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A THREE-DIMENSIONAL MODELING OF THE THERMAL FIELD DURING
WELDING THERMAL CYCLE

In this paper finite element modeling of welding thermal cycle is studied. The finite element method (FEM) is
the dominant discretization technique in structural mechanics. FEM simulations are nowadays useful to predict such
things as the weld pool shape for various combinations of process parameters from the temperature distribution plots.

One of the important problems in welding engineering is to construct a mathematical model for the computer simulation
of welding process. During the welding process, because of the heat input transferred to the material, heat transmission
inside the work-piece and heat exchange with the external environment occur. Numerical simulation of heat manufacturing
processes is preferred to analytical methods for modeling in welding technology. In fact as the welding arc interacts with
the surface of the work-piece during its passage, very rapid series of heating and cooling cycles are achieved. Therefore
it results to be difficult to adopt analytical model technique to investigate about the process. Instead numerical models
are suitable to assess the thermal cycles and their relationship with process parameters. Welding was done with different
modes to analyze and predict the geometry, the shape of the seam and the depth of weld penetration. For the calculation
of the thermal conditions accompanying the process of melting the metal surface, a mathematical model was used, which is
based on the differential equation of heat conduction in a three-dimensional Cartesian coordinate system.

In this work the simulation of the thermal field during the TIG welding process of V123 titanium alloy joint is
presented. The thermal analysis is concentrated on the prediction of the heat transfer in the weld. A distributed volume
heat-source was validated on the basis of the comparison with the experimental specimen cross section. The temperature
distribution in the overall weldment, the shape and size of the fusion zone, heat affected zone, the maximum cooling
speeds in different parts of HAZ were predicted. Based on quite satisfactory results, this work shows, that FE simulations
can enable faster, less costly, and more optimized product development, as well as examinations of product performance
that would not be possible even using very detailed prototypes.
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TPUBUMIPHE MOJIEJIOBAHHSA TEITJIOBOI'O ITOJIA
I YAC TEPMIYHOI'O HUKJTY 3BAPIOBAHHSA

YV oaniu pobomi docniodcyemuvcsi CKiHUeHHO-eNeMeHmHe MOOENO8AH S MEPMIYHO20 YUKITLY 36apro8anHs. Memoo
ckinyennux enemenmie (MCE) € Oominyrouum memooom ouckpemusayii 6 6yoigenvHitl mexaniyi. Mooenosanns MCE
Cb020OHI KOPUCHE OJIsL RPOSHO3Y8ANHS MAKUX peyell, SIK hopma 36apro6anbHoi 6aHHU OJis PI3HUX KOMOIHAYil napamempis
npoyecy Ha 0CHOBI epagikie po3nodiny memnepamypu.

OoHiero 3 8adcIuBUx npodiem MmexHiKU 38aproaHHs € noby008a MamemMamuyHoi mooeni OJid KoMn 1omepHo2o
MOOENO8AaHHsL RPOYECy 36apiodants. ¥ npoyeci 36apiosanisi 3a paxyHoK HAOX00ICEeHHs Menid 00 Mamepiday 8i00y6acmucs
nepeoaya menia 6cepeoury 3a20MmosKu i menio0oMiH i3 306HIWHIM cepedosunjem. HucenbHoMy MOOENO8aAHHIO MENIOBUX
BUPOOHUYUX Npoyecie HadamMy nepesazy neped AHANIMUYHUMU MeMmOoOdMU MOOENOBAHHS 8 MeXHON02Il 36apPH6AHHS.
Dakmuuno, OCKINbKU 38apPI0BANbHA OV2ad 83A€EMOOIE 3 NOBEPXHEI0 3a20MO8KU Ni0 4ac ii NPOXOOHCeHHS, 00CALAEMbCA
dydrce WBUOKA Cepisi YUKIIG HAZPIBAHHA MA OXON0OJNCeHHS. ToMY 8AdCKO NPUIHAMU MEXHIKY AHANIMUYHOI Mooeni
ona docnioacenus npoyecy. Hamomicmo uucenvni mooeni npuoamui 01 oyiHKU MepMIYHUX YUKII6 ma iX 36 3Ky 3
napamempamu npoyecy. 36apro6aniisi RPOBOOUNOCS 6 PIZHUX PENCUMAX OJisL AHATIZY MA NPOSHO3YEAHHSL 2eOMempii, hopmu
wea ma enuOUHYU NPONIAGIEHHs Wed. /LIl pO3PAXYHKY MENI08UX YMOE, WO CYNPOBOOICYIOMb NPOYEC NIAGIEHHS NOBEPXHI
Memainy, 8UKOPUCHIAHO MAMeMAMUYHy MoOelb, KA 06a3yembcs HA OUpepeHyiarbHOMY PIBHAHHI MenionposioHOCmi 8
MPUBUMIPHITI OeKaPMOBill cucmemi KOOpOUHam.

YV yiti pobomi npedcmaeneno mooenosanus meniogozo noias nio uac npoyecy TIG 3saprosarnHs 3 €OHAHHS
mumarogozo cnaasy BT23. Tepmiunuu ananiz 30cepeddceruil HA NPOSHO3Y8AHHI Mmenjionepedayi y 368ApHOMY
wei. Posnodinene 06’emue Odxcepeno menia NIOMEEPONCEHO HA OCHOBL NOPIGHAHH 3 NONEPEUHUM Nepepizom
excnepumMenmanbHo2o 3paska. 11poeno306ano po3noodin memnepamypu 6 36apHOMY 8Upobi 3a2aiom, hopmy ma posmip
30HU NPONJIABILEHHSL, 30HU MENI08020 8NIUBY, MAKCUMATbHI WUBUOKOCI 0X01000iceHs 6 pisHux yuacmunax 3TB. Basyrouucs
HA 00CUMb 3A008IILHUX PE3YIbMAmMax, ys pooboma noxasye, uwo mooeniosanns FE mooice 3abe3neuumu weuouty, meHul
dopoey ma Oinbut ONMUMI308aHY PO3POOKY NPOOYKMY, d MAKONC nepesipumu npooyKmuGHICmb npooyKmy, ujo oyno o
HEeMONCIUBO HABIMb 3d OONOMO20I0 OYice 0eMalbHUX NPOMOMUnis.

Kniouosi cnosa: memoo ckinueHHUX enemMenmia, Mamemamuine MOOeo8anHs, Meniosi Nois, 36apIOGaHHs.
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Introduction

The finite element method (FEM) is the dominant discretization technique in structural mechanics.
The basic concept in the physical interpretation of the FEM is the subdivision of the mathematical
model into disjoint (non-overlapping) components of simple geometry called finite elements or
elements for short. The response of each element is expressed in terms of a finite number of degrees
of freedom characterized as the value of an unknown function, or functions, at a set of nodal points.
The response of the mathematical model is then considered to be approximated by that of the discrete
model obtained by connecting or assembling the collection of all elements. The disconnection-
assembly concept occurs naturally when examining many artificial and natural systems. For example,
it is easy to visualize an engine, bridge, building, airplane, or skeleton as fabricated from simpler
components. Furthermore, FEM has become a powerful tool for the numerical solution of a wide range
of engineering problems. Applications range from deformation and stress analysis of automotive,
aircraft, building, and bridge structures to field analysis of heat flux, fluid flow, magnetic flux, seepage,
and other flow problems [1, 2].

Objective of the research

For this study high-strength titanium alloys were chosen. The use of titanium alloys has been
expanding in the aerospace, power-generation, medical, chemical plants, and marine applications due
to their superior mechanical and corrosion properties. This is due to several unarguable properties
such as excellent corrosion resistance, bio-compatibility, good temperature performance and high
specific mechanical resistance that made these alloys almost irreplaceable in many applications.
Joining processes play a fundamental role in the productive scope of many industries and many
welding techniques have been studied and developed to process this alloy. The main welding process
for titanium alloys is gas tungsten arc welding (GTAW), also known as tungsten inert gas (TIG)
welding [3-5].

One of the important problems in welding engineering is to construct a mathematical model for
the computer simulation of welding process. During the welding process, because of the heat input
transferred to the material, heat transmission inside the work-piece and heat exchange with the external
environment occur (Fig. 1). Numerical simulation of heat manufacturing processes is preferred to
analytical methods for modeling in welding technology. In fact as the welding arc interacts with
the surface of the work-piece during its passage, very rapid series of heating and cooling cycles are
achieved. Therefore it results to be difficult to adopt analytical model technique to investigate about
the process. Instead numerical models are suitable to assess the thermal cycles and their relationship

with process parameters [6-11].
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Fig.1. TIG welding process
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Results

FEM simulations are nowadays useful to predict the weld pool shape for various combinations
of process parameters from the temperature distribution plots. In this work the simulation of the thermal
field during the TIG welding process of VT23 titanium alloy joint is presented. The thermal analysis
is concentrated on the prediction of the heat transfer in the weld. A distributed volume heat-source
was validated on the basis of the comparison with the experimental specimen cross section. The
temperature distribution in the overall weldment, the shape and size of the fusion zone, heat affected
zone, the maximum cooling speeds in different parts of HAZ were predicted. To compare simulation
results with the experimental values, welding of titanium alloy VT23 was carried out. VT23 plates
of size 200x100x10 mm were prepared.

Welding was done with different modes to analyze and predict the geometry, the shape of the seam
and the depth of weld penetration.

For the calculation of the thermal conditions accompanying the process of melting the metal
surface, a mathematical model was used, which is based on the differential equation of heat
conduction in a three-dimensional Cartesian coordinate system. The finite element thermal simulation
of TIG welding was performed on 10 mm thick VT23 titanium alloy. The size of model used for
the experiment was 200x100x10 mm (Fig. 2).

Fig. 2. Three dimensional finite element model meshes

The plate is symmetrical about the plane passing through the weld line. The geometrical model
is divided into various regions. The fine mesh is made in the weld region to apply heat flux accurately.
The region way from the weld line is meshed with a coarse mesh. A three-dimensional finite element
mesh model as shown in Figure 3 is used for the FE analysis. 2D mesh is used for creation of heat
source fitting for the thermal analysis [12].
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Fig. 3. Calculated welding thermal cycle
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The material database is created based on the temperature related thermo-physical and mechanical
properties of the material are taken from literature. The double ellipsoidal heat source parameters
are obtained by the iterative manner. The obtained heat source is adjusted and saved in the function
database for the use of weld wizard. After obtaining the heat source parameters for the simulation, final
FE simulation is carried out using ANSY'S and the results are obtained. Based on the results, isotherms
of maximum temperatures were built, using which we determined geometry and dimensions of weld
penetration zone, HAZ polymorphic transformation. Comparison of the results of the calculation
forms of penetration zone with the experimental data showed satisfactory reproducibility.
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Fig. 4. Verification of developed FE model

As shown in Figure 4, developed mathematical model allowed to study effect of different
welding modes and changing of welding heat input on the size and geometry of the penetration zone
and heat affected zone. The simulation allowed to evaluate similarity to existing experimental results
in studies related to welding processes [13], showing the temperature distribution of the work piece,
and the cooling curves at the point of highest temperature and on the fusion line.

Obtained results of TIG welding using various modes are shown in Figure 5.
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Fig. 5. Calculated data of mathematical modeling of TIG-welding:
a —1=220A, U=11V, n=0.43; b — I=306A, U=11V, n=0.43;
¢ —I1=350A, U=12V, n=0.43; d — I=420A, U=12V, n=0.43
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Conclusions
Finite element model was created for tungsten inert gas welding process based on differential

equation of heat conduction in a three-dimensional Cartesian coordinate system. The results from
the FE thermal analysis have been validated by comparing them to experimentally obtained cross-
section of titanium alloy welded joint VT23. Based on quite satisfactory results, this work shows, that
FE simulations can enable faster, less costly, and more optimized product development, as well as
examinations of product performance that would not be possible even using very detailed prototypes.
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