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ABSTRACT

In laser- and plasma-based additive manufacturing, cutting processes concern a high
energy heat source moving across and melting metal substrates. The area of the molten material,
termed melt pool or weld pool in welding process, is an essential parameter which directly
influence the precision of the final products. In such manufacturing processes, feedback control
systems via thermal imaging or other temperature reading schemes are commonly used to
effectively control the size of melt pool during a quasi-steady state heat transfer process.
Significant problems arise when the heat flux is moving towards a free edge of the feature where
melt pool area drastically and rapidly increases due to heat balance disturbance. Previous works
have found that feedback control mechanism is not sufficient to maintain melt pool size due to a

thermal response delay.

This work focuses on the prediction of melt pool behavior near a free edge and
methodologies to pre-adjust key process parameters before changes can be detected by sensors in
order to achieve minimum changes in melt pool size. The approach of the work is to use a

verified two-dimensional thin-walled shape finite element model to simulate the processes. The



main tasks include model verifications, melt pool behavior analyses and melt pool pre-adjust
methodologies. Model verifications are carried out by comparing temperature distributions from
FEM models with actual temperature during steady-state experiments and thus determine heat
absorption coefficient for particular processes. Results show that coefficients of heat absorption
lie between 0.39-0.59 for the concerned processes. The verified FEM model is then used to
investigate transient melt pool behavior in the case that the heat source is moving across to a free
edge. The results show that melt pool size increase exponentially with the distance towards the
free edge. Results are presented in terms of non-dimensional parameters for the application of a
broader range of processes. The representative equation returns maximum 10.5% error in melt
pool size predictions near a free edge. Moreover, various operating parameters pre-adjustment
scheme were attempted to minimize the effects of free edge to melt pool size increases. It is found
that a combination of exponentially power decrease with linear velocity increase can reduce final

melt pool size by 48% compared with constant power and velocity cases.



