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Motivation

Advanced manufacturing methods demand for new
technology, assembly concepts and product designs. To
adequately measure the products, methods for the

measurement uncertainty evaluation of freeform geometries

and using non-contact optical sensors are of increasing
Importance.
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D-MT for freeform geometries

+ Digital representation of
freeform geometry
measurement standard ap

D-MT for freeform measurement process

+ For tactile and optical probing
+ Comparison to measurements of prismatic geometries

+ From e. g. skin model
+ Testing of D-MTs

Validated D-MT Models

+ D-MT models for freeform geometry measurements and
use of optical sensors

+ Validation for industrial use cases of o
CMMs and MTS gy ezpgs -
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Follow the project

https://adam.ptb.de
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To enable the efficient and reliable

use of emerging measurement B creromeantaly
technologies in industry, machine- (SRR -/ ocaly
interpretable results need to be created oo G
using validated digital-metrological

twins (D-MTs). Operators have to

be trained and guided to ——
determine the influencing /) Dmiy
parameters by traceable

means.

Example:
Femoral implant

Digital Twin
Implementation

4 typical sensors for CMM and MTs

+ Interferometric point sensors
+ Chromatic confocal sensors
+ Line-scanning sensors

+ Focus variation sensors

Common investigation strateqy

+ Determination of measurement uncertainty contributions
+ Different levels of parameter space combinations
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Freeform Measurement Standard(s)

+ New freeform measurement standards bridging availability
gaps 7

+ Design available
to public
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Project goals

+ D-MTs for freeform geometries and their measurement
process

- Virtual reference artefacts (softgauges)
Derivation of D-MT models for typical optical sensors

Parametrization strategies and methods (incl.
measurement standards)

Performance optimization and validation

Glossary, Guidelines, and Good Practice Guides

Parametrization @ Optimization

Traceability of parameters

+ Parametrization using calibrated sensors and
measurement standards
Newly designed/manufactured freeform
measurement standards to
augment characteristics of
available objects

Optimization

+ Study of number of required parameters

+ Economics: time and cost-efficient parametrization
strategies

+ Evaluation of numerical stability vs. GUM S1 conformity

—— VCMM (current)
—— GUM S1 adaptive (modified)
mm= GUM S1 adaptive

Stability parameter

Simulation number

Validation

+ \Validation of achieved measurement uncertainty in
industrial use cases

Guidance, Standards, Services

+ (Good Practice Guidelines

+ Working group in EMN Advanced MANUFACTURING
Manufacturing ™9

+ Input to ISO/TC 213/WG 10 and AG 12, '
ISO/TC 39/SC 2, ISO/IEC JTC 1/SC 41,
and several national committees
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