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ABSTRACT 

Vertical filling is a staple in industrial packaging of various granular goods, and is widely used for 
bagging in the food industry. However, industry lacks reliable predictive methods to justify engineering 
choices and instead relies mostly on prototyping and experience. Previous studies have shown that 
particle falling behavior can be described by means of discrete element simulation (DEM). This 
approach uses a simplified model for particle contacts which allows for computationally relatively 
cheap calculations and practical runtimes. However, the choice of contact model parameters can pose 
a significant challenge and is thus subject to current research. Many studies today rely on iterative 
tuning of the contact parameters, so that the simulation reproduces an experimental observation. This 
procedure is known as parameter calibration. Typically, the experimental reference is obtained from a 
representative trial that is not closely related to the actual process to be described. 

In this study, we set out to develop an in-situ calibration approach for DEM modelling of vertical 
filling. In-situ calibration comes with the benefit that no separate trial is required and that the set of 
contact parameters that are significant for the calibration test’s outcome will be identical to the one that 
determines the actual process’ outcome. A drawback is the intrinsic randomness in filling which 
increases uncertainty. Calibration is tackled as an optimization problem, where the error between 
simulation and experiment is to be minimized. Optimization is performed via a previously developed 
approach of creating a meta model of the solver response with the help of automated and adaptive 
sampling. We compare the calibrated models performance by means of quantitative validation when 
calibrated in-situ and in an existing ex-situ test. The process is repeated for several industrial granular 
foods. We introduce a relatively simple model description for air resistance to account for the dilute 
nature of filling and assess its impact. 

We find that both calibration with ex-situ and in-situ tests is suitable for the determination of viable 
contact parameters, given the correct choice of experimental setting. Air resistance influences the 
outcomes to a varying degree, depending on the bulk good. Denser granulate systems can be described 
with higher accuracy than dilute systems. 

Engineers could use these findings to assist in the choice of part design and process settings or to assess 
process feasibility at an early stage of the machine development cycle. Machine manufacturers could 
benefit from lower planning risk and cost savings due to reduced prototyping.  
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