee et al. [12] presented an
experimental analysis in order to study the weldability of hot rolled AZ31B-H24 magnesium alloy by FSW. They found
that the welding parameters such as tool rotation speed and linear welding speed has a great effect on the tensile strength
of welded joints, an insufficient heat input, which was generated in the case of higher linear speed and lower rotation
speed leading to an inner void or lack of bonding in the stitr zone. In the industry field of Mazda [13], the engineers have
introduced a new welding technology in the production of the RX-8 sports car. Use of the technology enabled Mazda to
reduce electricity consumption by 99%. Sundaram and Murugan [14] investigated experimentally the effect of friction stir

I ) olymer is a word of Greek origin, and it means poly (many) and mere (repetition unit). By the origin of the word, it
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welding parameters on the tensile strength of dissimilar welding joints of aluminium alloys welded by FSW. They indicated
that the increase in tool rotational speed and welding speed leads to the increase in the tensile strength of the welded
joints. In the same context, the effect of tool rotation speed on the microstructure and mechanical properties of butt
welded dissimilar pure copper/brass alloy plates by friction stir welding have been carried out by Barlas and Uzun [15].
They have concluded that the grain size and the onion ring formation in the weld nugget zone and the mechanical
properties of the joints were affected by tool rotation speed, these authors showed that the tensile strength of the joints
was lower than that of the copper and brass base metals. A further examination of this subject can be found in [15-19].
Welding techniques for plastics are nowadays consolidated processes in several industrial areas [20, 21]. Strand et al. [22]
carried out experimental work to investigate the relationships between several parameters of FSW process and its effect
on the microstructural and flexural properties of a polymer welded joints. They showed that the pin diameter, feedrate,
shoe temperature, and pressure time has a significant impact on mechanical properties of welded joint. Arici and Selale
[23] investigate the effect of tool tilt angle on friction stir welding (FSW) of polyethylene (PE). They showed that the
welding parameters had significant effects on tensile properties and fracture locations of the welds. The tensile strength
decreased with increasing tool tilt angle. Similar study was carried out by Kiss and Czigany [24] to investigate the effect of
rotation and translation speed on the joint strength of welded polypropylene sheets by FSW process. Aydin [25]
investigate the weldability of UHMW-polyethylene via friction stir welding method. This author concluded that the pre-
heating process increases the tensile strength of welded joint. Several authors [26-28] have presented a very interesting
and comprehensive review regarding the effect and optimization of friction stir welding process parameters on the tensile
strength of polymeric materials welded by FSW.

In 2001, a new derivative of friction stir welding (FSW) appeared, it is called the friction stir spot welding (FSSW). It was
developed in the automotive industry to replace resistance spot welding for aluminum sheets [29]. Gerlich et al. [30]
studied the feasibility of using the FSSW process using dissimilar materials, in the case of aluminum and Magnesium.
These results reveal that the level of fracture loads is related to the energy input during FSW spot welding. Also, they
showed a partial pull-out of the stir zone occurred in high energy input FSW spot welds with fracture initiating from
unbonded regions located on ecither side of the welded joint. Arici and Mert [31] noticed the influence of tool penetration
depth and dwell time on joint strength of lap joints of polypropylene welded by FSSW. It was concluded that the increases
of dwell time improve the tensile shear and change the failure mode of welded joints. In the same subject, Bilici and his
co-authors [32-35], presented interesting experimental results on friction stir spot welding of thermoplastics. They found
that the tool geometry, tool rotational speed, tool plunge depth and dwell time were determined to be important in the
joint formation and its strength. The (FSW) and (FSSW) welding provide significant advantages over traditional welding.
They make it possible to weld materials which are difficult or impossible to weld with other welding techniques [13, 36].
FSSW have been employed for a wider range of metals including titanium, magnesium, copper and even high strength
steels, also it has been successfully applied to thermoplastic sheets since 2003 [22]. This type of materials are employed for
replacing metals in a wide range of industrial fields as, acrospace, automotive industry, navy, armament... because of their
advantages, such as reduced manufacturing cost, weight saving, high thermal insulation, the investment of less equipment,
excellent mechanical properties, respecting the environment, weaker requirement of energy and aptitude for automation
[28]. In FSSW, frictional heat is generated by the interaction of the tool pin with the material that becomes pasty and
extrudes vertically. The tool shoulder then exerts an upsetting action on the stirred material to form the weld nut. The
operation of friction stir spot welding FSSW consists in providing heat to basic material by friction between the tool and
the plates to be welded and by plastic dissipation. The FSSW process of thermoplastics consists of four phases; plunging,
stirring, solidifying and retracting as shown in Fig. 1. In FSSW process, firstly the two plates to be welded are fixed to
restrict the deformations caused by the welding process. The FSSW process has four stages: plunging, stirring, solidifying
and retracting according to Fig. 1 [32-34]. Tool rotates and plunged into the attached work pieces with force to a certain
depth. In the stirring phase the tool doesn’t plunge. This operation generates a frictional heat. Then, heated and softened
material adjacent to the tool deforms plastically, and a solid state bond is made between the surfaces of the upper and
lower sheets.

The tool consists of two patts, the shoulder and the pin. The pin generates friction heat, deforms the material around it
and stirs the heated material [30]. In FSSW, several parameters such as the geometry of the tool, the rotation speed, the
plunge depth, the dwell time and material type affect directly the friction stir spot welding nugget formation and the weld
strength [32]. In this work, we focus on the weldability of a polymer (HDPE) by the friction stir spot welding technique
(FSSW). These polymers are used in water and gas transporting pipes (CHIALI group) [37-40]. This study is a
contribution to a parametric analysis in order to optimize the welding parameters which are necessary to understand their
effects in order to obtain a good weld quality. and to understand the behavior of the assembly by proposing a numerical
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model which predicts the global behavior of the weld using the finite element method to optimize the FSSW welding
parameters of HDPE sheets. We recall also, that the present study is an extension of previous studies [37, 38].
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Figure 1: Friction stir spot welding process [32].

EXPERIMENTAL PROCEDURE

Materials and specimens

‘ ) : J e have used a standard polyethylene with high density HDPE, of molar mass that is about 500 kg/mol. The
temperatures of vitreous transition and fusion are respectively of -125°C and 135°C, and the density is equal to
0.97g/cm3. It is about a semi-crystalline thermoplastic comprising a crystalline phase and an amorphous phase.

This polymer is used generally in the manufacture of pipes reserved for the supply and distribution of water in accordance

with NA7700-2 standards manufactured by the CHIALI group [39]. Physical and mechanical characteristics are given in

Tab. 1.

Characteristics Units PE100
Density kg/m? 956 - 961
Melt Flow Index MFI (190 °C; 5kg) ¢/10 mn 0.2-0.5
Resistance at the yield point MPa =19
Elongation at break Yo >600
Elasticity modulus MPa 1000
Fragility temperature °C <-100
Linear expansion K1 24104
Electrical resistance Q/cm >1012

Table 1: Physical and mechanical characteristics of HDPE [38, 39]

The Friction Stir Spot Welding (FSSW) welding process is new and has received great attention from the automotive,
aeronautical and other industries. This welding technology involves a process similar to that of FSW linear friction-mixing
welding [37, 38], except that the tool, instead of moving along a butt joint, only penetrates an ovetlapping joint (lap joint)
formed by the plates (Fig. 2). This process can be explained, basically, by three distinct stages: penetration, mixing and
indentation. In this way, the process starts with the rotary tool slowly penetrating the weld point until the head touches
the upper plate (penetration). Then, the mixing stage begins, which allows the plates to join, and finally the recoil of tool.
The recoil is done quickly, just after the tool reaches the final depth of penetration or after a dwell time (dwell), in which
the tool only rotates at the maximum depth determined. During the process, heating due to friction softens the material,
the rotation of the pin is responsible for the material flow in the radial and axial directions, and the pressure applied by the
tool head allows the formation of solid weld around the pin. Finally, after withdrawing the tool, a characteristic exit hole is
left.

A high-density polyethylene (HDPE) sheets with a thickness of 4 mm, a width of 60 mm, and a length of 150 mm were
used to study the FSSW welding under shear conditions loading. Fig. 2 shows the specimen dimensions and the tool
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position during the FSSW welding process. The specimens were welded on a semi-automatic milling machine (Fig. 3)
using a steel tool GS 235 (steel E36) whose geometry is presented in Fig. 4 [38]. This tool is suitable for friction welding
FSSW of HDPE plates. It is able to perform the three main welding functions:

- Heat the parts by friction and by plastic deformation

- Mix the materials to form the joint

- Contain the flow of material under the shoulder and around the pin.

$30 150 mm
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i
‘i// Spot weld

60mm

Lower sheet / i \ U
: pper sheet

1] ]
- — L

. 120 mm

240 mm

A4

Figure 2: Specimen geometry and tool position for the FSSW process

The shoulder is used to provide heat by friction and to knead the material under the effect of the rotational speed of tool.

The milling machine has the necessary characteristics for welding by FSSW. The HDPE plates are fixed to the machine
table by flat metal shims which are held in place by fixing the plates one on the other in order to ensure a uniform
distribution of the pressure on the specimen test [38].

23 30 g

15*

I
1 dE}‘F.Sm

Figure 3: milling machine Figure 4: FSW welding tool

The experimental campaign was performed by means of a milling machine in order to weld by FFSW an HDPE lap shear
joint. Several tests were carried out by varying tool rotational speed and dwell time. A typical HDPE lap shear joint
specimen used for testing is shown in Fig. 2. To investigate the influence of tool rotational speed on the failure load and
strength of bonded joints, three different values overlap length values were chosen: 750, 875 and 1100 rpm and by varying
of dwell time. All the welding conditions for each performed test are tabulated in Tab. 2. All in all, 36 different tension
test series are performed.
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Tool rotation Mean value of maximum

Specimens ID Dwell time (S)

speed (rpm) shearing force (N)
PC_1 750 60
PC_2 750 60 1366
PC_3 750 60
PC_4 875 60
PC_5 875 60 1832
PC_6 875 60
PC _7 1100 60
PC_8 1100 60 686
PC_9 1100 60
PC_10 750 90
PC _11 750 90 1450
PC_12 750 90
PC_13 875 90
PC_14 875 90 1111
PC _15 875 90
PC_16 1100 90
PC _17 1100 90 1815
PC_18 1100 90
PC_19 750 120
PC_20 750 120 1511
PC_21 750 120
PC_22 875 120
PC_23 875 120 1723
PC_24 875 120
PC _25 1100 120
PC_26 1100 120 2155
PC _27 1100 120
PC _28 750 150
PC_29 750 150 2032
PC _30 750 150
PC_31 875 150
PC _32 875 150 1151
PC _33 875 150
PC _34 1100 150
PC_35 1100 150 733
PC _36 1100 150

Table 2: Welding parameters ranges.

All the welding operations were done at the room temperature. At the beginning of each welding operation, the pin and
the shoulder of the tool were cooled to the room temperature.

The joint shape is presented in Fig. 5 which shows the appearance of the test specimen after the friction stir spot welding.
The tool shape is transferred onto the joint on the upper sheet and the metal that is pushed out by the tool forms a ring
of excess metal around the weld.
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Upper sheet

Figure 5: friction stir spot weld joint.

We can resume the different welded joint shapes obtained by different welded parameters (tool rotation speed and dwell
time) in Tab. 3.
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Table 3: Joint production form on upper sheet after friction stir spot welding at different parameters

Tensile test

Tensile-shear tests were petrformed on universal testing machine Instron/5887 at room temperature. The movement of
the mobile traverse of the machine allows us to directly measure the automatic displacement of the specimen during the
test using integrated software. The quasi-static tensile test was cartied out under a crosshead speed of 5mm/s. The load
and the displacement are registered simultaneously during the tests. The typical load—displacement curves of HDPE
sheets (without welding) and lap shear joint of HDPE (FSSW test) obtained by monotonic loading are shown in Fig. 6. It
can be seen from this figure that the influence of welding process on the monotonic load displacement curves of HDPE
is very significant, where the tensile strength increases with the increase of the tool rotating speed. From the tensile test
results, the following inferences can be derived

- Tool rotational speed has a significant effect on tensile strength of the joints.

- Tensile failure loads of the joints increase with the increase in tool rotational speed.

This phenomenon can be explained by the fact of temperature level change and produces higher heat input in stir zone,
which lead to change in stir zone strain and consequently, the initiation and crack growth is located within the contact
zone (stir zone). The same conclusion has been found by other authors [40, 41].

Effect of tool rotating speed and dwell time

Fig. 7 shows an overview of the tool rotational speed and dwell time effect on the weld joint behavior. we notice that tool
rotation speed and dwell time and its interaction in contact zone have a significant effect on the peak of lap shear tensile
load, the maximum value is obtained for rotation speed of 1100 rpm and dwell time t = 120 s. These values were
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considered the optimum parameters of FSSW for this HDPE and must be used to obtain high quality welds and increase
its strength. From the results, we deduce that the operating point of these parameters is established for 1100 rpm tool
rotational speed and 120 s dwell time giving a maximum shearing force equal to 2155 N. These parameters represent the
optimal welding values. The maximum load is for 1100 rpm and begins to decrease until it reaches a minimum value for
750 tpm. In order to investigate the tool rotating speed effect on failures mechanical behavior of HDPE lap-shear joint
welded by FSSW process, three values of tool rotating speed V (750, 875, 1100 rpm) were considered at room
temperature. Fig. 8 shows the typical load-displacement curves of the HDPE lap shear joint (FSSW test) for a dwell time
of 120s. The average failure loads for these rotational speed values of the tool welds in lap-shear specimens are changed
from 1.5 KN for V = 750 rpm to 2.15 KN for V = 1100 rpm. Tensile tests have shown that the sample with 1100 rpm
and 120s has good welding quality. The locations of the load drops in the load-displacement curves of HDPE lap-shear
joint is possible correspond to different stages of the crack initiation at the interface and propagation occurred in these
joints specimens during the tests. Further investigation should be conducted to fully investigate this phenomenon. The
tensile/shear strength of the joint increased with increasing tool rotational speed according to Fig. 9.

4000
Diwell time = 90 ==Without weld
=W\elded V=875 rpm
=\Welded V=1100 rpm

3000 +

2000 +

Load (N)

1000

D L) L} L]
0 5 10 15 20
Displacement (mm)

Figure 6: Load versus displacement curves of specimens for dwell time =90s
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Figure 7: comparison diagram of the tensile / shear strength for the different FSSW welding parameters

We have analyzed the effect of dwell time on the mechanical performance of HDPE lap-shear tensile load. The optimum
parameters used in this study to obtain high quality welds are 1100 rpm tool rotational speed and 120 s dwell time as
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shown in Fig. 7. Fig. 10 illustrates the effect of dwell time on lap-shear tensile load of the friction stir spot welding joints
for 1100 rpm tool rotation speed.

2500
Dwell time = 1205 =———telded V= 750 rpm
—Nelded V=875 pm
2000 A s——Nelded V= 1100 rpm
Z 1500 A
=
8 N
— 1000 A
500 1 1
o+
0 20

Dlsplacement (mm)

Figure 8: Load-displacement curve, effect of rotational speed for dwell time =120s
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1800 4
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700 ?5-3 333 35-3 *333 *35-3 1333 1-35-3 1133 1150 1204
Tool rotation speed (rpm)

Figure 9: Tool rotation speed effect

We can notice that there is an increase in weld tensile shear strength from 60s to 120s of dwell time, and the maximum
tensile load was obtained with the 120 s dwell time as shown in Fig. 10. Beyond 120 s, the weld strength decreased with
increasing dwell time Fig. 10. During the welding process, there is an increase in frictional heat production as the dwell
time increased and the change of shear strength values explained by the fact that there are the formation of four
microstructures zones in welded joint, namely the: stit zone (SZ), thermo mechanical affected zone (TMAZ), Heat
affected zone (HAZ) and unaffected base material zone (BMZ). The growth of grains in these zones and especially in SZ
and TMAZ was influenced by the combination of mechanical deformation and heat input which also depends on the
parameters of welded process (tool rotational speed and dwell time). On the other hand, an increasing of the dwell time
lead to a more mechanical strain of the SZ and TMAZ and consequently influenced on the mechanical behavior of
HDPE materials.

Finally, we observe that the FSSW welded strength depends on the tool rotation speed and the dwell time.
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Tool rotation speed V=1100rpm
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Figure 10: Dwell time effect

NUMERICAL ANALYSIS AND RESULTS

automotive components. However, the stress field close to the contact region (stit zone: SZ and thermo

mechanical affected zone: TMAZ) is very complex and far from being achieved. Meanwhile, these structures are
also subjected to multi-axial loads during service. Although the relative displacement, stress and stain cannot be easily
measured and its values are required, the analysis of stresses field at process zone (stir zone: SZ and thermo mechanical
affected zone: TMAZ) under given loading condition is important to predict the fracture and the reliability of welded
structure. Moreover, the welded polymer modeling is not fully understood and represents a very active research field. This
work focuses on numerical simulation using finite elements to predict the overall behavior of welded assembly. Finite
element analysis (FEA) is an important tool to design practical mechanical joints, such as HDPE lap shear joints by FSSW
process.
During FSSW process, the tool undergoes a low strain so it is modeled as rigid material. Its mechanicals properties are
young modulus E = 200 MPa and Poisson's ratio 0.3. An elastic-plastic response was considered for modeling the HDPE
lap-shear joint welded by FSSW. The mesh is designed to be highly refined in the interface and near the process zone (§Z
and TMAZ zones) in order to obtain more accurate results (typical element dimension in these zones is 0.2 mm). In
addition, a master-slave approach is used to simulate numerically the contact problems in the interfaces between all
connected patts of lap-shear joint. The Coulomb friction law in a partial sliding/sticking condition was employed, whete
the friction coefficient was set at 0.25.
According to the structure dimensions, a three dimensional model was generated using the FEM in order to determine
and to perform the stress and strain field analyses in process zone (SZ and TMAZ zones).
A general description of the geometric model and the mesh of the studied assembly are presented in Fig. 11 and Fig. 12.
The different boundary conditions and loading are detailed by highlighting the consideration of all the contact surfaces
related to the specificity of such an assembly. Fig. 11 illustrate a lap-shear joint and the boundary conditions employed in
the finite element models. A three-dimensional brick element (hexahedral) is used for the modeling, this element is
defined by eight nodes and each having three degrees of freedom. The optimized model has 7782 nodes and 3315
elements for lap-shear joint welded by FSSW. The theory of incremental plasticity is introduced to modeling the material
nonlinearity. The iterative method of Newton—Raphson is used as an approach to solve nonlinear equations by finite
elements.
The variation of the various cylinders geometry is based on the variation of its thickness, its diameter and its shape. The
reference thickness is 1.5 mm. The model has 8900 nodes and 6592 elements for this configuration of tool. Whatever the
geometry of the joint, the geometric modifications made: rigid surface at the contact of the two plates the lower plate and
the upper plate, rigid surface formed of two cylinders introduced into the two plates, solid cylinder and a cylinder of
hollow conical shape.
Fig. 13 show that the high equivalent stress is strongly concentrated at the interface between the plates. This phenomenon
can be explained by the fact of strain incompatibility at the interface and the sliding effect. The optimal form will be tested
later on a bilateral model to see how the result extends to multiple joints.

T he processes of friction-stir spot welding (FSSW) have been widely and extensively used to join sheet metals in the
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Uz=0

Uy =0
Uy =0

Figure 11: Geometrical model: half of a lap-shear joint, boundary condition and loading.

Figure 12: joint geometry and Mesh (contact zone)

S, Mises

(Avg: 759%)
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+3.031e+01
+2.757e+01
+2.482e+01
+2.208e+01
+1.933e+01
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+1.384e+01
+1,109e+01
+8.344e+00
+5.598e+00
+2.851e+00
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Figure 13: Numerical result for a weld spot
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Figure 14: mechanical behavior of lap shear joints by FSSW

Fig. 14 illustrate the responses obtained from the mechanical behavior of the materials in terms of lap-shear tensile load
versus displacement response during the tensile test and predicted by the numerical model taken for the optimum values,
a speed of rotation of 1100 rpm and a dwell time of 120 s which gave a good welding quality. From this figure, the results
obtained numerically compared with the experimental results are presented. From a qualitative point of view the
evolutions present similar behavior. The explanation of this mechanical behavior is that the deformation response of an
amorphous polymer (HDPE) strongly depends on the stress conditions but also on the environment and the effect of the
welding parameters (dwell time and tool rotating speed). Temperature is a very important parameter conditioning the
response of polymers. It can be seen that the numerical results are in good agreement with the experimental results. This
phenomenon can be explained by the fact, that the friction stir spot welding parameters has a significant effect on the
material mixing and consequently on the static strength of welded joints. We recall also, that is difficult to make a
complete characterization of welded joints behavior by FSSW process. In other words, creation of complex phenomena in
welded zone during the welding process which related to the level and the interaction between the welded parameters
such as: tool geometry, tool rotational speed and dwell time from where a difficulty to make a precise and reliable
numerical analysis.

CONCLUSIONS

compared to conventional welding processes. This study was carried out in order to analysis the effect of
some parameters on the mechanical behavior of HDPE single lap joint welded by friction-stir spot welding
(FSSW) under tensile loading. The obtained results allow us to deduce the following conclusions:

I | riction stir spot welding of polymer matetials is a promising technique which provides high quality joints

e The developed a nonlinear finite element modeling approach to simulate the single-lap joints welded by (FSSW) and
subjected to static tensile loading,.

e Good correlation was found between the FEM simulations and the experimental results.

e The level of tool rotating speed determines the mode failure of welded assemblies and on the mechanical behavior of
HDPE material compared to HDPE sheets without welding.

e We can obtained a high quality welds and high quality weld strength using the optimum welding parameters (tool
rotation speed and dwell time).

e The results found confirm that the tool rotation speed and dwell time play a predominant role in determining the
tensile / shear strength.

e The increase in Dwell time increases the tensile shear strength in a limited range of FSSW joints.

e Tensile failure loads of the joints increase with the increase in tool rotational speed
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