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An FEM Simulation and Study on Forming Parameter of Bimetal of

Friction Stir Welding for Aluminum and Magnesium Alloy
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In this study, the thermal histories and
temperature distributions in a workpiece were
determined experimentally during a friction
stir welding (FSW) butt joining process of



A5052-AZ61, A6061-Al050 and
A6061-A5052. The temperature around the

joint line was measured temperatures. From%-
the regression analysis results it is known tha{1]

the temperatures inside the pin can be
regarded as a uniform distribution and that the
heat transfer starts from the rim of the pin to
the edge of the workpiece. The appropriate

temperatures for a successful FSW process are

between 350 and 40@. for A6061-Al050

and A6061-A5052 group. The appropriate [2]Balasubramanian, V.
temperatures for a successful FSW process are

between 350 and 40@. for A6061-Al050

and A5052-AZ61. The temperatures on the
advancing side are slightly higher than those
on the retreating side. These experimental

results and the process control of temperature
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ABSTRACT It is newly development tendency that the micrtagire related FEM model using
to investigate metal forming such as hot formingratal material by established for simulating
the plastic flow stress, strain, grain size etc ma@ical properties. In this paper, a numerical
models based on FEM are proposed to investigadedissimilar metal friction stir welding of Al
and other alloys. In the governing equation, theen flow stress model includes the strain,
stress, temperature, grain size, activated en@&yyhe present models, the effects of forming
parameters such as the rotation speed of pin, advgpeed of pin, the frictional factor upon the
temperature, is analyzed systematically. It is ghdlvat the models offer a useful knowledge of
the friction welding of bimetal.

INTRODUCTION: The mechanical properties of a welded sheet maté@ae various
advantages such as improved strength, finer gra@ better fatigue strength and anti corrosion
property. The thermal-mechanical affect zone (TMAZY thermal affect zone (TAZ) occurred
under the welding path, i.e. the rotating tool pauses a TMAZ and TAZ. The FSW process is a
kind of solid state welding, the heat flux is assdnio be zero when the temperature reaches the
material melting temperature. In papers[Song 2#9afini 2005], due to reduce the difficulty
during establishing FEM model, heat flux input froine friction between tool and sheet material
are estimated. It is not reasonable for analyssR8W procedure in detail and entirely. In this
paper, a FE analysis on Friction stir welding ivadleped with software package-Deform 3D.
Without estimating heat flux equation, it calcutatbe generated heat flux input from the friction
caused by rotating motion during FSW. FSW technglay mainly used for joining similar
material sheet. Few studies is made for dissinmiaterial due to the temperature, strain and
stress are complicated for joint between two digammaterial sheets. In the paper [Shigematsu
2003], Shigematsu have explored the welding expartrof 5083 and 6061 aluminum alloy sheet
and examined the microstructure and the mechapicglerties of the FSWed aluminum alloy
joint. The friction stirred region consists two @inum alloys which was formed by the traverse
of rotating tool and the thread of the insert pim.this paper, a three dimensional thermal
mechanical FE analysis used to investigate FSWssfrdilar Aluminum alloy of 5083 and 6061.
The plastic deformation of material around the tpot can be simulated, the temperature
distribution be obtained.

PROCEDURES, RESTULTS AND DISCUSSION: Fig.1 shows the schematic drawing of
dissimilar material friction stir welding. It isasnetric drawing. The heat transferred of friction
between the tool pin stir and workpiece during FB@&fudes two main parts as follows: (a) Heat
source generated by the friction on the surfactheftool pin; (b) Heat source generated by the
plastic work due to the shear deformation of woekpi

10



Load A6061

Workpiece

Fig 1. lllustrated schematic drawing of Frictionr S¥elding.

The heat transfer equation is a parabolic PDE hadeat equation of tool and workpiece in the
FSW process is defined as the following:

pedT /dt = k(9%T /ax? + 02T /ay? +0°T/0z?)-h, +Q in Q (1)

where Q is the domain in workpieceQ is the heat generated by stir friction betweentttud
and the workpiece.o, ¢, k and T are the material density and the heat capacity, th
conductivity and the temperature, respectivdly. is the convective heat transfer coefficient.

There termh, [T represents a model of transversal heat transéesutroundings. According to
the friction between tool with workpiece, the totaat generated rate at the workpiece/tool
interface, Q is be obtained by following the below equations:

Q= [AV [uT)P(T)dS )

whereu(T) is the coefficient of work transmitted to heatm@) P(T ) is the pressure.

The FSW procedure of Aluminum alloy sheet of 3 nhimkness (z-direction) and 90mm in width
(y-direction) and 90mm in length (x-direction). Téteength of Aluminum A5083 and A6061 are
setup according to the Deform 3D material datab@be. mode of the workpiece is subject to
severe mode at different strain rate, strain amperature. The material of tool is use Din-D5-1U.
Because the friction factor between the workpieat/is more complicated, it is no clear
statement until now. In setting contact conditiotin®, interface heat convection, is set to be
between 0.02N /sec/imm/°C . For convenience, the friction factor is assurteethe a constant
value in this paper,u = 0./The calculated temperature distribution at stEp i4 shown in Fig.

2. Both materials are meshed using tetrahedron. ALLl&O61 material is meshed in blue, the
AL5083 is meshed in red.

Step 413

Material

AL6061 Machining Il
AL-5083,COLD[70F(20C)] M Step 43

Temperature (C)

IOTMMOoOOmI
Wy lhuwunnn
N
L)
i

Y zZ
Z X S X
Fig.2 The mesh of workpiece for dissimilar ~ Fig.3 Line contour of temperature

material friction stir welding (step 413) (step 413)

As shown in Fig.3, the higher temperature is cotregéed on the friction surface between the tool
11



and workpiece. Obviously, it is because the rotebiehavior of workpiece is larger than those on
the other side. The material is easily yielded ttuéhe shear deformation of workpiece. In this
analysis, the calculation results are obtained ngmiiekly than those obtained by coarse mesh
FEM simulation.

CONCLUSION: A numerical study on the thermal mechanical modetissimilar material
friction stir welding in a three dimensional coardie has been developed by using a commercial
code Deform 3D in this paper. The simulated resuffesr knowledge of the heat transfer process
for the workpiece in the friction stir welding pess. They are useful data for designing the
friction stir welding process.
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