Interpolation techniques for in-silico qualification of ultrasonic phased array methods
When developing a new Non-Destructive Evaluation (NDE) technique, it is necessary to evaluate its performance and identify any limitations, prior to it entering industrial use. The current practice for obtaining this information is to create bespoke test pieces, with representative defects, on which the method is validated, with careful test design necessary to ensure good reliability across the range of parametric inputs. This process, known as qualification, is expensive and time consuming, due to the costs and timescales associated with creating such test pieces. Additionally, it has been shown that the artificially generated defects, with which the test pieces are populated are often not fully representative of the real defects which the NDE technique is being developed to detect.
As a result of the high cost, and subsequent infeasibility of examining multiple cases, the qualification stage is conservative. Here, we are proposing the use of in-silico methods for qualification, which will allow the investigation of a significantly larger combination of parameters, reducing the design and qualification timelines while also minimising the associated costs and waste.
To obtain statistically meaningful results from in-silico methods, such as Finite Element (FE) modelling, within a certain parameter space, it is necessary to sample that space finely, i.e. solve multiple numerical models where the parameters which are being investigated are being varied gradually in each simulation. This process quickly becomes computationally expensive and potentially infeasible. In this work, we discuss various interpolation techniques, which when applied to FE results from carefully selected, sparse points within the parameter space, generate results equivalent to those of a finely sampled parameter space. 
The interpolation techniques presented here have significant implications for the qualification of techniques involving Phased Arrays (PAs), both in terms of FE modelling and experimental work. Many PA applications require multiple FE models to be solved to achieve the desired results. This is computationally expensive, especially when 3-dimensional simulations are necessary; interpolation can minimise the number of simulations required. In terms of experimental applications, interpolation would enable the estimation of the response from a faulty element, for example, and also aids in the design of sparse arrays, where limited real measurements are recorded, but the full dataset is populated via interpolation approaches.

