_
@
. ISSN(Online): 23198753

[] I‘I{ S ET ISSN (Print) : 2347-6710

International  Journal of Innovative Researchin Science,
Engineeringand  Technology
(A High Impact Factor, Monthly, Peer Reviewed Journal)
Visit:  www.ijirset.com
Vol. 7,Issue 12, December 201 8

A Finite Element Analysisof Laser
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ABSTRACT: The influence of process parameters on temperature distribution during laser transmission welding of
polycarbonate is investigated in the presersearch work. A transient numerical, based on conduction mode heat
transfer, is developed to analyze the process. Temperature field was obtained by a numericathsotuiosient heat
transfer equation with activity of inner heat sources using fel@dment method. Temperature distribution analysis in
welded joint was performed in the ABAQUS/Standard solver. Power distribution of moving heat sasrce w
implemented into DFLUX subroutine, written in FORTRAN programming language. The heat input todéleign
assumed to be a volumetric Gaussian heat source. Temperature dependent physical propertieeidlhanmsaken

into account during modeling. Combined heat transfer boundary condition, based on natural coandatiatiation,

is imposed ommodel exteriors, which are exposed to surroundings. Temperature distribution in the weld zone was
numerically estimated. The weld strength and microstructure of the lap weld were determined eiqdbriared
validate by finite element analysis result.

KEYWORDS: Laser transmission welding, finite element modeling, process paranpetgcarbonate
I. INTRODUCTION

The main goal of welding is to achieve a strong joint between two parts. Ideally, the strengtleldflime
should be close to the strength bétjoined materials. Therefore, the influence of different parameters on the weld
strength was extensively studied.

Mian and Mahmood"” modeled a thredimensional uncoupled finite element analysis for glass and polyimide.
Acherjee et alf? presented &ransient simulated model to analyze the LTW process. It turned out that the carbon black
had a considerable influence on the temperature field and weld pool geometry. Becké? ptesented a two
dimensional thermal model to simulate the heating elasthe LTW and the simulation results showed a good
agreement with the experimental values. Mahmood &t sét a threelimensional heat transfer model to determine the
optimum process parameters of jointing polyimide and titanium. It was found that with a power Wf ¢d@od
bonding could be formed when the scanning speed was between 600 and 2000 mm/miudiVayd Birk !
developed a twalimensional thermal finite element model of the LTW fejoiht. The 2D model was used to predict
the transient temperature distribution along the welding path as well as the depth of the meltefoabair and
Elhem'® developed a finite element model to predict the temperature field and the residual distributitire dffeV
process of a midiank. The results showed that both the temperature generated and the clamping pressure greatly
influenced the bending phenomeharing the LTW process. A threimensional transient thermal model of LTW was
developed by Van de Ven et 8l.to investigate the LTW process of polyvinyl chloride and the error between the
model and experimental values was 4.3%.

Numerical analysis othe temperature field in elements heated by a movable heat source was performed in
ABAQUS/Standard module?ower distribution of moving heat source was implemented into DFLUX subroutine,
written in FORTRAN programming languag€&emperaturalependent thernphiysical properties were taken into
account in the numerical mod#. Gaussian laser beam is used in calculations in order to analyze the influence of
process parametessich as welding speem the welded zone.
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II. FINITE ELEMENT SIMULATION OF LASER TRANSMISSION WELDING

2.1Thermal model formulation
The transient temperature field generated during the laser welding is determined based on thenmaicheat
conduction:

T
uc— '(k’'T) q, A1 A
X

Where, !is material density; is the specific heat, T is the temperature, t is the time, k is the thermal condugtivdty,
the gradient operator amglis the rate of internal heat generation per unit volume and is given by:

0 ;for transprentpart
R,)KI e ¥% :for absorbingpart

where,R, is the reflectivity of the absorbing material, K is the absorption coefficient of the absorbin@hates the
depth within the absorbing materials, dpds the laser intensity (having Gaussian distribution) after passing through
thetransparent material, which can be further expressed as:
TP r2A3A
. —ozexp( —)
where Tis the transmissﬁ)n factor 'of transparent polymer part, P is the laser powep ($\Mhe laser beam radius

A2A

v (%Y, 2t) '%

(radius of Gauss function curve), and r is the radial distance of any point on the surface ¢étiad tha / XS2 yf ,

wherexs andys are the Cartesian coordinates of that point. The laser system considered for this study is @sontinu

wave diode laser system having an operational wave length of 1064nm.The transmission factor rof #iek m
transparent PC plaque at 1064nm laseiatexh is 0.90, as measured using a laser power meter.

At the initial condition when time=0s, the workpieces are at uniform ambient temperature. Thenreamisd
temperature is chosen ag=27

For the heat transfer between the workpieces and thmusding medium the boundary condition can be written as:

KT)' T h(T, T,) HE&E: T A4A

where, N is the normal vector of the surfadeis the convection heat transfer coefficiergjs the surface temperature,
TO is ambient temperaturd)is the material emissivitylis the Stefan Boltzmann constant. Convective heat transfer
coefficient,h, is assumed to be 5 Wik ©l.

2.2 Finite element simulation

A 3D finite element method theahmodel of a lagoint geometry exposed to moving laser was developed using
ABAQUS software. The materials considered are natural and opaque polycarbonates. The trandpsaestrpssion
is 0.90, and absorbing part absorption coefficient of polycatieds determined using the relationslyipB2x, wherey
is the absorption coefficient (mhof the polycarbonate containing x percent carbon black by wéigfig.1).

Temperature dependent physical properties (thermal conductivity, specific hedénaityl) of the materials are
used for thermal modeli§", which is furnished in Table 1.

Gaussian heat flux is applied on the material body on which the laser is being focused. Th& heaalftulated

as a function of beam dimensions, laser poavet absorption coefficient of the absorbent parts using Equation (2). A
look-up table is made to create the heat generation input file in the form-Df &rdy and is a function of x, y and z
coordinates. The moving load is applied by a subroutine imgiiged in FORTRAN programming language. The load
moves with time. Thus, a nodal temperature history is obtained as a function of time. The ticdatedebased on
the welding speed and heat source location. The transient heat transfer mode is tmehnodabhtemperature is
documented as a function of time for use in the subsequent steps.
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Fig. 1 Schematic of the sample aBB meshed model for the lgpint configuration
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Figure 2 Laser absorption coefficients as a functiozadfon black level for P&

Table 1Temperature dependent physical properties of polycarbonate used for numerical siffflilation

Propertie Temperature dependent ¢

"HQVLW\ 9 I -0.31¢T+1207, for 2°C T "14E°C
1=-0.685T+1253, forT (1 145°C
k=(2.493E-4) T+0.186, for 27C"T "145°C
k=-(5.536E-5) T+0.230, forT U145°C
C=3.420T+1120.67, for 27C"T "140°C
C=27.385T-2236.38, for 140C T g 147°C
C=1.771T+1537.41, fofT «148°C

Thermal conductivityk (W/m K)

Specific heatC (J/kg K)
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Results of temperature field simulation

In this simulation, the PC transparent part and absorbing part are welded by using a laser gower, af
welding speed of 40 mm/s. Fig. 3 shows the temperature distributions on the lapjg@glee with amoving heat
source at four selected time points: (a) t = 0.15 s when the laser beam just contacts the lsppdaepaelded, (b) t =
15 s when the laser beam is just arriving at the center of the parts, (c) t = 32 s when tharaseabthe end dhe
parts and (d) t = 34 s when the welding parts have been cooled for 2 s. It can be seen frametitigfithe maximum
temperature of 333.8 °C is achieved during the welding, which is greater than the glass trangitgoattire (150 °C)
of polycabonates. The weld width can be determined at the weld interface where the temperature is mbfe°tban 1
The region in the contours plot temperature above 150 °C, shows the molten depth in both tHeopakgcparts from
weld interface.

—

(c) (d)
Figure 3: Temperature distributions on the lapped-t) plane: (aY = 0.15 s,
(b)t=15s, (c)t=32s and (dx =34s.

The influence of welding speed on the temperature field is studied using the finite elementrigadel4 the
temperature distribution on the lapped—§{X plane at different welding speed. At welding speed of 10 mm/s a
maximum welding temperature reacB9% °C (fig.4 (a)), however, the polycarbonate starts decomposing at 500 °C.
The temperature above this range can cause partial degradation of the materials. As the wetllingrepse to 100
mm/s, the temperature decrease to 165.5 °C which is sligiglyer than theglass transition temperature of
Polycarbonate (150 °C). The bond starts to form at the weld interface when the temperature 58¢ches 1
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Figure 4Temperature distributions on the lapp&a-Y) plane: (aweldingspeed % 10 mm/s, (b) v
=40 mm/s, (c)v =80mm/s and (dyv =100 mm/s.

2.3 Experimental equipments and preparatory work

The welding experiment were carried out using 200W Nd:YAG laser operating at 1064nm wavelengtbdequip
with a 3axes CNC workable, coordinated with the motion system and computer interface. A lap joint configuration
was considered in the experiments, the ksersparent part and the lasdssorbent part are welded together with a
fixed overlap distance. The laser beam scams the assembly at the specified power and speed to join the two parts
together. The effects of welding speed on weld strength and microstructure were assessed. \teheie kst with
the weld line arranged perpendicular to the test pull direetasused to evaluate the weld quality of specimens.

Results of validation

Fig.5 shows the force at break as a function of welding speed, at laser power of 40W. Welds fdowed a
welding speed, such as 10 mm/ s, resulting in low tensile strength 0.4&Makimum welding temperature reach
589.5 °C. The micrograph of the weld zone shows decomposition at this welding speed settireg) Xfilg6ir{crease
of the welding speed to 40 mm/s resulted in increase of the weld strength. The maximum terggiteotien joints is
1.3KN which is achieved at 40 mm/s of welding speed. In this welding speed range the maximumtessp@rgture
of 333.8 °C is achieveduding the welding, the weld width is wide and no welding defect is obtained during welding.
Above 40mm/s of welding speed, tensile strength, weld temperature are lower. The micrograph of the weld zone
shows thin weld at high welding speed setting. On the other hand, the molten pool experiencéenpertture
during welding. It undergoes maximum temggare slightly highethan the fusion temperature range of PC material.
Therefore, the temperature gradient decreasing Along the vertical direction from the top surfadethewbottom
surface, which result in low melting depth, as consequence léagdoweld strength. In figure (6) the results indicate
that the welding speed is the most important factor affecting the welded zone width. An incregldenn speed leads
to a decrease in welded zone width. This is due to the laser beam travetligly speed over the welding line when
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welding speed is increased. Therefore the heat input decreases leading to less volume of théemagamalted,
consequently the width of the welded zone decreases.
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Figure5: Thetensile load as a function of elding speed, laser power=4i

Figure 6:Effect of welding speed on weld microstructure, laser pow,4tansparent part thickness8;;
(@)10mm/s x A b A 40mm/s x A ¢ A60Omm/:« x A d A100mm/s.

Ill. CONCLUSION

A finite element model has been developed based on the commercially available software, ABAIRtéBMine

the temperature distribution inside the polymer during laser wel@imgnumerically computed results are compared
with the experimentalesults.
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The weld strength mainly depends on the welding defects and temperature distributions at theoneldefl
which are functions of the welding parameters. The lower tensile strength of joints is attributesl lower
temperature on the weldedre which should have affected the melt volume in this area especially at higher welding
speedtherefore the heat input decreases leading to less volume of the material being melted.
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