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Abstract 
 

Spot welding can be considered a very common joining technique in automotive and generally in transportation industries as 
it permits to obtain effective lap-joints with short process times and what is more it is easily developed through robots and auto-
mated systems. Recently the Friction Stir Spot Welding (FSSW) process has been proposed as a natural evolution of the already 
known Friction Stir Welding (FSW) process, allowing to obtain sound spot joints that do not suffer from the insurgence of typical 
welding defects due to the fusion of the base material. In the paper, a variation of the Friction Stir Spot Welding (FSSW) process 
has been considered with different peculiar tool paths given to the tool, after the sinking phase, nearby the initial penetration site, 
with the aim to enhance the final joint mechanical properties. A continuum based FEM model for Friction Stir Spot Welding 
process is proposed, that is 3D Lagrangian implicit, coupled, rigid-viscoplastic. This model is used to investigate the distribution 
of the main field variables, namely temperature, strain and strain rate in the heat affected zone and the weld nugget, thus getting 
important information on the final material microstructure and joint resistance. The developed model appears an effective tool in 
order to design effective spot joints. 
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1. INTRODUCTION 

Spot welding can be considered a very common 
joining technique in automotive and generally in 
transportation industries. Apart from the utilized 
joining technology and in particular from the heat 
source (Joule effect, electric arc and so on) it permits 
to obtain effective lap-joints with short process times 
and what is more it is easily developed through ro-
bots and automated systems [1-3]. It should be ob-
served that in the last decades also mechanical fas-
tening techniques, such as clinching and riveting, 
have been widely utilized, since they permit to ob-
tain the same advantages of the former welding 
processes and, what is more, they do not suffer from 
the insurgence of typical welding defects due to the 
fusion of the base material [4-6]. 

Friction Stir Welding (FSW) has been presented 
and proposed at the beginning of the nineties just as 
an innovative technique able to develop the joining 
of the so called un-weldable or difficult to be welded 
light weight alloys which are very common materi-
als in automotive or aerospace industries; actually 
classic welding processes, i.e. TIG or laser, deter-
mine quite weak joints due to a strong increase of 
the average grain size observed in the melted mate-
rial and to quite large thermally affected zones. Fur-
thermore strong precautions have to be considered 
during classic weldings in order to avoid inclusions 
and other typical defects in the joint core. In turn, 
FSW is a solid state welding process in which 
a specially designed rotating pin is first inserted into 
the adjoining edges of the sheets to be welded with 
a proper nuting angle and then moved all along the 
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joint. Such pin produces frictional and plastic de-
formation heating in the welding zone; actually no 
melting of material is observed during friction stir 
welding. Furthermore, as the tool moves, material is 
forced to flow around the tool in a quite complex 
flow pattern determining a very particular micro-
structure characterized by continuous dynamic re-
crystallization phenomena [7-9]. 

As a natural evolution of the FSW process, the 
Friction Stir Spot Welding (FSSW) has been pro-
posed for many automotive and aeronautical appli-
cations [10-11]. In such a process, directly based on 
the friction stir welding process mechanics, a rotat-
ing tool with a probe pin is introduced in the two 
blanks to be jointed supported by a proper back-
plate. The rotating tool generates friction heat in the 
specimens and at the same time a material flow is 
determined. The heated and softened material close 
to the tool plastically deforms and a bond is made 
between the surfaces of the upper and lower sheets. 
No linear movement is given to the tool which is 
retracted from the workpiece when the stirring proc-
ess is completed. 

As far as the process parameters are regarded, 
both geometrical and technological aspects have to 
be considered: both the former and the latter affect 
the material flow during the process and the gener-
ated heat flux. In this way the tool shoulder and the 
pin shapes and geometries are very important since 
they influence on the circumferential material flow. 
Furthermore, the tool sinking into the blanks, i.e. the 
applied normal load, determines the friction forces 
work and then the generated heat flux, together with 
the chosen tool rotating speed. As far as technologi-
cal parameters are considered, also the process 
times, namely the tool descending time, the process 
time length and finally the tool ascending time, play 
an important role in the FSSW process. 

Recently the authors presented a modification of 
the FSSW process in which a tool path is given after 
the sinking phase in order to improve the material 
flow and consequently the joint resistance [12]. The 
mechanics of such promising modified process is 
still not completely clear, and no numerical simula-
tion based approach, as known by the authors, has 
been developed to better understand the effect of the 
given tool path on the joint microstructure. 

In the paper, a variation of the Friction Stir Spot 
Welding (FSSW) process has been considered for 
two 1.5 mm thick AA6082-T6 aluminum alloy 
sheets. In detail, different peculiar tool paths are 
given to the tool, after the sinking phase, nearby the 

initial penetration site, with the aim to enhance the 
final joint mechanical properties. A continuum based 
FEM model for Friction Stir Spot Welding process 
is proposed, that is 3D Lagrangian implicit, coupled, 
rigid-viscoplastic. This model is used to investigate 
the distribution of temperature, strain and strain rate 
in the heat affected zone and the weld nugget. In 
particular, the large values and gradients of tempera-
ture and strain found in the weld zone during the 
process can be used to determine the effectiveness of 
the bonding, which is heavily affected by the Con-
tinuous Dynamic Recrystallization (CDRX) process 
that takes place in the weld nugget. In this way, the 
extension of the nugget can be predicted with the 
ultimate goal to get information on the joint me-
chanical resistance. The developed model appears an 
effective tool in order to design effective spot joints. 

2. “TRADITIONAL” AND MODIFIED FSSW 
PROCESS 

As briefly described before, FSSW is aimed to 
obtain lap-joints utilizing a cylindrical tool with 
a pin tip centered on one circular face; in the “tradi-
tional” process, the tool rotates on its axis at room 
temperature and it is inserted into the specimens to 
be jointed with a normal force. In other words the 
tool is pushed down into the two overlapped blanks 
until a proper level of reaction force is reached. 
A back plate is utilized on the bottom side of the 
specimens to support the applied load and no linear 
translation is given to the tool, which is retracted 
after a proper process time length.  

As the rotating tool is inserted into the sheets 
a local backward extrusion mechanics is observed 
and a full contact between the upper sheet and the 
tool shoulder is reached. Then a heat flux is gener-
ated by the friction forces work decaying into heat.  

The observation of the material flow and of its 
locally reached microstructure leads to the full un-
derstanding of the process mechanics. Considering 
a section of the joint (figure 1), the backward extru-
sion mechanics is highlighted for the two overlapped 
sheets. Due to the absence of tool feed rate no 
asymmetry in the metal flow, typical of the FSW 
processes, is observed. In particular, the interface 
surface of the lower specimen is deformed upwards 
and such material develops the role of a mechanical 
anchor between the two jointed sheets. 
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5. CONCLUSION REMARKS 

In the paper a continuum based FEM model for 
the modified Friction Stir Spot Welding process is 
proposed, that is 3D Lagrangian implicit, coupled, 
rigid-viscoplastic. On the basis of the obtained re-
sults the following conclusions can be drawn: 
− Utilizing the modified process a maximum fail-

ure load in the shear test that is about twice the 
one corresponding to the traditional process is 
found; in particular the square case study is the 
one for which the best performances are found 
out; 

− A strong correspondence can be found between 
the effective strain distribution and the actual 
material area involved in the bonding process; 

− The developed numerical model is able to give 
useful information on the material flow, the ac-
tual stirred area and temperature distribution 
thus representing an effective tool for an effi-
cient process design.  
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SYMULACJA NUMERYCZNA ZMODYFIKOWANEGO 
PROCESU PUNKTOWEGO ZGRZEWANIA 

TARCIOWEGO Z MIESZANIEM MATERIAŁU 
ZGRZEINY 

Streszczenie 
 
Proces spawania punktowego jest często wykorzystywanym 

sposobem łączenia elementów w przemyśle transportowym  
a w szczególności w przemyśle samochodowym. Podstawową 
zaletą tej metody jest możliwość uzyskania połączenia zakład-
kowego w krótkim czasie z wykorzystaniem zautomatyzowa-
nych systemów robotów przemysłowych. Obecnie bardzo dy-
namicznie rozwija się proces spawania metodą punktowego 
zgrzewania tarciowego z mieszaniem materiału zgrzeiny (Fric-
tion Stir Spot Welding FSSW). Metoda ta jest udoskonaleniem 
metody Friction Stir Welding (FSW). Uzyskane w ten sposób 
spawy charakteryzują się lepszymi własnościami niż spawy 
uzyskane metodą konwencjonalną. Celem niniejszej pracy jest 
szczegółowa analiza procesu FSSW aby podnieść własności 
uzyskanego połączenia. Badania skupią się m.in. na badaniu 
wpływu trajektorii ruchu narzędzia. Opracowany model nume-
ryczny oparty jest o metodę elementów skończonych z jawnym 
sztywno - lepkoplastycznym modelem. W trakcie pracy anali-
zowano rozkłady temperatury, odkształceń, prędkości odkształ-
cenia w obszarze jądra zgrzeiny oraz otaczającego materiału. 
Analiza w/w rozkładów dostarczyła istotnych informacji na 
temat końcowych własności spoiny oraz potwierdziła możli-
wość wykorzystania symulacji numerycznej do opracowania 
nowych technologii spawania.  
 
 

Submitted: October 13, 2008 
Submitted in a revised form: October 23, 2008  

Accepted: October 27, 2008 
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