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For the validation of the described procedure, test work-
pieces were produced and adjacently repeatedly meas-
ured on the MT in the same chucking. The workpieces  
are subsequently calibrated at PTB on a coordinate 
measuring machine. On the basis of the deviation from 
the calibrated values, the task-specific measurement un-
certainties for the measured features can be determined.

With the help of the task-specific uncertainties, fit-
ness-for-purpose can be assessed. Typically the extend-
ed measurement uncertainty of the measuring process 
should not exceed 15 % of a feature’s specified tolerance 
(UMP ≤ 0.15  ∙ T). In this way, it can be ensured that the 
measurement process on the MT is suitable for measur-
ing the workpiece to be manufactured.
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Motivation Mobile climate simulation chamber Thermally caused machine tool 
deformations

Th e broad use of 5-axis machine tools (MTs) in tool manu-
facturing and mechanical engineering can be attributed to 
the enormous fl exibility of these machines for the manu-
facture of complex workpieces.

Numerically controlled (NC) machines are not only able to 
manufacture – i. e. to mill, drill, hone, grind and turn – but 
also to measure, or they are at least prepared ex works for the 
use of measuring probes.
Th e precise manufacturing and measurement depends, 
among other things, strongly on the thermo-mechanical 
 behaviour of the MT in the manufacturing environment. 
Th ermally caused changes in the machine geometry may 
constitute a share of more than 70 % in the manufacturing 
errors, i. e. in the deviations of measure, position and form.
Th e aim of the European project “Traceable in-process dimen-
sional measurement” (TIM) is to determine – and, where 
 appropriate, to compensate for – thermally caused changes 
in the machine geometry metrologically and to establish an 
 uncertainty budget for the testing of manufacturing tolerances
on workpieces in one and the same clamping on the MT. In 
 future, it will be possible to measure workpieces – subsequently 
to their manufacture – reliably, traceably and directly on the MT.

On MTs themselves, only critical dimensions are deter-
mined as far as these are required for processing. A complete 
test of the workpiece for compliance with the manufacturing 
tolerances cannot, as a rule, be performed on the MT due to 
the too-large measurement uncertainty. 
Th e highly accurate quality assurance of workpieces takes 
place outside of the manufacturing process in separate, 
air-conditioned measuring rooms with the aid of the coordi-
nate measuring machines (CMMs) installed there.
In factory workshops worldwide, the MT and the workpiece 
can be exposed to temperatures from 15 °C to 45 °C. In the 
TIM project, such changing temperature conditions are 
simulated in a mobile chamber in order to determine and 
compensate for the thermo-mechanical machine errors. 
Based on these results the uncertainty is determinable with 
which the measurements can be carried out on MTs under 
the infl uence of harsh environmental conditions. For this 
purpose, the mobile chamber was installed around a MT 
in a factory shop-fl oor, and the measuring capability of the 
MT was investigated.

For this purpose, the changes in the machine geometry at 
changing ambient conditions were determined relative to 
an initial situation with the aid of a tracking laser inter-
ferometer.

For the investigation of the geometrically and thermally 
caused machine deformations, the applied test procedure 
has to be invariant with respect to changes in temperature. 
Since the used tracking laser interferometer (LaserTracer) 
is equipped with temperature compensation, this con-
dition is suffi  ciently fulfi lled. Th erefore the geometric 
deviations of a MT at diff erent temperatures could be 
measured. In a next step, these errors could be numeri-
cally compensated by the controller of the MT in order to 
reach higher precision for production and measurement.

Mobile climate simulation chamber:
Internal dimensions L × B × H: (10 × 6 × 5) m³

5-axis MT
Source: Courtesy of MAG-IAS GmbH

Geometric deviations of an MT without, and with compensation,
respectively. By numerical error compensation the maximum error 
could be reduced by 80 %.


