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Executive summary

This deliverable is concerned with the description of the SEM solution, at the conceptual level as
well as to the mathematical model which implements it. The ultimate purpose is to predict the
effects of individual 6 degree of freedom (dof) sensors on the overall position of the tool relative to
the machine table, and to set specifications for each of them.

SOMMACT is interested in the kinematical link of the machine table to the spindle along a
metrological sequence, as opposed to the actuating sequence: the latter drives the carriages and
supports the machining load, the former may be stress-free and thus much less affected by errors
in determining mutual positions. This metrological and actuating sequences can also share some
of their portions, when there is no sufficient metrological advantage for a full separation, or when
the implementation would be impractical or too expensive.

To help in describing and understanding the metrological sequence and the layout of the 6 dof
sensors along it, a general graphical representation of Cartesian machines is presented. This way,
virtually all SOMMACT solutions can be represented and evaluated. Based on this, a neat
conceptual separation is found between the SEM ad the TiLOR solutions, in terms of sensor layout
along the metrological sequence.

To encompass both solutions in a same grand model, the most general situation of presence of all
possible sensors along the sequence is analysed, and an analytical expression of the location of
the tool tip relative to the machine table is derived. This model allows a uniform treatment of
sensors and reference structures (e.g. in the TiILOR solution) along the metrological sequence, the
reference structure being regarded as sensors keeping nominally null output signals over time.

When compared with the familiar rigid body model for the compensation of Cartesian machines —
supposed to be implemented in CNC’s — this model turns out to be identical formally, but with
additional terms. However, the parametric errors in the rigid body model have no obvious
correspondence with the sensor signals, rather have with suitable combinations of them. This
means that most of the compensation model of a SOMMACT machine is already implemented in
the CNC, with minor additions.

Based on this model, a sensitivity analysis is performed with the purpose of defining individual
specifications of all sensors. Thanks to a tailored spreadsheet programme, simulations of the
machine overall performance is carried out, as well as a breakdown of the target MPE (Maximum
Permissible Error) to individual sensor. Preliminary simulation results show that the requirements
on sensors and reference structures are in the reach of a practical solution, even if not trivial.

The model turned out also to be free of machine specific parameters. This is very advantageous,
as relieves from the need of individual machine model tuning: no additional experimental work and
calibrated artefacts. The only parameters to input into the model are nominal values with no need
of high accuracy, easily derived from the machine blueprints or by direct manual course
measurement. Therefore, the simulation activity was diverted to the optimisation of individual
sensor specifications, as described in the previous paragraph.
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