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ABSTRACT 

There is a strong industrial and scientific push for increasing the use of combined 

experimental-numerical material characterisation programmes to calibrate, validate, 

improve and compare numerical models for real industrial situations.  The full cycle 

could involve: experimental determination of physical material behaviour; development 

of an appropriate material model; calibration of model parameters against bespoke 

characterisation experiments; predictive modelling of validation experiments; 

comparison of prediction against further experimental results; and updating of material 

model (not material parameters) where required to better represent the physical system. 

Two important steps in this routine are to calibrate the model (that is, to find the 

material parameters) and to identify which of its features are responsible for observed 

weaknesses in predictive capability.  This is complicated when model parameters do not 

have a direct manifestation in the phenomenological material behaviour or are not 

separable experimentally.  In these cases, inverse modelling [1,2] may be used as a 

robust, objective method for linking observed behaviour to model parameters. 

This paper will describe characterisation of a steel for high temperature applications in 

aeroengines and subsequent assessment of the selected material model.  The material 

was characterised using experimental data obtained using small specimen tests.  A 

modified version of the Bammann Damage material model [3] was calibrated using an 

inverse method and validated against plate impact experiments.  This approach has also 

been successfully applied to titanium alloys [4]. 

The calibration experiments consisted of uniaxial tensile specimen tests between room 

temperature and 700°C, and at strain rates of between 1e
-4

 and 1e
3
 s

-1
.  The tests at 

quasi-static rate were undertaken on a screw-driven Hounsfield tensometer, those at 

medium strain rate using an in-house hydraulic device and those at high strain rates 



 

using a split-Hopkinson-bar.  Heating was achieved using a high-speed induction 

heating coil. 

Stress-strain curves are not evaluated directly in order to avoid a number of unrealistic 

assumptions, including mechanical equilibrium, thermal homogeneity, deformation of 

specimen shoulders, geometrical uniformity approaching failure and the absence of heat 

generation due to plastic work.  Furthermore, it is clear that the various regions of the 

specimen will experience different strain rates, final strains and temperature histories, 

whilst the stress-strain analysis gives only an average curve.  Instead, the specimens are 

modelled fully using an in-house finite element code, DEST. 

In the model identification step, the material parameters are optimised such that the 

numerical simulations of all the calibration tests match the experimental results as 

closely as possible.  The inverse problem thus formed is solved iteratively, due to its ill-

posed nature, which arises from non-linearity and non-uniqueness in the material model 

and evolving geometry. The key steps in the inverse model are: to define a good 

objective function that accurately reflects both the quality of available experimental data 

and the importance of different parameters to the end user’s application; to solve the 

forward problem accurately and appropriately; and to have a robust automated scheme 

for optimising material parameters efficiently whilst avoiding local minima in the 

objective function. 

The predictive accuracy obtainable in realistic situations using this model and 

parameters is assessed by comparing a multi-stress state validation experiment to a 

corresponding finite element model.  The validation experiment was designed so that 

the boundary conditions were simple and accurately measurable but the material 

response generated was representative of practical problems.  The experiments involved 

firing a 1 inch steel ball-bearing at velocities up to 150 m/s at steel plates heated to 

temperatures up to 700°C, which were filmed at 11,000 fps with a high-speed camera.  

Large amounts of plastic deformation were generated around the impact site and the 

supports, in some cases leading to failure.  Good agreement was found between the 

model and experiment, thus suggesting that confidence can be placed in results obtained 

when this material model and parameters are used to solve industrial problems. 
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