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Research of the friction stir welding process of aluminium alloy
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1. Introduction the FSW process for each new case is complicated and spe-
cific.

It is well known thatwelding ofaluminium alloys Most of the researches dealing with the topic is fo-
using conventional welding methodsaikighly costy pro-  cused on the microstructural changes, heat transfer and the
cess, therefore, in order to replace this welding technologynal analysis in FSW. Several approaches are used for mod-
various other joining methods are used. One of thdntis  elling the FSW process. Coupled thermechanical mod-
tion stir weldng considered as nontraditional welding elling is analysed in papef0-13].
method This method now is acceptedastandard welding Development of numerical simulation model fo
method for aluminium alloys and is used in various fields oFSW enploying particle method is presented [i4]. A
industry: aviation, train and marine building, chemical in-smoothedbarticle hydrodynamics (SPH) model for FSW is
dustry etcto weld aluminium matéals which are difficult  proposed in paper Bl
to weld by other processel [ It has the benefits of opera- Another approach for FSW modelling is the com-
tion and investment cost savings, weight reduction, high rggutational fluid dynamics method §117]. However, it is
peatability and consistence, low maintenance, better wodifficult to estimate metal properties of the plastic defor-
environment and recyclabilityersusother aluminium got  mation behaviour applgg fluid models for FSW.
joining methods such as resistance spot welding (RSW) and This paper presents an experimental investigation
riveting [2, 3]. This welding method is relative simplgp  and a numerical modelling of the FSW process in order to
not requiresconsumables or filler metal and gas shieldinganalyse the influence of different welding parameters on the
is low energy consuming process, however needs speciabrizontal welding force.
welding tool and pwerful fixtures to clamp the workpiece.

Main parameters which have to be controlled during the pr@. Experimental setup and results
cess are welding speed and feed which depends on the weld-

ing material and the thickness of the welding paatsto en- The FSW experiment was carried aut alumin-
sure microstructural stability, theseopessing parameters ium alloy AW 1050 and TL091T4 (AIMg5Mn)100x50
must be investigated thoroughly [4]. mmplates with 1.5 mm in thickness usiagFSW tool with

Due towide applicability this process idveing aspecial square pin. The shape and dimensions of the FSW
studiedthoroughly The basic principles of FSW, the weld tool are shown in Figl. The tool consists ofitee parts: a
microstructure and hardness, mechanical properties, includhoulder 1 which is made of hotwork tool steel
ing consideration of residual st® fracture, fatigue and X37CrMoV51 EN ISO 4957:2002 and hardened to
corrosion is described in [5] and is demonstrated that FS\W0 HRC with a body diameter of Ihm and a concavity of
of aluminiumhas commercial applications. 5 A ,1.3ram length square crosection3x3 mm tungsten

Friction stir weldability of the 2027351 alumin-  carbidepin 2, and a M6 screw8 for fixing pin in the shoul-
ium alloy wasnvestigded in [6], weldability and modelling der.
of the 6061T6 aluminium alloy in [7], mechanical proper-
ties of AA 6082aluminiumalloy butt joints welded bgy-
lindrical taper pin profile i8], effect of welding speed and
tool pin profile on welding zone formation in AQ61alu-
minium alloy was investigated in [9].

Theoverview showed that for different aluminium L 13

D15

materials there is noommon welding parameters, ifer
eacho n esfiemgth, hardness and microstructure should b
defined experimentally.

) The numerllcal modelling of the FSW Process 1Is a\:ig. 1 Common view of the FSW tool with dimensions:
complicated task hidj dependent on various factors such 1- shoulder:2 - pin: 3 - screw for fixing pin in the
as material properties, welding process conditions, geomet- shoulder ’ ’
rical parameters of the tool, etc. During this process, high
stress and strain rate takes place and this leads ttneain The experimental setup is shown in Fig. 2. The ex-
material behaviour, excessive messtattion and the need periments were carried out on a CNC machinaegtre
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and AManu@l s &Gfut dorizental wdlding An example of AW 160 aluminium alloy welded
force was measured using a universal laboratory charge aplates at spindle speed of 2000 rpm and feed rate of 100
plifier Kistler type 5018A2 and a press force sensor Kistler mm/min is shown in Fig. 3.

type 9345B3 mounted on the CNC table. Measuring ranges
for force of the sensefl 0 é kN, sensitivity:°-3.7 pC/N.

The amplifier converts the charge signal from the piezoelec-
tric pressure sensor into a proportional output voltage. The
variation of thehorizontalwelding force was recorded to a
personal computsdusi ng a fAPI COSCOPIEI3xyAW2AeG50 aluminitim ahlld)y\me’rded plates &pindle
scopeband fAPi coScope 60 softwar epeot2ad00rpmand eed r amne/ mifn 100

- 4 0 E—— The experiments showed that the horizontal weld-
_ ' ing force increases as feed rate increases, also the horizontal
welding force decreases when the spindle spexdases.

3. Mathematical background of FSW modelling

The governing equation describing the heat trans-
fer during FSW can be expressed as follok8:[

T Tﬂ T
LT ugkura uekyu “:k“”u;(l)
oo opx & pxld py & WU g pzy

where} is the material densityg;is the specific heal, is the
temperaturet is the timek is the heat conductivity; is the

heat generation. Generally, the main heat generation source
in FSW is considered to be the friction between the rotating
tool and the workpieces and the plastic straining in vicinity

The tool was plunged into theining zone of the ©f the tool.
workpieces by 1.3 mm (in vertical direction) and then weld- For the modellingbased on the finite element
ing was performed in horizontal directi@pindle speegof ~ method (FEM)he JohnsorCook model was used9]:
2000,3000 and4000 rpmwere usedand for each ofhem

Fig. 2 Experimental setup of the friction stir welding exper-
iments: 1 i machiningcentre LEADWELL V -20;
271 fKistlero a mp Bi fiKistlerd force sensar
47 computer5 1 oscilloscope

three tool feed rageof100, 200 and 30 mm/min were as- Cf e, at.1_ "
signedin order to investigate the influence of these param- $ -(A 8 %’l) ) elné— & - 6 ()
eters on th&orizontalwelding forcemagnitudeThe results e 0 & G ‘melt© Troom =

of the investigation of friction stir welding under different

spindle speed and feed rates are presented in Table 1 where parameteXis the initial yield strength of the material

at room temperaturd3 is the hardening modulu€ is the
Tablel parameter representing strain rate sensitivity; is the ef-

Matrix of the friction stir welding experiments anebults  fective plastic strainfp, is the effective plastic strain rate

Pl at| g pin Hori zf Maxi I &, is the reference strain ratejs the strain hardening ex-
Mater thick|g peed feed| weld ponent;mis the parameter which evaluates thermal soften-
mm 2000 m%/o mi f 2%‘{9(: ing effect T,,., andT,,,, are the material melting and room
2000 200 2555 temperatures.
2000 300 2690
3000 100 2158 4. Computational model for the FSW process
AW 10-50 1.5 3000 200 2385
3000 300 2611 ABAQUS/EXPLICIT software was used for a
24000 100 2063 FEM modelling of the FSW process. The workpieces were
4000 200 2334 created as 10x25x1r&m plates. Only these elements of the
4000 300 2547 tool were modelled which can be in contact with the work-
2000 100 1950 pieces, besides, the tool model was simplifieaking the
2000 200 1963 pin round, in order to achieve convergence (8)g.
2000 300 1991 19
3000 100 1914
TLO91T4 L5 3000 200 1948
3000 300 1985 X L7
4000 100 1857 &,} 131‘
4000 200 1873 R0.3 B4

Fig. 4 Dimensionsand 3D modebf the tool
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The adaptive meshing technique was applied bynder free convection with the convection coefficient of
carrying it out for every ten increments and performing five30 W/n?K; the ambient air temperature and the initial tem-
mesh sweeps per adaptive mesh increnieimé. tool was perature of the workpieces were set to 293
meshed using element type C3D10MT due to its complex
shape and the plates were meshed using element type
C3D8RT. An element size of OrBm was used for the tool
and an element size of 0.im was used for the plates. 8
layers of elements thugh the thickness were generated in
each of the plates. The mesh of each plate contained 63756
elements while the mesh of the tool contained 55040 ele-
ments.

In order to save computational time, the mass scal-
ing technique was used that modifies the derssitiethe ma-
terials in the model and improves the computational effi-
ciency RQ], obtaining a stable time increment of at least
0.0001s step time.

It was assumed that 100% of dissipated energy
caused by friction between the parts was converted to heat.
The temperature dependent friction coefficiemof alu-
minium and steel used in this study is presented in TAble

[21]. The friction coefficient was set to O at the melting tem-
perature of aluminium alloy AW1050.

Table2
Temperaturelependent friction coefficient of aluminium
and steel
Temperature (K) Friction coefficient
2730 0.610
307.7 0.545
366.3 0.359
420.5 0.255
483.6 0.244
5330 0.147
588.6 0.135
644.1 0.02
699.7 0.007

b

Materialproperties and the Johns@ook parame-
ters for aluminium alloy AW 1050sed for the FSW mod-
elling are presented in Table[32].

Fig. 5 Mesh and boundary aditions: a- front view during
the plunge phase;{top view during welding

Table 3
Mechanical properties and the John&uwok
parameters for aluminium alloy AW 1050

5. Numerical modelling and comparison to the
experimental results

Fig. 6 shows how the temperature changes during

Parameter Units | Value the FSW process under spindle sp8ed3000 rpm and feed
Young modulusg | GPa 69 rateF2 = 300 mm/min. The maximum value was 627 K and
Poissomds rati - 0.33 it was observed during the tool plunging phase. During the
Density kg/m® | 2710 welding, the maximum temperature valwas varying be-
Melting temperatureg e K 918 tween 57& and 597K.
Specific heat capacity JI(kgK) | 899 Fig. 7 shows the von Mises stress at various in-
Thermal conductivity W/(mK) | 160 stances of time, due to the thermomechanical action. During
Initial yield strengthA MPa 110 the plunging phase, when the temperature wask62fie
Hardening modulus MPa 150 maximum value of von Mises stress was about [2Ph.
Strain hardening exponent ; 0.36 Under the temperature value of 5Q7the maximum von
Thermal softening exponent - 1 Mises stress is about 184 MPa. . , :
Strain rate constat - 0.014 Fig.8 shows how the equivalent plastic strain

changes during the FSW process. Throughout the whole
process, the maximum value of equivalent plastic strain was

The boundary conditions (Fi§) were set as fol- 0.799
low: the bottom surface and all outer sides of the plates were " ="
restrained in all degree of freedom; the top surfaces were
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Fig. 6 Temperature (units are in K) at various distances dfttagel: ai 0.5s;b-1s;c-2s;d-3s;
S= 3000 rpnF2 =300 mm/min

d
Fig. 7 Von Mises stress at various instances of ti€0.5 s; b- 1 s; ¢- 2 s; d- 3 5;S= 3000 rpmf2 = 300 mm/min



PEEQ

[fwg: TESH)
+7.335=-01
+7.172=-D1
+6.BBEe-D1
+5.335=-D1
+5.173=-D1
+4.BBB=-D1
+4.000e- 01
+1.173=-D1
+2.EBBa-D1
+2.000=- 01
+1.173=-D1
+E.EEB=-D2
-+ B0D= + O

c d

Fig. 8 Equivalent plastic strain at various instances of tiame0.5s; b-1s;c-2 5;d- 3 s;
S= 3000 rpmJ2 = 300 mm/min

The variation of the experimental and the simu- The modelling showed that under spindle speed
lated horizontal welding forcever time is presented in S= 3000 rpm and feed rake = 300 mm/min, the maximum
Fig. 9. The results showed a good agreement in the time inemperature value was 627 K and it was observed during the
tervals between 0 andsland between 2 s and 3 s. In thetool plunging phase. During the welding, the maxintam-
time interval between 1 s andsZhe difference was more perature value was varying between ¥78nd 597K. Dur-
significant. ing the plunging phase, when the temperature wak627

However, the trends of the experimentalgdhe the maximum value of von Mises stress was about 211 MPa.
simulated welding force variation over time are quite similatUnder the temperature value of 597 K, the maximum von
and this shows that the presumptions taken in the modellifgises stress is about 184 MP&roughout the whole pro-
are quite reasonable. cess, the maximum value of equivalent plastic strain was

0.799. A comparison between the experimental and the
modelled horizontal welding force showed a good agree-
ment.

The results of the study showed that the presump-
tions taken inthe modelling are reasonable, therefore, the
FEM modelling could be used for prediction of rational
FSW parameterin order todefinelower weld force, which
leads to a decrease of tool wear.
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