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Abstract 

Uncontrolled environmental conditions often impact manufacturing processes and lead to product quality fluctuations. For machine 
tools, thermal influences are a major limitation to the volumetric performance. Climate controls for the shop floor, machines or 
thermally stable structural designs are often economically not feasible, promoting control-based compensation as a possible solution. 
Since the relationship between disturbing quantities and effects are complex and specific to each machine, appropriate modelling is 
a critical requirement.  

The rigid body model, prevailing in various mathematical formulations [1], is currently a frequently used kinematic model for 
controller-based compensation of geometric errors and is computationally evaluable on the controller itself. One drawback of this 
model is that typically the compensation is based on static error tables and the variability of geometric errors is not taken into 
account. It is therefore the subject of many research activities to consider the variability of geometric errors within extended model 
approaches or alternatively to record them process parallel [2–4]. In general, the statement can be made that the more information 
is available on the geometric state of the machine, the less complex models are required. The same applies vice versa. In the context 
of digitalization, the availability of process-parallel data increases, but still the direct process-parallel recording of the volumetric 
error is technically unsolved. By recording and knowing the temperature and force distribution on the machine structure, it is 
possible, for example, to predict the deformation using FEM models, and hence predict the resulting volumetric error. However, this 
also requires precise information on the geometric structure of the machine and its material composition.  The problem that arises 
is on the one hand the high computational effort that results from the division into finite elements and on the other hand the high 
initial effort required for the geometry and material modelling. The effort for creating the model is not scalable to different machine 
types and must be done individually. 

Instead of classic FEM the authors pursue a new modeling concept for the elastic structure deformations, which is based on the 
approximation of typical deformation modes based on Bézier curves. Spline-based deformation modelling is described in various 
literature as particularly computationally efficient, with only small approximation errors compared to FEM [5–7]. 
Since this method is not based on basic physical assumptions, it is necessary to specify sensible preforming modes for machine tool 
structure components based on expert or experimental knowledge. The authors use additional machine tool integrated inclination 
and interferometric sensors to define actual deformation constraints. Preliminary tests are performed to compile a catalog of 
deformation modes, of which the best fitting ones are selected. 
The spline information is stored in a JSON (JavaScript Object Notation) file, which also contains the machine tool structural loop as 
well as rough structure component dimensions an positions. The authors call this abstracted physical body model. The foundation 
on JSON allows for arbitrary enrichment of the dataset with additional keys and objects, so that also static deformation data 
(geometric errors according to ISO 230-1:2012) can be stored. The authors developed the software VoluSoft which can read and write 
these files as well as calculate and visualize the machine deformation and the resulting volumetric error at arbitrary machine positions 
[8]. With this concept the authors try to overcome the drawbacks of FEM-based machine tool structure modelling and develop a 
solution, which is highly adaptable to different machine tool types even if no detail Information about machine geometry and material 
is available. 



Figure 1 Visualization of a spline-based abstracted physical body model of a FYXZ serial machine tool kinematic. The shown deformation can occur 
by unsymmetrical deformation of the gantry-axis (Y). 

Figure 2 Comparison of FEM-based model (left), rigid-body model for linear axes (right) and spline-based abstracted physical body model (middle) 
of the exact same machine 

References 
[1] Lin Y, Shen Y (2003) Modelling of Five-Axis Machine Tool Metrology Models Using the Matrix Summation Approach. The International 

Journal of Advanced Manufacturing Technology 21(4):243–8. 
[2] Benjamin Montavon, Philipp Dahlem, Martin Peterek, Markus Ohlenforst and Robert H. Schmitt (2018) Modelling Machine Tools using 

Structure Integrated Sensors for Fast Calibration. JMMP 2(1):14. 
[3] Baum C, Brecher C, Klatte M, Lee TH, Tzanetos F (2018) Thermally induced volumetric error compensation by means of integral 

deformation sensors. Procedia CIRP 72:1148–53. 
[4] Mayr J, Blaser P, Ryser A, Hernandez-Becerro P (2018) An adaptive self-learning compensation approach for thermal errors on 5-axis 

machine tools handling an arbitrary set of sample rates. CIRP Annals 67(1):551–4. 
[5] Liu Y, Sun L, Liu Y, Cen Z (2011) Multi-scale B-spline method for 2-D elastic problems. Applied Mathematical Modelling 35(8):3685–97. 
[6] Höllig K (2003) Finite element methods with B-splines. Society for Industrial and Applied Mathematics (SIAM 3600 Market Street Floor 6 

Philadelphia PA 19104), Philadelphia, Pa. 
[7] Tönshoff HK, Rehling S, Tracht K (2002) An Alternative Approach to Elasto-Kinematic Modelling of Machine Tool Structures. in Kulianic E, 

(Ed.). AMST’02 Advanced Manufacturing Systems and Technology: Proceedings of the Sixth International Conference. Springer Vienna. 
Vienna, s.l., pp. 215–223. 

[8] B. Montavon, P. Dahlem, R. H. Schmitt Effektive Analyse von Werkzeugmaschinenkalibierdaten. wt-online. 

x 

y

z


