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Presentation Notes
PTB is Germany’s National Metrology Institute with about 2000 Employees.The daily work contains 60 % research work in different fields of metrology.Furthermore the work includes responsibilities of public administration and participation in committees for national and international standards.
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Presenter
Presentation Notes
Working Group 5.33 has several coordinate measuring machines and measurement standards for measuring tasks of threads and gears (in a huge dimensional range).



 Reliable quality assurance of products
like large drivetrain components
 Identify defect production
 Reduce failure rates of drivetrains

from wind energy systems 
 Traceable measurements
 Value for measurand
 Measurement uncertainty
 Complex task
 Easy-to-use tool
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Motivation

Presenter
Presentation Notes
The motivation behind this research work is about a reliable quality assurance of products like large drivetrain components for wind energy systems.It is necessary to identify the defect production trustworthy. Hence, it is possible to reduce failure rates of the drivetrain components.To enable this reduction a closed traceability chain is mandatory. All measurements need to be traced back to the SI-unit meter.Therefore a value and measurement uncertainty for each measurand is determined. It is a complex task considering the complex measurement procedure.Within the software of a virtual coordinate measuring machine (CMM), a tool to determine the measurement uncertainty, is given.
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Virtual Coordinate Measuring Machine (VCMM) 

Presenter
Presentation Notes
The virtual CMM is a software tool developed by PTB. Measurements with a real CMM are conducted (including measurement points, evaluation using CMM software and a final report).This reflects one discrete condition of the whole measurement process of the real CMM, environment, etc.Models of the influencing factors are considered within a simulation (by means of Monte-Carlo method) to represent all possible conditions of this measurement process. Resultantly different measurements are virtually conducted and lead to different measurement results.After a statistical evaluation of the random samplings, a measurement uncertainty can be specified.
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VCMM
 Virtual CMM generate a 

task-specific uncertainty estimation 
 For small measurement volume of portal CMM 

the VCMM is established
 For large measurement tasks 

the VCMM need adjustments
 Characterization of behaviour of influences
 Model  distribution type and parametrization

source: Wikipedia.desource: VDI/VDE 2617 Sheet 11 (2009)

Presenter
Presentation Notes
VCMM is integrated in the evaluation software of Zeiss and Hexagon. It is developed and verified for small measurement volume of portal CMM.For the usage at a large-scaled CMM and drivetrain components adjustments of the VCMM are necessary.Therefore a characterization of the behaviour of specific influences on large CMM and large components (like gears) need to be investigated.The specific characteristics are described by mathematical models considering the type of a distribution and its parametrization.



Mathematical 
models of 
distribution
for Monte Carlo
sampling
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General process
Measurement process

How does they affect
the measurement 
value? x ± U

Traceable measurements

What are the main 
influences?

Theoretical considerations

Simulations (e.g. FEM)

Presenter
Presentation Notes
The general process of building a virtual measurement process considers the main question, which factors have an influence on measurement process.Therefore a mathematical or physical model of the effect of the influencing factors as well as simulations or traceable measurements can be used for the characterization.Those considerations and results help to identify, described and verify the factors effects.In the end the measurement uncertainty can be calculated considering the relevant influences.



8

Components of measurement process
 Large coordinate measuring machine
 Leitz PMM-G
 5 m x 4 m x 2 m

 Large measurement standard
 Involute gear ring (Ø = 2 m)
 Internal and external gear groups
 With 6 point clamping

Presenter
Presentation Notes
One object used in this research work is a large CMM of Leitz. The measurement volume is 5 m to 4 m to 2 m.It is build as a bridge-type CMM with two scales for the x-direction.The second object is the first large involute gear ring measurement standard with a outer diameter of about 2 m.Three different gears are embodied on the internal and on the external gear – so it can be used as a reference object for six gears.A six-point-supporting base was designed and manufactured to ensure reliable and small deformation.
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Relevant influences
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Geometric error 
of CMM

Thermally induced 
geometric error of CMM

Thermally induced 
deformation
of gear ring

Gravitationally 
induced deformation
of gear ring

Investigation
and

Characterization

Presenter
Presentation Notes
In this research work four different factors were investigated. Two of them are considering the influence on the CMM. �First of all the approach and accuracy of the acquisition of geometric errors. Secondly, geometric errors of the CMM due to thermally induced deformation.The other two influences are about the gear measurement standard (as example workpiece).At last the thermally and gravitationally induced deformation of the workpiece are of interest.Those are expected differently to small workpieces, due to long thermalization and settlement times.
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Geometric error of CMM

Geometric error 
of CMM

 Interferometric distance
measuring system:
 LaserTracer
 Software tool for 

acquisition and 
evaluation

source: etalon-gmbh.com

Step gauge
Ball plate

 Measurement Volume:
5 m x 4 m x 2 m

 Maximal diagonal:
6.7 m

 66 % of max. diagonal:
4.5 m

Presenter
Presentation Notes
The geometric error of a CMM is usually determined by using a ball plate or step gauge.For the large measurement volume and in consideration of standards, the determination with interferometric measurement systems is possible.So that, one LaserTRACER of company Etalon (part of Hexagon) is used in this case.The interferometric distance measurement can be conducted with by tracking the reflector, which enables an easy handling.But it is challenging to realize the best strategy for the acquisition, which matches the requirements of high accuracy for large dimensions at this CMM.
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Geometric error of CMM

Geometric error 
of CMM

xml-file for VCMM

Strategy optimization and traceable measurements

Evaluation of 
21 geometric 
errors (full 
rigid body)

Presenter
Presentation Notes
Therefore an optimization of input parameters and strategy of error acquisition were done. Furthermore traceable measurements were conducted.The evaluation, which considers the full rigid body model of 21 geometric errors, leads directly to a dataset, which can be used for the xml-files mandatory for the VCMM software.



Geometric error 
of CMM
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Relevant influences

Measured values x
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Thermally induced 
geometric error of CMM

Thermally induced 
deformation
of gear ring

Gravitationally 
induced deformation
of gear ring

Investigation
and

Characterization

Presenter
Presentation Notes
Geometric error acquisition and its accuracy can be considered in VCMM. 
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Thermally induced geometric error of CMM

Simulations for 
identification of affected
geometric errors 

xml-file for VCMM
20 °C

25 °C

Modelling the impact
on measurement uncertainties

20 °C

25 °C

Thermally induced 
geometric error of CMM

Presenter
Presentation Notes
The thermally induced geometric error of the CMM is considered in different ways.Homogenous distribution of the temperature, thermal gradients and specific heat sources were tested.All of those approaches are simulated with finite-element method using software Ansys.The investigation is still running, but first results show considerable or negligible deformations.Conclusions for additional measurement uncertainty contributors to some of the 21 geometric errors will follow (e.g. thermally induced rotation due to deformation of the guidance is most likely necessary to consider).



Thermally induced 
geometric error of CMM
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Relevant influences

Measured values x
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Presenter
Presentation Notes
Thermally induced error investigation is still in progress.
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Thermally induced deformation of gear ring 

Thermally induced 
deformation
of gear ring

Simulations and traceable measurements of 
thermally induced deformation

𝑓𝑓𝑓𝐻𝐻𝛼𝛼 = 𝐿𝐿𝐴𝐴𝐴𝐴 � 𝛼𝛼 � ∆𝑇𝑇
𝑓𝑓𝑓𝐻𝐻𝛽𝛽 = 𝑏𝑏 � tan𝛽𝛽𝑏𝑏 �

1
𝜆𝜆 − 1

xml-file for VCMM

Mathematical 
correction if
possible

Modelling the impact
on measurement 
uncertainties

Presenter
Presentation Notes
The thermally induced deformation of the involute gear ring was investigated and described in detail (in https://doi.org/10.1007/s10010-019-00346-5).FEM simulations and traceable measurements with a heated measurement standard were conducted.The slope deviation of helix and profile lines of the gear show a dependency to the temperature. 1. If the temperature is not considered for the evaluation, the measurement results and measurement uncertainty contains a (large) systematic contribution, which can be modelled.2. If the temperature is not considered in the measurement process, but known, a mathematical correction process is possible, as demanded in GUM.3. If the temperature is considered in the measurement process, the random uncertainty contribution can be modelled.
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Thermally induced 
geometric error of CMM
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Relevant influences
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Presenter
Presentation Notes
Thermal influence to the a large ring gear workpiece can be considered in detail within VCMM.



Simulations and traceable measurements of 
gravitationally induced deformation
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Gravitationally induced deformation of gear ring

Gravitationally 
induced deformation
of gear ring

Modelling the impact on 
measurement uncertainties

xml-file for VCMM

Presenter
Presentation Notes
At last, the investigation of the gravitationally induced deformations of the large gear ring started with simulations and traceable measurements.The results of the measurements are partly not matching the expectations considering FEM simulations. A systematic investigation of contributing components like the crane or palette, which is used in the real measurement process, is in progress.



Gravitationally 
induced deformation
of gear ring

Thermally induced 
geometric error of CMM
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Summary

Measured values x

Fr
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ue
nc

y 
y

Geometric error 
of CMM

Thermally induced 
deformation
of gear ring

Investigation
and

Characterization

Presenter
Presentation Notes
For usage of a virtual CMM and its measurement uncertainty estimation based on Monte Carlo method, characterization of influences on the measurement need to be done.For this research work of large dimensional metrology tasks, the modelled influences of the existing VCMM need to be adjusted or expanded with novel models.The acquisition of geometric errors of a large CMM and thermally induced deformations of a large ring gear were characterized.Thermally induced deformation of the CMM and its effect on the geometric errors, as well as, the gravitationally induced deformations of the workpiece need to be investigated completely.
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Outlook
 Characterization for specific influences of large-scaled tasks

will be integrated in VCMM software tool
 Important step to close the traceability chain

for large-scaled metrology
 Identify uncertainty contribution of the 

measurement process to optimize
 Helpful for matching measurement uncertainty 

with manufacturing tolerances

Presenter
Presentation Notes
For large-scale tasks in metrology, there will be a software tool to estimate the measurement uncertainty of the complex measurement process using a simulative approach.This will help to define the contribution of each influence to the uncertainty of the measurement task and possible optimization steps.In the end it will close the regarding traceability chain for a reliable quality assurance of large workpieces.Considering the already existing VCMM software:Influences of probe, rotary table, scanning behaviour and long-term stability are considered in the same way as before.Adjustments were and will be done for the workpiece specifics, the clamping of the workpiece and the geometry of the CMM.
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