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1. Aluminothermic (AT) Welding Process ) w

i. Welding locati ii. Casti bl iii. Preheati iv. i i . . . . . . .. -
M M w’ —J'V Thermife reacfion > The aluminothermic welding process is well known for its simplicity, robustness, portability and eco-

nomic usage for joining and repairing of rails.

> ltis, in principle, a casting process in which the molten metal from the crucible is settled in a preheated
mould and then allowed to solidify.

> For an efficient and high-quality weld, the knowledge of each stage involved during the rail joining
process, such as preheating, thermite reaction, mould filling (pouring) and cooling (solidification) is

\ significant. )

3. Methodology )

> As extremely high temperatures are involved during the process and the welding set-up being opaque,
the flow field and phase change process inside the mould is notoriously difficult to observe in real time.

> Thus, a numerical multi-physics model is developed, which could be employed not only to observe the

flow dynamics inside the mould, but also to investigate the influence of various process parameters
on the Fusion Zone (FZ) and Heat Affected Zone (HAZ), i.e., the final weld.

Welding Set-up g 8. Cooling Stage - |l w

> The complete welding set-up is assembled around the railway > The solidification process inside the mould at different times is
Pg‘;?%igi?d%e Vor track that is to be joined. shown below: | |
Method > The welding set-up consists of the following components: 1 I i ! i I
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> The volume of fluid (VOF) method is employed to model the oM Vet fraction O —
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> The enthalpy-porosity technique is adopted for the solid-liquid | ' !
Sand T : C. .
phase change [3]. olug > For better visualisation the computational domain is mirrored to
> The multi-physics model has been implemented in OpenFOAM® represent the solidification process on full rail geometry.
X and rigorously validated in our previous study [4]. | > Here, the melt fraction in steel ranges from 0 in the solid phase
(T < Tiona) to 1 in the liquid phase (" > Tiiquia) and the 3D
5. Grid Generation \ solid-liquid phase front is evaluated at T, =1653 K.
> The spatial and temporal evolution of the solid-liquid phase front
> Because of symmetry, only a quarter of the computational grid \ results in a V-shaped solidification. )
consisting of approx. 1.75 million cells is considered and gene- .
rated using snpyHexMesh in OpenFOAM® Cr:s;t;rdg 9. Final Weld w
Rail (60ET1) > The predicted maximum width of the fusion zone (FZ) and heat
affected zone (HAZ) are compared with the experiment.
> In the experiment the width of the FZ HAZ
q J FZ is wider in the rail web and 160
TN GCoolinaStaask| . rail base region than the simula-
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. : mould filling stage is comple- 120
> Melt dynamics inside the mould 2 s after the preheating and ’relyuskiplpcledg mo?eover ’rheprail E
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o Bl Bl tapping stage i.e., at t = 182 s is shown below: surface inside the mould is assu. pe
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a. blockMesh: A base mesh with hexahedral cells is created that - SkV EI]IJE med to be flat. 50 '©
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encloses the entire computational domain. Steel-Slag [ > The width of the HAZ is over- 60 =
b. Castellation: The cells that are outside the computational do- interface L 0.20 predicted in the simulation. This 10 &
main are deleted. - is because the mould is not : SiITQ_ 2
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c. Snapping: The surface is smoothed and adapted to the domain. — B s : B E considered during the simulation % *| Exo. RR
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> The heat flux profile at the rail end inside the mould is calcu- E 10. Closure )
lated from the available experimental data and is imposed as flow 0.05
boundary condition to obtain/predict the required temperature Conclusions:
distribution (as discussed in [5]) in the rail for the CFD simulation High velocity .. | 0.00 > CFD simulation of AT welding of rails is carried out successfully
of the cooling stage. region due to ol with the proposed numerical model.
> The temperature history at the centre of the rail base and the ; > The HAZ, FZ and the temperature distribution in the rail show a
complete temperature field in the rail after 150 s of preheating similar trend as observed in experiments.
and 30 s of tapping stage i.e., at t = 180 s are shown below: Future Work:
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