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ABSTRACT 

A hybrid modelling framework to simulate Internal Traverse Grinding (ITG) is presented. Special 
focus is placed on the thermo-mechanical load profile on the workpiece and macro-structural errors 
in shape and dimension as well as micro-structural changes resulting from the former. 

ITG has been proven to be capable of satisfying the demands of high manufacturing efficiency in 
combination with best possible surface integrity of the resulting functional surfaces of internally 
machined parts, cf. [1]. To achieve these goals, the electroplated single layer cBN grinding wheel 
consists of two separate zones, one conical roughing zone aiming at high rates of material removal 
and a cylindrical roughing zone which can be touch dressed to achieve high surface qualities in one 
single pass of the grinding wheel. The major drawback of this process is the highly concentrated 
thermal load on the workpiece, resulting in phase transformations and, in consequence, in so-called 
white layers, cf. [2]. 

To capture the complex thermo-mechanical process behaviour, we make use of a framework 
consisting of three modelling steps, cf. [3]: Firstly, a topography analysis based on an optical 
measurement and digital imaging processing to retrieve detailed information on the grinding wheel 
surface and resulting grain distributions is performed. Secondly, a meso-scale plane strain finite 
element model, capturing the proximity of a single cBN grain in contact with the workpiece bulk to 
simulate detailed grain-specific forces and thermal loads depending on the according contact 
conditions is implemented. We make use of an adaptive remeshing scheme, as proposed in [4], 
wherein an a posteriori error estimator is applied, cf. [5]. This approach prevents the meso-scale 
model from mesh-dependent numerical effects and enables us to simulate the related complex chip-
formation processes. Thirdly, the results of a series of representative meso-scale simulations, as 
based on the above-mentioned grain distributions, are combined to serve as Dirichlet as well as 
Neumann boundary conditions for a macro-scale thermo-mechanical process model. Finally, the 
modelling framework is calibrated based on a series of experiments on the process considered. 
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